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Abstract

Concrete steps regarding the development of capacity management are made in 2018. One of
the results was the D-1 project. This is the project that should provide more insight into the day
of operation (DO) at the day before operation (D-1). Within the project team of D-1, it was
unknown how operable the information about the traffic demand was, generated at D-1 for the
D-1 project and for the operation because the prediction generated was not quantitatively
evaluated afterward. To explore the reliability and usability of the prediction at D-1, research is
performed to understand the reliability of the D-1 prediction compared to the day of operation.
This means that the last submitted flight plans at DO are compared to the data predicted on D-1
of a sample of a three months trial for further use of the data. The answer to the reliability of the
traffic demand prediction for the day of operation on the day before operation at Schiphol and
LVNL controlled airspace is unambiguous because of different opinions. For this research,
including the assumptions and scope that were necessary to determine, the conclusion is that
the prediction is not accurate enough for the operation for making regulation. This is based on
multiple analyses:

1 construction of the D-1 data at Eurocontrol;

1 the relevance of the D-1 project for KLM and the D-1 planning at KLM,;

I comparison and statistical analysis of the D-1 data with the DO data;

1 interview with experts about the accuracy of the D-1 prediction for the operation.
Improvements are necessary for the D-1 prediction before it will be implemented, to finally create
a more predictable process and more stability for the operation.

Keywords: Air Traffic Control the Netherlands, traffic demand prediction, capacity management.
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AIRAC
ANSP
APR
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ATFCM
ATM
AUAS
AUP
Avg

CACD
CDM
CFMU
CIFLO
CMA
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D+1
DO
D-1
DDR
DDR1
DDR2
DDS
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EIBT
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FIR
FMP

FMPC
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IFPS

Aircraft

Amsterdam Airport Schiphol

Area Control

Airspace Capacity Management

ATFCM Daily Plan

Aeronautical Information Regulation and Control
Air Navigation Service Provider

Aircraft operator Position Reports

Air Traffic Control

Air Traffic Flow Capacity Management

Air Traffic Management

Amsterdam University of Applied Sciences
Airspace Use Plan

Average

Central Airspace and Capacity Database system
Collaborative Decision Making

Central Flow Management Unit

Collaboration Interface for Flow Management Positions
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Day after the operation
Day of operation

Day before the operation
Demand Data Repository
DDR phase 1

DDR phase 2

Data Distribution System
Data Management Plan
Daily Operating Plan
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European Civil Aviation Conference
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Estimated In-Block Time

Estimated Off-Block Time

Enhanced Tactical Flow Management System

Flight Information Region

Flow Management Position

Flow Management Position Controller
Filed Technical Flight Model

Initial Flight Plan Processing System
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KNMI The Royal Dutch Meteorological Institute
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MFE Mean Forecast Error
MSD Mean Squared Deviations
MSE Mean Square Error
NAT North Atlantic
NATS National Air Traffic Services (of the United Kingdom)
NEST Network and Strategy Tool
NM Network Manager
NMOC Network Manager Operations Centre
NOP Network Operations Portal
NOTAM Notices To Airmen
OPS Operations (department at LVNL)
P&S Procedures and Systems (department at LVNL)
RMSE Root Mean Square Error
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SOBT Scheduled Off-Block Time
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STRATFOR  Statistics and Forecasts
SWIM System Wide Information Management
TMA Terminal Manoeuvring Area
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Airspace segments

Amsterdam Airport Schiphol (AAS)
DO

D-1

D-1 (demand) prediction
D-1 project

EHARTIP

EHFIRAM
EHRIVER
EHSECT2
EHSECT3
EHSUGOL
Schiphol/EHAM

knowledge &
development
centre

Mainport Schiphol

Contains sector 2 and 3, the three stacks (ARTIP,
RIVER and SUGOL), all the inbounds to Schiphol in
the Dutch airspace (EHFIRAM) and arrival and
departure on the runway at Schiphol.

The stakeholder Schiphol

Day of operation. If used as a dataset, it implies the
last submitted flight plans at the day of operation

Day before operation. If used as a dataset, it implies
the PREDICT data generated by Eurocontrol based on
the flight schedules of the airlines and an algorithm
The PREDICT data of the demand

The project started in 2018 to predict the capacity,
workload and demand at the day before operation
One of the three stacks in the Dutch airspace: ARTIP
All the inbound flights in the Amsterdam Flight
Information Region (FIR)

One of the three stacks in the Dutch airspace: RIVER
Sector 2 (in the Dutch airspace)

Sector 3 (in the Dutch airspace)

One of the three stacks in the Dutch airspace: SUGOL
The airport Schiphol, as a destination or a departure
location
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Summary

In 2017 there were some reports of air traffic controllers, that the workload at Area Control
sector 3 was too high. Also, the view within the Air Traffic Control the Netherlands (LVNL)
was limited for the traffic demand of tomorrow, there were inflexible schedules of the air traffic
controllers and there was no consistency between different information sources. In 2017, a
proposal was made for concrete steps in 2018 regarding the development of capacity
management. One of the results was the D-1 project, which started in 2018. This is the project
that should provide more insight into the day of operation (DO) at the day before operation (D-
1). Within the project team of D-1, it was unknown how operable the information about the
traffic demand generated at D-1 is for the D-1 project and the operation. The prediction
generated was not quantitatively evaluated afterward, to know how well this demand
prediction matches with the day of operation. To enlighten the reliability and usability of the
prediction at D-1, research is required to understand the reliability of the D-1 prediction
compared to the day of operation. The DO data is the last submitted flight plans at the day of
operation and the D-1 data is the prediction on the day before the operation of a sample of a
three months trial.

The following research question is formulated: How reliable is the traffic demand
prediction for the day of operation (D0) on the day before operation (D-1) at Schiphol
and LVNL controlled airspace? To answer this, the question is divided into smaller sub-
research questions:

SQ1. What are the differences between the D-1 traffic demand prediction and the demand at
the day of operation and what can be causes for these differences?

SQ2. How accurate is the D-1 demand prediction?

SQ3. How does the quality of the D-1 prediction influence the day of operation and when is
the prediction reliable enough for the day of operation?

SQ4. How can the reliability of the D-1 prediction be improved?

To answer these questions, the research is divided into four phases. The first phase of the
research is desk research, in the form of a literature review and a stakeholder analysis. Phase
2 is exploratory research to the construction of the D-1 prediction data at Eurocontrol and
research to the D-1 planning at the Royal Dutch Airlines (KLM). Phase 3 includes the data
analysis to obtain insight into the accuracy and reliability of the D-1 prediction. The last phase
is performed to know when a prediction is reliable enough for LVNL and the influence of the
D-1 prediction on the day of operation, which is in the form of interviews to learn the vision of
a supervisor and two Flow Management Position Controllers (FMPCs).

The PREDICT data of Eurocontrol contains historical flight data that is enriched with flight
intentions based on schedule data of airlines, airport slot data and a snapshot of the night
before with the last received data such of submitted flight plans. The DO demand data is the
data with the last submitted flight plans of the aircraft operation in the Initial Flight Plan
Processing System. This data is processed in the Enhanced Tactical Flow Management
System to calculate the 4D trajectories to obtain a dataset with entry times.

The differences between the datasets are analysed based on the difference in entry time and
on the number of entries for every airspace segment mentioned in the D-1 plan. These
segments are sector 2, sector 3, the three stacks (ARTIP, SUGOL and RIVER), the
departures and arrivals at Schiphol, all the inbounds to Schiphol in the Amsterdam Flight
Information Region (FIR) (EHFIRAM) and for the peak hours in the EHFIRAM.

The reasons for the difference in entry time are because a flight is later, earlier, not predicted,
not present in DO or changed its route. For sector 2, sector 3, the three stacks and the
EHFIRAM is the highest percentage of flights earlier than predicted. For the departures at
Schiphol, the highest percentage is on time and for the arrivals at Schiphol, the highest
percentage of flights arrive earlier or later depending on the comparison, D-1 with DO or DO
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Mainport

with D-1. If a flight was not predicted in the same sector or the same stack, it is possible that
another route is filed in the flight plan than predicted. For sector 2 the most flights moved to
sector 3, for sector 3 the most flights moved to sector 2, for the stack ARTIP the most flights
moved to RIVER, for SUGOL the most flights moved to RIVER and for RIVER the most flights
moved to ARTIP.

Schiphol

The difference in the number of entries is analysed with five different statistics:

1 The average difference. The difference is the number of entries of D-1 minus the
number of entries of DO. When the difference becomes negative, there is more demand
at DO than predicted and when the difference becomes positive, there is more demand
predicted than at DO.

1 The standard deviation (including the percentage). The standard deviation is a value to
quantify the amount of variation or dispersion of a set of data values. Within this
research, the standard deviation indicates the number of entries that can vary per hour.
The percentage standard deviation of total aircraft per hour provides more insight into
the height of the standard deviation compared to the number of flights in that airspace
segment.

1 The Mean Forecast Error (MFE). This is the mean deviation of the forecast demand for
the actual demand. A negative MFE means that there is less aircraft at DO than
predicted and a positive MFE means that there are more aircraft at DO than predicted.

1 The R-square. This provides a percentage of how much of the DO data is explained by
the prediction.

1 The Related-Samples Wilcoxon Rank test. This test compares the D-1 demand data
with the DO demand data. The null hypothesis is that the median of differences between
the D-1 data and DO data equals zero. This hypothesis can be retained or rejected,
considering a significance of 0.50.

A summary of all these statistics is visualised in Table 1.

Table 1. Summary statistics difference in the number of entries

Sector 2 -0.21 3.66 19.6 0.214 92.3 | Reject
Sector 3 -0.21 3.62 18.9 0.21 92.6 | Reject
ARTIP 0.07 2.62 23.8 -0.068 90.8 ' Retain
SUGOL 0.15 25 28.4 | -0.153 90.3 | Retain
RIVER 0.04 2.27 329 -0.045 83.8  Retain
EHFIRAM 0.32 4.2 15.7 -0.32 95.8 | Retain
EHAM Arrival 0.31 4.26 16 @ -0.309 95.8  Retain
South

EHAM Arrival 0.3 4.26 16 | -0.309 95.8 | Retain
North

EHAM -0.34 4.49 16.8 0.341 95.8 | Reject
Departure

South

EHAM -0.34 3.83 14.3 0.341 96.9 | Reject
Departure

North

EHFIRAM all 2.04 5.28 11.9 -2.04 88.7 | Reject
peak hours

EHFIRAM 1th 2.67 5.87 10.9 | n/a 87.1 | Reject
peak hour

EHFIRAM 5th 1.37 5.52 13.1 n/a 91.2 | Reject
peak hour

KDC-CoE/2019 2



knowledge &
development
centre of excellence centre

The statistics found are validated with the supervisor and FMPCs. The two FMPCs consider
the accuracy insufficient because the deviation of the standard deviation is more than 10
percent of the total flight in the hour. This deviation should be maximal 10 percent. The answer
to the main question, if the D-1 demand prediction of the first three months of the D-1 trail is
reliable enough for the day of operation, is questionable because of different opinions of the
experts. The safe conclusion will be that the D-1 demand prediction of the first three months
of the D-1 trail, containing January, February and March, are not usable enough for the
operation, based on the scope and assumptions made in this research. However, the
accuracy variates during the day and at some moments of the day the accuracy is acceptable.
Some statistics present that the prediction is accurate while the other statistics contradict this.

There is chosen to interview three experts working within the operation of LVNL, however,
with the opinion of these three, it is not possible to provide a decisive answer about the
reliability of the prediction for the operation. To provide a more decisive answer, more experts
should be interviewed about their opinion about the accuracy of the D-1 prediction.

There are improvements possible for the D-1 prediction in different subjects. The main goal
is to improve the accuracy, to make the D-1 prediction usable enough for the operation. More
inputs should be implemented in the D-1 data such as weather conditions or special
conditions such as a strike. There should be more alignment and cooperation between the
Air Navigation Service Providers and the Network Manager of Eurocontrol. Also, more
communication between KLM and LVNL is of importance, while a substantiated capacity
provided by the LVNL on the morning of D-1 is very important for the KLM. They use this to
determine if flights must be cancelled or delayed, to prevent that KLM must pay
compensation. Another improvement can be to create a D-1 prediction within LVNL.

A recommendation is to continue with the D-1 project while it provides extra value to the
operation. When the D-1 plan is received, it is possible to start earlier with regulating traffic
and making restrictions which creates a more predictable process and more tranquillity.
Before implementing the D-1 project, further research is necessary. A more detailed
evaluation should be executed when more data is obtained, more experts should be
interviewed, a more detailed analysis to the causes of the differences should be performed
and overall the accuracy should be improved. However, some parts of the prediction might
already be useful for the operation, as long as it is considered that the prediction deviates.

KDC-CoE/2019 3
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This research is performed within the Knowledge and Development Centre (KDC), at the
Centre of Excellence (CoE). The KDC is founded by the Amsterdam Airport Schiphol (AAS),
the Royal Dutch Airlines (KLM) and the Air Traffic Control the Netherlands (LVNL) which goal
is to find innovative and valuable solutions for the sustainable development of the Mainport
Schiphol. The CoE is a cooperation with universities and the KCD and started a collaboration
with the Aviation Academy from the Amsterdam University of Applied Sciences (AUAS) and
the Delft University of Technology. The students within the CoE are open-minded and perform
research with an independent vi eobjectve AisTuaffi¢
Control (ATC), aircraft use and airport development (KDC-Mainport, n.d.). In general, the
researches cover capacity management.

The research is commissioned by LVNL and this research will especially provide a
recommendation for the LVNL. How the research is founded (see section 1.1), what the main
problem (see section 1.2) and objective (see section 1.3) is, why this research is relevant to
perform (see section 1.4), what the main and sub-research questions (see section 1.5) are
for this research, the scope of the research (see section 1.6), some assumptions that were
necessary to made (see section 1.7) and finally the thesis structure (see section 1.8) are
described.

Background

ect s ir

In2017aresearch to O1I1 nit i antaigoenmeMhHrEised b&aupeairctiet y

summer of 2016 there were some reports of air traffic controllers, that the workload at Area
Control (ACC) sector 3 was too high. The research was to define an initiation phase for the
development of capacity management to propose concrete steps in 2018. That research
found that there were some imperfections in the pre-tactical planning. There was preliminary
work done towards better pre-tactical planning with temporary procedures of the Procedures
& Systems (P&S) department, but there were no implementation options that are possible to
use in the development of a D-1 plan. There was limited organisation and tools that can
execute a D-1 process (Westerveld, Lieshout, Obbens, Devilee, & Delden, 2017), while a D-
lprocess woul d hel p .ILappearédshatd YN heas passibitities to improve
compared to some other Air Navigation Service Providers (ANSPs) in Europe. The
information about the day of operation in terms of capacity is not transparent for the
stakehol der s, such as the airlines, the airp
toexpectoft he LVNLO®&s operati on. T h enroktheicapacity ofedch
day, but when there are changes in the capacity, this will be announced on the day itself.

Within the LVNL there were some imperfections and limitations mentioned in the business
case of the establishment of the D-1 project:
1 LVNL has a limited view of the traffic demand of tomorrow. This makes that the
residual capacity is not used.
1 Inflexible schedules of the air traffic controllers, which makes LVNL unable to respond
to the need at the day of operation.
1 Within the operation, there is no consistency between the information of Notices To
Ai r men ( Nannodrdénents, Daily Operating Plan (DOP), Airspace Use Plan
(AUP), etcetera.
1 There is a reluctance to take capacity limited measurements because the results are
unknown.
1 The traffic demand in the Dutch airspace is not adapted to the capacity, so the number
of delays increases as the traffic demand increases (Lieshout, Devilee, & Obbens,
2017).

In 2018 LVNL started the project called D-1, which is the result of the findings of the
researches about capacity management executed in 2017. The D-1 project should provide a
better prediction of the operation on a day before the operation, which provide LVNL a better
insight into the operation of the next day so that they can anticipate to it. The stakeholders
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might experience some benefits as well. A trial of this project started in January 2019, where
two till three times in the week a prediction is created at D-1 for DO. This prediction is explained
in detail in a D-1 plan. Within this D-1 plan, a selection of airspace parts within the Netherlands
is visualised with demand and capacity figures. These are sector 2 and sector 3, the three
stacks: ARTIP, RIVER and SUGOL, the arrival and departure at Schiphol and the inbound
flights to Schiphol within the Amsterdam Flight Information Region (FIR). These together will
be called during this research airspace segments. The locations of these airspace segments
within the Dutch airspace are marked green (Figure 1).
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Figure 1. Dutch airspace with airspace segments, combined by the author (LVNL, 2017)

Within LVNL the airspace segments have the prefix;: &H6 The airspace segments locate
within the Netherlands and the first two characters of the ICAO code of the airports within the
Netherlands have EH. During this research the airspace segments will be mentioned as:

1 EHSECT?2 for sector 2;
1 EHSECTS3 for sector 3;
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1 EHARTIP, EHRIVER and EHSUGOL for the three stacks;
1 EHFIRAM for the inbound flights to Schiphol within the Amsterdam FIR;
1 EHAM Departure and EHAM Arrival for the departures and arrivals at Schiphol.

1.2 Problem statement

Within the project team of D-1, it is unknown how operable the information about the traffic
demand generated at D-1 is for the D-1 project and the operation. The generated prediction
is not quantitative evaluated afterward to know how well this demand prediction matches with
the day of operation. This research to the D-1 prediction is necessary to enlighten the reliability
and usability of the prediction at D-1 and the day of operation. This is of importance to obtain
the usability of the D-1 prediction for the operation when the trial of the D-1 project is finished.
The first three months of the trial (January, February and March) generate the D-1 prediction
data sample which will be analysed during this research. It would be valuable to know if there
are improvements possible in the traffic demand prediction that is used within the D-1 Project.

LVNL expects that with the D-1 project, the capacity can be used more efficiently, which
provides an improvement of the performance, which subsequently can result in less delay for
the airlines and for the operators to plan their daily operations more appropriate. LVNL wants
to lower the workload for the air traffic controllers and accommodate the ACC supervisors by
providing more technical support. The ideal situation is to have the supply and demand at
least the day before operation correlated with each other (Lieshout, Devilee, & Obbens, 2017).
After all, the goal of the D-1 project is to be more transparent to the airlines and the airport
and better usage of the capacity.

Within the KDC,the Avi ati on Academy of the AUAS contrib
Management d8. Thiagty mefantshe haei cmaprt ds processes, ca
as limited resources such as runways, taxiways, gates, terminal or airspace. Capacity

management is of importance in ensuring that the operations run smoothly, which will reduce

delays and controller workload (KDC-Mainport, n.d.).

1.3 Research objective

The objective is to understand the reliability of the D-1 prediction compared to the day of
operation, i.e., the last submitted flight plans at DO by comparing the data predicted on D-1 of
a sample of a three months trial for further use of the data.

1.4 Research relevance

Within the KDC, capacity is a very important subject. It is a challenge to keep up with the
growing air traffic rate. The Mainport Schiphol aims for higher efficiency of operations to
increase the capacity. The stakeholders require capacity data to plan their operations and rely
on airports to provide these. This is of importance because capacity underestimation leads to
unnecessary cancellation costs, inefficient use of the system, customer dissatisfaction and
delays. An accurate capacity forecast provides an increase in predictability and more
efficiency in the system.

The importance of the client LVNL, the department Capacity Management and Analytics
(CMA), is to provide more insight into the data (D-1 demand prediction) they are using for the
trial of the D-1 project.

15 Research questions

To understand how operable the information about the traffic demand generated at the day
before operation is, the next research question is necessary to answer.

How reliable is the traffic demand prediction for the day of operation (D0O) on the day
before operation (D-1) at Schiphol and LVNL controlled airspace?
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To answer the main research question, the question is divided into smaller parts, which
support to answer the main research question. This results in the next sub-research questions

(SQs):

SQ1. What are the differences between the D-1 traffic demand prediction and the demand at
the day of operation and what can be causes for these differences?

SQ2. How accurate is the D-1 demand prediction?

SQ3. How does the quality of the D-1 prediction influence the day of operation and when is
the prediction reliable enough for the day of operation?

SQ4. How can the reliability of the D-1 prediction be improved?

1.6 Research scope

Within the D-1 plan (Appendix V), multiple information is given. Only the data to retrieve the
traffic demand graphs will be used. These graphs are made for sector 2 and sector 3, for the
stacks (EHARTIP, EHRIVER and EHSUGOL), which are the entry points in the Terminal
Manoeuvring Area (TMA), all the inbound traffic to Schiphol within the Amsterdam FIR
(EHFIRAM) and for the arrivals and departures at the runway. Only these airspace segments
will be researched within this project. This includes both inbound and outbound flights, as well
as transit and regional traffic. The other sectors (1, 4 and 5) are not within the scope of this
research. The other information of the D-1 plan, such as the workload, air traffic controller
configuration, etcetera will not be considered. In addition, the probability of weather conditions
will be considered for determining nominal or special days.

In the graphs of the D-1 prediction in the D-1 plan, a red line with the nominal capacity is
provided. This capacity is of importance because it presents a possible overload in demand.
Sometimes when the weather conditions are not optimal, there is a nonstandard capacity, but
this will not be considered when this is not yet known at D-1.

The input parameters that will be used for the data analysis of D-1, will mainly be flight plan
data, while the dataset that is used contains the date, the sector, flight-id, callsign, aircraft
type, departure airport, destination airport, off-block time, entry time in the sector and exit time
in the sector. Other input parameters will be the weather, containing the visibility, wind and
the humidity and the runway use on Schiphol, especially north or south runway use and
special conditions or events mentioned in the D-1 plan. These are the parameters that
influence traffic demand the most.

The difference in entry time and in the number of entries will be analysed, together with
possible causes for the differences. The exact reason for the cause will not be investigated
because this should then be performed for every unique flight.

The opinion of the people working in the operation within LVNL will be considered. They may
have some causes for the differences found with the data analysis.

KLM also creates a kind of prediction for the next day, therefore an interview with KLM might
help for possible improvements for the D-1 demand prediction of LVNL. Their opinion about
the D-1 prediction will not be considered, because for the airlines only the capacity prediction
is of importance and not the traffic demand.

In addition to KLM and LVNL, the other stakeholders included in this research are some
ANSPs for the literature, AAS for providing information about infrastructure and Eurocontrol
for providing data.

1.7 Assumptions and limitations
Assumptions
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The last submitted flight plans at the day of operation will be the reference for DO, which will
be used for the comparison with the D-1 demand prediction. Therefore, the DO will not be the
actual operation. The reason for this choice is explained in 5.1.

The D-1 project is constant, which means there is no difference between the decisions made
by different people, whereby there is no different influence on the output of the D-1 process.

The days considering in the research, after filtering the special days, are on average
representative days, even though there are not always perfect weather conditions. The
special days are removed of the data to obtain a more representative view about the accuracy
of the D-1 prediction.

The highest demand value should fall exactly in the middle of the peak hour. This must be
assumed to compare the moment of the provided highest demand value with the moment of
measured highest demand value.

Limitations
The reason and moment for changes in the flight plan are not available in the data, causing
this is not considered during the research, even though it might be of extra value.

