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1 INTRODUCTION 

D2.2 consolidates through different data mining activities the theoretical work performed regarding 
the ATM resilience in the first work-package and the technical description of the resilience data sets 
and scenarios provided in D2.1. 

The final objective of D2.2 is to analyse through data science tools the impact of different real 
disturbances on the ATM system, preparing this way the path for the Resilience metrics analysis and 
multilayer representation in WP3. To achieve its objectives the current document and research 
activities have been structured in the following way: 

• Description of a set of scenarios and resilience ATM indicators, which are related to the impact of 
the different disturbances on the system. To this end, disturbances are presented together with 
the data sets that will be used to analyse the impact of the event on the system. Thus indicators 
will measure this impact. Further indication about the properties and sources of the different data 
sets were already provided in depth within the Deliverable D2.1. 

• Presentation of the analysis that will give figures on the impact of the disturbances on the most 
representative European air transport elements: airports, sectors and so on. 

In order to achieve these goals a twofold analysis will be performed: 

• micro analysis to analyse the impact of disturbances on particular airports 
• macro analysis to analyse the propagation of the delays along the system. 

There will also be explanation and analysis of the way in which the macro and micro view affect the 
way in which indicators are calculated for the different analyses. 

1.1 Purpose of the Document 

This document contains an analysis of the influence of the defined disturbances in a selection of 
European airports and sectors. The patterns will be extracted making use of the latest data science tools 
analysing the following data sets: ALLFT+, METARs, ACC Headlines and DDR . For the analysis, different 
delay indicators of interest have been defined to analyse how different disturbances affect the behaviour 
of the system. 

This deliverable consolidates the work performed in activity 2.2 within WP2.2. Concretely, the following 
actions have been carried out: 

• A set of disturbances has been defined 
• A deep analysis of the data sets available has been performed to understand the data that can be 

used to extract patterns that explain the delays 
• A set of suitable air transport elements (airports, sectors, etc.) have been firstly selected taking 

into account the quality of these data sets and indicators of delay have been defined. Having 
reviewed the indicators two kind of analysis have been performed 

o A micro analysis aiming to extract patterns in each particular airport 
o A macro analysis which aims to see the delay propagation in the network of airports and 

sectors 

The final objective of this study is to analyse how each of the proposed disturbances affect the behaviour 
of the ATM system and the selected airports. Additionally, the identification of common procedures 
provided by these tasks will allow definition of the basics for the services that will be designed in D2.3. 
Besides, the obtained figures of merit will be used to help the tasks to be carried out within WP3, 
especially for the resilience metrics that will be tackled in D3.2, as well as to evaluate the results in the 
proper terms, helping the validation through support to WP4. 
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1.2 Background 

The Resilience2050 Project was launched in June-2012. Resilience2050 represents a new approach of 
balancing the features efficiency and resilience for complex systems, keeping safety as an unalienable 
property. To achieve this goal it aims at analysing the patterns that describe the resilience behaviour of a 
system. This objective will be achieved by performing a full-scale integration and analysis of existing 
databases from the European traffic data repositories. The study will be complemented by an analysis of 
delay propagation in the system. 

As stated by the EUROCONTROL in the Performance Report, airports as the key points in the air transport 
system remain as the main source responsible for capacity issues. Different disturbances can affect the 
performance of the system, in turn affecting the timing.  Suitable responses of the system on changes 
caused by these disturbances results in less cancelled flights and delays. This is the reason why, from the 
resilience point of view, the finding of such suitable response is crucial for increasing  efficiency of 
operations and decreasing delays at an airport. 

As a necessary step for decreasing delays it is essential to identify the key points in the processes where 
service is affected and define relevant indicators to measure them. 

It is intended to obtain at the end an initial approach to standardizing the procedures that are required to 
analyse data of airports across Europe. The results will provide a framework to investigate the resilience 
of the system towards a set of disturbances. 

The goal of this WP is to extract patterns from the ATM data and to, on the one hand, be the input for a 
conceptualization of resilience in aviation, and on the other, provide a framework for future analysis of 
aviation data. In order to extract patterns from the available ATM data set, WP2 identifies and selects 
certain disturbances and analyses the effects on a set of airports based on a set of predefined indicators. 
These will be used to set the basis for the future analysis of other disturbances on other airports.  
Moreover, a macro analysis of the delays has also been conducted wich offers a complementary 
evaluation of the resilient behaviour of the system by studying the  propagation of the delays.  

D2.2 is subdivided in two work items: macro and micro analysis, whose consolidation is the purpose of 
this document. 

Consequently, the Micro analysis will deal with: 

• Delay generation caused by 
o Configuration changes 
o Weather disturbances and sudden changes 
o Staffing problems 
o Visibility problems 

• These factors all lead to delays for each flight: 
o Delay at taxi to take-off 
o Delay at en-route 
o Delay at landing 
o Delay at taxi to gate 

This will make it possible to define the main indicators that will be taken as basis for pattern extraction. 

On the other hand the Macro analysis will deal with: 

• Propagation of delay across the European airspace network 
• Delay generation from source which is the departure airport 
• Delay propagates with potential decrease/increase at each sector 
• Delay realization at the sink which is the arrival airport 
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1.3 Structure of the Document 

This document consists of sections: 

• Section 1 presents an introduction, including the purpose, the background and the structure of 
the document. 

• Section 2 describes the disturbances chosen in addition to the indicators to measure the impact 
of those disturbances 

• Section 3 presents the list of European elements (airports, sectors etc.) that will be used to 
perform the analysis 

• Section 4 describes the data sets that have been used for the analyses, 
• Section 5 presents the micro analysis 
• Section 6 presents the macro analysis 
• Section 7 presents the main conclusions 
• Section 8 presents the list of reference documents. 
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2 Disturbance scenarios 

2.1 Introduction 

As defined in D1.3, resilience is the ability of a system to respond on a disturbance within a time horizon 
by transient perturbation, i.e. the system is resilient against the disturbance over the considered time 
horizon; is relative to the specified reference state of the system and to a particular disturbance. In other 
words, resilience is the ability of a system to come back to the reference state within the 
given/predefined time horizon (acting by perturbation to prevent and/or to compensate changes in the 
system) after some disturbance occurs.  

In this document and the corresponding data mining activities involved for its preparation, the 
Resilience2050 consortium has concentrated on analysing patterns from real data flights that can help 
analysing the resilience of the Air Traffic System, this is to say, how the system reacts in the presence of 
certain disturbances. 

Air traffic management (ATM) [1] is about the process, procedures and resources, which come into play 
to make sure that aircraft are safely guided in the skies and on the ground. Air traffic 
management is composed of a number of complementary systems: 

• Airspace management [2] 
• Air traffic flow and capacity management (ATFCM) [3] 
• Air traffic control (ATC) [4] 

These systems together, ensure that flights are safe and punctual. We will concentrate on punctuality 
and will extract patterns that help predicting and describing how certain disturbances produce delays and 
whether these delays can be absorbed by the system. 

However prior to pattern extraction it is mandatory to understand the main factors that affect the system 
behaviour. In our case we will have to analyse the elements that prevent the aircraft from being punctual 
and analyse the available data to describe the behaviour of the system. Consequently, in what follows we 
describe in deep the problem of delays in European airports for the year 2011 that corresponds to the 
period from which the data is available. 

2.2 Delays in European airports in 2011: main factors and airports 
involved. 

As an introduction, and in order to compare the results taken from the data science activities done for 
this deliverable, the report [5] of Eurocontrol CODA on causes of delay in 2011 is briefly described in this 
Section. In this report, the main results for the year 2011 showed a similar trend than those of the year 
2009. These are: 

• The average delay per delayed flight for departure traffic from all-causes of delay was 28 
minutes 

• The percentage of flights delayed (by 5 minutes or more) decreased to 37% 
• The percentage of flights delayed by more than 15 minutes on departure was a 18% 
• The average delay per delayed flight for arrival traffic from all-causes of delay was 29 

minutes 
• The percentage of flights delayed on arrival (by 5 minutes or more) was 36% 

Moreover, it was established that most of the causes for the high delays of this year were due to weather 
and strikes problems. The report also mentions the following main causes for delay: 

• Weather Delays: 
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o In January and February, mainly weather delays were observed, with Frankfurt and 
Heathrow being particularly affected by snow, high winds and low visibility. 

o During summer, the Frankfurt airport suffered from airport delays, alongside 
Heathrow and Munich. An increase in weather related delay minutes was seen in 
June. In August weather also affected Heathrow, Paris, Zurich and again Frankfurt. 

o December saw significantly lowers delays when compared to cold weather of  
December 2009 and 2010. However, cold weather delays were still experienced in 
Heathrow, Amsterdam and Geneva. Munich and Istanbul suffered from snow during 
the month. 

• Air Traffic Control Delays: 
o Capacity delays in Spain, Canaries and Greece affected delays in July. Summer 

seasonal airports saw an increase of the delays, particularly in Palma and Madrid. 
o Delays in Cyprus as a result of aircraft re-routing to avoid Greek airspace. 

• Airport Delays: 
o In June a new control tower was implemented at Frankfurt with a slight increase in 

delays. 
o September saw strikes in Italy and Greece, with high delays at Athens and Rome 

airports. 
o Warsaw airport was closed for two days following an aircraft incident that blocked its 

runway on the 1st and 2nd November. 
• Airspace Disruptions: 

o March saw the start of the events in Libya with a no-fly zone being enforced, the 
main effect being on traffic flows in the region, rather than a direct impact on delays. 

o  A smaller volcanic ash disruption in Iceland (Grimsvotn). The main effect of this 
being in aircraft re-routing to avoid temporally closed airspace in Germany and 
northern UK. 

o Industrial action in France, Greece and Italy occurred in May. 
o Summer and autumn saw severe social tension and industrial action in Greece. 
o There was also a strike in Portugal on the 23rd and 24th November, the main effects 

of this action were in flights re-routing and cancellations. 

The following figures (taken from the mentioned report) show the main causes of delay: 
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It is also interesting to analyse the top departure delay airports and the causes of delay in this airports: 
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Madrid Barajas saw the highest average delay per flight due to en-route delays and airport capacity. 
Lisbon was affected by arrival airport delays at other EU hubs, as well en-route delays in Spain. Palma 
suffered particularly in the summer holiday peak months from airport capacity related departure delays 
and en-route delays in Barcelona and Marseille. Manchester saw delays from arrival restrictions at the 
major hub airports as well as seasonal leisure destinations. Paris CDG experienced high proportions of 
airline related delay. Frankfurt suffered from weather delays. 

To end with the preliminary analysis of causes of delay we analyse the delays in arrivals at the top 20 
airports, and the causes for the delay: 
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Madrid experienced high shares in reactionary delays, with flights suffering from a build up of delay 
during the day impacting later flights. Istanbul ranked 3rd, following airport capacity problems. Weather 
delays in Frankfurt are prominent, with this airport being affected by weather delays throughout 2011. 

We summarize the main causes of delay for the period in which we aim to extract patterns: 

March: 

• Wind and low visibility Canary Islands, London airports, Frankfurt, Oslo. 
• ATC capacity and staffing Madrid ACC and Barajas. 
• Political unrest in Tunisia and Egypt: Minimal effect on delays. 
• Istanbul Ataturk: Airport capacity delays. 
• Libyan airspace closed: Minimal effect on delays, Malta ACC modified route structure, and 

military activity. 