1.8 Thesis structure
An overview of the remaining chapters is stated below:

Methodology
Desk research
Air Traffic Flow Capacity Management (ATFCM) at Eurocontrol
Benchmark D-1 planning at other ANSPs
Planning at LVNL
Validating a prediction
Conclusion of the literature
Stakeholder analysis
Exploratory research to D-1
9 Construction of the D-1 prediction data
1 D-1 planning at KLM
Data analysis of D-1 demand prediction
1 Framework for the analysis
1 Comparison of the D-1 prediction demand with the DO demand
1 Validating the D-1 demand prediction
Conclusion
Discussion
Recommendations
References
Appendices

E R K]
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2. Met hodol ogy

This section explains the steps necessary to accomplish the research to understand what
results will be retrieved. The research is divided into four phases (Figure 2). The first phase
of the research will be desk research, in the form of a literature review and a stakeholder
analysis. The field research that will be performed is both quantitative and qualitative and are
phase 2, 3 and 4. Phase 2 is exploratory research to the construction of the D-1 data at the
source of the data and research to the D-1 planning at an airline. Phase 3 is quantitative,
including data acquisition, data manipulation and data analysis to obtain insight into the
accuracy and reliability of the D-1 prediction. Phase 4 contains qualitative research which will
be performed to know when a prediction is reliable enough for LVNL and the influence of the
D-1 prediction on the day of operation, which will be in the form of interviews to learn the
vision of experts. The first two sub-questions are answered in phase 3, the third sub-question
in phase 4 and the last one is a combination of all the results of the four phases, which will be
in the form of a recommendation. The input for possible improvements will be obtained with
both quantitative and qualitative research, with the results of the data analysis and interviews
at LVNL, KLM and Eurocontrol.

Phase 1: Phase 2: Phase 3: Phase 4:

Exploratory . o
Desk reseach research to EL Data analysis Vision of experts

Figure 2. Flow diagram of research design with phases

Some hypotheses are made (see section 2.1), which afterward are confirmed or rejected. The
construction of the D-1 and DO data, which period is used and how the data is collected, but
also the sample size of the interviews (see section 2.2) are explained. The activities within
the phases are explained in section 2.3 for phase 1, section 2.5 for phase 2, section 2.6 for
phase 3 and section 2.4 for phase 4. The research method that is used during the research
is explanatory because a connection between two datasets (D-1 prediction and DO) is
analysed and explanations for these differences and the reliability of the D-1 predicted are
analysed by interviews.

2.1 Research hypotheses

The data that is used for the D-1 demand prediction originates of Eurocontrol. They use
historical information and a model to create the D-1 prediction. There will be expected that
the information Eurocontrol receives to create the prediction is correctly implemented.
Hypothesis 1 will be: The D-1 demand prediction deviates not significant compared to DO
demand.

The D-1 project started in 2018 with the goal to be more transparent to the stakeholders of
LVNL. This is of importance to obtain a more stable operation. The first step is to create a D-
1 plan to support the air traffic controllers in their work. Hypothesis 2 will be: The D-1 demand
prediction within the D-1 plan has a positive effect on the day of operation.

2.2 Sample and collection of data

The sample period for the D-1 dataset and the DO dataset is the period starting from January
2019 to the end of March 2019. This period is chosen to analyse because these months are
the first three months of the D-1 trial. More data is not yet available, but three months are just
enough to perform a representative analysis. The two datasets are assembled to perform the
analysis. The structure of the data is explained in a Data Management Plan (DMP) (Appendix
I1). The two datasets will be analysed with the programs Microsoft Excel, TIBCO Spotfire and
SPSS.

The collection of the D-1 demand data and the DO data is explained in 5.1. The D-1 data
contains the date of the flight, D-1 date, traffic volume (which will be called during this research
airspace segment), flight identification, call sign, aircraft type, departure and destination
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airport, entry and exit time in the airspace segment and delay time. The DO data contains the
same information as the D-1 data, additionally, the entry and exit flight level in the sector, the
duration to cross the airspace segment and the length to cross the airspace segment.

Schiphol

The sample size of the experts to obtain a vision of the usability of the D-1 prediction is three.
This sample size is chosen because, with three people, there is always a decisive opinion,
while with two it may be that there are two contradictory opinions.

By collecting information with interviews, some ethical considerations are maintained. These
are in Appendix III.

2.3 Phase 1: Desk research

Statistical

Planning Benchmark Planning at methods for Stakeholder

phases other

el ANSPS LVNL validating a EREWSS

prediction

Figure 3. Activities phase 1

Five activities will be performed in the first phase. Information is collected of the different
planning phases at Eurocontrol, a benchmark is achieved at other ANSPs, information about
the planning at LVNL is researched and statistical methods for validating a prediction are
collected with literature. Finally, stakeholder analysis will be executed with the information
collected with the literature (Figure 3).

Information will be collected about the different Air Traffic Flow Capacity Management
(ATFCM) phases at Eurocontrol. Operation manuals are used for this literature.

Documents of other ANSPs will be used for a benchmark to obtain more information about
the pre-tactical and tactical phase, primarily focused on D-1 planning. ANSPs that will be used
are Skyguide (2017) of Switzerland and the National Air Traffic Services (NATS) (2017) of the
United Kingdom because they have D-1 planning. The D-1 project team has visited and
interviewed them in 2017, which is valuable as literature.

The pre-tactical and tactical phase at LVNL will be researched with internal documents of the
LVNL. These are the Project Plan of the D-1 project, the Business Case of the D-1 project,
the preliminary investigation to Capacity Management and more.

Literature about different methods of data analysing, focusing on validating and the reliability
of a prediction and what conclusions there are possible to make about the accuracy and
reliability are necessary to perform the data analysis. Researches will be obtained via
ResearchGate, ProQuest and Elsevier.

Not all the stakeholders are directedly involved within this research, some of them encounter

impact in a later stadium. A stakeholder analysis will be done to understand the roles, impact
and interest of the stakeholders within this research.

2.4 Phase 2: Exploratory research to D-1

Interview

Literature D-1 Interview

PREDICT data Eurocontrol

KLM

Figure 4. Activities phase 2
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The second phase contains three activities: finding literature about the construction of the
PREDICT data, interview Eurocontrol and an interview to gather information about the D-1
planning made by KLM (Figure 4).

The construction of the PREDICT data will be researched to notice if there are particularities
in the creation of the data. To obtain this information, more literature must be obtained by
Eurocontrol itself to obtain more information than found with the desk research. For more
explanation, an interview will be held with a person of the department that analyse or construct
the PREDICT data at Eurocontrol. This interview will be semi-structured, with some pre-
determined questions which will be determined after the literature is obtained.

External knowledge will be retrieved at KLM about managing a prediction. KLM develops a
prediction as well, so they might have ideas which LVNL can use. Pre-determined questions
are made but these are not strict. The interview that will be held is semi-structured and are
focused on the planning made a day before the operation for the day of operation. The pre-
determined questions are in Appendix VIII.

2.5 Phase 3: Data analysis of D-1 demand prediction

Framework Compare D-1 demand

prediction with DO

AAirspace segments
AFilter days with special

Validating D-1

prediciton with DO

ADetermine DO
AsipPocC e Ariltered airspace segments

conditions
AEHFIRAM peak hours

AEHFIRAM peak hours
ADifferences in entry time

Figure 5. Activities phase 3

The three main activities of phase 3 (Figure 5) are: realizing a framework for the start of the
analysis (see section 2.5.1), comparing the D-1 demand prediction with the DO demand (see
section 2.5.2) and validating the D-1 prediction with DO with some statistics (see section
2.5.3).

25.1 Framework

First, it is necessary to understand what dataset wi | | b e u s egéneralsthisésih@ 6 . I n
day of operation, but there are different moments where data can be retrieved at the day of
operation. At which moment this data will be retrieved must be determined.

To understand the input and output variables of D-1 and DO, a SIPOC chart will be made. The
benefit of a SIPOC is to understand a process and to think about what needs to be measured
in the process, to gather knowledge of the possibilities to improve (Morgan & Brenig-Jones,
20009).

SIPOC means (Morgan & Brenig-Jones, 2009):

1 Suppliers: the people, department or organisation that provide the input for the
process.

1 Inputs: information, materials, resources, systems, data or people required to execute
the process.

1 Process: a set of activities that transform a set of input into outputs, providing value
to the stakeholders or customers.

9 Outputs: the product or services that result from the process, which can be new input
for the next process.

1 Customers: internal or external recipients that receive outputs of the process.
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2.5.2 Comparison of the D-1 demand prediction with DO demand

The datasets of the D-1 demand prediction and the DO demand will be set next to each other,
to compare what they have in common and the differences in the demand and entry time. All
the D-1 data of the trial that started in January 2019 will be used, with the corresponding days
of the DO data. The period that will be used is January 2019 until the end of March 2019.

The number of entries in the corresponding airspace segment must be calculated to be able
to compare the datasets. This is performed by counting the number of entries that have an
entry time in brackets of one hour. The number of entries is counted per hour rolling per 20
minutes. For example: when an aircraft has an entry time of 01:21:23, this aircraft is counted
between 00:40:00 and 01:40:00, between 01:00:00 and 02:00:00 and between 01:20:00 and
02:20:20 (Figure 6).

aircraft with entry time
01:21:23

|

00:00:00 00:20:00 00:40:00 01:00:00 01:20:00 01:40:00 02:00:00 02:20:00 02:40:00 03:00:00

Figure 6. Example counting number of entries

This is executed to obtain more insight into the distribution of the aircraft in an hour. The
reason that it is rolling per 20 minutes is that the slots are issued per 20 minutes and this is
used often within LVNL. For more detail, the number of entries will also be counted per 20
minutes, which means there are brackets of 20 minutes and every aircraft is only counted
once in every bracket.

To count the number of entries arriving and departing on the runway, the entry time on the
runway must be calculated. This is not presented in the dataset; therefore, it must be
calculated with an offset. The offset is the time it takes from an entry point to the runway or
vice versa and is depending on which sector the aircraft comes from or goes to. For the EHAM
Arrival (arrivals on the runway) the entry time in the EHFIRAM is used plus the offset time that
corresponds with the sector flown through. For EHAM Departure (departures on the runway)
the off blocks time in the sector plus the offset time that corresponds with the sector is used.
The offset time is depending on the runway used. This is simplified as north or south runway
use. The number of entries for both north and south runway use will be calculated. The
number of entries will be calculated in the same way for the D-1 data as for the DO data.

The difference between the number of entries of D-1 and DO will be calculated with Equation
1.

Equation 1 5 B
0'QQQQI Q& HROOWE 6 10QPI £ 6 d QWE 6 10RQI

When the difference becomes negative, there is more demand at DO than predicted and when
the differences become positive, there is more demand predicted than at DO.

When this difference is visualised in graphs and outlying days appear, these will be filtered if
there is a reason for the considerable deviations, which are mentioned in the D-1 plans.
Reasons for these deviations will be special conditions such as weather conditions and
special events such as a strike.

Another analysis will be performed to the inbound peak hours. These are the most limiting
and important moments of the day, which is of importance that it is well predicted. The flights
in the EHFIRAM are all the inbound flights to Schiphol in the Netherlands, which is the
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airspace segment that the air traffic controllers mostly observe for implementing regulations.
The stacks are of great importance, but these are included in the EHFIRAM.

Another analysis will be performed by analysing the differences in entry times. There will be
researched what the height of the deviations are in the entry times. When there are deviations
in the entry times, there will be researched what happened to those flights. It might be that a
flight is visible in the D-1 prediction, this flight disappeared in the DO data or vice versa. But it
is also possible that a flight is still visible but moved to another airspace segment.

2.5.3 Validating the D-1 demand prediction

The output of the comparison will be some commonalities and differences between the D-1
demand prediction and the DO demand. The height of these differences and the accuracy of
the D-1 prediction will be validated with statistical analysis. This statistical analysis will be
performed for all the airspace segments, but also for the peak hours of EHFIRAM.

The difference calculated will be visualised in a distribution. The average, standard deviation
and 95% interval will be calculated.

Predictions are validated in multiple ways. Different methods are found by performing a
literature review (3.4). The most suitable method for this prediction is the Mean Forecast Error
(MFE). This is the mean of the deviation of the forecast demands for the actual demand. This
will be calculated with Equation 2.

Equation 2
5 "00 dMi 6 @ 'TMQQa & @ 0 6 @ 'IMOQa O® p
U
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A negative MFE means that there are less flights at DO than predicted and a positive MFE
means that there are more flights at DO than predicted. The other methods mentioned in the
literature do not provide extra value to this research or are not suitable for this research.

The demand of D-1 and DO will be visualised in a distribution as well. If it is a normal
distribution, a t-test will be performed. If it is a skewed distribution, a non-parametric test will
be performed. This will be the Related-Samples Wilcoxon Signed Rank test which compares
the D-1 demand data with the DO demand data. The result will be a p-value. The hypothesis
that is made is that the median of differences between the D-1 data and DO data equals zero.
The p-value will be the chance that random sampling (D-1 prediction) would result in a median
change as far from zero as observed (D0). If the p-value is small there is concluded that the
population has different medians. If the p-value is large, there is no reason to conclude that
the overall medians differ (GraphPad Software, 2017).

The fact that the variables of the prediction have a p-value lower than 10 percent, does not
provide the total quality of the prediction. The coefficient of determination or R-square
provides a better indication of the quality of the prediction. This provides a percentage of how
much of the DO data is explained by the prediction (Twisk, 2007). A scatterplot with the
number of entries of D-1 and DO with a line through the origin visualises the distribution of the
values, where the R-square indicates a percentage that fit to that line.

The validation of the D-1 prediction will be executed for all the airspace segments, as well as
for the detailed analysis of the peak hours of EHFIRAM.
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2.6 Phase 4: Vision of experts

Interview

Determine

which people to e  experts within
interview LVNL's operation

Figure 7. Activities phase 4

The activities of phase 4 are: determine which people in the operation are representative to
interview and the accomplishment of these interviews (Figure 7).

The interviews will be semi-structured, where predetermined general questions are
formulated, focused on the results of the data analysis. Semi-structured interviews provide
the possibility to ask new questions regarding the answers given. Some results obtained with
the data analysis will be presented to learn the vision of experts on the reliability of the
prediction. The topics of the interview questions are:

1 general about their function and activities;

9 their influence within the D-1 project;

1 their opinion about some results of the data analysis;

1 when they think a prediction is usable/reliable enough for the operation.
The interview questions are in Appendix Ill.
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3. Desksear ch

This literature review provides more clarification to understand what is behind the sub-
questions. First, the planning phases in general, which are the Eurocontrol planning phases,
are explained (see section 3.1) to understand in which phases the D-1 and DO take place. A
benchmark at other ANSPs (see section 3.2) is necessary to get more insight in D-1 planning,
t hat mi ght i melrplannieg. Th&/ phasésswhelke the D-1 data and DO data is
created in the LVNL planning are explained and at which moments and with what tools there
is a collaboration with Eurocontrol (see section 3.3). Finally, to know how a prediction is
possible to be validated and to know when it is reliable enough (see section 3.4), accuracy
methods of other researches are analysed. In what way the information found with the
literature is used during this research is explained (see section 3.5). With the knowledge of
the literature review, a stakeholder analysis (see section 3.6) is made.

3.1 Air Traffic Flow Capacity Management (ATFCM) at Eurocontrol

The Network Manager Operations Centre (NMOC) provides ATFCM service to the airspace
users for the European Civil Aviation Conference (ECAC) states. The NMOC is the successor
of the Central Flow Management Unit (CFMU). ATFCM aims to meet traffic demand with
airspace and aerodrome capacity and to make the demand meet the maximum available
capacity. This result in flow measures that includes individual aircraft departure times to
reduce bottlenecks and safety risks as much as possible. These activities are in combination
with all the European ANSPs and aircraft operators (Niarchakou & Simén Selva, 2017).

There are four ATFCM (planning) phases for the day of operation. These are the strategic
phase (see section 3.1.1), which takes place twelve months till seven days before the
operation, the pre-tactical phase (see section 3.1.2), which is six days till one day before the
operation, the tactical phase (see section 3.1.3), which is the day of operation, and the post-
operational phase (see section 3.1.4), which is the day after the operation. This research into
the D-1 prediction takes place on the last day of the pre-tactical planning and the tactical
phase, so these are explained in more detail. At last, the systems used by Eurocontrol within
these phases (3.1.5) are explained.

Within the planning phases, the Collaborative Decision Making (CDM) process is used, which
allows decisions to be taken by the most comprehensive, accurate information ensuring that
all stakeholders can influence the decisions. This facilitates collaboratively agreed decisions
to reach performance objectives a dynamically optimised flights to reflect near of real-time
events. The structure of this process is designed to ensure that the stakeholders can discuss
airspace, capacity, demand and flight efficiency issues on a regular basis. When plans are
formulated, all pertinent aspects and points of view of the stakeholders are considered
(Niarchakou & Simoén Selva, 2017).

3.1.1 Strategic phase

During the strategic phase, the NMOC supports the ANSPs to predict the capacity. The
strategic phase includes research, planning and coordination activities that run according to
a CDM process. Data is collected for early identification of major demand or capacity
imbalances such as major events as well as capacity shortfalls for individual ACCs or airports.
The results are ATFCM measures, which contain solutions to be considered for
implementation (Niarchakou & Simén Selva, 2017). The Network Manager (NM) is
responsible for the coordination and execution of the planning, as well as a routing scheme
which includes these events such as large-scale military exercises and sporting events
(Eurocontrol, 2017).

3.1.2 Pre-tactical phase

In the pre-tactical planning phase, the demand for the day of operations is compared with the
predicted available capacity on the day of operation. The necessary adjustments are made
with the plan that was made in the strategic phase, the long-term planning. The goal of this
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planning phase is to optimise the efficiency and balance the demand and capacity through
resources such as sector configuration management, which means dividing or merging
airspace sectors and the use of military sectors, adjustments to the 4D trajectories
(considering weather and aircraft performance), and by the implementation of appropriate
ATFCM measures. These ATFCM measures are extracted from pre-agreed strategic ATFCM
measures or envisaged as ad-hoc measures to respond to a new situation. The work
methodology is based on the CDM process between the stakeholders and occurs daily with
a daily D-1 briefing e-conferences. This meeting can be more frequently depending on the
traffic and capacity situation. The output of these conferences is the ATFCM Daily Plan (ADP)
(Niarchakou & Simon Selva, 2017). The NMOC coordinates the definition of this ADP,
together with the initial network plan and informs the ANSPs and aircraft operations about the
ATFCM measures that will be active in European airspace on the next day (Eurocontrol,
2017).

|
|

Abstract
function

Generalised
function

1
Purpose
function
i Path l 4D trajectory
Airspace il Weather .
structure forecast Obstruction

Special use #i
airspace

Performance

Flight plans g capabilities

— Terrain

Figure 8. Pre-tactical work domain (van Paasen, et al., 2013)

The work domain analysis is visualised with three divisions, with the corresponding subjects
that are considered in the pre-tactical phase (Figure 8). The generalised function are all the
subjects that are necessary to consider for the pre-tactical planning. All the information of the
subjects in the generalised function will lead to the need of the separation, possible
obstruction by terrain, weather, etcetera and geometric constraints of the flight path which are
part of the abstract function. The abstract function considers the main subjects within the
airspace that is possible to determine in the pre-tactical phase. These abstract functions will
finally lead to refined definitions for the 4D trajectories, which is the result of the activities in
the pre-tactical planning and is considered as the purpose of the pre-tactical planning,
together with safety (van Paasen, et al., 2013).

3.1.3 Tactical phase

The tactical planning phase considers the events that affect the ADP and makes the
necessary modifications to it. The NMOC updates the ADP based on the current
meteorological, technical and human conditions for the operation through further CDM
processes. Tactical briefings or conferences are planned to depend on the traffic patterns and
their intensity (Eurocontrol, 2017). This phase ensures that the measures taken during the
earlier planning phases are the minimum required to solve the demand and capacity
imbalances. Adjustments taken in the original plan may result from disturbances such as
significant weather phenomena, special events, staffing problems, limitations related to
ground or airspace infrastructure. Accurate information is of importance in the phase since it
permits short-term forecast which includes the impact of any event and maximises the existing
capacity without endangering the safety (Niarchakou & Simoén Selva, 2017).
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Figure 9. Tactical work domain (van Paasen, et al., 2013)

The work domain analysis is visualised with the same functions as in the pre-tactical planning,
with the corresponding subjects that are considered during the tactical planning phase (Figure
9). The subjects mentioned in the pre-tactical planning which are still present in the tactical
phase, only updated with more recent information, are marked light blue. The dark blue
subjects are new in the tactical phase. The inputs of the generalised function are the planned
4D trajectory descriptions which were the result of the pre-tactical phase. Together with
updated weather conditions, airspace and special airspace use, aircraft performance, terrain
and SWIM (which is a net-centric and secure environment, based on a globally consistent
and unambiguous set of information elements to overcome the existing deficiencies and
achieve a 4D trajectory-based globally interoperable ATM system (SKYbrary, 2017)), new
communication and travel restrictions are defined, together with updated need of separation
and obstruction items. These abstract functions will lead to the results of the tactical phase,
which are the actual flights or the operation. Together with safety becomes this the purpose
function. The previous ATFCM phases mainly involved planning flights (first globally, resulting
in the travel space structure, then in more detail), but in this phase, real-time communication
becomes an important function (van Paasen, et al., 2013).

3.1.4 Post-operational phase

The post-operational phase is the final phase in the ATFCM process. An analysis is carried
out to measure, investigate and report on operational processes and activities throughout all
domains and stakeholders (Eurocontrol, 2017). All the stakeholders should provide feedback
on the ADP, flight planning and airspace issues. This phase compares the predicted with the
actual outcome, in terms of delay and route extension. The goal of this phase is the
development of best practices and improving the operational processes and activities
(Niarchakou & Simon Selva, 2017).

3.1.5 Eurocontrol systems

To provide information about current and predicted air traffic demand and capacity, flow and
capacity management systems are used. These systems receive data of the Integrated Initial
Flight Plan Processing System (IFPS), Repetitive Flight Plan (RPL), the Central Airspace and
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Capacity Database system (CACD), live ATC data of the ANSPs, Aircraft operator Position
Reports (APRs) message and meteorological data (Niarchakou & Simén Selva, 2017). The
data of the ANSPs, which is provided by the FMPCs, is information without a standard format
and can be diverse. It are concrete capacity adjustments, demand adjustments or small
events that expect regulations at the day of operation. The usability of the information
depends on the amount of information that is received, but this information always supports
to provide a better reflection of the day of operation. The output of this information is the ADP
and sometimes a recommendation for the ANSPs on behalf of airspace management (NM
Eurocontrol, 2017). All the information is archived by the flow and capacity management
systems in the historical information management system, the Data Warehouse (DWH).

The most important flow and capacity management systems or tools used during the ATFCM

phases are:

1 The Enhanced Tactical Flow Management System (ETFMS), which compares traffic
demand, regulated demand a load towards capacity, to assess possible imbalances in
the European airspace. The imbalances can be resolved by the implementation of
measures, such as regulations or rerouting (Eurocontrol, 2019).

1 The PREDICT system, this compares forecasted traffic and capacity to evaluate the load
situation for the following days. To assess the impact of the ATFCM measures, these are
implemented in the systems before being applied in ETFMS. It uses the Demand Data
Repository (DDR) to enrich historical data with expected demand (NM Eurocontrol, 2017).