April: 

• ATC capacity delays in Spain. (Madrid, Canary Islands and Barcelona). 
• Oslo Gardermoen new ATC implementation system. 
• Thunderstorm activity, wind and low visibility affected Gran Canaria, Frankfurt, Barcelona, 

Madrid and Zurich. 
• Istanbul Ataturk aerodrome capacity delays. 

May: 

• ATC capacity delays in Spain. (Madrid, Barcelona). 
• Industrial action: Greece (Athens) 11th and France 31st May. 
• Thunderstorm activity, wind and low visibility affected Frankfurt, Madrid, London Heathrow, 

Munich, Oslo and Geneva. 
• Istanbul Ataturk aerodrome capacity delays 

June: 

• ATC capacity delays in Spain. (Madrid, Barcelona). 
• Thunderstorm activity, high winds and low visibility Frankfurt, Madrid, London Heathrow, 

Munich. 
• Frankfurt: New control tower implementation (13th & 14th June) 
• Industrial action: Greece (28 & 29th June) 

July: 



 
D2.2 Description of the ATM patterns and insights discovered 

 

Page 14 of 209 
 

• Heathrow, Frankfurt, Munich and Amsterdam were affected by thunderstorms, high winds 
and low visibility. 

• Airport capacity related delays at Palma de Mallorca, Istanbul. 
• Helsinki runway resurfacing in progress. 
• ATC capacity and staffing delays Madrid, Barcelona, Canarias ACC, Nicosia, Athens, Warsaw 

and Makedonia. 

August: 

• Amsterdam, Frankfurt, Heathrow, Paris and Zurich were affected by thunderstorms, high 
winds and low visibility. 

• ATC capacity and staffing delays Athens, Madrid, Barcelona, Canarias ACC, Langen, Marseille, 
Nicosia, Athens, Warsaw and Makedonia. 

• Airport capacity related delays at Palma de Mallorca, Istanbul and Kos. 

September: 

• ATC industrial action: Italy (6th Sept) Greece (22nd Sept) 
• Amsterdam & Heathrow: Thunderstorms, high winds & low visibility. 
• Frankfurt: Weather and ATC capacity delays. 
• Madrid and Athens: Airport ATC capacity delays. 

October: 

• ATC Industrial action: Greece 4th & 5th October. 
• Athens, Amsterdam, Antalya, Heathrow, Faro, Istanbul, Madrid & Zurich: Airport capacity 

delays. 
• Frankfurt: Weather (strong winds, low cloud ceiling and occasional thunderstorms) ATC 

capacity delays were also recorded. 

November: 

• Warsaw airport: Aircraft incident airport closure 1st and 2nd November. 
• ATC Industrial action: Portugal 23rd and 24th November. 
• Low visibility and strong winds: Amsterdam, Frankfurt, Heathrow, Munich. 
• Weather delays affected airports: Munich, Vienna, Amsterdam, Milan, Zurich, Berlin Tegel. 
• Implementation of new noise abatement procedures in Paris ACC. 
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To end with delay analysis in 2011, we show, according to the report, the busiest pairs of airports in 
2011: 

 

2.3 Description of disturbances 

Having understood the delay problem and the main affected airports the following task is to concentrate 
on a set of airports and disturbances to examine any pattern that describes how the disturbance affects 
the performance of these airports. 
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Airport selection will be made in the airport selection section, while we concentrate for the rest of this 
section on a deep analysis and description of the disturbances. The patterns invoked by these 
disturbances will be analysed at the selected airports and enroute. 

The first task is to define the scenarios and disturbances whose impact on the system will be analysed. 
This serves as a basis for the pattern extraction. Two main considerations have been taken into account 
when deciding the disturbances to be analysed: 

• Availability of data to be used for pattern extraction 
• Disturbances known to be as the main causes of delay 

Consequently, taking into account the major delay sources and most common disturbances, the next 
table summarizes the scenarios that will be further analysed to extract patterns that will describe the 
behaviour of the system: 

Scenario # Scenario title Description of the disturbance 

RES2050.SC01 Delays due to 
changes in the 
airport 
configuration 

Analyse the possible increase in the delays at take-off and 
landing due to a change in the runway configuration of 
airports. Configuration changes are often required in order to 
avoid an excess of the tail wind during take-offs and 
landings. Therefore, the active runways and configurations 
are chosen according to the evolution of the wind and the 
necessary tailwind constraints. In addition there are other 
operational reasons and constraints that could lead to a 
runway configuration change that will also be studied. 

RES2050.SC02 Delay 
generation due 
to staffing 
problems at one 
airport 

The absence of some of the airport staff due to several 
causes like large-scale events such as strikes can introduce 
several delays in the flights that are managed by an airport. 
The objective of this task is to quantify the increment of the 
delays that could arise when an airport is operating under 
these circumstances. 

RES2050.SC03 Delays due to 
bad weather in 
the airport 

Analyse the possible increase in the delays at take-off and 
landing due to bad weather at the airport. Bad weather 
conditions can have an important impact on the delays of 
the flights, from local re-routing (e.g. for avoiding small 
regions of convective weather), up to complete cancellations 
due to extreme events. The objective of this task is to 
identify airports in which extreme weather conditions where 
happening and analyse the delay that was produced because 
of this reason. 

RES2050.SC04 Delays due to 
problems of 
visibility at the 
airport 

Bad visibility as a major aspect of bad weather at airports 
can either prevent aircraft to land and to take off or cause 
delay due to higher separation levels. Problems of visibility 
occurring at the airport for the period under analysis will be 
found and the delays it causes will be computed. 
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In all the aforementioned described scenarios the main goal is to analyse whether the delays (if any) are 
due to any of the disturbances of the system are significant compared to periods in which the disturbance 
does not occur. 

With all this information and given the scenarios that have been described the goal will be the 
establishment of models that will help to predict if the delay that will be produced at a certain airport, 
following a a distinct disturbance, is significant. 

As described in D1.3 deliverable of the Resilience2050 project, the system reaction to a disturbance 
during the given/predefined time horizon can be one of the following states: 

• Lethal stress, which implies "Modification of the system" 
• Survival stress, where the system can act either by 

o Permanent perturbation, which leads to "New reference state of the system" 

or by 

o Transient perturbation, which means "Resilience of the system" 
• No stress, which implies "Robustness of the system" 

In the following deliverables D3.1, D2.3 and D3.2 the multilayer representation of these disturbance 
scenarios and their corresponding metrics and interrelations will be tackled. In this context the current 
D2.2 deliverable material only deals with the data science material and the direct patterns extracted from 
the data repositories in the corresponding scenarios. 
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3 Airport Selection 

3.1 Introduction 

Once having established the scenarios and disturbances that evoke patterns of the system behaviour, the 
following step is to establish the specific set of airports selected. 

The microanalysis and some part of the macroanalysis will require this previous exercise, and for that 
reason this section is separate from the microanalysis chapter. 

The airport selection process will choose the biggest European airports for which available data is of 
sufficient quality and delays have been reported due to the disturbances that have been chosen. 

The rest of the section describes the main criteria to select the airports that will be the main output of 
this process. 

3.2 Criteria for the selection of the airports 

In the data understanding Section we will observe that, for the period under analysis (march 2011-dec 
2011), there is information available of a total of 8.551.849 flights departing or arriving from 3086 
airports. 

From the total number of airports, around 2000 are European airports (1958 arriving, 1965 departure). In 
terms of the flights under analysis, 7.138.946 flights arrive to European airports and 7.126.839 depart 
from European airports. These data are consistent with Eurocontrol data [6] in which it is said that 
Eurocontrol processes and distributes up to 35,000 flight plans a day, spread over 544 major airports and 
a number of small airfields. In 2011, Eurocontrol managed about 9.9 million flights. Taking into account 
that in the period we have for analysis 3 months of 2011 are missing the data looks to be consistent.   

In order to extract valuable patterns, a proper set of airports has been selected. The criteria to choose 
those airports has been: 

• To represent high amount of European air traffic 
• To have consistent and quality data for all the different scenarios and disturbances that may 

apply to them 
• To be geographically spread all over Europe 

3.2.1 Analysis of traffic 

We analyse airport traffic with the figure: flights departing from and/or arriving to airports. 

From the available data of the ALLFT+, the 25 airports with highest traffic are represented in the 
following diagram (they sum 2 917 217 flights) 
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The following figure represents the 40 airports with the highest traffic. They cover a total of 3 752 808 
flights, around a 50% of the whole traffic for the selected period. In the following image it is represented 
the corresponding percentage that each airport handles from this 50%. 

 

 

3.2.2 Quality of Data 

Another important aspect to choose the representative airports that will be finally chosen is the quality of 
the available data. The conclusions after the data analysis performed indicate that the quality of the 
available data for certain airports makes it unacceptable to select them for the analysis. This is the case, 
for example, for airports such as: EHAM, LIRF, LSZH or EKCH, that, even having these airports a 
considerably amount of traffic, the quality of their data hampers the analysis for the period under 
analysis.  
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3.2.3 Physical coverage 

Finally, the third criterion that has been used is to have a proper physical coverage of the European air 
space. 

3.3 Selected airports 

The following list displays the selection of representative airports under analysis for the rest of the 
deliverable: 

• EGCC 
• EGLL 
• ENGM 
• EDDT 
• EDDL 
• EDDF 
• EDDM 
• LEMG 
• LEPA 
• LGAV 
• LFPO 
• LPPT 
• LEBL 
• EBBR 
• LFPG 
• LEMD 

The following table shows the number of flights for the 25 airports of highest traffic in terms of number 
of flights. It is remarkable that 5 out of the 6 biggest airports have been selected, and also 10 of the top 
15. The table also shows the reasons behind discarding the airport for further pattern extraction, being 
this either: 

• Not having enough number of flights in comparison with the reported number of flights. This is 
the case for example of Istanbul airport reporting much more flights than the flights available in 
the ALLFT+ data set 

• Not having enough information for the analysis of the proposed disturbances. We will analyse this 
fact deeper when analysing each disturbance but, in any case, the reason for this can be either 
not enough or incoherent radar point information. 
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Airport #flights %  Selected 
LFPG 209432 2,9 YES 
EDDF 197714 2,8 YES 
EGLL 191417 2,7 YES 
EHAM 179199 2,5 NO possible to establish rwy 

change. DISCARDED 
LEMD 174761 2,5 YES 
EDDM 166880 2,3 YES 
LIRF 134538 1,9 NOT enough information of 

flights. DISCARDED 
LTBA 128211 1,8 NOT enough information of 

flights. DISCARDED 
LEBL 126848 1,8 YES 
LSZH 110947 1,6 NO possible to establish rwy 

change. DISCARDED 
LOWW 109408 1,5 NO possible to establish rwy 

change. DISCARDED 
EGKK 103841 1,4 NO possible to establish rwy 

change. DISCARDED 
EKCH 103543 1,4 NO possible to establish rwy 

change. DISCARDED 
EBBR 95014 1,3 YES 
LFPO 94462 1,3 YES 
ENGM 92623 1,3 YES 
EDDL 92421 1,3 YES 
LEPA 84565 1,2 YES 
LIMC 79457 1,1 NOT enough information of 

flights. DISCARDED 
EFHK 78198 1,1 NOT enough information of 

flights. DISCARDED 
LTAI 78153 1,1 NOT enough information of 

flights. DISCARDED 
LSGG 73477 1,0 NOT enough information of 

flights. DISCARDED 
LGAV 72743 1,0 YES 
EGCC 70543 1,0 YES 
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The distribution of the total traffic covered by these airports is as follows:	  

 

As one can observe in the figure they are geographically dispersed and cover most of the airports of 
heaviest traffic in Europe (from the period analysed they cover 1851704 flights, representing 29% of the 
total flights under analysis). The locations of the selected airports are shown in red in the graph below. 
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4 Data Understanding 

4.1 Introduction 

Once the disturbances and the elements selection are clear the following task to be performed is to 
analyse in depth the data sets that will be available for extracting the patterns for the different scenarios. 
This will make it possible to make a preliminary report of data quality and first insights will arise. 