1 The Data Distribution System (DDS), is used to distribute real-time ETFMS flight data to
NM operational stakeholders, which are he ANSPs, aircraft operators and airports. DDS
functionality is provided by the ETFMS (Eurocontrol, 2019).

1 The Network Operations Portal (NOP), is a website that provides operational information
and dynamic data of the NM. The goal is to facilitate decision making by sharing the most
up to date view of the network operations situations along the ATFCM cycle (plans,
scenarios, real-time information on flights and measure, events, etcetera). NOP is as well
used to reflect the ATFCM decision status, enable a common understanding of the
network situation, present disturbances that could impact the Network and that could,
therefore, require appropriate actions for risk mitigation, assist airspace users to take their
operational decisions and assist in the planning process (Eurocontrol, 2018).

1 The Network and Strategy Tool (NEST), is a simulation and modelling tool for network
capacity planning and airspace design. This tool is used by the NM of Eurocontrol and
the ANSPs. NEST uses datasets of DDR to describe the consolidated pan-European
airspace and route network, the traffic demand and distribution as well as the Statistics
and Forecasts (STRATFOR) traffic forecasts which are provided by Eurocontrol at the
end of each Aeronautical Information Regulation and Control (AIRAC) cycle (Eurocontrol,
2019).

3.2 Benchmark D-1 planning at other ANSPs

This benchmark is to learn more about the D-1 planning of other ANSPs. Only ANSPs that do
have a kind of D-1 planning that provides input for LVNL is of relevance for LVNL. It appeared
that NATS (see section 3.2.1) and Skyguide (see section 3.2.2) do have a D-1 planning
(Westerveld, Lieshout, Obbens, Devilee, & Delden, 2017). LVNL visited Skyguide and NATS
for information about their D-1 planning in 2017.

3.21 NATS

Ten years ago, N A ®nShie D41 plannirgy precass, bub mowadays the scope
is elaborated to longer ahead concerning Airspace Capacity Management (ACM). NATS
wants to be transparent to their stakeholders, and the collaboration is established in
Apartner shi p agrupperts&rattad @ pettew bapacity management process
(Barry, Turner, Borland, & Howard-Allan, 2017).

NATS does have a D-1 process, which is a pre-tactical plan of D-5 till D-1. This is an iterative
planning process which includes all stakeholders. This plan is continuously refining prior to
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the day of operation. It incorporates airspace management through Flexible Use of Airspace,
resources, meteorological information. The plan is published to airline operators and
stakeholders (NATS, 2017). Currently, the result of the D-1 preparation is also summarized
in a reduced UK/Irish Functional Airspace Block (FAB) D-1 report which is spread every day
at 16.00LT to external stakeholders, so they can prepare for the operations. The effectivity
variates because the weather and other factors are not updated after 10.00LT (Barry, Turner,
Borland, & Howard-Allan, 2017). An example of the pre-tactical D-1 plan of NATS is in
Appendix VI. The plan identifies:
Meteorological outlook;
Predicted North Atlantic (NAT) track structure;
Detailed Eastbound NAT track structure;
(Airport) capacity constraints;
Danger area activity/airspace utilisation;
Additional activities that may have an impact on network performance;
A detailed overview of military activity notified at D-1;
Pre-tactical regulations;
Heathrow operational overview;
General information pertinent to UK i Irish departures, arrivals and en-route traffic;
Pre-tactical 7-day outlook (NATS, 2017).

= =4 -4 _a_8_8_9_29_-2_-2_-2

3.2.2 Skyguide

Skygui deds importance is to use the airspace as
high volume of traffic that crosses their airspace (Herda & Mariétan, 2017).

Skyguide has activities that prepare the day of operation. In the pre-tactical phase, they have
AUP, scenario analysis and coordination, Short Term ATFCM Measures (STAM) preparation,
simulation of traffic demand. Skyguid e 6 s f o0 ¢ u s-1 preparatiantbut omtool® used in
the long term pre-tactical phase. They developed the tool Crystal, which is the instrument that
manages the capacity on the day of operation and before. The objective of Crystal is to
improve local traffic situation awareness, choose the best sectorisation, increase capacity,
provide reliable complexity indicator, reduce ri
(Herda & Mariétan, 2017). Crystal is used for accurate traffic prediction and to manage the
s t a fwérldoad and peaks while ensuring a smooth and efficient traffic flow (skyguide
solutions, 2016). Skyguide has long-term planning that is updated every month, instead of
every season.

The process to make the roster is made with the traffic forecast and tools (Figure 10). Capacity
management and rostering are related to each other.

DDR2/historical/week Parameters
ly/monthly/seasonal according to site
Traffic Analysis “ Number of required Shifts optimizer
and forecast | i ATCOs per period
e e — . @
AR =
e, EA
Sector Opening |
optimizer
=i | Schedule of
: : 1 daily shifts
Eh = [ — ¢ =
S &
il V.,. Roster Planning

Break Planner (in-house) o L'

Traffic and Ci i tool (in-house)
— QWHAT‘IF @
scenarios
Geneva ACC Zurich ACD

mmmmmmmmmmmmm skyguide *:

Figure 10. The rostering process at Skyguide (Herda & Mariétan, 2017)
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3.3 Planning at LVNL

Within LVNL the same planning phases are considered as at Eurocontrol. The activities LVNL
performs will be explained for the pre-tactical phase (see section 3.3.1) and for the tactical
phase and partly the post-operational phase (see section 3.3.2).

3.3.1 Pre-tactical phase

Capacity Definition

events demand

| -

improve- Definition ATM Performance Stakeholder
ment system Analysis alignment
proposals

Stakeholder
1 agreements

Figure 11. Short term pre-tactical planning, translated by the author (Westerveld, Lieshout, Obbens, Devilee, &
Delden, 2017)

The D-1 plan arises of the short term pre-tactical planning (Figure 11), which is seven till one
day before the day of operation. In Figure 11 (and Figure 12), the green boxes are information
and are the input and the output of the process, while the blue boxes are activities. The black
arrows present the order of the activities. The input of the process are improvement proposals
for the day of operation. These are defined in the strategic and long term pre-tactical phase.
Together with this information and the events that reduce the capacity, the ATM system
capacity is defined. The capacity events and the stakeholders define the demand possible
with predictions, schedules of airlines and information of the NM. A combination of the
possible demand and the capacity provides the performance analysis, which should result in
alignment between the stakeholders. If this is not succeeded, the process is done over, so a
new definition of the demand and the ATM system should be made. The output will be the D-
1 plan and stakeholder agreements. The D-1 plan is the input for the tactical phase. The
activities in this phase are performed by the overhead, FMPC and for the performance
analysis also a performance expert is concerned.
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3.3.2 Tactical and post-operational phase

Flow advice
and
coordination

Operational
supervision

Database DO evaluation —

Improvement

Electronic proposals for e
waiting various phases
report

Stakeholder Stakeholder
alignment agreements

Trend analysis

Figure 12. Tactical and post-operational process, translated by the author (Westerveld, Lieshout, Obbens, Devilee,
& Delden, 2017)

The tactical phase (Figure 12) starts with the D-1 plan, which is the input for providing
information and advice about flow measures and alignment with ANSPs and NM to the
supervisor. These together are input for operation supervision carried out by the supervisor,
containing decisions based on the advice of FMPC to ensure orderly operation and determine
staff deployment. The Collaboration Interface for Flow Management Positions (CIFLO) is the
system that the FMPC uses to perceive the traffic demand, to monitor the capacity. This
system provides access to all the ATFCM information in the ETFMS, the PREDICT and the
archive system data warehouse. The ATFCM information contains flight plan information,
combined with environmental data and meteorological information, which are possible to plot
on a map. The information that is visible in CIFLO can as well be seen on the NOP, but CIFLO
also includes the workload that is visualised with the workload model (WLM) (LVNL, 2012).
The WLM is an additional information source for capacity and sector management, which
provides a prediction of the required effort of an air traffic controller. The WLM supports to
interpret and nuance the demand figures of CIFLO. These are updated figures of the demand
and workload of the different sectors, that were in the D-1 plan. The calculated workload is
based on nominal circumstances and is a dimensionless number. A flight is integrated into
the workload calculation when the flight enters a sector (LVNL, 2012). Together with these
systems, the FMPC and the supervisor take care of safe operation. The output of the
operation is an electronic waiting report and all the information of the operation is saved in a
database. These two outputs are the inputs for the post-operational phase. This information
is the source to perform an evaluation of the day of operation and to achieve trend analysis.
The results will be improvements for the preparation of the operation. These improvements
are discussed with the stakeholders to finally obtain some agreements.

KDC-CoE/2019 21



knowledge &
development
centre of excellence centre

3.4 Validating a prediction

To determine the validity and reliability of a prediction or forecast, the results of the forecast
are necessary to evaluate. This can be done with different methods.

Sahu and Kumar (2014) discussed different forecasting models to obtain the most applicable
one for sales forecasting of sterilized flavoured milk in Chhattisgarh. The accuracy of those
forecasting models is measured with the Mean Forecast Error (MFE) (Equation 3), the Mean
Absolute Deviation (MAD) (Equation 4), the Mean Square Error (MSE) (Equation 5) and the
Root Mean Square Error (RMSE) (Equation 6). The smaller the forecast error is, the more
accurate the forecast method. These accurate methods were used to finally define the most
accurate forecast method. Finally, the most appropriate forecasting method with the best
accuracy had an MFE of -1.6027, MAD of 40.976, MSE of 285162 and an RMSE of 534.005.

Equation 3
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Y: is the actual value in time period t, Ft is the forecast value in time period t and n is the
number of periods.

Abed and BaFail (2001) did research to suitable forecasting demand for air travel at Jeddah
International Airport. After the analysis, comparison and cross-checking are performed to
validate the forecasting demand model. The performance measures that are used to compare
the models with each other to select the best ones are the MAD, Mean Absolute Percentage
Error (MAPE), the RMSE and R-square.

Olaniyi, Adedotun and Samuel (2018) did a study to the domestic air passenger demand in
the period of 2010 till 2017. Two different forecasting methods were used, and these are
compared with the Mean Squared Deviations (MSD), which formula appeared to be the same
as the MSE. The study is useful for the planning process an airport, airlines and other
stakeholders involved i n ddppors toipeevist preblems withr ans p o r t
having the air traffic supply over the demand or vice versa.

BaFail (2004) did a forecast for the number of domestic and international airline passengers
in Saudi Arabia. This forecast is then compared to the actual and the forecast error is
measured with the MAPE.

35 Conclusion of the literature

By researching the planning phases of Eurocontrol and the tools used within these phases,
the background of the source of the D-1 and DO data is obtained. Detailed information about
the construction of the D-1 prediction data at Eurocontrol is not obtained, therefore, further
field research is necessary (see section 4.1). The benchmark at Skyguide and NATS supports
LVNL with possible improvements for their D-1 planning. The information of the benchmark
is general about a D-1 planning, while more about their traffic forecast would be more useful
for improvements to the D-1 prediction data of LVNL. However, this information at NATS and
Skyguide is not available in the literature. More knowledge about a D-1 planning at an airline
(see section 4.2) might be valuable for the LVNL in their D-1 project. With the insight into the
Eurocontrold and LVNLO planning, a framework for the data analysis is made (see section
5.1) to map in what moment the D-1 and DO data are extracted. One of the validation methods
mentioned will be used for validating the D-1 demand prediction (see section 5.3), which will
be the MFE. The MAPE is the absolute difference between forecast and reality in a
percentage, but this is unnecessary if the difference itself, together with the average and

KDC-CoE/2019 22



knowledge &
development
centre of excellence centre

Mainport Schiphol
standard deviation is calculated. The MAD is the absolute deviation around the median, which
is the same as the data visualised in a boxplot, while this also provides a figure with the
median and the deviation around it. The MSE and RMSE are suitable for the research but
provide the same sort of idea as the MFE. The MFE is more often used for the validation of
predictions, so there is chosen to use the MFE for the analysis.

3.6 Stakeholder analysis

LVNL and Eurocontrol are continuously involved during the research, LVNL as client and
Eurocontrol as a provider of the data. Other ANSPs are involved by providing information for
the literature and KLM as a provider of information for possible improvements, but KLM must
also keep informed while they will finally use the prediction. AAS is within this research mainly
provider of information about their infrastructure, while in the future (when the D-1 project is
implemented) they might encounter more influence. The different roles of these stakeholders
are clarified with different colours in Figure 13. Red indicates directly involved in this research,
green indicates their information provides added value for this research and yellow indicates
they might encounter impact but are not directly involved in this research. Still, the information
they provide is of importance for this project.

A

LVNLe
High

Impact

® Eurocontrol

® KLMe

Low ® other ANSPs

Low Interest High

Figure 13. Stakeholder analysis, template retrieved of (Thompson, n.d.)
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4. Expl oratory rlesearch to D

Extra research is necessary for the construction of the D-1 data, called within Eurocontrol
PREDICT data (see section 4.1), which is used as D-1 demand prediction data for LVNL.
Results of the data analysis are understood better if there is awareness of the construction of
the data. Additional information about a D-1 planning made at KLM might result in ideas for
improvements for LVNL (see section 4.2). KLM is chosen while this is the home carrier at
Schiphol and KLM is a stakeholder within the KDC.

4.1 Construction of the D-1 prediction data

The literature acquired of Eurocontrol is an addition to the information explained in the
literature review. The presentation with additional information is directly received from
Eurocontrol after explaining about this research.

The PREDICT data system was, before the DDR2 system was implemented, fed with only
historical traffic demand data. This was the data of the previous week, same day in the week
(D-7) if this was a nominal day, or another day in the past when specific conditions affected
the previous week (often D-14). After implementing the DDR2 system, the PREDICT data is
enriched with early flight intentions. DDR2 means the DDR phase 2, which takes place five
years before the operation until one day before the operation. There is also a DDR phase 1,
which takes place five years before the operation till six months before the operation and
contains historical data with STRATFOR and route & airspace design, strategic evolutions
(long term) and seasonal capacity planning. The DDR2 contains this as well, as well as
support to route efficiently and a pre-tactical network plan with special events (Eurocontrol,
2017). A timeline of five years before the operation until the operation with the DDR1 and
DDR2 included is in Figure 14.

Flight Plans

DDR Phase 1 DDR Phase 2: DDR1 up to D-1 . N
information

Hist. data + STATFOR Hist. data enriched with Early Flight intentions

Strategic evolutions  Seasonal Pre-tactical network
Long term capacity Tactical Real time
planning ; Management
Special events j

design ‘

Support to route efficency

Post-op Monitoring ‘
Figure 14. Timeline DDR data (Eurocontrol, 2017)

The DDR2 ensures enrichment, route assignment and North Atlantic (NAT) Traffic flow
substitution for the PREDICT data (Eurocontrol, 2019).

Enrichment means that the historical traffic demand data is compared with DDR collected

flight intentions to identify the flights operated in the past, which also should be operated in

the future and are <cal |l ed tiodscwhiohfdo noneodelatt withg ht s 6 .
historical flight dat aswhichedodoncerrelaté with ffghtintendonsa nd past
are 0del &Euwodontfol, 20IPh t s

Route assignment means that past flights which are confirmed by flight intention keep the
route as specified in the historical flight plan, so this flight does not deviate too much from the
historical route. New flight intentions are assigned to a 4D route with an algorithm, based on
the sequential assignment order:
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1 historical route found in PREDICT between the same airports and operated by the
same or another airline if this is not available;

1 the route found in the NM route catalogue, if also absent in this;

1 the route is generated by the NM pathfinder engine (Eurocontrol, 2019).

NAT flow substitution means that historical NAT flight data in PREDICT is substituted by data
of other historical days considered as closer to future forecast, based on instructions received
from NATS over the last three days before operation (Eurocontrol, 2019).

The previous steps result in the PREDICT data that is accessible by the ANSPs.

Additionally, an interview is performed to obtain a detailed explanation of the construction,
contents and input of the PREDICT data. The questions based on the information mentioned
before and the summary of the interview are in Appendix VII.

Results

The information about the construction of the PREDICT data is derived from a presentation
about PREDICT data (Eurocontrol, 2017) and an interview (Participant 1, 2019) which is
summarized in Appendix VII.

The PREDICT data contains historical traffic demand data, which is enriched with DDR2 data.
The historical traffic demand data is the demand of the same day a week before based on the
last submitted flight plans of how the route was filed, including the runway use. If this day was
disrupted, then another day in the past is used, even though the accuracy becomes less. The
enrichment is based on flight intentions. These flight intentions are determined with any
information of an airline that intents a future flight. This is based on scheduled data, which is
updated every week, airport slot data, which is updated daily and a snapshot of the night
before with the last received data (for example already submitted flight plans with Expected
Off- or In- Block Time (EOBT/EIBT)). These flight intentions cause confirmed flights or new
flights. For confirmed flights, the route is used as specified in the historical flight plan and for
new flights, a 4D route is assigned with an algorithm. There are also unconfirmed flights if
there is no flight intention, but in historical data, there was a particular flight.

If there are special events which result in a reduction in the demand, this is only considered if
this special event results in a reduction of airport slots, while the airport slots are implemented
in the PREDICT data. The forecast of the NAT tracks is provided by the NATS for the next
three days. The other tracks in Europe are based on historical flight plans and the already
submitted flight plans and consider only the wind speed. General aviation is considered in the
PREDICT data if possible, with airport slot data because, frequently, there is no schedule data
available of general aviation. For non-coordinated airports, historical data is used for the
general aviation, but this is unreliable because of considerable variations. Unconfirmed
general aviation flights are often removed.

The accuracy of the PREDICT data is researched by Eurocontrol, by comparing this with the
reference data of the ETFMS which is based on Filed Technical Flight Model (FTFM) which
includes flight plans and slots. This accuracy is compared with the accuracy of only the
historical data (not enriched with DDR2). The accuracy of the PREDICT data is more stable
during time than only the historical data (Graph 25 in Appendix VII). The accuracy is
researched for every airport both departures and arrivals. The departures are more accurate
because these are usually aligned with the Scheduled Off-Block Time (SOBT) of the slots
(Graph 27 in Appendix VII). The accuracy of the arrivals is lower because the airlines try to
have a buffer in the arrival time to ensure the aircraft arrives earlier or on time (Graph 26 in
Appendix VII). The accuracy of the PREDICT data for the arrivals at Schiphol is around 93
percent, which means the deviation is around 7 percent for the sum of the hourly counts. The
accuracy of the departures at Schiphol is around 97 percent for the sum of the hourly counts.
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4.2 D-1 planning at KLM

To obtain information about the D-1 planning at KLM, an interview is conducted with a Duty
Manager Operation (DMO) of KLM (Rigter, 2019). The DMO is chosen to interview because
they are constantly involved in the operation and he determines the impact of the current
conditions on the network and if delays or cancellations are necessary. The DMO uses the
tool to predict the delays or cancelations with the inbound and outbound capacity. Therefore,
the DMO is a suitable person to ask about D-1 planning at KLM.

Results

Next to the information about the D-1 planning of KLM, also problems that KLM faces for
creating a plan at D-1 and the relevance of the D-1 project are obtained with an interview
(Rigter, 2019), summarized in Appendix VIII.

A flow coordinator of KLM obtains information about the capacity of that day around 09:30LT
from the LVNL and an expected capacity of the next day is only received when asked.
However, often the LVNL will not provide a capacity for the next day because the weather can
still change. When no capacity is provided by the LVNL, the DMO determines together with
other colleagues the capacity based on the Schiphol Probability Forecast or with the output
of a sector briefing (if there was one). The output of a sector briefing is input for the scenario
briefing which is made within KLM. This is a briefing presided by the DMO for the department
in the OCC, to make everyone up to date with the same information and announcing the plan
for the next day.

The DMO wants the capacity of the next day to make a plan, which includes if it is necessary
to cancel or delay some flights. This capacity is imported in the runway tool, which is a tool
used by the KLM to determine if it is necessary to delay or cancel flights. The inbound and
outbound capacity per hour must be imported. If the capacity is reduced, this can be manually
imported. It is possible to load a predicted capacity from AFOS (the AFOS tool will be
explained in 5.1). This includes the weather forecast and runway use. The runway tool
provides cancellation and delay proposals. If necessary, the tool presents which flight and at
what hour these must be cancelled, or how many minutes the delay must be and for which
flights. The tool considers KLM as well as Transavia, Air France, Delta and foreign airlines.

If delays are more than 70 minutes, cancellations are necessary. The cancellations will be
proposed at the department crew and commerce including the number of flights and within
what hours. The DMO can inform Transavia, Air France and Delta about the situation. Often
when KLM cancels some flights, the other airlines can continue with their operation. KLM
passengers can be transferred to their flights if those flights are not full. KLM prefers the delay
not above one hour. If a delay of this magnitude arsis, these delays continue throughout the
day because there is a strict margin between one flight and the next flight with the same
aircraft. Therefore, the problem arises at the end of the day. Intercontinental flights should
stay on their schedule as much as possible, while passengers who arrive the next day should
not be bothered by the weather of the current day. If there are disruptions at Schiphol,
primarily the KLM network is disrupted.

Input for the demand in the runway tool is determined with the timetable of Schiphol. Cargo
and general aviation are not included in this, while this are ad-hoc flights. Weather is only
included in the capacity imported in the tool but is not considered in the algorithm that
determines the necessary flights to cancel or delay. Within the algorithm the special events,
the infrastructure of Schiphol, crew connections and working times, commercial information,
fleet capacity, reserves and cost model are included. Slot information is not (yet) included in
the algorithm.

The DMO wants more proactive steering for the next day and appreciates to receive earlier
the expected capacity, preferably in the morning of D-1. This helps them to create a plan
earlier and makes it possible to transfer intercontinental (ICA) flights. The current capacity
forecast is only three till four hours ahead. The DMO of KLM experience that the provided
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capacity of the LVNL is depending on the supervisor of LVNL. They do understand that this
capacity might be depending on the team of air traffic controllers, even though this is known
in advance. Currently, with the same weather there are different capacities presented by the
LVNL. The DMO wants more consistency and hopes that with AFOS, when there is the same
weather predicted, also the same capacity will be provided. The effect of a capacity reduction
for an airline is challenging, especially when this was not known in advance and there was
not yet anticipated to it.

KLM wants more consistency and information about the capacity, and it is up to the LVNL to
provide this information. Wrong information is not possible, because the KLM understands
that the circumstances are possible to change.
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5. Data anafl-yBdehapredicti on
Data analysis of the contents and the accuracy of the D-1 demand prediction is necessary to
perform. First, the framework for the analysis will be made (see section 5.1) to understand
the moment where the data is made and the construction of the data. After this, a comparison
between the D-1 demand prediction and the day of operation will be performed (see section
5.2) to find commonalities and differences between these datasets. The accuracy of the D-1
prediction will be validated with some statistics and experts (see section 5.3).

5.1 Framework for the analysis

The process starting from the day before the operation to the day after the operation is
explained, including the steps necessary to obtain the D-1 and DO data. For the data analysis,
the D-1 prediction dataset will be compared to a dataset of DO, at what moment and by what
method the DO dataset should be constructed is determined. Figure 15 provides an overview
of the process starting a day before until the day after the operation. It contains the activities
that generate the datasets. The activities (in green) are explained more in detail with a SIPOC.
The operation is excluded in the explanation because this is only a moment in time and not
the focus of this research.