The data sets that have been made available for analysis are the following: 

• ALLFT+ 
• METAR processed file 
• DDR 
• ACC headlines 

For all the data sets, with the exception of the ACC headlines, the information that is available 
corresponds to the period ranging from 1st of March till 30th of November. In the case of the ACC 
headline, the data from the 1st of August until the 5th of September is not available. 

In the following sections, a general analysis of the information contained in these data sets together with 
the analysis of the distribution of those fields that are used to extract knowledge is presented. These 
explanations are one step further of the general data sets descriptions and approach included in D2.1, 
and they include more valuable information in terms of the posterior data science activities done for this 
deliverable. 

4.2 ALL-FT+ general description and distribution of data 

The main goal of this section is to show how the data used for the analysis is distributed to gain a first 
insight into the data and to analyse facts such as null values, outliers and weird distributions of data that 
will have to be dealt prior to extracting any pattern. 

One of the most relevant sets of data managed by the PRISME (the Pan-European Repository of 
Information Supporting the Management of EATM ( European Air Transport Management)) group is 
related to flight trajectories. This data set, called ALL-FT+, encodes different types of information for 
each flight crossing the European airspace, including those intercontinental flights that overfly European 
airspace. Among others, the most relevant information for the Resilience2050 project included are: 

• General information about the flight: identification of the flight and of the aircraft (flight 
number, aircraft type and registration mark), departure and destination airports, and airline 
operating the flight. 

• Information about regulations (usually, the most penalizing one) assigned to the flight. 
• Complete trajectory followed by the aircraft. 

The data set analyzed in this document covers the whole European airspace, from the 1st of March, 
2011, up to the 1st of January, 2012. The size of the file is approximately 350 Gigabytes and contains 
information of 8.551.849 flights and 1538.538.657 radar points. A detailed description of the data set can 
be found in the deliverable 2.2 under the PRISME data Section. 

The ALLFT+ data set is structured in a total of 143 fields, 46 of which contain numerical parameters, 18 
fields represent numerical values related to time, 12 fields are Boolean and 32 fields are composed of 
grouped parameters. Each field is distinguished from one another by the symbol “;” and those 32 
compound fields are segmented internally via the symbol “:”. Furthermore, these compound fields can 
contain several sequences separated by an empty space except for the compound fields that contain only 
one sequence. It is also important to note that these compound fields with multiple sequences (the ones 
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that are separated by an empty space) have an indicator that is placed into the previous field of related 
compound field and gives the number of recorded sequences. 

Furthermore and as it was mentioned at the beginning of the Section, the ALL_FT+ includes several 
trajectories of interest [7]: 

1. FTFM: Filed Tactical Flight Model, corresponding to the last filed flight plan. 
2. RTFM: Regulated Tactical Flight Model 
3. CTFM: Current Tactical Flight Model 
4. CPF Correlated Positions reports for a Flight: that is, airspace profiles following as much as 

possible the actual flown trajectory based on radar positions. 
5. CPG_GEN: Correlated Position profiles generated by the Central Flow Management Unit (CFMU) 

path generation tool. 
a. SCR: Shortest Constrained Route, The Integrated Initial Flight Plan Processing System 

(IFPS) of the EUROCONTROL CFMU compliant route. Available Conditional Routes (CDR) 
open and Route Availability Document (RAD) compliant 

b. SRR: Shortest RAD Restrictions applied Route. All CDRs open 
c. SUR: Shortest Unconstrained Route. No RAD applied, all CDRs open 
d. DCT: Direct route. Any portion outside the FPM_AREA (Flight Path Monitoring Area) is 

frozen, that is, not generated by the tool. 

All flight models have flight level profiles, point profiles and airspace profiles and all these profiles are 
compound attributes. Flight level profiles depict the vertical description of the flight route where the data 
consists of centesimal of barometric measurement, cruise speed and start distance which indicates the 
distance over the trajectory measured from the Aerodrome/Airport of departure. 

Field Type Size Comment 

TimeOver HHMMSS 6 Time at the related point 

Point char dynamic Name-codes for the current point 

Route char dynamic Name-codes for the next point 

FlightLevel num 1-3 flight level, e.g. FL230 

PointType char 1 values A, D, G, N, S, V or W 

GeoPointID ggmmsso 7 g: gradesm: minutess: secondso: 
orientation Latitude N/S andLongitude 
E/W 

RelDist num 1-4 Measured in kilometers, e.g. 106 

IsVisible char 1 Y or N 
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The table of above gives the full description of the point profile data line whereas the following table from 
elaborates the airspace profile line with examples. Both point and airspace profiles have incident number 
data, which indicates the number of profile point/airspace data lines. The number of lines stands for how 
much data is sampled through the entire trajectory of the related flight. Consequently, trajectory of a 
flight can only be represented with incident number of data point via point profile data. 