Determine the
required and Construct and send
possible demand at D-1 plan

Receive and
analyse D-1

prediction data DO

Save operational

Operation Evaluate D-1 plan i

Figure 15. Process data collection

A timeline of the day before the operation and the day of operation, including the moments of
retrieving the data and the activities of Figure 15 is visualised (Figure 16).

Receive D-1 prediction data ~ send D-1 plan Save operational data
D-1 data D-1 plan DO data
Determine %quried and possible demgnd at DO Evaluate D-1 planl
Construct D-1 plan

00:00 04:00 08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00 00:00

Day before operation (D-1) Day of operation (DO)
Figure 16. Timeline D-1 and DO with process data collection
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Receive and analyse D-1 prediction data
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Figure 17. SIPOC receive and analyse D-1 prediction data

Figure 17 presents the SIPOC of the first activity in the process. The input for the prediction
data is historical flight data combined with DDR2 data of Eurocontrol, which includes flight
intentions of the airlines. When all this data is received, this data is analysed and cleaned to
obtain the PREDICT dataset made by the NM of Eurocontrol. This data is retrieved by the
CMA department and the D-1 project team of LVNL with a simulation and modelling tool, for
network capacity planning and airspace design and is called NEST.

Determine the required and possible demand at DO

SIPOC D-1 and DO

at DO

LVNL tools

Supplier(s) Process Output Customer(s)
5
(=]
(=]
©
E PREDICT dataset
;“i Determine the
[a LVNL: required and LVNL:
i CMA department possible demand Demand figures  p_q projectteam
£
=
(o]
=

Figure 18. SIPOC determine the required and possible demand at DO

Figure 18 presents the SIPOC of the second activity in the process. The CMA department
receives the PREDICT dataset and uses some LVNL tools to clean the data and to determine
the required and possible demand to generate the demand figures used in the D-1 plan. This
is performed with Toad for Oracle and a tool built in Excel. The demand figures will be the
guidelines for the figures for the comparison of D-1 data with DO data. In these demand
figures, the maximum possible capacity is provided and exceeding demand are marked.
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Construct and send D-1 plan
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Figure 19. SIPOC construct and send D-1 plan

Figure 19 presents the SIPOC of the third activity in the process. To determine a day before
operation the weather forecast of the day of operation, the Probability Forecast Schiphol is
used (an example in Appendix 1V), which is provided by The Royal Dutch Meteorological
Institute (KNMI). The AFOS tool combines the weather forecast of the KNMI (The Probability
Forecast Schiphol), the demand prediction, NOTAMs and general information of Schiphol
about the runways. This tool has an algorithm that determines the probability of the weather
condition in combination with the runway use. This probability is input for the D-1 plan. The
tool is originating from the KDC and To70. With all the information, the D-1 plan (example in
Appendix V) is constructed and send to the operation. Some information of the D-1 plan is
used within the analysis to explain deviations. The weather input will be considered to explain
major deviations between the D-1 data and the DO data. The inputs of the D-1 plan are
visualised in Figure 20.

Demand Probability

PREDICT
data

LVNL tools

prediction Forecast D-1 plan
figures Schiphol

Figure 20. Inputs to obtain the D-1 plan

Evaluate D-1 plan
SIPOC D-1 and DO

Supplier(s) Process Output Customer(s)
o
a
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Figure 21. SIPOC evaluate D-1 plan

Figure 21 presents the SIPOC of the activity just after the operation. The supervisor or FMPC
the D-1 plan receives of the D-1 project team, to use it in their activities and finally provide
feedback to the usability and accuracy of the information mentioned in the D-1 plan. The
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evaluation of the D-1 plan is the current process step to obtain feedback for the trial, while it
is not yet used in the operation to regulate on. If the D-1 project is implemented, this plan will
be used for the day of operation to get a more predictable operation.

Save operational data

SIPOC D-1 and DO

Supplier(s) Process Output Customer(s)
Eurocontrol
. Last submitted Save operationa| LVNL:
Airlines flight plans data D f D D-1 projectteam

Post-operational
evaluation team

Figure 22. SIPOC save operational data

Figure 22 presents the last activity of the process to save the data of the day of operation.
There are three options possible to use as a dataset of DO. The three options possible for the
DO traffic demand data are the actual flight execution, a snapshot at the beginning of the day
of operation (around 04:30 LT) or the last submitted flight plans at the day of operation.

1 The actual flight execution. This data is affected by regulations of air traffic controllers
(supervisors or FMPCs), causing changes in the flights at the day of operation. The
prediction is made to provide more knowledge in the coming demand and not for the
final demand because the prediction will be used by the air traffic controllers to notice
if it is necessary to make regulations or not. Hence, the comparison should not be
done with the actual operation.

1 A snapshot at 04:30LT. In this data, there are no considerable regulations done yet
and it is the point where the most important decisions are taken for coming hours,
which is just before the morning peak. At this moment the supervisors/FMPCs
determine with the expected demand coming if there are regulations necessary. The
problem of this point is that not all the flight plans are submitted for the flights later
that day, because a flight plan must be submitted at least three hours before
departure. When a snapshot is taken, only the first three hours are fixed, while the
rest of the day the flights still can change. Another problem of this snapshot is
availability. Retrieving this data should be done at the day itself at 04:30LT, but
because this research started after the dates where trials are done, it was not possible
anymore.

1 Last submitted flight plans at the day of operation or initial flight plans. In this data,
there are no regulations, neither by LVNL nor by Eurocontrol. The data contains the
flight plans submitted by the aircraft operator in the IFPS, which is received by the
NMOC. This data is processed in the ETFMS, which calculates with the information
of the flight plans (EOBT, route and flight level), the 4D trajectories (Eurocontrol,
2019). The output is the entry times in every airspace segment, which is the same
format as the PREDICT data. This data does not have the problems mentioned for
the previous two options.

In Figure 23, a timeline is visualised starting from D-1 to DO, including the three possible DO
datasets.
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i:igure 23. Timeline of D-1 till the end of DO

The best option of the DO data is the dataset with the last submitted flight plans at DO. This
dataset is used by Eurocontrol as input for the PREDICT data, for the D-1 project team to
analyse the differences between the dataset of D-1 and DO and for the post-operational
evaluation team to evaluate the day of operations. The DO data of the day of operation will be
retrieved with NEST. This is possible by selecting the corresponding AIRAC cycles, which are
AIRAC 1901 447,1902_448 and 1903_449 for corresponding the months January, February
and March.

Finally, the PREDICT data and the last submitted flight plans at the day of operations will be
compared to each other (marked green in Figure 23). The PREDICT data will be D-1 and the
last submitted flight plans at the day of operations will be DO.

5.2 Comparison of the D-1 prediction demand with the DO demand

The comparison between the D-1 prediction demand with the DO demand is done in multiple
steps. First, the demand must be determined (see section 5.2.1) while this is not yet provided
in the dataset. Then the difference between the demand of D-1 and DO will be calculated (see
section 5.2.2). The differences present some outliers and these special days will be filtered
(see section 5.2.3). The demand in the peak hours of only the airspace segment of EHFIRAM
is analysed in detail (see section 5.2.4), while this airspace sector is the one most used in the
operation to regulate on. A detailed analysis of the difference in entry time will be performed
(see section 0) to explain some reasons for differences for every airspace segment.

5.2.1 Determine demand D-1 and DO

To make the comparison, the number of entries is counted per hour rolling per 20 minutes for
every airspace segment. The number of entries can be called demand. The demand is also
calculated per 20 minutes (not rolling). A short example of the data that is generated in this
way is in

Table 2 per hour rolling per 20 minutes, and the calculation per 20 minutes is executed in
almost the same way.

Table 2. Samile data number of entries D-1 and DO ier hour roIIini ier 20 min

08/01/2019  03:00:00 = 8/01/193:00 5 4
08/01/2019 | 03:20:00 | 8/01/193:20 5 10
08/01/2019  03:40:00  8/01/193:40 10 12
08/01/2019 | 04:00:00 | 8/01/194:00 12 14
08/01/2019  04:20:00  8/01/194:20 14 12
08/01/2019  04:40:00 | 8/01/194:40 20 24
08/01/2019  05:00:00  8/01/195:00 29 35
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This is done for all the sectors, the three stacks and arrival and departures at the runway of
EHAM. To obtain the entry time of the number of arrivals at the runway and the number of
departures at the runway, an offset time is used (Table 3).

Table 3. Offsets

EHFIRAM North EHSECT1 26
EHFIRAM North EHSECT2 27
EHFIRAM North EHSECT3 19
EHFIRAM North EHSECT4 23
EHFIRAM North EHSECTS 22
EHFIRAM South EHSECT1 | 25
EHFIRAM South EHSECT2 26
EHFIRAM South EHSECT3 25
EHFIRAM South EHSECT4 | 29
EHFIRAM South EHSECT5 | 21
Scheduled Off-Block Time (SOBT) North EHSECT1 15
SOBT North EHSECT2 | 11
SOBT North EHSECT3 11
SOBT North EHSECT4 | 15
SOBT North EHSECT5 15
SOBT South EHSECT1 9
SOBT South EHSECT2 10
SOBT South EHSECT3 | 10
SOBT South EHSECT4

SOBT South EHSECTS

When the number of entries is calculated for both datasets, these are brought together in one
graph per airspace segment. The visualisations are limited to only south runway use for the
departures and arrivals because it appeared that the visualisations of north runway use and
south runway use are almost the same. There is chosen to visualise only south runway use
because this is the most common at Schiphol. The left graph in Graph 1 presents the demand
of the departures for north runway use, while the right graph presents the demand of the
departures for south runway use. The differences between the two graphs are minimal.

b J -11“ I l‘ H\H |

Graph 1. Average demand D-1 and DO EHAM Departure North (left) versus South (right)

Time

The average demand of D-1 and DO per hour rolling per 20 minutes of EHFIRAM is presented
(Graph 2), as well as the average demand of D-1 and DO per 20 minutes of EHFIRAM (Graph
3). These two visualisations of the other airspace segments are in Appendix IX. The number
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of entries of D-1 are the bars in blue and the number of entries of DO is the red line. When the
blue bar exceeds the red line, it means that there are, on average, more demand predicted
than at DO in that hour.

Average demand per hour rolling per 20 min D-1 & DO EHFIRAM
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Graph 2. Average demand D-1 and DO per hour rolling per 20 min EHFIRAM
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Graph 3. Average demand D-1 and DO per 20 min EHFIRAM

Results

For the airspace segments, the result is that the average predicted demand is higher than the
DO demand in the peaks during the day. Outside these peaks, it often happened that the
predicted demand is lower than the DO demand. Regularly, the exceeding demand fits within
the hours where the demand does not exceed the demand of DO. Therefore, it is possible to
spread the expected demand over the whole day.

5.2.2 Difference demand D-1 and DO

When the number of entries of DO is subtracted of the number of entries of D-1, the difference
is obtained. The average difference per day per airspace segment (Appendix XII) provides an
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overview of nominal days and special days where the difference between the demand of D-1
and the demand of DO is very high. If the difference is negative, it means that there is less
aircraft predicted than at DO and the difference is positive if there are more aircraft predicted
than at DO. Long vertical lines indicate that the difference between D-1 and DO is high on that
day, due to disruptions.

Results

In the graph in Appendix XlI, there are two remarkable days: 13-02-2019 and 08-01-2019.
The vertical lines are high for these days, the value of the difference is above 2, on average.
For the other days, the difference is on average between 0 and 2. The average difference is
at 13-02-2019 in EHSECT3 and EHRIVER is positive, while the average difference in
EHSUGOL and EHSECT2 is negative. The traffic demand is still almost the same but moved
to other airspace segments. For other days if there is a positive difference in one airspace
segment, frequently, there is a negative difference in another airspace segment.

Another way to visualise the difference is per day per hour rolling per 20 minutes, merged in
a heatmap (Graph 4 for EHFIRAM). When there is no difference between the D-1 demand
and the DO demand, the difference is zero, which is, in the graph, green. The red colour in
the graph is the maximum (Max) height of the difference, so then there is more predicted than
there were at DO and the blue colour is the minimum (Min), which means the highest negative
value of the difference, so there was less predicted than at DO. However, the values between
the zero and the minimum change colour from bright green to light blue to dark blue. The
values between zero and the maximum change colour from bright green to light red to bright
red.
Difference EHFIRAM
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Graph 4. Heatmap EHFIRAM
The heatmaps of the other airspace segments are in Appendix X.

Results

The findings of the difference per date in the demand and the findings of the demand per hour
are both visible in the heatmaps. The extra predicted demand in the peaks and the lower
predicted demand outside of the peaks are visualised as red and blue strips clearly for
EHFIRAM, EHSUGOL, EHSECT2 and EHAM Arrival South. The outstanding day of 13-02-
2019 is a blue or red line for EHARTIP, EHSECT2, EHSECT3, EHSUGOL and EHRIVER.
When there is more predicted than at DO (red) for one airspace segment, there is less
predicted than at DO (blue) for another airspace segment.
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Next to the average difference, it is also of importance to know how the data is organized by
visualising the minimum, maximum and median of the data. This is presented in boxplots per
hour rolling per 20 minutes. This provides information about in what hours there is more
deviation in the prediction compared to other hours. The boxplot of the difference per hour
rolling per 20 min for EHFIRAM are visualised in Graph 5. The boxplots of the other airspace
segments are in Appendix Xl including a statistics table. The dots present outlying values, the
top of vertical line presents the maximum, the bottom of the vertical line presents the
minimum, the length of the line indicate the distribution of the values, the box present the
interquartile range, the white horizontal line in the box is the median and the white dotted line
in the box is the average. Important in the graph is the length of the vertical line and the place
of the box, to determine the distribution of the values is and what the difference is at in that
hour.

Graph 5. Boxplot difference per hour rolling per 20 min EHFIRAM

Results

The boxplot difference per hour rolling per 20 minutes visualises the fluctuation of the data
during the time. For most of the airspace segments, the amount of fluctuation of the values is
almost equivalent during the day. Still, the variation is a bit more around peak hours. For
EHSUGOL it is remarkable that the difference is very high (positive) around 06:40, while at
05:40 very high negative difference is seen. The fluctuation in the first hours of EHSUGOL is
higher than later the day. In comparison to the other airspace segments is the fluctuation of
the difference for EHAM Departure South very low. The extreme values are often around the
first or fifth peak hour for every airspace segment (around 6:20 and 17:20).

5.2.3 Filter special condition days

When the difference was calculated, there arise outstanding days, which were visible in the
average difference per day and the heatmaps. Research is performed to the days with special
conditions, that have a valid reason to be removed from the data. Those special conditions
should have been mentioned in the D-1 plan made for those days. It appeared that not for
every day where a D-1 prediction is retrieved a D-1 plan is made. For those days there is
researched if there was a sector briefing for that day or if there were special weather
conditions. It appeared that for three days there were special conditions, which are 08-01-
2019, 22-01-2019 and 13-02-2019.

1 For 08-01-2019, the special weather condition was a high crosswind component
which reduces the maximum inbound capacity because the crosswind component
exceeds the use of every runway combination. The wind direction was 310 and a
speed of 27 knots with outliers of 41 knots (LVNL, 2019).
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1 For 22-01-2019, the special weather condition was hard wind (outliers of 19 knots),
low temperature (-2 degrees Celsius) and snow that becomes rain. This makes the
runway 09/27 not usable, which provides a reduction in capacity. This reduction of
the capacity is also mentioned with a sector briefing (LVNL, 2019).
1 For 13-02-2019, the special conditions were that the Belgian ATC (Skeyes) had a
strike, causing a reduction of the capacity of 50 percent of en-route sectors (LVNL,
2019).
After filtering those days, a new graph is created with the average difference per date per
airspace segment which provides a more representative graph (Appendix XII).

The following analyses will only consider the 30 days of data, which are the number of days
left after filtering.

Results

After filtering the special days, there are still some remarkable days with outliers. The most
extreme day is 20-02-2019 and the last four days in March (14, 15, 19 and 27 March). For
these days there is no explanation found for the differences. Therefore, these are left in the
data.

5.2.4 EHFIRAM peak hours

The same analysis performed before to determine the demand and the difference is
performed again but focusing on the peak hours within the EHFIRAM. The peak hours in the
EHFIRAM are between 05:20 and 07:00, between 08:40 and 09:20, between 10:40 and
11:20, between 12:40 and 13:50 and between 15:20 and 18:00. All the times are in Universal
Time Coordinated (UTC) (LVNL, 2019). The average demand per hour rolling per 20 min is
visualised together with the peak hours (Graph 6), to notice if the peaks in demand fall within
the peak hours. The average demand per 20 minutes is also visualised together with the peak
hours (Graph 7). These graphs are the same as Graph 2 and Graph 3 only with grey vertical
dotted lines that indicate the start and the end of a peak hour.

Average demand per hour rolling per 20 min D-1 & DO EHFIRAM
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70 ‘ |

40:00
09:20:00

an:00
11:20:00
12:40:00
13:50:00

15:20:00
18:00:00

|
.
.
‘
" I
.
—

oo00:00 03:00:00 06:00:00 09:00:00 120000 5.00:00 180 21:0000

Time

Graph 6. Average demand per hour rolling per 20 min D-1 and DO EHFIRAM with peak hours

KDC-CoE/2019 37



knowledge &
development
centre of excellence centre

Mainport Schiphol

Average demand per 20 min D-1 & DO EHFIRAM
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Graph 7. Average demand per 20 min D-1 and DO EHFIRAM with peak hours

The graphs visualise that the peaks in the demand per hour rolling per 20 min fall better within
the peak hours than the demand per 20 minutes. Therefore, the rest of the analysis will be
performed with the demand per hour rolling per 20 min. Still, the demand falls not perfectly
within the peak hours. An assumption is made that the expected highest value of the demand
should fall exactly in the middle of the peak hour. The measured highest value does not match
with this. The height of the difference between the highest values of the expected and the
measured is calculated (Table 4). This difference is the number of minutes that the measured
highest peak is later than the expected highest value.

Table 4. The difference in peak hour time provided versus measured

06:10:00 06:20:00 10
09:00:00 09:10:00 10
11:00:00 11:10:00 10
13:15:00 13:40:00 25
16:40:00 17:20:00 40

For this analysis, it is also important to know how the data is organized by visualising the
minimum, maximum and median of the difference in demand data with a boxplot. The
distribution of the data during the time, which provides information about in what hours there
is more deviation in the prediction compared to other hours, is visualised per hour rolling per
20 min for the EHFIRAM peak hours in Graph 8. Again, important in the graph is the length
of the vertical line and the place of the box, to determine the distribution of the values is and
what the difference is at in that hour.
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Boxplot of difference EHFIRAM peak hours

Graph 8. Boxplot of difference EHFIRAM peak hours

Results

The peak hours provided by LVNL do not correspond precisely with the measured demand
peak hours. If focused on the measured demand per hour rolling per 20 minutes, the first and
the last peak are within the provided peak of LVNL, but the highest value of the second, third
and fourth peak fall at the end of the provided peak. Therefore, the provided peaks are
approximately 20 minutes too early. When analysing the demand per 20 minutes, the peaks
of the second, third and fourth do not fall at all in the provided peak. The highest value of the
first and fifth peak is at the end of the peak. When only focussing on the expected and
measured highest value, the difference for the fifth and fourth peak is the highest.

Compared to the distribution of the difference between DO and D-1 of EHFIRAM, the
distribution of the difference between DO and D-1 of the EHFIRAM focused on the peak hours
has a higher (more positive) average and median in general. In the highest point of the first
peak, there is never less predicted than at DO, while at the start of the first peak there is more
often less predicted than at DO. The most deviation and outliers occur in the fifth peak. When
there is more demand, there is often a positive difference, which means there is more
predicted than at DO.

5.2.5 Differences in entry time

The entry time at DO of one flight is compared to the extra time at D-1 of that same flight for
every airspace segment. The difference between those entry times might be positive, which
means the flight came earlier than predicted, negative, which means the flight came later than
predicted, or a flight is precisely on time. The distribution of the differences in entry time of
EHFIRAM is visualised (Graph 9). A line for the average is provided and the lines for the
average plus or minus two times the standard deviation. Everything between those lines is 95
percent of the values. The distribution of the other segments is in Appendix XIII.
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Graph 9. Distribution difference in entry time DO with D-1 EHFIRAM

The average and standard deviation of the difference in entry time for all the airspace
segments are in Table 5.

Table 5. Statistics of difference in enti time DO with D-1

EHFIRAM 00:43:55 -00:01:26
EHARTIP 00:51:07 -00:02:53
EHRIVER 00:36:43 -00:02:53
EHSUGOL 00:39:36 00:00:00
EHSECT2 00:46:05 -00:05:46
EHSECT3 00:49:41 -00:05:46
EHAM Arrival South 00:59:02 -00:01:26
EHAM Departure South 00:58:19 -00:05:46

The percentage of flights that are later than predicted, earlier than predicted, on time or not
predicted in that airspace segment is calculated (for EHFIRAM in Graph 10). Also, the other
way around, the percentage of flights that are later, earlier than predicted, on time or not
present in the DO data in that airspace segment is calculated (Appendix X1V). However, when
a flight is counted on time, it must have the exact same entry time in D-1 as in DO.
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DO versus D-1 entry time EHFIRAM
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Graph 10. DO versus D-1 entry time EHFIRAM

These percentages are calculated for every airspace segment, but in some airspace
segments, it is possible that when a flight is not predicted in that segment, it might be that the
flight is still present in another segment in the prediction data. This means that a flight changed
its route. This is possible for the sectors and the stacks. The sectors and the stacks are small
parts in the Dutch airspace. Therefore, it is possible that a flight flew through another part of
the Dutch airspace instead of through the particular sector or stack. The percentages for
sector 2 of the difference between DO and D-1 in entry time is in Graph 11.

DO versus D-1 entry time EHSECT?2
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flight
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Graph 11. DO versus D-1 entry time EHSECT2

Of the 13.7 percent flights that are not predicted in sector 2, 10.1 percent of the fights are
present in Sector 1, 22.7 percent in sector 3 and 0.7 percent spread over sector 4 and sector
5. Still, 66.5 percent is never predicted, which means those flight appearing in the DO data do
not appear in the D-1 data (Graph 12).
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Graph 12. DO versus D-1 not predicted in EHSECT2

Again, the other way around, in some airspace segments it is possible that a flight is not
available in the DO data of that segment, but it is present in another segment in the DO data.
The calculated percentages for DO versus D-1 and D-1 versus DO of the other airspace
segments are in Appendix XIV.

The difference in entry time is not only for the whole dataset calculated but also per 20
minutes. This is of importance to obtain a better view of the flights during peak hours. The
number of flights that arrive earlier, later, on time or the flights that are not predicted per 20
minutes for EHFIRAM is visualised in Graph 13. The same visualisation, only now the
percentage of the total flights that are earlier, later, on time or not predicted is visualised in
Graph 14 for EHFIRAM.

DO versus D-1 entry time per 20 min EHFIRAM
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flight
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Graph 13. DO versus D-1 entry time per 20 min EHFIRAM number of flights
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D0 versus D-1 entry time per 20 min EHFIRAM
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Graph 14. DO versus D-1 entry time per 20 min EHFIRAM percentage of flights

This is also visualised for D-1 versus DO, which present the number and percentage of flights
that are not in DO. These graphs, together with the graphs of the other airspace segments,
for both DO versus D-1 and D-1 versus DO, are in Appendix XV.