Field Type Size Comment 

Entry Time HHMMSS 6 Entry time to airspace 

Airspace ID char dynamic Airspace ICAO codes 

Exit Time HHMMSS 6 Exit time to airspace 

Airspace Type char 2-3 Airspace type; NAS = National Airspace, 
FIR = Flight Information Region, ES = 
Elementary Airspace, ERSA = 
Elementary Manageable Airspace, AUA 
= ATC Unit Airspace 

Geo Point of Entry ggmmsso 7 e.g. 385642N 

Geo Point of Exit ggmmsso 7 e.g. 772724W 

Entry Flight Level num 1-3 Entry flight level, e.g. FL380 

Exit Flight Level num 1-3 Exit flight level, e.g. FL240 

Entry Distance num 1-4 Measured in kilometers, e.g. 106 

Exit Distance num 1-4 Measured in kilometers, e.g. 106 

Airspace profile is a different perspective for flight trajectory and it illustrates the trajectory via crossed 
airspaces’ entry and exit points. This profile also provides the same data in different scales; that is to say, 
airspaces are defined in NAS, FIR, AUA and ES levels respectively. National Airspaces are the biggest 
volumes and has the highest coverage followed by Flight Information Regions and Air Traffic Control Unit 
Airspaces. Therefore, the same trajectory is provided for each of these airspace types, which allow one to 
have the same data in different scales. 

4.2.1 Tactical Flight Models 

Three tactical models have been used for the analysis, these are: the FTFM, the RTFM and the CTFM. 
The Filed Tactical Flight Model (FTFM) is a mathematical model containing a point and airspace volume 
profile created in Enhanced Tactical Flow Management System (ETFMS) for a flight when Flight plan 
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details, and any subsequent changes, are received from Central Flow Management Unit (CFMU) [8]. It is 
the initial profile as it reflects the status of the demand before activation of the regulation plan and 
computed with the latest flight plan version sent by each AO to the CFMU/IFPS  [9].  FTFM includes all 
filed flight plans, therefore [10]] [8] [11] [12] it even gives the data of cancelled flights.  

Regulated Tactical Flight Model (RTFM) is the version of FTFM which Air Traffic Flow and Capacity 
Management (ATFCM) measures have been applied to the flight. It is also called calculated profile  [10]. 
This profile reflects the status of the demand after activation of the regulation plan and is computed with 
the latest ATFM slot Calculated Take-Off Time (CTOT) issued to the airline operator, by the ground 
regulation system. RTFM profiles are not strictly reflecting the traffic load situation that is output from the 
regulation process, after activation and/or update of the regulation, but is rather an approximate of the 
latest regulated planned demand situation [11]. Current Tactical Flight Model (CTFM) is a mathematical 
model for a flight that has been activated (also called Actual Profile) [12]. This model is computed with 
Radar Data sent by Area Control Centers to CFMU/ETFMS, so it can be deemed as a fused version of 
FTFM with real data. 

 

 

Flight Level Update during the Take-Off and Landing Process [13] 

 

The process of CTFM calculation is illustrated in the figure of above. As it can be seen from the figure, 
FTFM flight level profile, which is plotted with blue lines, is updated with CPR data that is given with 
orange lines. Therefore, CTFM becomes the result of the fusion of FTFM and CPR data and is updated 
from FTFM profile. 

4.2.2 Correlated Position Report 

Correlated Position reports (CPR) are based on radar position data and they represent the actual flow 
trajectory as much as possible. Position reports are Surveillance Data collected from area control centres 
and they are mainly extracted from messages/data that are received during the flight. Contents of the 
data are the aircrafts actual geographic position and altitude, which is enriched with the flight plan 
information such as Call Sign, Estimated Off-Block Time etc. for correlation purposes. The frequency of 
the data is normally, data per minute provided by Air Navigation Service Providers (ANSPs) [13]. 

The purpose of the CPR is to provide 4D trajectory of the flight to CFMU when airborne and the message 
is received and processed by ETFMS in order to update flight data and get more accurate prediction of 
the sector counts. It is also used for statistical purposes as detecting flights that never took place or 
multiple flight plans for one flight [14]. 
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4.2.3 Comparisons of Flight Models 

Each flight data type has its own characteristics and point of views. Comparing these different trajectory 
profiles for the same flight provides indication on the effects of different factors [15]: 

Investigating Shortest Unconstrained Route (SUR) and Direct route (DCT) together provides a measure of 
the effects of route design, as it compares the shortest theoretical course with the best one available 
using the route network. Also comparison of SUR with shortest conditional route (SCR) yields a criterion 
for the effects of route availability since it analyses the differences between the route potentially available 
on the route network and the one that could actually be filed. 

Route preferences/utilizations of the Aircraft Operators can be obtained from the FTFM versus SCR 
comparison, because it emphasizes the difference of the actually filed route and the best that could have 
been filed. Finally and most importantly, comparison of CPF and FTFM provides a measure of the effects 
of air traffic control decisions since it compares the actual flown trajectory to the one that was filed. For 
that reason, as will be explained in next chapter, these two data types will be used in the calculation 
process of the delay. 

4.2.4 Distribution of flights 

Once the structure of the ALLFT+ file has been reviewed we will analyse the distribution of values 
especially for those fields that will be used for pattern extraction in all the scenarios that will be tackled. 

We first analyse the distribution of the number of flights available. In the following figure showing the 
distribution of flights per month, it can be seen that the months around summer are the ones for which 
more flights are available as expected. 

 

It is also interesting to analyse the number of flights available for each airport so to examine which are 
the largest airports in terms on traffic and check the availability of data. We show both the arrivals and 
departures for the highest 25 traffic airports. 
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The number of departures is very much related with the previous graph as it can be seen: 

 

We can also see the distribution for departing and arriving flights in the biggest European hubs in Europe 
to see how in the summer months the number of flights increases. 
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4.2.5 Distribution of data for the selected airports 

In what follows we present the different problems we have encountered during the analysis of the data.  