Results

When the difference in entry time is analysed it resulted that for roughly all the airspace
segments, the average is negative. Only for EHSUGOL, the average is exactly 0 minutes.
The standard deviation of EHSUGOL and EHRIVER are the smallest, accordingly, there are
fewer extreme late fights or extreme early flights. The reasons for the differences in entry time
are a flight at the day of operation that is later than predicted, a flight that is earlier than
predicted, a flight that is exactly on time or that the flight is not predicted or not in the DO at
all. A summary of this is provided for every airspace segment (Table 6).

Table 6. Summari difference in entri time for evei airsiace seiment

Later Earlier Not On Later Earlier Not in On
predicted time DO time
EHSECT2 37.2 | 49.1 13.7 0 37.6 | 50.0 12.3 0.1
EHSECT3 41.3 441 14.1 0.6 41.7 | 44.8 12.9 0.6
EHARTIP 449 | 47.2 7.8 0.1 44.7 | 47.6 7.6 0.1
EHSUGOL 34.8 | 589 6.1 0.2 34.3 584 7.1 0.2
EHRIVER 42.2 | 46.1 11.5 0.2 41.9 | 46.1 11.8 0.2
EHFIRAM 42.3 | 53.4 4.2 0.1 40,5 51.3 8.0 0.2
EHAM Departure | 25.6 | 6.1 5.6 62.7 6.4 25.9 4.1 63.5
South
EHAM Arrival | 42.6 | 52.9 4.3 0.2 52.8 422 4.8 0.2
South

It results that even though the average difference in entry time is almost always negative, the
percentage of the aircraft later than predicted is most of the time not the highest. EHAM
Departure South is very remarkable because of the percentage on time and the small
percentage of later than predicted flights. This is explained by the fact that departing flights
operate on scheduled times, while an arriving flight is not exactly on the minute in the airspace
segment because these flights are more influenced by other factors, for example route, wind,
etcetera. The most important result of Table 6 is the percentage of the flights which were not
found in the predicted or DO data of the corresponding airspace segment (marked in green).
This percentage is divided in never predicted/disappeared in DO or the airspace segment
where the flight is found (Table 7). If this flight is found in another airspace segment, the flight
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changed in route. If the flight completely disappeared, the flight may be cancelled, or the flight
is added at the day of operation if it is never predicted. The exact reason why a flight is later,
earlier, changed its route or disappeared is not investigated because this must be performed
for every unique flight which is not part of this research.

Table 7. Causes of not predicted or not in DO in the corresponding airspace segment

Airspace segment

Not predicted

Not in DO

EHSECT2 66.5% never predicted 85.9% disappeared in DO
22.7 % EHSECT3 8.0% EHSECT 3
10.1% EHSECT1 5.6% EHSECT1
0.5% EHSECT4 0.1% EHSECT4
0.2% EHSECT5 0.4% EHSECT5
EHSECT3 71.4% never predicted 87.9% disappeared in DO
20.9% EHSECT2 6.3% EHSECT2
6.9% EHSECT4 5.5% EHSECT4
0.5%EHSECT1 0.2%EHSECT5
0.4%EHSECT5 0.1%EHSECT1
EHARTIP 49.4% never predicted 53.1% disappeared in DO
44.8% EHRIVER 43.1% EHRIVER
5.8% EHSUGOL 3.8% EHSUGOL
EHSUGOL 71.5% never predicted 77.5% disappeared in DO
22.5% EHRIVER 14.6% EHRIVER
6.0% EHARTIP 7.9% EHARTIP
EHRIVER 44.4% EHARTIP 47.2% EHARTIP

44.2% never predicted
11.4% EHSUGOL

38.2% disappeared in DO
14.6% EHSUGOL

The flights that are not predicted or not in DO in the airspace segments is during the day
almost constant. The number and percentage of flights earlier or later deviates more during
the day and differs for the airspace segments. For some airspace segments, the percentage
of earlier flights is the highest at the beginning of the day, while during the day this percentage
becomes less and the percentage of flights that arrive later becomes more. For the EHFIRAM
the earlier flights start with 80 percent while in the afternoon the early and later flights are both
around 40 percent of the flights. For EHARTIP and EHSUGOL the early flights in the morning
are around 70 percent, while in the afternoon the early and later flights are both around 45
percent For the arrivals at EHAM the early flights in the morning are around 80 percent, while
the later flights are in the afternoon almost 70 percent. The early and later flights for EHSECT3
and EHRIVER deviates during the day, however, in the peak hours there are more early
flights. EHSECT2 is more constant during the day, although there are still some more early
outliers during the peak hours. For the departures at EHAM, the percentage of on time flights
is the highest in the morning, around 80 percent, while during the day this percentage
becomes lower.

Validating the D-1 demand prediction

To validate the D-1 prediction, the accuracy of this prediction is analysed. This is performed
for all the airspace segments (see section 5.3.1) and the EHFIRAM peak hours (see section
5.3.2). First, the difference that is calculated before visualised in a distribution. Secondly, the
MFE is calculated, after this the R-square is calculated and at last a significance test is done.
Finally, the accuracy is validated for the operation by interviewing experts (see section 5.3.3).

Statistics on all segments

The frequency of the values of the difference presents a normal distribution. This normal
distribution of EHFIRAM is visualised (Graph 15). The other distributions of the airspace
segments are in Appendix XVI.
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Graph 15. Distribution difference EHFIRAM

The average difference is 0.32 for EHFIRAM. The two dotted lines are the average plus two
times the standard deviation. A summary of the averages and standard deviations of the
airspace segments are in

Table 8.

Table 8. Average and standard deviation difference of all airspace segments

EHSECT?2 1 aircraft per 5 hours more
in DO than predicted

EHSECT3 -0.21 | 1 aircraft per 5 hours more 3.62 19.2 18.9
in DO than predicted

EHARTIP 0.07 1 aircraft per 14.5 hour less 2.62 11.0 23.8
in DO than predicted

EHSUGOL 0.15 | 1 aircraft per 7 hours less 2.50 8.8 28.4
in DO than predicted

EHRIVER 0.04 1 aircraft per 25 hours less 2.27 6.9 329
in DO than predicted

EHFIRAM 0.32 | 1 aircraft per 3 hours less 4.20 26.7 15.7
in DO than predicted

EHAM 0.31 1 aircraft per 3 hours less 4.26 26.7 16.0

Arrival South in DO than predicted

EHAM 0.30 | 1 aircraft per 3.5 hours less 4.26 26.7 16.0

Arrival North in DO than predicted

EHAM -0.34 | 1 aircraft per 3 hours more 4.49 26.7 16.8

Departure in DO than predicted

South

EHAM -0.34 | 1 aircraft per 3 hours more 3.83 26.7 14.3

Departure in DO than predicted

North

The average of the difference is translated into aircraft per how many hours, which provides
a more accessible view which will be presented to the supervisors and FMPCs during the
interviews. The total number of aircraft per (rolling) hour is presented as well, to understand
that the average number of aircraft per hour can fluctuate between this value plus or minus
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the standard deviation. Also, the percentage of the standard deviation of the average number
of aircraft per hour is provided.

The MFE is calculated for every airspace segment per day (Appendix XVII) and for the whole
period. The MFE per day for every sector is visualised together in one graph (Graph 16). A
negative MFE means that there is less aircraft at DO than predicted and a positive MFE means
that there are more aircraft at DO than predicted. The two horizontal dotted lines are the
average plus or minus two times the standard deviation. Everything between these lines is
within the 95 percent interval. Some outliers are on the 22" of February, the 5t, 14t 15t
19t and the 27t of March. When there is a positive MFE in several airspace segments, often
in the other airspace segments there is a negative MFE. These values weigh against each
other making the average almost zero. The same graph only separately for the stacks, arrival
and departure and sectors are in Appendix XVII.
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Graph 16. Average MFE per airspace segment per date

The average of the MFE of all the sectors is -0.02. The average of every airspace segment
for the whole period is in Table 9.

Table 9. Averaie MFE ier airsiace seiment

EHSECT2 0.214
EHSECT3 0.210
EHARTIP -0.068
EHSUGOL -0.153
EHRIVER -0.045
EHFIRAM -0.320
EHAM Arrival South -0.309
EHAM Arrival North -0.309
EHAM Departure South 0.341
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EHAM Departure North 0.341

The number of entries of D-1 and the number of entries of DO is set against each other which
creates a scatterplot (Graph 17 of EHFIRAM, rest in Appendix XVIII). The line in the graph is
the line when the demand of DO and the demand of D-1 are the same, so when the difference
is zero. The most ideal would be to have all the dots on this line.

Scatterplot EHFIRAM
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Graph 17. Scatterplot EHFIRAM

The scatterplot is also visualised with boxplots, to obtain more overview of the distribution of
the dots in the scatterplot (Graph 18 of EHFIRAM, rest in Appendix XVIII). The dots overlying
each other in Graph 17 are visualised in Graph 18 as a box. Even in this graph the outliers,
presented as dots, are more clearly.

Boxplot of scatterplot EHFIRAM
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Graph 18. Boxplot of scatterplot number of entries EHFIRAM

The deviation of the dots in the scatterplot compared to the line are expressed with the R-
square (Table 10).
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Table 10. R-siuare ier airsiace seiment ‘ F

EHSECT2 0.923 92.3
EHSECT3 0.926 92.6
EHARTIP 0.908 90.8
EHSUGOL 0.903 90.3
EHRIVER 0.838 83.8
EHFIRAM 0.958 95.8
EHAM Arrival South 0.958 95.8
EHAM Arrival North 0.958 95.8
EHAM Departure South 0.958 95.8
EHAM Departure North 0.969 96.9

This R-square is converted to a percentage which presents how much percent of the values
are well predicted. The other percentage (prt 1 'Y fp )76 the percentage of outlying values.

Another way to research the accuracy of a prediction is to perform a significance test. First,
the demand of DO and the demand of D-1 are visualised in a histogram to describe if the
distribution is normal, which appeared this was not normally distributed. The demand is
converted with a log-transformation to determine if it then normally distributed (Appendix XIX).
This was still not the case, so a t-test is not allowed to perform. The other option is then to
perform a non-parametric test. A best option is the Related-Samples Wilcoxon Signed Rank
Test (Table 11). A null hypothesis is checked, and a recommendation is provided to reject or
retain the null hypothesis and the significance is displayed. The null hypothesis is: The median
of differences between the number of entries of D-1 and the number of entries of DO equals
zero. The significance level is 0.05, which means if the significance is above this value, the
hypothesis must be retained, but if the significance is below this value, the null hypothesis
must be rejected.

Table 11. ReIated—SamiIes Wilcoxon Siined Rank Test ier airsiace seiment

EHSECT2 0.000 @ Reject
EHSECT3 0.000 | Reject
EHARTIP 0.819 Retain
EHSUGOL 0.105 | Retain
EHRIVER 0.756 @ Retain
EHFIRAM 0.079 | Retain
EHAM Arrival South 0.161 Retain
EHAM Arrival North 0.241 | Retain
EHAM Departure South 0.000 @ Reject
EHAM Departure North 0.000 | Reject
Results

Sector 2, sector 3 and the number of departures at the runway have a negative average for
the difference. This indicates that, on average, the other airspace segments have a higher
demand prediction than the demand is at DO. The sectors with a higher average number of
aircraft per hour have a higher standard deviation, so in proportion, they are almost the same.

A summary of all the statistic per airspace segment is provided in

Table 12. This visualises the differences in accuracy for the airspace segments and which
airspace segment is the most accurate predicted. The three stacks have the most optimal
average for the difference, while the R-square of EHRIVER is the lowest of the airspace
segments. The MFE is for all the segments between -0.5 and 0.5, so there is not an extreme
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forecast error. Again, the stacks have the best MFE while these are the closest to zero. The
airspace segments with a negative average difference and a positive MFE do have a that the
hypothesis of the Wilcoxon test must be rejected. The accuracy of the airspace segments
differs and there are possibilities to improve.

Table 12. Summary of statistics all airspace segments

EHSECT2 Reject
EHSECT3 -0.21 3.62  18.9 0.210 92.6 | Reject
EHARTIP 0.07 2.62 238 -0.068 90.8 Retain
EHSUGOL 0.15 250 284 -0.153 90.3 | Retain
EHRIVER 0.04 2.27 329 -0.045 83.8 Retain
EHFIRAM 0.32 4,20 | 15.7 -0.320 95.8  Retain
EHAM 0.31 4,26 | 16.0 -0.309 95.8 Retain
Arrival

South

EHAM 0.30 4,26 | 16.0 -0.309 95.8 | Retain
Arrival

North

EHAM -0.34 4,49  16.8 0.341 95.8 Reject
Departure

South

EHAM -0.34 3.83 143 0.341 96.9 | Reject
Departure

North

5.3.2  Statistics on peak hours of EHFIRAM

The distribution of the difference of all the peak hours together of EHFIRAM (Graph 19)
appears to be a normal distribution. When only the first or the last peak is visualised in a
distribution (Appendix XX), the distribution is still normal and has more extreme values. This
is probably because there is a lower amount of values in that dataset.

Distribution difference peak hours EHFIRAM

Frequency

-10.00 -5.00 0.00 500 10.00 15.00 20.00 25.00 30.00 35.00 40.00
Difference

Graph 19. Distribution difference peak hours EHFIRAM

KDC-CoE/2019 49



knowledge &
development
centre of excellence centre

Mainport Schiphol

The average difference is 2.04 for the EHFIRAM peak hours. The two dotted lines are the
average plus two times the standard deviation. A summary of the averages and standard
deviations of the EHFIRAM peak hours, including the first and fifth peak hour are in Table 13.

Table 13. Average and standard deviation EHFIRAM peak hour

EHFIRAM . 1 aircraft per half hour

peak less in DO than

hours predicted

EHFIRAM 2.67 | 1 aircraft per 20 5.87 53.9 10.9
1th peak minutes less in DO

hour than predicted

EHFIRAM 1.37 | 1 aircraft per 45 5.52 42.0 13.1
5th peak minutes less in DO

hour than predicted

The standard deviation is also calculated per hour rolling per 20 minutes to obtain more insight
into the accuracy during the day. The percentage standard deviation of the average total
aircraft per hour presents the percentage of deviation per hour (Table 14).

Table 14. Standard deviation and iercentaie standard deviation of averaie alc ier hour

Average a/c per hour 1.23 0.93 0.47 0.17 0.43 1.57 2.27 2.93 3.60 6.30
Standard deviation 1.07 0.63 0.74 0.58 0.79 1.04 1.18 1.30 154 2.18

86.5 67.4 158.5 350.0 183.3 66.4 52.2 44.2 42.9 34.5
Average a/c per hour 10.57 12.60 13.03 12.77 18.97 30.10 36.50 47.50 62.50 70.93
Standard deviation 1.82 1.77 2.50 2.80 3.39 3.64 3.22 4.21 3. 87 4. 16

17.21 14.06 19.16 21.92 17.86 12.09 8.83 8.87
Average a/c per hour 62.20 43.73 33.40 32.27 34.70 36.30 36.73 42.77 43.67 41.40
Standard deviation 3.78 3.78 341 4.18 3.44 4.47 4.57 5.11 3.11 4.90
6.07 8.63 10.22 12.96 9.91 12.31 12.44 11.95 7.13 11.83

Average alc per hour 31.93 29.17 35.20 43.33 45.20 39.27 28.43 25.43 26.63 30.80
Standard deviation 4.01 3.13 4.36 3.50 3.71 3.26 3.62 3.82 3.29 4.45

12.56 10.75 12.39 8.08 8.20 8.31 12.7 15.0 12.3 14.4
Average a/c per hour 45.67 52.80 49.83 34.57 23.33 22.80 23.83 25.03 22.80 32.17
Standard deviation 4.65 4.34 4.76 4.04 3.56 4.00 3.45 3.47 2.92 3.75

10.18 8.23 9.54 11.68 15.27 17.53 14.48 13.85 12.81 11.64

Average a/c per hour 44.30 61.83 66.87 57.47 43.70 29.77 31.60 27.73 22.70 18.60
Standard deviation 6.14 7.73 8.60 5.20 3.64 6.30 3.37 3.02 2.53 3.06

13.86 12.50 12.87 9.04 8.3 21.2 10.7 10.9 11.2 16.4
—
Average alc per hour 20.13 21.97 18.67 14.80 11.23 7.83 6.00 4.60 3.57 0.00
Standard deviation 2.97 3.17 244 2.67 2.96 2.09 1.68 1.28 1.70 0.00
% 14.74 14.45 13.08 18.06 26.32 26.69 28.08 27.93 47.68|-

The MFE is calculated for all the peak hours together and is visualised per date in a graph
(Graph 20). The values of the MFE per date are in Appendix XX. The average the MFE of the
EHFIRAM peak hours is -2.04, which indicates there is often less aircraft at DO than predicted.
There are two dates were the MFE lower than the line for the average minus two times the
standard deviation.

o
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Graph 20. Average MFE EHFIRAM peak hours per date

The number of entries of D-1 and DO are set to each other to create a scatterplot. This is
performed for all the EHFIRAM peak hours (Graph 21) and the first and fifth peak hour of
EHFIRAM (Appendix XX).

Scatterplot EHFIRAM peak hours
85
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Graph 21. Scatterplot EHFIRAM peak hours

The deviation of the dots compared to the grey line in is expressed in the R-square (Table
15). This provides the percentage of accurately predicted values.
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Table 15. R-siuare EHFIRAM ieak hour
EHFIRAM peak hours 0.887 88.7
EHFIRAM 1th peak hour 0.871 87.1
EHFIRAM 5th peak hour 0.912 91.2

The accuracy of the prediction is again checked with a significance test. The demand of DO
and the demand of D-1 are visualised in a histogram to determine if the distribution is normal,
which appeared this was not normally distributed. The demand is converted with a log-
transformation, to see if it then is normal distributed (both histograms in Appendix XX). This
was still not the case, so again a t-test is not allowed to perform. The Related-Samples
Wilcoxon Signed Rank Test is performed (Table 16). The significance is still 0.05, which
means above this value, the hypothesis must be retained and below this value, the null
hypothesis must be rejected.

Table 16. Related-Samples Wilcoxon Signed Rank test EHFIRAM peak hour

EHFIRAM peak hours 0.000 Reject
EHFIRAM 1th peak hour 0.000 | Reject
EHFIRAM 5th peak hour 0.001 Reject

To obtain a more detailed view of the accuracy between the peak hours, there is researched
what the percentage more or less demand provided in DO is compared to the demand
predicted in D-1. If the percentage is negative, there is less demand at DO than D-1 and vice
versa. The percentages per date for all the EHFIRAM peak hours, the first and the fifth peak
hour are provided (Graph 22). It is important to identify if the percentage is above or below
zero (black horizontal line). If the percentage is close to zero, it means that the same amount
of flights enters the airspace segment at DO as at D-1, which is optimal.

Percentage demand of DO in D-1 per date EHFIRAM

Color by:
4 peak hour

2 @ 2% 1th peak hour
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Graph 22. Percentage more or less demand of DO compared to D-1 per date EHFIRAM peak hours
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To summarize the graph in Graph 22, a boxplot is made for the EHFIRAM peak hours, first
and fifth peak hour (Graph 23). To visualise them next to each other, the differences in the
accuracy of the first and the fifth peak hour is clarified. The percentages of all the peak hours

together are between the values of the first and fifth peak hour.

Boxplot percentage demand of DO in D-1 EHFIRAM
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Graph 23. Boxplots percentage demand of DO compared to D-1 EHFIRAM peak hours

Results

The analysis of the EHFIRAM peak hours is performed to provide more detail in the accuracy
in the peak hours and if this is better or worse compared to when all the hours of EHFIRAM
are used. Therefore, the statistics of EHFIRAM peak hours are set next to the statistics of
EHFIRAM (Table 17). Focussed on the peak hours the statistics are significantly less
compared to the general EHFIRAM. The more significant positive difference and higher
negative MFE indicate that there is often more predicted than the demand is at DO. The value
of the R-square is lower but still representative. Therefore, the hypothesis of the Wilcoxon test
must be rejected. Overall the fifth peak hour has better statistics compared to the first peak
hour. The values are worse compared to EHFIRAM in general because the dataset is smaller.

Table 17. Summary of statics of EHFIRAM peak hours

EHFIRAM 0.32 4.20 | 15.7 -0.320

EHFIRAM
all peak
hours
EHFIRAM 2.67 5.87 | 10.9 n/a
1th peak

hour

EHFIRAM 1.37 5,52 | 13.1 n/a
5th peak

hour

2.04 528 | 11.9 -2.04

95.8 Retain
88.7 | Reject
87.1 Reject
91.2 | Reject
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When focusing on the standard deviation per peak hour, this standard deviation is smaller for
every hour in the first peak, compared to the standard deviation of the whole first peak hour.
This is because in the first hours (around 05:40) there is often less predicted than at DO, while
in the later hours (around 6:40) there is often more predicted than at DO (Graph 5). The
standard deviation of the first peak hour together higher while this includes more deviation
because of a more significant difference between the first hours and the last hours of the first
peak hour. It is of importance for determining the accuracy, this is also dependent on the time
of the day. During the peak hours, the standard deviation together with the percentage
deviation is smaller than outside the peak hours.

The DO demand more or less of D-1 demand within the peak hours provides the accuracy of
the prediction with a value for the percentage of flights not corresponding with D-1. For the
first peak hour, this is for approximately the whole period a negative percentage between -3
and -6 percent, with outliers till -11 percent. This indicates less flight in DO than predicted. For
all the peak hours together, this percentage is almost the entire period negative. The fifth peak
hour has higher deviations in the percentage, both positive and negative between 3 and -4
percent and high negative outliers (maximum of -26 percent). The maximum positive value is
4 percent.

5.3.3 Vision of experts

With the desk research, it is learned that the FMPCs and the supervisor are working in the
operation and some of them are involved in the D-1 project. Within the operation, air traffic
controllers, but mostly the supervisors and the FMPCs use the demand and capacity
prediction. Their vision is representative for the influence of the D-1 prediction on the
operation. The supervisors and the FMPCs regulate the capacity regarding the demand. The
supervisors and FMPCs who are involved within the D-1 project, have seen some D-1 plans.
These plans were not yet used for the operation to regulate because not everyone in the
operation is familiar with it. Two FMPCs and one supervisor who are involved in the D-1
project will be interviewed. These people will have an idea of how the operation will be with
the D-1 prediction and without. Currently, four supervisors and four FMPCs are involved in
the D-1 project. There is chosen for only supervisors and FMPCs because the air traffic
controllers do not use the predicted demand data for the rest of the day. Only the supervisor
and FMPC use the figures where the future demand is visualised and regulate on this.

Three interviews are performed with one supervisor ACC and two FMPC ACC. The questions
in Appendix Il are asked, providing some statistics (

Table 8) and demand graphs (Appendix 1X). These interviews are transcribed and provided
in Appendix XXI.