Radar Information 

Analysing patterns from flights requires examining the information on the exact route the aircraft 
followed. In the ALLFT+ data set one can find information about the exact points an aircraft traverse 
during a flight, this information is contained in the CPF ALL FT field. It is important to analyse at this 
point, the distribution of number of flights for which no radar information is provided. This will make it 
impossible to follow those flights. 

A possible reason for this lack of information could be simulated flight plans that were stored but never 
carried out. They should have been removed from the database but it looks like that sometimes the 
information remains. In any case, and taking this consideration into account, it is interesting to know the 
information regarding the airports for which more null values in the trajectories of flights are found, as it 
can have an impact on later analyses. 

The following figure shows the distribution of null values in the CPF ALLFT+ point profile. 
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From the analysis of this figure together with the information of departures and arrivals one can observe 
that airports such as LTFJ, LTAI and LTBA in Turkey and ESSA in Sweden have an abnormal high ratio of 
null values for the flights departing and/or arriving there. On the other hand, the number of flights 
departing and arriving is incredibly low compared with what should have been expected. This information 
should be taken into account when performing any analysis and when evaluating results as it can highly 
affect the interpretation of possible patterns occurring at these airports. 

Duplicated flights 

An interesting fact that was discovered in the general data understanding phase was the presence of 
duplicated flights that did not have associated radar points. This situation can be caused by flights that 
are planned and never performed and they are not removed from the database. No matter the reason, 
these duplicated flights have to be removed from the database prior to any pattern extraction. 

The following chart shows the ratio of duplicated flights (clones) that have been filtered for the selected 
airports. 

 

Ground rolling oubound time 

As we will see when analysing the first disturbance (runway configuration change) one of the aspects of 
resilience that will be examined is the taxi time or more exactly the ground rolling outbound time. When 
analysing the values of this parameter it happened that for some flights there were detected some 
inconsistencies where the take-off timestamp had values smaller than the off-block time. Therefore, 
these values needed to be removed. The following graph displays the ratio f the flights that were filtered.  
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IFPS registration mark distribution 

In this work, the measures that have been most used as to measure the resilience of a system have been 
the arrival and departure delays. Furthermore, the impact of these delays has also been analysed by 
studying the propagation of the delays along the different flights or legs that an aircraft (affected by a 
disturbance, and, therefore, delayed) carries out. In order to keep track of the flights that an aircraft 
conducts, the identification mark of the aircraft is needed. This information is stored in the 
IFPSRegistration mark of the ALLFT+ data set. However, for several flights this information is missing 
and the analysis of the propagation of the delays cannot be conducted. The following graph represents 
the lack of this information among several airports.  

 

It is worth noting from the graph that special attention should be paid to the airports: LPFO, LFPG, ENGM 
and LEMD that despite being of the largest in terms of traffic, the number of null values to be able to 
follow the track of an aircraft is quite high ( > 30%). 

This situation is depicted in the following figure in which we highlight those airports from the set of 
selected airports that have a high ratio of null values for aircraft identification. This fact will have to be 
taken into account in those patterns that depend on this information 

 

 

The IFPSRegistrationMark filters a considerable amount of flights for certain airports but the important 
part is to know which flights are being lost. For this reason we have applied another discovery process. 
In particular a machine learning algorithm, the PART classification algorithm, has been used over 5 
attributes of the data: aircraftId, departAirport, departCode, arrivalAirport and arrivalCode to identify the 
main characteristics of the missing flights. By using this algorithm, a model has been obtained with an 
average accuracy (ten fold cross-validation) of 90%. The following figures show the main results: 
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In the figure we have highlighted in yellow the main rules: 

• Almost all flights from SAS are getting lost 
• Similar trend with WIF 
• A considerable amount of IBE and RYR flights are being lost 
• Flights that depart and arrive at the LF region are also getting lost 

Therefore, this information should be take into account when conducting the analysis of the results.  

Available data ratio 

Finally, by combining all the previous analysis, we can obtain a general view of the availability of data for 
the selected airports. As previously mentioned, the lack of radar information does not necessarily mean 
that those flights are being lost since they could be planned flights that were not removed from the data 
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set, but, from a data analysis point of view, it is important to grasp the general view of the amount of 
information that is not going to be processed. This is depicted in the following figure. 

 

As it can be observed, the ratio of available data is higher than 70% for the first 12 airports in the figure. 
The situation is only sensitive for the case of the LFPG ENGM and LFPO airports for which the ratio of 
available data is around 50%. This is an interesting fact to take into ccount when evaluating patterns that 
will be obtained. 

Distribution of the delays 

To end with the global data understanding of the ALLFT+ data set it is important to pay attention to the 
distribution of the variable that we will use as estimator of delays and that will be used as the main 
indicator of the resilience of the system against the disturbances that will be analysed. As we will see in 
detail in the methodology Section, two kinds of delays have been widely used in the study: 

• Departure delay: calculated as the difference between the first CPF point and the first 
FTFM point 

• Arrival delay: calculated as the difference between the last CPF point and the last FTFM 
point 

In the following figures the distribution of the average value of these measures per airport and month is 
depicted. Moreover, since, as it will be seen for some airports, the average values are close to zero, both 
the sum of positive and negative delay values have also been presented. 