Results

One supervisor (Nieuwenhuijs, 2019) and two FMPCs (Lautenbach, 2019) (Geurten, 2019)
are interviewed about the D-1 plan within the operation and about the accuracy of the
prediction and if this reliable enough to use for the operation. The FMPC and the supervisor
monitors the demand and capacity for the Dutch civil airspace and for the airports with civil
aviation. The supervisor has the main responsibility. The FMPC has more knowledge about
the system and must notice overloads and provides advice to the supervisor. The FMPC is
also Flight Information Service Officer (FISO) for the Visual Flight Rules (VFR) traffic. In the
night the FMPC is only FISO. The findings of the interviews are split into information about
the D-1 plan within the operation and about the accuracy of the D-1 prediction. The
information of these subjects is divided into primary results and secondary results.

D-1 plan within the operation
Primary results:
1 The D-1 plan should be the start for pre-tactical regulations, which is important to
perform. If the D-1 plan is received a day before the operation, the LVNL can
proactively set some restrictions for the next day till 12:00LT, instead of every morning
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at 4:30LT. It would be useful if this D-1 plan is received in the morning of D-1, to
regulate in the evening of D-1. This creates a more predictable process. Itis preferred
to regulate in forehand than last minute. If more information is received at D-1 the
enormous restrictions will be less, and the prediction will provide more tranquillity
because only fine-tuning is necessary. For the FMPC it would be an improvement to
know the capacity and demand earlier while in the night it is often not possible to
perform FMP activities. D-1 plan indicates the expected demand but that are no exact
numbers.

1 The D-1 plans the supervisor and FMPCs received to provide feedback on, were
sometimes correct and sometimes not at all because of significant weather
disruptions. With these disruptions, there is less accurately predicted. Nevertheless,
the quality of the D-1 plans is improving during the time.

Secondary results:

1 All the relevant information joined in one document is very useful, which includes at
least: the demand, accurate weather conditions with the expected runway
combinations, maintenance activities at Schiphol, special flights, activity in the military
sectors and if these are available to use by LVNL and system degradations. In
general, activities which reduce the capacity and maybe an estimation of the
percentage of reduction and the probability for large deviations. The graphs with the
demand should be adjusted with the expected reduction and should be more specific.

1 The supervisors and FMPCs are sometimes uninformed because the information is
in different places or there is not well communicated.

1 If the D-1 project is implemented there might be training necessary because a
different way of managing is implemented. The people within the operation are open
for the chances. The air traffic controllers will appreciate if there will be a small graph
with the expected operation of the day regarding capacity and the reason for possible
disruptions. The stability of the total network will improve, which is important. It might
be useful to send the expected capacity of the LVNL to the stakeholders in the
afternoon at the day before operation, so they are more prepared.

1 The current demand predictions used in the operation are based on flight plans and
up-to-date position in the air if airborne, focused on the demand hourly demand
rolling, demand per 20 minutes and the workload. The FMPC monitors 3 to 4 hours
ahead while the supervisor monitors 4 till 6 hours ahead to create a plan with the
expected demand. The nominal capacity is a monitoring value, it determines where
the peaks are and where too much demand is. Depending on the configuration of the
traffic, it is necessary to regulate which is performed by the supervisor of tower and
ACC. The current moment to regulate is too late which is something that must change.
There must come more alignment with the network manager of Eurocontrol.

1 Occupation of the air traffic controller is not determined with the predicted demand
for the next day but is a standard for the day of the week based on the expected
demand. 98 percent of the days there is a pleasing occupation. Although, often there
are too many people, however, this is to have a buffer for unforeseen event.

Accuracy of the D-1 demand prediction
Primary results:

1 There are three different opinions about the usability of the D-1 prediction. The
supervisor considers the D-1 prediction as useful for the operation. Although it is
sometimes difficult if there are more aircraft than predicted, however, this depends
on the distribution over the hour. The deviation is acceptable because it is never
possible to obtain zero deviation. Still, the supervisor and FMPC must always be
aware of the demand for the next 4 to 6 hours. One FMPC doubts if the PREDICT
data used of Eurocontrol is even the best option. He considers the standard deviation
as high, while it is more than 10 percent, which is not accurate enough to use for
regulations. An option might be to create a PREDICT within LVNL, instead of using
the data of the network manager. It is not always positive to be dependent on others.
An acceptable deviation would be 10 percent of the traffic. The other FMPC agrees
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with the 10 percent deviation if it is 5 percent above or 5 percent less. The standard
deviation of sector 3 is high, a maximum of 2 would be better. But it depends on the
traffic, regional traffic requires more workload than mainport traffic.

1 Itis preferred to have a higher demand predicted than more demand at the day of
operation, and to remove a regulation than make a new regulation last minute. A risk
will be that the people might think there is always less demand at DO than predicted,
which might result in risky assumptions and undesirable situations.

Secondary results:

1 The stacks are the most important airspace segments because these are the most
limiting in traffic demand, therefore, the airspace segment that has the most
regulations. These together create the EHFIRAM. If there are high peaks in the
demand of EHFIRAM, it is possible that this demand is evenly distributed between
the stacks and therefore the workload is still acceptable. If there is an overload in the
demand of EHFIRAM, the stacks are researched to find the problem, if there is one
stack that has the most limiting demand. Principally the inbounds are monitored.
Sector 3 is a complex sector which causes pressure, although this sector is possible
to divide by different controllers. Also, sector 2 is a crowded sector.

1 There is a buffer in the capacity because of bunches. The bunches in the peaks are
because of the deviation of 15 minutes in the slot time.
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6. Concl usi on

This research aimed to identify the reliability of the traffic demand prediction for the day of
operation on the day before operation at Schiphol and LVNL controlled airspace. The
conclusion is based on the findings of the qualitative and quantitative analysis of the D-1
prediction with the last submitted flight plans at DO, together with the assumptions and scope
made. The D-1 demand prediction of the first three months of the D-1 trial, containing January,
February and March, is not usable enough in the operation to make regulations for the day
before the operation. There is no unambiguous answer to the reliability of the D-1 prediction,
while further research is necessary with more factors. However, some parts of the D-1
prediction are reliable enough for the operation, while the accuracy varies during the day. The
answers provided on the sub-research questions are based on the scope and assumptions
made.

To answer what the differences between the D-1 traffic demand prediction and the demand
at the day of operation are and what causes can be for these differences two types of
differences are analysed: the difference in the number of entries (demand) and the difference
in entry time. First, it was necessary to determine the D-1 traffic demand dataset and the
dataset used for the demand at DO. The D-1 traffic demand prediction is the PREDICT data
received from Eurocontrol which contains historical flight data that is enriched with flight
intentions based on schedule data of airlines, airport slot data and a snapshot of the night
before with the last received data such of submitted flight plans. The DO demand data is the
data with the last submitted flight plans of the aircraft operation in the IFPS. This data is
processed in the ETFMS to calculate the 4D trajectories to obtain a dataset with entry times.

For every airspace segment, the average demand of D-1 is higher during peak hours
compared to DO when visualized in a graph per hour rolling per 20 minutes. Outside the peaks,
there is often less demand in D-1 than DO. The distribution of the difference per hour rolling
per 20 minutes provides that there is often more variation in the difference around the first
and last peak hour. The variation of the difference over the day for sector 2 and the arrivals
at Schiphol is the highest, while for the departures at Schiphol this variation is the lowest.
When the difference is visualised per date, the days with the highest difference value are
related to the days with special conditions. For the other days, if there is a positive difference
for two till four airspace segments, there is often a negative difference for the other airspace
segments. The average difference for all the airspace segments is between -0.34 and 0.30,
while focused on the peak hours of the EHFIRAM the average difference is in the first peak
hour is 2.67 and the fifth peak hour 1.37, which confirms that there is more predicted
compared to the demand of DO in the peak hours.

The difference in entry time for a flight is on average negative or null for all the airspace
segments, even though the percentage of flights that arrive earlier is often higher. This is
because there are more extreme values in aircraft that arrive later than aircraft that arrive
early. The reasons for the difference in entry time are because a flight is:

1 later than predicted;

9 earlier than predicted;

1 not predicted or not present in DO, depending on which dataset is compared to which

dataset.

For sector 2, sector 3, the three stacks and the EHFIRAM is the most flights arrive earlier than
predicted. For the departures at Schiphol, the highest percentage of flights are on time and
for the arrivals at Schiphol, the highest percentage of flights earlier or later depends on the
comparison, D-1 with DO or DO with D-1. If a flight is not predicted in the same sector or the
same stack, it is possible that the route of a flight changed between the prediction and the
filed flight plan. For sector 2 the most flights moved to sector 3, for sector 3 the most flights
moved to sector 2, for the stack ARTIP the most flights moved to RIVER, for SUGOL the most
flights moved to RIVER and for RIVER the most flights moved to ARTIP.
For EHFIRAM, EHARTIP, EHSUGOL and the arrivals at EHAM the percentage of flights
earlier are the most in the morning, while later in the day the earlier flights become less and
the flights later become more. This is because, in the data of DO, which is the last filed flight
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plan, the delays during the day are implemented. The flight plan of the next flight is influenced
by the delays the aircraft obtained during the day. The number of early or late arriving aircraft
deviates during the day for EHSECT3 and EHRIVER. For EHSECT?2 this is more constant
during the day.

The accuracy of the D-1 demand differs per airspace segment. The airspace segments are
ranked for per statistical analysis, which is visualised in Appendix XXII. For some statistical
analysis, the airspace segments score high, while another analysis contradicts this. There is
no uniform answer of which airspace segment has the best accuracy or if the airspace
segments are accurate enough.

Based on the average difference, standard deviation, MFE and the Wilcoxon test, the three
stacks score the best. However, when the standard deviation is compared to the average
number of flights per hour, this value is high. The best standard deviation value of the total
has the departures at Schiphol, the EHFIRAM and the arrivals at Schiphol. These three do all
have high a percentage for the R-square. Only for the departures the result of the Wilcoxon
test is inadequate. The percentage of the standard deviation of the average flights per hour
of the first peak of the EHFIRAM is the finest compared to the others, because of the average
total flight per hour is more accurate because there is less deviation in the values. The
standard deviation and percentage are more accurate if focused per hour instead of the
standard deviation of the whole first peak hour. The standard deviation deviates during the
day and is the most accurate between 05:20 and 07:00, between 11:00 and 11:40, between
13:40 and 14:0 and between 17:40 and 18:00 if focused per hour. The standard deviation is
high (above 10 percent of the average aircraft per hour) at the start of the day till 05:00 and
at the end of the day starting from 18:40.

The quality of the D-1 prediction influences the day of operation and the prediction might not
be reliable enough for the day of operation, which is based on the vision of a supervisor and
two FMPCs. If the D-1 demand prediction of the first three months of the D-1 trail reliable
enough is for the day of operation is questionable because of different opinions. The
supervisor was positive about this accuracy, however, mentions that it is difficult if there are
more aircraft at the day of operation than predicted if these are not nicely distributed over the
hour. The two FMPC consider the accuracy as insufficient because the deviation of the
standard deviation is more than 10 percent of the total flight in the hour. This accuracy should
not exceed 10 percent. The most crucial airspace segments for the operation are primarily
the stacks (because of the traffic distribution between those) and the EHFIRAM. Secondly,
sector 3 while it is a complex sector with different traffic flows. The EHFIRAM is the airspace
segment that requires the most attention to regulate and is the most limiting airspace
segment. These airspace segments should be predicted the most accurate.

When the D-1 plan is received, including the D-1 demand prediction, it is possible to start
earlier with setting restrictions and making regulations. This creates a more predictable
process and more stability. It is preferred to regulate more in advance than last minute. The
large adjustments will be less, so only some fine-tuning is necessary. Currently, the FMPC
monitors only 3 till 4 hours ahead and the supervisor 4 till 6 hours ahead. To set a restriction
earlier, a reliable and consistent prediction is of importance. This importance is visible as well
at KLM. The DMO of KLM prefers more proactive steering for the next day and wants the
expected capacity at the morning of D-1. KLM uses this capacity for determining if they have
to cancel or delay flights, which is important to determine early to prevent circumstances
whereas KLM has to pay compensation. When the plan is early made, it is possible to transfer
passengers, even from ICA flights. The effect of a capacity reduction for an airline is
challenging, especially when this was not known in advance and there was not anticipated to
it, while a delay continues throughout the day. KLM desires that LVNL provides a
substantiated capacity on the morning of D-1. Therefore, it is relevant to have this capacity
well predicted, which presents the relevance of an accurate D-1 prediction within LVNL.

The reliability of the D-1 prediction can be improved, mainly focusing on the accuracy of the
D-1 prediction. This is necessary to make the D-1 prediction usable enough for the operation,
which supports the supervisors and FMPCs in their work. Improvements are possible in
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different areas. If focused on the D-1 prediction data, the PREDICT data created by
Eurocontrol, more inputs should be implemented in the data such as weather conditions or
special conditions such as a strike. Eurocontrol receives less information or feedback of the
ANSPs, which is necessary to improve the PREDICT data. Another option is to create the D-
1 prediction data within LVNL, based on the information of their operation. Other
improvements will be found by performing further research, which will be mentioned in the
discussion (see chapter 7).

Retain or reject the hypotheses
Hypothesis 1: The D-1 demand prediction deviates not significant compared to DO demand.

This differs per airspace segment, while the statistical values differ per airspace segment.
The prediction is per airspace segment for some statistics and at some moments of the day
accurate. Nevertheless, based on the assumptions and scope, the D-1 demand prediction of
the first three months is not reliable enough to use in the operation, due to the differences in
predictions, which make it difficult to regulate on. There is nho unambiguous answer to the
reliability of the D-1 prediction. This hypothesis must be rejected while is not confirmed on
every part of the D-1 demand prediction. This supports the answer to the main research
question, while there is no uniform answer.

Hypothesis 2: The D-1 demand prediction part of the D-1 plan and has a positive effect on
the day of operation.

This hypothesis is retained, which is supported by the supervisor, FMPC and the DMO of
KLM, even though the accuracy might still be improved.
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1. DI scussi on

This research was to provide more insight into the D-1 demand prediction used within the D-
1 plan for the operation. This resulted in the main research question: How reliable is the traffic
demand prediction for the day of operation (DO) on the day before operation (D-1) at Schiphol
and LVNL controlled airspace? The conclusion is that most of the parts of the D-1 demand
prediction researched are not usable enough for the operation for making regulations on the
day before the operation. To develop this answer, different research methods were executed,
assumptions and interpretations are made for the analysis (see section 7.1) and there were
some limitations which appeared during the analysis (see section 7.2). Some of these choices
are worth to discuss, because other choices, assumptions and scope might result in another
conclusion. The results and conclusions of this research provide new insights into further
researches (see section 7.3), which will provide more improvements for this research.

7.1 Research methods and interpretations

For the analysis, the choice was made to compare the PREDICT data of Eurocontrol with the
last submitted flight plans of the aircraft operations. To use the PREDICT data as D-1 data is
coherent because this data is used to produce the graphs in the D-1 plans which should be
validated. For the DO data, there were other options, such as the actual operation or a
snapshot in the morning of the expected demand for that day. If the PREDICT data is
compared to one of these, there might be different results.

During the analysis of the difference in entry time, there is no margin used for fights6 on t i me 6 .
In this research, the difference in entry time between D-1 and DO must be zero exactly to
consider a flight on time. This might be too restrictive because, for most of the airspace
sectors, almost no flights are on time.

There are other statistical methods possible to measure the accuracy of a prediction. Five
methods were chosen for analysing the accuracy. However, other statistical methods might
provide another ranking for the conclusion of the most accurate airspace segment.
Nevertheless, the methods used provide a representative result.

Due to the scope, during this research, there is mostly focused on the differences between
the two datasets. There was no research that concentrated on the causes of these differences
for particular flights or during moments of the day.

The choice was made to interview three people working within the operation of LVNL,
however, with the opinion of these three, it is not possible to provide a final answer about the
reliability of the prediction for the operation. To provide a more decisive answer, more experts
should be interviewed about their opinion about the accuracy of the D-1 prediction. The
approach to determine the accuracy of the D-1 prediction is valuable, so the statistics
measured are usable to present the next experts. The opinion the experts provided about the
maximum deviation, there must be considered that they compare their operational margins of
deviation with the deviation of a prediction. The 10 percent they are used now in the operation
is a buffer of the reality, based on that there is no insight into the expected demand. The
calculated value in this research is a margin for the prediction. Nevertheless, the uncertainty
of the prediction is more than 10 percent, this does not mean that the prediction is not usable
at all.

7.2 Limitations

Eurocontrol did not implement the strike of Skeyes in their data, even though it was already
known at the day of retrieving this PREDICT data. The aftermath of this strike was not
traceable because there is no D-1 data of the day after the strike, because there was no D-1
plan made for this day.

There were three months of data available for this research, containing 33 trial days with data.
After filtering, there were 30 days left to perform the analysis on. These days were necessary
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to filter to obtain a more representative view about the accuracy of the prediction. However,
there must kept in mind that when the prediction will be used in the operation, special days
can always occur, and it must be possible to anticipate this. During the data analysis, when
focusing on smaller parts of the data, it appeared that when the number of values becomes
less, the accuracy also becomes less. It is possible that if more data is available and the same
analysis is performed, the accuracy becomes better.

The peak hours provided by the LVNL do not match exactly with the peaks of the demand
measured in the data. The measured demand per hour rolling per 20 minutes fit better in the
peak hours than the demand per 20 minutes, therefore, the analysis of the EHFIRAM peak
hours are performed with the demand per hour rolling per 20 minutes. The results might differ
from the demand per 20 minutes will be used. Still, the analysis might not provide a
representative accuracy of the peak hour.

7.3 Further research

The accuracy may be different if the research is performed in a different way when other parts
are considered. To make it possible to provide a definitive answer to the reliability of the D-1
prediction, further research is necessary, considering other elements. To improve or obtain
more knowledge about the accuracy and reliability of the D-1 prediction, there are further
research options:

1 Use another DO dataset.

There are other options for the dataset of DO to compare with the PREDICT data,
most suitably a snapshot of the operation. This data of the snapshots should first be
captured before the research is possible to perform. This research might present
other results about the accuracy and together with the research performed in this
thesis, it would provide extra quality and importance. However, within a snapshot in
the morning, not all the flight plans are received of flight in the evening causing the
analysis not representative for the whole day.

1 An extended period of data for the analysis.

To acquire more insight into the D-1 demand prediction, the same data analysis
should be performed again with data of a more extended period for a more
representative view on the accuracy of the D-1 prediction.

1 Improve D-1 dataset.

Further investigating into the PREDICT data is necessary to improve the current
dataset, which should improve the accuracy of the D-1 demand prediction. Other
options for the D-1 are possible, therefore, investigation to options to create a
prediction within LVNL is necessary.

1 Analysis of the causes of differences for particular flights or moments during the day.
More detailed research, with the knowledge of this research, should be performed to
obtain more insight into the causes for the differences. During this research there is
only focused to explain high deviations by causes already known at D-1, or reasons
for differences in general. If the causes for the other differences will be prevented, the
prediction will improve.

1 Consult more experts within LVNL.

The opinion about the reliability of the D-1 demand prediction for the operation by the
experts was not decisive. To obtain a decisive opinion about this reliability and
usability, this research must be extended to consult more experts, presenting the
same results as found within this research.
When the assignment was provided six months ago, at the start of this graduation internship,
different research was expected. The main research question was then: Is the D-1 project the
most effective way to provide all information to all relevant stakeholders about the day of
operation with regards to the capacity at Schiphol Airport and the surrounding airspace? This
question was impossible to answer within five months, while it was not specific enough. With
all the results and conclusions found with this research, as performed, together with further
research, it is possible to answer this broad question.
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8. Recommendati ons

The main conclusion is that the D-1 demand prediction of the first three months of the trial is
not usable enough for the operation, which is based on the findings of the qualitative and
quantitative analysis of the D-1 demand prediction of Eurocontrol with the last submitted flight
plans at DO, together with the assumptions and scope made. To provide a definitive answer
to the reliability of the D-1 prediction, further research is necessary with more factors included.
A more detailed analysis will obtain more insight into the D-1 prediction. Based on the
conclusion of this research, the accuracy must be improved to obtain a safe and reliable D-1
demand prediction to be used in operation. There are different possibilities to improve the
accuracy, explained in the conclusion and discussion. These additional research or analysis
activities should be performed to finally create an accuracy with a maximum of 10 percent
deviation of the average total aircraft per hour. This is a maximum of 5 percent more predicted
or 5 percent less predicted. Preferably, the prediction should be a bit higher than the demand
at DO, to be safe.

It must be kept in mind that this research showed that the accuracy varies during the day and
that at some moments of the day the accuracy is acceptable. Some statistics present that the
prediction is accurate while the other statistics contradict this. Some parts of the prediction
might already be useful for the operation, as long as it is anticipated that the prediction might
deviate.

The information mentioned in the D-1 plans, next to the demand figures, are of extra value for
the operation and support the supervisor and FMPC to be more prepared for the day of
operation. If there is more relevant information that reduces the capacity, this must be added
in these plans. This should be a process of continuous improvement.

The D-1 project should be continued because it will decrease the workload, predictability for
the day of operation. If more data is available, a more detailed evaluation should be done
about the whole D-1 project. Also, the accuracy of the D-1 demand prediction should be
improved. When this is all finished, the D-1 project is ready to be implemented.

The relevance of D-1 project is visible at KLM. An expected capacity at the morning of D-1,
based on the expected demand, supports the KLM a lot to prevents last-minute restrictions.
A last-minute reduction in the capacity is expensive for the KLM because it is then not possible
anymore to transfer the passengers, which means KLM has to pay compensation. Wrong
capacity information provided by the LVNL is not possible, because the KLM understands that
the circumstances are possible to change. The recommendation would be to have more
communication between the KLM and the LVNL, and for LVNL to provide earlier the capacity
based on the D-1 prediction. KLM would rather receive something than nothing, even when
the D-1 prediction is not accurate, when it is at least substantiated. The DMO wants more
consistency and information about the capacity and it is up to the LVNL to provide this
information. In the runway tool KLM uses to determine if flights are necessary to delay or
cancel, it is possible to load the capacity with the AFOS tool, when no capacity is received of
LVNL. LVNL uses the AFOS tool as well in the trial of D-1, for the D-1 plan. If the AFOS tool
is going to be used in the operation by the LVNL, it might be that it helps the LVNL to provide
a more consistent capacity. KLM currently experience that there is often a different capacity
provided, even when the weather conditions are the same. KLM hopes that with AFOS, when
there is the same weather predicted, also the same capacity will be provided. A
recommendation for the LVNL will be to make more use of the tool AFOS for providing a more
consistent capacity.

The focus of this research was on the demand of Schiphol. Also, the traffic of Rotterdam,
Eindhoven and Lelystad is important to research in detail, because the traffic of these airports
is also part of the sectors. To obtain insight into the whole system and the complete accuracy
of the D-1 prediction, more research should be executed with the focus on the sectors and
inbound and outbound traffic of Rotterdam, Eindhoven and Lelystad. Another
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recommendation will be to obtain more insight into the D-1 traffic demand prediction, by
performing more detailed research towards the causes of the differences.

For the analysis of the difference in entry time, no margin is used to consider a flight on time.
With a margin, more flights will be considered on time, causing a different distribution. The
value of this margin is debatable and could be up to 30 seconds, 1 minute, 5 minutes or minus
5 and plus 10 minutes, depending on how strict the margin is measured. Within the analysis
of the difference in entry time, further research, which provides insight into the origin of the
traffic that arrives earlier, later or on time will be valuable. Origin of the traffic, departure airport
or aircraft type might influence the entry time of an aircraft.

KDC-CoE/2019 63



knowledge &
development
centre of excellence centre

List of References

Abed, S. Y., & BaFail, A. (2001, January). Modeling Demand for Air Travel at Jeddah International
Airport: an Empirical Study. JKAU: Eng. Sci.(vol. 13 no. 2), 19-32.

Andre. (2017, October 17). Algemeen. Retrieved from weerwoord:
https://lwww.weerwoord.be/m/2324804

BaFail, A. O. (2004). Applying data mining techniques to forecast number of airline passengers in
Saudi Arabia (domestic and international travels). Omaha: Aviation Institute, University of
Nebraska at Omaha.

Barry, S., Turner, P., Borland, M., & Howard-Allan, W. (2017, October 31). Verslag van bezoek aan
NATS Swanwich, Kernteam Capacity Management. (Y. Obbens, J. Devilee, M. van Delden, A.
Lieshout, & E. Westerveld, Interviewers)

Eurocontrol. (2017, November 14). Demand Data Repository (DDR) & its use in PREDICT to support
D-1 to D-1 Network Plan. Brussels, Belgium.

Eurocontrol. (2017, January 26). Strategic, pre-tactical, tactical and post-ops air traffic flow and
capacity management. Retrieved March 15, 2019, from EUROCONTROL.:
https://www.eurocontrol.int/service/strategic-pre-tactical-tactical-and-post-ops-air-traffic-flow-
and-capacity-management

Eurocontrol. (2018). NOP User Guide. Eurocontrol.

Eurocontrol. (2019). DDR - Pre-tactical traffic forecast. Retrieved May 14, 2019, from Eurocontrol:
https://www.eurocontrol.int/articles/ddr-pre-tactical-traffic-forecast

Eurocontrol. (2019). Enhanced Tactical Flow Management System (ETFMS). Retrieved May 08, 2019,
from Eurocontrol: https://www.eurocontrol.int/articles/enhanced-tactical-flow-management-
system-etfms

Eurocontrol. (2019). NEST modelling tool. Retrieved March 20, 2019, from EUROCONTROL:
https://www.eurocontrol.int/services/nest-modelling-tool

Geurten, S. (2019, April 25). Interview vision of expert: FMPC 2. (F. Wassenberg, Interviewer)

GraphPad Software. (2017). Results: Wilcoxon matched pairs test. Retrieved April 17, 2019, from
GraphPad:
https://www.graphpad.com/guides/prism/7/statistics/index.htm?the_results_of a_wilcoxon_ma
tched_pairs_test.htm

Herda, L., & Mariétan, S. (2017, December 15). Verslag van bezoek aan skyguide Geneve, Kernteam
Capacity Management. (Y. Obbens, J. Devilee, A. Lieshout, & E. Westerveld, Interviewers)

KDC-Mainport. (n.d.). Centre of Excellence. Retrieved February 14, 2019, from Knowledge &
Development Centre: https://www.kdc-mainport.nl/index.php/nl/

KNMI. (2019, March 20). Schiphol Airport. Retrieved March 20, 2019, from luchtvaartmeteo:
https://www.luchtvaartmeteo.nl/index.htm

Lautenbach, G. (2019, April 25). Interview vision of expert: FMPC 1. (F. Wassenberg, Interviewer)

Lieshout, A., Devilee, J., & Obbens, Y. (2017, November 8). Business Case Capaciteitsmanagement:
inrichten D-1. Schiphol-Oost.

LVNL. (2012). OIM 7 - Amsterdam FSC. LVNL.

LVNL. (2012). OIM 8 - AMsterdam FMP. LVNL.

LVNL. (2017). OM AMS ACC. LVNL.

LVNL. (2019, January 08). D-1 Plan The Netherlands.

LVNL. (2019, January 22). D-1 Plan The Netherlands.

LVNL. (2019, February 13). D-1 Plan The Netherlands.

LVNL. (2019). QRC 063: Richtlijn TFV EHFIRAM. PRO. LVNL.

LVNL. (2019). Werkboek UT SPL APP-ASS. LVNL.

Morgan, J., & Brenig-Jones, M. (2009). Lean Six Sigma voor Dummies. Amersfoort: BBNC Uitgevers.

NATS. (2017, October 31). Airspace Capacity Management. Introduction to NATS planning process.

Niarchakou, S., & Simén Selva, J. (2017, May 03). ATFCM OPERATIONS MANUAL Network
Operations Handbook. EUROCONTROL. Retrieved from Eurocontrol.

Nieuwenhuijs, M. (2019, April 25). Interview vision of expert: supervisor. (F. Wassenberg, Interviewer)

NM Eurocontrol. (2017). Capacity Mangement Team visit to NMOC. (LVNL, Interviewer)

Olaniyi, A., Adedotun, K., & Samuel, O. (2018). Forecasting Methods for Domestic Air Passenger
Demand in Nigeria. Journal of Applied Research on Industrial Engineering(vol. 5 no. 2), 146-
155.

KDC-CoE/2019 64



knowledge &
development
centre of excellence centre

Participant 1. (2019, May 16). Interview Eurocontrol PREDICT. (F. Wassenberg, & L. Hoogerbrugge,
Interviewers)

Rigter, M. (2019, June 05). Interview KLM DMO. (F. Wassenberg, Interviewer)

Sahu, P. K., & Kumar, R. (2014, February). The Evaluation of Forecasting Methods for Sales of
Sterilized Flavoured Milk in Chhattisgarh. International Journal of Engineering Trends and
Technology(Volume 8 Number 2), 98-104.

SKYbrary. (2017, August 02). System-wide Information Management (SWIM). Retrieved April 03,
2019, from SKYbrary: https://www.skybrary.aero/index.php/System-
wide_Information_Management_(SWIM)

skyguide solutions. (2016, January). CRYSTAL. Retrieved March 20, 2019, from skyguide:
https://lwww.skyguide.ch/wp-content/uploads/fileadmin/user_upload/publications/skyguide-
solutions/SS-TEC-Crystal-tool-01-16.pdf

Thompson, R. (n.d.). Stakeholder Analysis. Retrieved May 05, 2019, from mindtools:
https://www.mindtools.com/pages/article/newPPM_07.htm

Twisk, J. (2007). Inleiding in de toegepaste biostatistiek. Maarssen: Elevier gezondheidszorg.

UVA. (2019). Datamanagementplan. Retrieved April 04, 2019, from UVA:
https://rdm.uva.nl/plannen/datamanagementplan/datamanagementplan.htm|?1554800921540

van Paasen, M., Borst, C., Klomp, R., Mulder, M., van Leeuwen, P., & Mooij, M. (2013). Designing for
Shared Cognition in Air Traffic Management. Journa of Aerospace Operations (Vol. 2 Issue 1-
2), 39-51.

Westerveld, E., Lieshout, A., Obbens, Y., Devilee, J., & Delden, M. v. (2017, December 22).
Initiatieffase Capacity Management. Schiphol-Oost: LVNL.

KDC-CoE/2019 65



knowledge &
development

centre of excellence centre

Mainport Schiphol

D-1 prediction

Validating and improving the prediction of the demand at the day
before operation

Thesis

Appendi ces

knowledge &
development

centre of excellence centre

Mainport Schiphol

KDC Mainport Schiphol i Centre of Excellence
A collaboration with the Aviation Academy, Amsterdam University of Applied Sciences

Author: Flore Wassenberg
Date and location: 10/06/2019, Schiphol
Version: 1.1

KDC-CoE/2019 66



knowledge &
development
centre of excellence centre

Mainport Schiphol

Content s

PN o] o 1=Ta Yo LD I == 1 =T 4 o T o I USRS 68
Appendix Il. Data Management Plan ........ccuuvviiee i 69
Appendix lll. Interview questions LVNL and ethical guidelines...........cccccceveveeiiinnnns 71
Appendix IV. Probability Forecast Schiphol (KNMI, 2019).......cccccceeiviiiiiiiieeeeeeeiiins 72
Appendix V. D-1 plan @Xample. ... s 73
Appendix VI. NATS D-1 pre-tactical plan example ........cccccoiiiiniiiniie e, 78
Appendix VII. Summarized Interview Eurocontrol PREDICT ........cccccoviiiieiniiineeinnn. 81
AppendixX VIIL INTErVIeW KLM ...t 85
Appendix IX. Average demand graphs ..o 87
AppendixX X. HEatMapsS ....ccccviviieie e 94
Appendix XI. Boxplots of difference ..o 97
Appendix Xll. Average difference perdate..........ccccceeiiii 105
Appendix XIII. Distribution difference in entry time .........ccococeiiiii i, 106
Appendix XIV. Analysing differences in entry time general ..........cccocoeeevniieennne. 109
Appendix XV. Analysing difference in entry time per 20 minutes .............ccceeeeeee. 117
Appendix XVI. Distribution of difference in demand........................... 127
APPENAIX XV MEE L.ttt ettt e 130
Appendix XVIIL. Scatterplots ... 133
Appendix XIX. Histograms of demand and log-transformation ............................. 138
Appendix XX. Statistics EHFIRAM peak houUrsS ..o, 144
Appendix XXI. ViSION Of @XPEITS ......oiii it 148
Appendix XXII. Ranking airspace SEgMENtS ........cccceiiiiiieiiiiee et 164

KDC-CoE/2019 67



knowledge &
development
centre of excellence centre

AppendRef llecti on

This research is the result of the graduation internship at the Knowledge and Development Centre i
Centre of Excellence. The personal reflection of this internship is divided in two parts. The first part is
the reflection about the assignment, what skills and knowledge were developed and what challenges
there were. The second part is about the support and working methods of the KDC and LVNL.

The assignment

When | started the internship in February 2019, | had not much knowledge about Air Traffic Management
(ATM). | had to learn more about the ATM, as this was necessary to understand the assignment. The
subjects during this internship are not technical, however, during my study | learned more about
engineering. Therefore, the start was very challenging, because | had to understand the assignment,
the operational process and how the ATM works. | gladly accepted this challenge because | really
wanted to learn more about these subjects.

Defining a problem that was realistic to research and answer within five months was challenging. Not
only did | had to learn a lot before understanding the problem, but also because the assignment was
vague and there were different opinions about how the assignment should be approached. Two people
within the LVNL where directly involved in my research and helped me to scope the problem. However,
a lot of stakeholders are involved in the research, for example other people of the LVNL, people within
the KDC and the HvA. They all had an opinion about the research, so to really define the exact
assignment was challenging.

For analysing the problem, the main focus was data analysis. Before this internship | had never analysed
datasets of this size. Therefore, when | started, | was doubting if | could do all the analysis expected of
me. For the data analysis | tried multiple programs | had not used before, such as: Tableau, TIBCO
Spotfire and Python. | decided to continue with TIBCO Spotfire and | am gladfully that | was able to learn
a lot about this program and that the data analysis succeeded with this program. Also, other programs
| already used before, such as Microsoft Excel and Visio, were used again during this internship and
therefore | became more experienced with these.

To obtain information for the research, | had to talk to a lot of experts. By doing this, | developed the
competence to approach people and to not be afraid of this communication.

| am delighted about the challenges. | appreciate the knowledge and skills | developed by doing this
assignment.

Support within KDC

The KDC work with the agile or scrum method to guide the students. This means there were weekly
stand-ups, guided by a manager who asked what | had done last week, what | will do next week and if
| identified any problems. These meetings helped me to keep working to make sure | could always
present results. | found these meetings mostly helpful when | encountered a problem (or challenges)
and by discussing the problem a workable solution could be found.

Next to the stand-ups, the agile method had also a SPRINT session once in the two weeks, where | had
to present our results in five minutes. Different people of Schiphol, KLM, LVNL and HvA attended these
sessions to ask questions afterward and provide feedback. These sessions motivated me to work hard
so | would be able to present new results. With these SPRINT sessions | developed my presentation
skill. This skill was developed even more because this presentation was in English, which | was not used
to when | started this internship. | appreciate that | had to opportunity to do this, because | was aware
that presenting was not my best skill and therefore, | am delighted that | developed this skill. This will
also help me for presenting in the future, for example for my defence.

By doing this internship, together with the four years of study within The Netherlands, | learned that |
want to experience a bit more of the working sector abroad. | am still eager to learn new things and like
to study more in the future.
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The Data Management Plan (DMP) describes which data is used during this research, how this is
retrieved, how this is saved and what happens with the data afterward. This plan makes the data analyse
concrete and feasible. It supports to prevent unexpected surprises during the research (UvA, 2019).

Pl

an
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LVNL

Use the data for determining the capacity and demand of the day of operation.
This data will be used to research the reliability of the D-1 prediction versus DO

commissioned by LVNL.

Contains every flight in the Dutch
airspace, with the corresponding
information about this flight. This is
information that comes from the
submitted flight plans at the day before
operation

Selected dates between 08-01-2019
and 31-03-2019

Date Of the day of operation

D-1 date Day before the day of
operation

TV Traffic  Volume A
airspace segment

Flight ID Flight identification
number

Call Sign Identification of aircraft
in air-ground
communications

Aircraft Type Aircraft type

ADEP Departure airport

Destination Destination airport

ENTRY Entry time in the
airspace segment

EXIT Exit time in the airspace
segment

Delay Delay time in minutes

Contains every flight in the Dutch airspace,
with the corresponding information about
this flight. This is information that comes
from the last submitted flight plans at the
day of operation (no later than three hours

before departure)

01-01-2019 till 31-03-2019

Date

TV

Flight ID

Call Sign
Aircraft Type
ADEP
Destination

Take Off Date

Off
Time

Block

Entry time

Exit time
Entry FL
Exit FL

Crossed
duration

Cross length

Delay

Of the day of operation

Traffic Volume A
airspace segment

Flight
number

identification

Identification of aircraft in
air-ground
communications

Aircraft Type

Departure airport
Destination airport

Date of departure at
ADEP

Time off blocks at
departure airport

Entry time in the airspace
segment

Exit time in the airspace
segment

Flight Level where TV is
entered

Flight level where TV is
left

Seconds that is takes to

cross the  airspace
segment
Distances crossed

through the sector in NM
Delay time in minutes
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IRGWEI 311324 285180
ISUBBIEM Eurocontrol and airlines
PUSER Flore Wassenberg

All the data within this dataset will be Of this dataset, the period that will be used

analysed. are the same dates that are present in the
D-1 prediction dataset because only those
will be compared to each other. Also, only
the columns that appear in the D-1
prediction will be used.

The analysis will be done in Excel, Spotfire and SPSS. The analysis will only be done

on the computer at the LVNL and the laptop of Flore Wassenberg, while LVNL does

not have all the programs. The data will be the responsibility of Flore Wassenberg and

will not be shared with someone else without permission.

After the analysis is done, the data will be removed from the laptop of Flore

Wassenberg and will only be available at an LVNL computer.
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Interview questions for the FMPCs and a supervisor of LVNL.

i Can you explain your day if you take the D-1 prediction into account?
0 What is the influence on your activities?
0 What is the influence on the day of operation?
1 What will you do differently with the prediction relative to when you do not consider the prediction?
1 What is important for you that is included in the D-1 plan?
1 What has your influence already been within the D-1 project?

Some results of the data analysis, such as the average of the difference, graphs of the demand and the
standard deviation will be presented to the supervisor or FMPC. This will be translated into aircraft per
how many hours more or less predicted, which is easier to understand for them. The next questions are
about the presented results.

What would be the consequence of the prediction with this accuracy being used for the operation?
Is this usable for your activities?

Is this usable to determine the occupation of the air traffic controllers?

Which sectors are the most important to be well predicted?

How much deviation do you think is acceptable? Do you prefer too much or too little predicted?
What is the current procedure considering occupancy and estimation of the demand?

What capacity is provided to the stakeholders? Is there a buffer in this capacity?

Do you think that other air traffic controllers/Supervisors/lFMPCs are being open for the D-1
prediction?

= =4 -4 8 -8 8 -2 9

Ethical guidelines that will be applied during 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 study.

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

An adequate level of confidentiality of the research data should be ensured.

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

Any type of communication in relation to the research should be done with honesty and
transparency. For interviews, this means that the person that is interviewed must give
permission that their opinion may be used in the research. This is guaranteed with an overview
of the information generated by the interview, which will be sent to the person that is interviewed,
and that person must give permission that the information may be used.

10. Any type of misleading information, as well as the representation of primary data findings in a
biased way, must be avoided.

©ONoOOA~WNE

©
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AppernldiPrbmbi l ity Fored¢ &dNMI ScROpa® oyl

Wednesday 20 March 11 UTC till Thursday 21 March 18 UTC

Last update: Short term: 09:43 UTC  Long term: 05:04 UTC

11 12 13 14 15 16 17 18 21 00 03 06 09 12 15 18

Visibility < 5 km andjor ceiling = 2000 ft (%) |80 60 |60 |60 |60 [50 [40 [30 [40 40 25 [25
Visibility < 5 km and/or ceiling < 1000 ft (%) |20 |15 |10 |5 5 5 5 5 30 - 20 |15 |15
RVR < 1500 m and/or ceiling = 300 ft (%) 0 0 0 0 0 0 10 (20 |25 |30 |10
RVR < 550 m and/or ceiling < 200 ft (%) 0 0 0 0 0 0 0
RVR < 350 m (%) 0 0 0 0 0 0 0 0 0 0 0 0
Winddirection (deg) AlA x| A ||| AN
230|230 | 240 (240|250 240|240 (240|230 (220 | 210|220 | 220 | 240 | 260 | 250
Windspeed (kt) 10 |11 |12 |12 |12 (10 |9 (B |6 (6 |6 |7 |8 |10 (8 |6
Gusts (kt) 15 |16 |17 (17 |17 |15 |14 |13 15 |13
Standarddeviation winddirection (deg) 10 |10 |15 (15 |20 |20 |25 (25 |30 (30 |20 (15 |15 |15 |25 |30
Standarddeviation windspeed (kt) 2 2 2 2 2 2 2 2 2 2 1 2 2 2 2 2
CB (%) 0 0 0 0 0 0 0 0 0
Thunderstorm (%) o |0 |0 (O |O (0O |O (O |O (O |O |O |O |O (O |O
Temperature (C) 11 |12 |12 |13 |12 |11 |10 (9 8 7 7 8 10 |12 |13 |10
Dewpoint (C) 9 9 9 9 9 9 8 8 8 6 7 8 8 9 8 7
Relative humidity (%) 87 |82 |82 |77 |82 |87 |87 (93 |100(93 |100|100|87 |82 |72 |82
Windchill 8 7 15 5 5 6 8 8
Snow (%) 0 0 0 0 0 0 0 0 0
Moderate or heavy snow (%) 0 0 0 0 0 0 0 0 0
Freezing precipitation (%) 0 0 0 0 0 0 0 0 0
| Pressure (hPa) (modeloutput) ‘1032 ‘1033 ‘1[)33 |1u33‘1033|1033 |1033 |1:]33|1033 |1034 ‘1033|1034 ‘1034‘1035|1034‘1033‘

11 12 13 14 15 16 17 18 21 00 03 06 09 12 15 18
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knowledge &
development
centre of excellence centre

Mainport Schiphol

Samenvatting & knelpunten

Geen capaciteitsheperkingen verwacht.
Regulatie voor inboundpiek vanaf 0620 verwacht als gevolg van overaanbod.

Amsterdam Airport Schiphol

Banen 18C/36C n/a (M19-0179)

Rijbanen Werkzaamheden baan 18C/36C en omliggende rijbanen
(M19-0179)
De-icing De-icing condities tot maximaal 0800

Overige vliegvelden

Geen bijzonderheden.

Relevante NOTAMs

A0004/19 & A0005/19: PJE Echten & Spier. Beide gebieden tijdelijk verhoogd naar FL150

Evenementen

Geen bijzonderheden.

Militair luchtruimgebruik

Geen bijzonderheden.

Systemen

Onderhoud

Testnacht CCIS (BYWO00) 19 op 20 maart

Nachtoperatie vaaf TWRE
Releases

Geen bijzonderheden
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Appnedi XNATS-1Dptraecti cal pl an exampl e

UK - Ireland FAB Pre-Tactical Brief UK - Iretand
Wednesday 4™ October 2017

UK-Ireland FAE Airspace Capacity Management Overview

UK - Ireland Weather

Band of showers in N UK with risk of CB during AM
before rain band, which may be heavy at times,
pushes in from MW during PM, slowly sinking south.

Strong W/SWTy winds, gusts 25-35KT, mainly in the
Maorth.

3000FT winds across LTMA picking up to 40KT by
2100

0 forecast JA| sector demand R

= 0700

due high forecast demand

O0-0R00

M due airfield capacity

00-1500
M due airfield capacity

LY
For full details of the latest European Network Plan, see the Network News on 'd"e NOP Portal.
https:/ v public nm eurocontrol. int PLUBPORTAL I

Mo issues other than those detailed above expected to affect the UK/ Irish Metwork.
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FUA information and Planned Military Activity

Landing Rate

Potential . .
Area Im ? Impact / Resolution Advice [ Notes
Hebrides D7014 Mo
High Seas Firing Mo
Portland Mo
Portsmouth Mo
SWMDA Mo
Shoeburyness Ma
Formidable Shield 17 runs until 197 October
Impact to MAT traffic possible 057-09"
Major Exercises Yes October Check AUP/UUP for details
Joint Warrior 172 runs 02™ October — 127
October — Mo significant impact expected
Irish Activity Ma
CBA1 Mo
Aberporth Ma
Manorbier Yes EGD115A/B notified active Check AUP/UUP for details
Castlemartin Yes EGD1134/B notified active Check AUP/UUP for details
* Military activity predicted &t time of publication and is subject to change *
This is a briefing document — Refer to NOTAM/AIUR/UUP for definitive activity.
Area Time Issue Impact / Resolution Advice / Notes
Captures Deps from Off-loads 4 flights
EGTTJAI / REDFA High LDDU/PLY ZD/LF*/LI*/LS* inbound to EGSS/GW
RRIJAC | 0S40:0700 | ™ s cast demand to EGSS/GW. from JACKO to LYD
Refile via LYD sectar
Captures Deps from
00700 | DTS/LUW High forecest ‘GompEmFD/Ep/ET) | Ofioads S fghts from
RR4DTS 05406700 demlsnd e BZ/LP™ (except to West and Brest W/ K
LEBL/GE/RS/LL/IEB/MH/ sectors
PA/SB/SJ/SL).
Refile via SALCO/west of
Heathrow Operational Overview Section
Impact / Resolution Advice [ Notes

Check during tactical phase

Predictor Uggﬂ L ggu 1 g:gu Low risk of ATFCM measures
vI:reut:It:ctedd CPT Due to forecast NAT tracks a CPT SID bias
NATE'IF:ra:FliJ; SID iz forecast for Oceanic departures

Check during tactical phase

Airport Issue Im Resolution Advice / Notes
Runway Configuration Dual runway op.eratlon'.-: are possible for the first
EIDW ratation subject to weather Check during tactical phase
Runway closure dus Runway 10/28 unavailable 2200-0400
scheduled maintenance | Mon — Friday on an ad-hoc basis until April 2018
Runway scheduled Runway 07/25 closed, but subject to 40 minute ) ) .
EGAA maintenance availability notice 2200-0400 until 30" Novermber Check during tactical phase
Runway closure due Runway 05R/23L closed overnight 2130-0500 ) ) "
EGCC scheduled maintenance until 05" October Check during tactical phase
Runway 08/26 subject to 20 minute availability
EGGW Runway scheduled Sund ny nztlce%ﬂdiﬂ 13" August Check during tactical phase
maintenance Sunday and Mancay fnarmings fram Haus NOTAM A2582/17
until 57 NMovember
ATFCM may be applied tactically
Runway 0BR/Z6L closed overnight
06 Sep — 28 Oct 2200-0430
Runway closure due 29 Oct — 05 Nov 2300-0530
iy - 06 -10 Nov 2230-0600 ) )
EGKK scheduled maintenance 1-12 I:Jj;\; 9300-0530 Check during tactical phase
13-17 Nov 2230-0600
18 Nov — 22 Dec 2300-0530
Runway 26R/08L in operation during closures
Runway 08/24 closed overnight
Runway closure dus 07-08 Oct 2215-0430 ) )
EGPH scheduled maintenance 14-16 Oct 2215-0430 Check during tactical phase
21 - 23 Dct 22150430 (Spars)
Runway closure due Runway 04/22 unavailable 2345-0445 Sunday ) )
EGSS scheduled maintenance and Monday maornings from 01-17 October Check during tactical phase
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NAT Track

== Strong Atlantic jet stream may result in early arrivals
NTFSR (Fuel Saving Route) Closures:

Jet plan Track Images:

= — e, = Eastbound:
i | httpz'www.jetplan.com/tda/east himl

i

T "~ Westbound:
— _ htip/fwenw jetplan comytda/west hitmi
o
General Information
UK/ reland:
Europe:
Erest:

FL7RVK has been applied 0630-0730 capturing flights departing EGFF, EGGD, EGTE, EGHH, EGHI, EGKE, EGLL not allowed
via sector LFRRVKLU. File below FL355 until KEREB/ERWAMN/NOWAN/KORER.

FLTRQXU has been applied 0540-0700 capturing traffic departing EGEVV, EGHL, EGKE, EGKE, EGLC, EGLF, EGLK, EGLL,
EGMC, EGTD EGTF, EGTO, EGVD & EGWU not to route via QXU sector. Refile below FL355 until clear of the sector.

Bordeaux:
FL3EL4 has been applied 0600-0720 capturing traffic departing EGGW, EGHL, EGKE, EGKE, EGLC, EGLF, EGLE, EGLL,
EGMC, EGTD EGTF, EGTO, EGVD & EGWLU. Refile below FL365 until clear of Bordeaux L4 sector.

For full details of the latest European Metwork Plan, see the Network Mews on the NOP Portal:

Thu 05 Oct Nil

Fri 06 Oct Western Radar closure — 1315 1715 - NOTAM B1723 refers

Sat 07 Oct EGLC ILS Calibration

Sun 08 Oct EGLC ILS Calibraticn
Mon 09 Oct Western Radar closure — 0730-1145 - NOTAM B1724 refers
Tue 10 Qct Pessible French Industrial Action
Wed 11 Oct Nil

Airspace Capacity Management Specialist +44 (0)1489 612428 or email pretact fmp@nats co uk

LK, FMP Tactical tean +44 (001459 588150
Operational Customer Interface Gateway (OCIG) 02380 401555
Dublin ACC Station Manager. +353 18 144601 / Shannon ACC Station Manager: +353 61 770700
MNATS Customer Website use http/,www customer.nats co uky for the FAS website use hips//wwwi ukirelandfab eu/

THIS OPERATIONAL BRIEF IS FOR GUIDANCE OMLY AND SHOULD ONLY BE RELIED UPON AT YOLIR OWN RISK. TO THE FULLEST EXTENT
PERMISSIBLE BY LAW NATS EXCLUDES ANY LIABILITY RELATING TO THIS OPERATIONAL BRIEF. MATS DOES NOT WARRANT THAT THE
OPERATIONAL BRIEF: (1) IS FIT FOR ANY PARTICULAR PURPOSE; (2] WILL MEET THE USERS’ REQUIREMENTS, OR (3) WILL BE ERROR-FREE.
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Appendli&ummar il necrBbureoxw oRREDI CT

Interviewee: Participant 1

Interviewers: Leo Hoogerbrugge and Flore Wassenberg
Interview date: 16-05-2019

Verified by Participant 1 on: 06-06-2019

What is your function and what are your activities regarding constructing the PREDICT data?
Multiple activities:

1 Manage the DDR process in charge of collecting & processing flight intention data.

1 Monitor the quality of flight intentions and their consistency between multiple sources: departure
and arrival airport slots, schedule data. Investigate inconsistencies and propose corrective
measures

1 Monitor the accuracy of the PREDICT counts.

1 Liaise with data providers sharing flight intentions with DDR

What are the main differences between the DDR2 prediction process and the PREDICT prediction
process?

DDR is general concept which is develop years ago, with introducing SESAR. The problem was that they
only had real time data for next day, and flight plans are only uploaded a couple of hours before take-off,
so these are not available for earlier planning. So their initial concept is to use another traffic flow. The
establ i shment of this process was quite Iliomg. whheyp dtse
information of an airline which gives the intention that a future flight could be conducted. They had not many
choices for the data they could use for this. Either airport slots data or schedule data.

They also receive addition data of airlines. This together is available as flight intentions. For this flight
intentions they use airport slot data (departure and arrival slots collected of more than 175 coordinated
airports in Europe) which are compared to schedules. The airport slot data should be consistent with flight
schedule data. But they experience inconsistency within this. PREDICT is historical data, which is enriched
with route of repetitive flight plan. Sometimes there are airlines that do not work with repetitive flight plan
such as Ryanair. Then they compare historical data with the flight intention based on airport slot of given
airport.

Therefore, PREDICT is customer of DDR flight intentions. The PREDICT traffic demand is available from
the DDR web portal from D-6 to D-1 and from the CHMI/PREDICT. Traffic demand forecast for a longer-
term horizon (D-7 till 18 months ahead) are generated from the DDR2 strategic planning system. It is based
on different algorithmic and simulation capabilities.

How do you determine that there are flight intentions (a flight that will be performed in the future)?
How are you dealing with the unconfirmed flights?

Any information of an airline which gives the intention that a future flight could be conducted can be a flight
intention. This is based on scheduled data, airport slot data, EOBT and EIBT and a snapshot of the night
before with the last received data. For example, if the day of operation is Thursday, a snapshot of the night
of Tuesday is used for the D-1 predict that is made Wednesday. Scheduled data is updated on weekly
basis, while airport slot data is updated on daily basis. DDR monitors the coverage of the collected flight
intention, through regular comparisons between PREDICT counts derived from flight intentions and ETFMS
counts computed from the FTFM.

Unconfirmed flights (historical flights not correlating with an airport slot) are removed from the PREDICT
flight data, when operating from/to coordinated airports where the coverage of their airports slots is sufficient
(above 90% on average). This is the case for Amsterdam Schiphol. Unconfirmed flights from/to Eindhoven
Airport and from/to Rotterdam Airport are kept in the PREDICT.

Which historical flight data do you use?

Historical data of the demand of the same day a week before based on the last submitted flight plans (not
the actual operation) of how the route was filed. But if this day a week before is disrupted which affect the
nominal routes of a large proportion of flights, then there is a procedure executed by the pre-tactical team.
Then they will use instead of using the day a week before, another day in the past is used (often D-14). But
when there is gone more in the past is becomes more challenging to have it accurate. For example, that
the AIRAC cycle is already changed.

Within the PREDICT data, how do you consider special events? For example, if there is already a
reduction in the demand because of an event, how do you consider this for making the PREDICT
for the next day?

KDC-CoE/2019 81



Only special events are considered if they have results in a reduction of airport slots. So it might happen
that special events are reflected in airport slot data. Airports slots are provided to manage demand of the
airport. Every September the slots are provided for the summer season, while every January they are
updated for the winter season. Each day they receive full picture of the whole season regarding slots, if
there is data changed, this is implemented, and the information is updated to keep consistent. However,
special events affecting coordinated airports operation at short notice (e.g. bad meteo conditions) or
affecting not coordinated airports are not reflected in PREDICT (or only partially through ad hoc manual
interventions).

If there are repetitive slots, it means a flight intention. The slot times for Arrival is the SOBT, and for the
Departure it is the SIBT.

Within the PREDICT data, how do you consider the weather forecast (apart of the NAT forecast)?
The impact of the weather forecast is only partially reflected in the PREDICT flight data: only the forecasts
of wind speed is used to adjust the time dimension of the historical 4D trajectories in PREDICT. Exception,
the routes of North Transatlantic traffic are substituted routes best reflecting the UK NATS forecasts for the
upcoming 3 days, respectively for westbound and eastbound flows. When this information is received, some
days are replaced with the new and better information. So, they replace historical routes used in the past
by new ones. This substitution procedure is not applied for other tracks in Europe yet. For other tracks in
Europe only windspeed is considered, not wind direction. This trajectory prediction is based on the historical
flight plans and the already submitted flight plans. Improvements for meteorological data is limited because
of the use of historical data.

Within the PREDICT data, how do you consider general aviation?

General aviation is considered in the PREDICT data if possible with airport slot data, while there is no
scheduled data made for general aviation. For non-coordinated airports (airports that do not work with slots)
they use historical data, but this is often very unreliable because of big variations. They try to remove all
the flights that are not confirmed, unless they are found in DDR slot data. The cleaning of the non-correlating
historical general aviation traffic is applied only to flights liaising fully coordinated airports (Level 3) for which
general aviation airport slots are mandatory. This is the case for Amsterdam Schiphol, however not for
Rotterdam and Eindhoven. For Eindhoven they use scheduled data for the general aviation, for Rotterdam
they take scheduled data as well but do not remove if not confirmed. Additional flights are added if new
found.

Within the PREDICT data, how do you consider runway use?
The runway use is included in planned trajectory of the historical data.

Do you have statistics of the accuracy of the PREDICT data?

The accuracy they give in the presentation is just a global indicator. In the presentation they compare if the
historical data is used pure, compared to historical data that is enriched (the PREDICT data). They did the
analysis for each airport, both departures as arrivals. They use the hourly count per 20 min.

They use the data of the ETFMS, which is based on the FTFM, as the reference. The accuracy is based
on which of the historical data of historical data enriched is closer to this reference. If the accuracy is 90
percent, it means that the absolute deviation is 10 percent on average between the reference hourly traffic
counts and the PREDICT hourly counts, computed for the sum of the hourly counts. There is a lot of
variation in the traffic at Rotterdam and Eindhoven, so the accuracy is lower (Graph 24).

105

PREDICT D-1
With DDR data

Historical data (D-7)

ETFMS D day

}M hist counts

Graph 24. Hourly count comparison Rotterdam Airport arrivals of 26-04-2019 (Eurocontrol, 2017)

When the historical data is enriched with DDR data, this data keeps more stable during the time, while
historical data only has some drops during the time (Graph 25).
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Global accuracy comparison, per flow, for all EUACA L3 coordinated airports
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Graph 25. Stability of the accuracy during time (Eurocontrol, 2017)

The accuracy of the hourly count for the departure is better than arrivals, because departures are mostly
aligned with the Scheduled Off Block Time of the slots, while the within the arrival time because the airlines
try to use a buffer to ensure the aircraft arrives on time. Accuracy of arrivals visualised in Graph 26 and
accuracy of departures visualised in Graph 27.

PREDICT Historical data (D-7)
With DDR data

N\ @\
s / ETFMS D day i
FTFM hist counts ™

e It T R R R R
Graph 26. Hourly count comparison EHAM arrivals of 26-04-2019 (Eurocontrol, 2017)
20
PREDICT D-1
B With DD data  Historical data (D-7)
N
60
45 \
30 3 j
ETFMS D day
i FTFM hist counts
, o~
134 E R R TR R R R R H T
Graph 27. Hourly count comparison EHAM departures of 26-04-2019 (Eurocontrol, 2017)

The graphs given in the presentation are not available anymore for the days analysed in the D-1 trail,
because t he yhedom ofddys earbevtiean 30 days.

In what way are you using the PREDICT data yourself?

The main goal for them is to monitor the quality of the forecast. They are doing this because they are
involved in a SESAR project, where it became important to have pre-tactical planning. Currently they are
trying to develop this and find partners because they are aware that there is room to improve, but the need
specific elements to improve. This input should come of local institutions. Expectations of the local
institutions are that is keeps better, but therefore everyone should align their planning with each other.
Preliminary flight plans should be a good idea for improving the PREDICT data. Eurocontrol want to develop
more cooperation, Eurocontrol likes to know what the results are of the D-1 prediction thesis. They like to
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have a good evolution of the concept, but nobody seems very keen for providing new
information/algorithms, etcetera. However, a better forecast would help the coordination/operation.
Eurocontrol wants to be sure to be consistent because of the different airports they work with.

Some challenges and areas for improvement Eurocontrol faces regarding the quality of the flight intentions

are:
f

Information consistency between sources.

The consolidation per flight of different data sources (departure and/or arrival airports slots and
schedule flight data) may reveals some inconsistencies and contradictive timing information. The
goal is to develop and automate processes to detect and correct such inconsistencies. This process
still requires manual corrections for the most complex cases. Inconsistent data has a direct input
on the quality of the generated traffic forecast.

Accuracy, coverage and updates of the flight intentions.

Another challenge is the coverage of collected flight intentions. The current coverage is around 80
percent of the traffic, on average. However, specific traffic flows liaising non coordinated airports
are missing and the anticipation of the general and business aviation traffic remains limited to flights
liaising fully coordinated airports. The goal is to expand the coverage and the update cycle of
collected flight intentions, to increase the network awareness traffic demand changes in the last
two day prior to departure.

Improve the accuracy of the forecast trajectory & en-route demand.

Early submission of flight plans is encouraged to solve limitations of using historical route data in
PREDICT. Concepts of pr el i mi nary f 1l i ght pl an €8 hpoursPdridr o
departures) and Shared Business Trajectory (currently under development in the SESAR context)
are expected to improve the predictability of traffic demand forecasts during the pre-tactical phase.
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Pre-determined questions

How do you make a prediction a day before the operation and what is the input for this?

What are you doing with the prediction?

What is within this prediction, capacity, demand, or more?

What are the inputs for this prediction? Weather, capacity of LVNL, special events, infrastructure Schiphol
Airport?

What are the benefits for making this prediction?

What is already known of the D-1 project within LVNL at KLM and what might be the influence of D-1
prediction on the KLM operation?

Summarized interview KLM

Interviewee: Menno Rigter, Duty Manager Operations
Interviewer: Flore Wassenberg

Interview date: 05-06-2019

Verified by Menno Rigter on: 06-06-2019

Current situation

DeDuty Manager Operations ( DMO)geny tegeh aan lopen, af ertvluchtend s a an
geannuleerd moeten worden en welke vliuchten dat dan zijn. Om 09:30LT gaat de flow coérdinator van

KLM naar de luchtverkeersleiding, om informatie over de capaciteit van die dag te verkrijgen. Alleen als er

echt naar gevraagd wordt, dan wordt er iets aangegeven van wat de luchtverkeersleiding verwacht voor de

capaci t eit van morgen. DMO hoort dan vaaknhetivéeekannbgs nog
verandereno, waardoor KLM wei kanwgel opmié ioformmetie insgelervweamtk r i j gt
dat het nog kan veranderen dat weet KLM ook. KLM kijkt LVNL er echt niet op aan als het net iets anders

wordt.

Met de normale capaciteit doet de DMO niet veel. DMO is voornamelijk geinteresseerd in gereduceerde
capaciteit, want dat heeft invioed op hun operatie. Als capaciteit significant gereduceerd wordt, zoals
inbound onder de 44 dan wordt de operatie minder haalbaar en dient er een plan te komen om het weer
haalbaar te maken. Er zijn een aantal situaties mogelijk om een sectorbriefing aan te vragen (met KNMI,
AAS, LVNL en KLM). Hierin wordt het weer en capaciteit van de verstoorde dag (meestal morgen)
besproken. Het aanbod wordt dan nog niet besproken. Wat er in een sectorbriefing besproken wordt en de
manier waarop er gesproken wordt, zou KLM eigenlijk elke dag willen zien. De output van de sectorbriefing
is input voor de scenario briefing die gemaakt wordt binnen KLM. De scenariobriefing is een briefing
voorgezeten door de DMO voor de afdelingen in het OCC zodat iedereen dezelfde info heeft en bekend is
met het te maken plan. Men heeft daarbij ook invioed op het te maken plan. De DMO maakt op basis
hiervan het plan finaal. De informatie van de sectorbriefing wordt ingevuld in een tool die dan aangeeft of
de operatie nog haalbaar is voor KLM of dat er gesneden moet worden in het netwerk.

KLM wil de vertragingen gemiddeld genomen liever niet boven het uur. Indien er een vertraging van
dergelijke omvang ontstaat dan loopt dit nog de hele dag door, omdat er weinig marge zit tussen de ene
vlucht en de volgende vliucht met hetzelfde vliegtuig. Het probleem schuift op en komt aan het eind van de
dag. Intercontinentale (ICA) vluchten laten ze zo veel mogelijk op hun schema staan. De passagiers die
morgen landen op Schiphol mogen geen last hebben van het weer van vandaag. Voornamelijk Europese
vluchten worden vertraagd of geannuleerd. Als er verstoringen zijn op Schiphol, dan verstoord dat
voornamelijk het netwerk van KLM.

De flow codrdinator heeft de data van Eurocontrol wat is gebaseerd op een week geleden. Het aanbod van
de volgende dag kan hij nog niet zien. Meestal kijken ze dan een week terug op dezelfde dag voor een
verwachting. KLM-aanbod weten ze precies.

Runway tool

De DMO gebruikt de tool: Runway, om een dag van tevoren te bepalen of er vluchten vertraagd of
geannuleerd moeten worden. In de tool moet de inbound en outbound capaciteit per uur ingevoerd worden.
Als de capaciteit gereduceerd wordt, kan deze handmatig ingevoerd worden. Ook is het mogelijk om de
voorspelde capaciteit te laden vanuit de AFOS-tool. Door middel van Load from AFOS wordt de verwachte
capaciteit in de tool geladen, inclusief de weersverwachting met het baangebruik. Deze hoef je dan niet
handmatig in te voeren. De DMO maakt naar aanleiding van de Schiphol Kans Verwachting voorspellingen
van de capaciteit indien er geen capaciteit bekend is van de LVNL. Deze capaciteit wordt dan met meerdere
mensen gedeeld en afgestemd. Na het invoeren van de capaciteit in de tool, kan de tool gerund worden en
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dan komt het systeem met annulerings- en vertragingsvoorstellen. De tool houdt rekening met KLM en
buitenlandse maatschappijen (BM). Er zit een algoritme achter wat de vertragingen en annuleringen
voorspellen. BM gaan pas heel laat annuleren. De output van de tool zijn mogelijke annuleringen in
aankomst en vertrek met daarbij om welke vluchten het gaat en in welk uur deze annuleringen moeten zijn.
Ook mogelijke vertragingen (in minuten) worden aangegeven en in welk uur deze nodig zijn. Als de
vertragingen hoger zijn dan 70 minuten, dan komen er annuleringen. Annuleringen, met daarin het aantal
vluchten, tussen welke tijden en welke vluchten, worden voorgelegd bij de afdeling crew en commercie.
Transavia, Air France en Delta kunnen ze ook in de tool zien. Transavia kan geinformeerd worden door de
DMO van KLM. Ook de DMOs van AirFrance en Delta worden door de DMO geinformeerd. Vaak als KLM
gaat annuleren, kunnen de andere vluchten doorgaan. Indien deze vluchten niet vol zitten kunnen KLM-
passagiers overgeboekt worden op een van deze maatschappijen.

Input over het aanbod komt van het spoorboekje van Schiphol. Hier zitten geen cargo en zakenjets in,
omdat dit allemaal ad hoc is. Weer zit alleen in de capaciteit die wordt ingevoerd maar niet in het algoritme,
verder zitten special events en infrastuur van Schiphol er allemaal in. Indien LVNL geen capaciteit afgeetft,
dan zal de DMO zelf op basis van de aanwezige informatie de capaciteitsverwachting maken. Verder zit
voornamelijk in het algoritme van de tool de crewconnecties en werktijden en commerciéle informatie, maar
ook vlootcapaciteit, reserves, kostenmodel. Slot informatie is (nog) niet meegenomen.

Relevance of D-1 for KLM

De DMO wil eerder de capaciteit weten en ze merken dat deze capaciteit heel erg afhankelijk kan zijn van
de luchtverkeerleider (supervisor) op dienst. KLM snapt dat het afhankelijk is van het team
luchtverkeersleiders waar je mee zit, maar ook dat is van tevoren al bekend. Met hetzelfde weersbeeld
worden er nu verschillende capaciteiten aangeboden door de LVNL. Door middel van AFOS hoopt de DMO
op meer consistentie doordat bij dezelfde weersbeelden dezelfde capaciteit wordt afgegeven. Als ditzelfde
weerbeeld dan voorkomt dan zou er ook dezelfde capaciteit als de vorige keer afgegeven moeten worden.
Dit zou moeten zorgen in meer consistentie in de afgifte van capaciteit.

De DMO is op zoek naar meer proactieve sturing voor de dag van morgen. Het liefste willen ze in de
ochtend van D-1 weten wat de capaciteit wordt, omdat ze dan een plan kunnen maken. Om vluchten te
annuleren moet je dan op tijd weten, want als je ICA vluchten nog wilt kunnen omboeken, dan moet je
vroeg zijn. De huidige capaciteitsforecast gaat niet zo ver, namelijk maar 3 tot 4 uur vooruit.

De DMO heeft het idee dat het beeld van het effect van capaciteitsreductie voor een airline bij LVNL niet
altijd hetzelfde is. Het is belangrijk dat er meer als sector geopereerd wordt. KLM is op zoek naar
consistentie en informatie over de capaciteit en het is LVNL als enige die deze informatie kan verstrekken.
Verkeerde informatie kan niet, want ze snappen dat omstandigheden nog kunnen wijzigen. Het is wel
vervelend als er vluchten geannuleerd zijn, terwijl het weer uiteindelijk helemaal niet zo slecht is maar ook
dat is het weer. Bijvoorbeeld bij onweer, dan kan het zijn dat het net langs Schiphol gaat en je er toch geen
last van had, alhoewel dat niet altijd iets zegt over aan en uitvliegroutes. Maar dat begrijpt de DMO ook en

ze hebben 06Just Cul t ur e nte is o &outen teimakery, mits gee met expaes of e r

ondoordacht zijn gemaakt. Ze moeten er ook van leren. Ze willen liever iets wat met goede argumenten is
afgegeven en wat later anders wordt, dan niets. Het zou fijn zijn als de kans aangegeven wordt van de
gereduceerde capaciteit.

De DMO is bekend met het D-1 project wat loopt binnen LVNL en zijn daar blij mee. Ze hopen dat hiermee
LVNL eerder met de informatie komt dan wel het mogelijk wordt om gezamenlijk de dag van uitvoering aan
te vliegen.
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