 
 

Average delays for the LFPG airport. The figure in the left represents the average values for 
both the departure and the arrival delays whereas the figure in the right depicts the sum of 

positive and negative delays 
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Average delays for the EBBR airport. The figure in the left represents the average values for 
both the departure and the arrival delays whereas the figure in the right depicts the sum of 

positive and negative delays 

 

  

Average delays for the ENGM airport. The figure in the left represents the average values for 
both the departure and the arrival delays whereas the figure in the right depicts the sum of 

positive and negative delays 

 

  

Average delays for the EDDM airport. The figure in the left represents the average values for 
both the departure and the arrival delays whereas the figure in the right depicts the sum of 

positive and negative delays 
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Average delays for the EDDL airport. The figure in the left represents the average values for 
both the departure and the arrival delays whereas the figure in the right depicts the sum of 

positive and negative delays 

  

Average delays for the LEMG airport. The figure in the left represents the average values for 
both the departure and the arrival delays whereas the figure in the right depicts the sum of 

positive and negative delays 

 

  

Average delays for the LGAV airport. The figure in the left represents the average values for 
both the departure and the arrival delays whereas the figure in the right depicts the sum of 

positive and negative delays 
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Average delays for the LEBL airport. The figure in the left represents the average values for 
both the departure and the arrival delays whereas the figure in the right depicts the sum of 

positive and negative delays 

 

 

Average delays for the EDDF airport. The figure in the left represents the average values for 
both the departure and the arrival delays whereas the figure in the right depicts the sum of 

positive and negative delays 

 

 
 

Average delays for the EGLL airport. The figure in the left represents the average values for 
both the departure and the arrival delays whereas the figure in the right depicts the sum of 

positive and negative delays 
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Average delays for the EGCC airport. The figure in the left represents the average values for 
both the departure and the arrival delays whereas the figure in the right depicts the sum of 

positive and negative delays 

 
 

Average delays for the LFPO airport. The figure in the left represents the average values for 
both the departure and the arrival delays whereas the figure in the right depicts the sum of 

positive and negative delays 

 
 

Average delays for the LPPT airport. The figure in the left represents the average values for 
both the departure and the arrival delays whereas the figure in the right depicts the sum of 

positive and negative delays 
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Average delays for the LEPA airport. The figure in the left represents the average values for 
both the departure and the arrival delays whereas the figure in the right depicts the sum of 

positive and negative delays 

 
 

Average delays for the LEMD airport. The figure in the left represents the average values for 
both the departure and the arrival delays whereas the figure in the right depicts the sum of 

positive and negative delays 

  

Average delays for the EDDT airport. The figure in the left represents the average values for 
both the departure and the arrival delays whereas the figure in the right depicts the sum of 

positive and negative delays 

It can be seen from these graphs, that, for most of the airports, the distribution of the average delays 
have positive values around 400-500 seconds and reach their maximum values at the same months 
where the number of flights reaches its maximum (as it was shown at the beginning of the Section). 
However, for some airports such as the ENGM or the LGAV airports, most of the average delays contain 
negative values since most of the flights contain negative delays as it is shown in the corresponding right 
figures. This fact will have to be taken into account when interpreting the patterns that will be obtained 
in the different disturbances that will be examined. 
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4.3 METAR DATA EXPLORATION 

4.3.1 Introduction 

The available METAR information that it has been used is a data set that has been generated after 
processing METAR records in the timeframe considered. It contains the following information: 

• date 
• time 
• temperature (numerical value) 
• humidity (numerical value) 
• pressure (numerical value) 
• visibility (numerical value) 
• wind direction (categorical value) 
• wind speed (numerical value) 
• tag (categorical value) 

Information of every airport with a resolution of about half an hour is available. Consequently, as nine 
complete months are available of measurements taken every half an hour approximately, a number of 
around 13.000 records for each airport should be available. The total number of records to be analysed 
for the period is of 273.987. With a distribution as follows for the 16 selected airports. 
 

airport number of records 

EHAM 33108 
EDDF 20188 
EDDL 20115 
LOWW 16651 
EKCH 16635 
EGLL 16560 
EBBR 16499 
LEMD 15562 
LFPO 15471 
LTAI 15459 
LTBA 15325 
LEBL 15323 
LFPG 14333 
EDDM 14281 
EGKK 14278 
ESSA 14199  

It is obvious to see that the number of records should be the same for all considered airports; so further 
analysis is required to discover the reasons behind the incoherent data. 

A further analysis highlights that: 

• The data set contains duplicated records. This problem can be easily solved by removing the 
duplicated records. 

• There are records that, for the same time stamp and airport, report different different values of 
wind, visibility, tag, or any combinations of these values. This shows incoherence that we will 
have to deal with. 
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After the duplicated and inconsistent records a total of 257.417 records are available with a similar 
distribution of values. 

4.3.2 Importance of tags 

Not all the events have the same impact on delays. The field tag of this data set represents the 
atmospherical event happening at each moment. Prior to performing any analysis it is important to 
understand the priority of tags describing the effect the event could have in an airport, as the indicator to 
rank events. 

To establish the importance of tags, their nature should be considered and the following factors should 
be taken into account: 

• Severity of event 
• Predictability of event 
• Duration of event 
• Time of event 
• Technical environment (equipment/ staff to cope with) 

With the help of the Meteorological department of DHMI (partner of this Resilience2050 project), sudden 
changes we can use to rank tags are as follows (in terms of importance): 

IMPORTANCE TAG 
1 TORNADO 
2 RAIN-SNOW-THUNDERSTORM 
3 RAIN-HAIL-THUNDERSTORM 
4 SNOW-THUNDERSTORM 
5 HAIL-THUNDERSTORM 
6 RAIN-THUNDERSTORM 
7 THUNDERSTORM 
8 FOG-SNOW 
9 SNOW-HAIL 
10 RAIN-SNOW 
11 SNOW 
12 FOG 
13 FOG-RAIN 
14 RAIN-HAIL 
15 HAIL 
16 RAIN 

Events 1,2,3,4,5,6,7 are considered as top priority since they are unpredictable and there is no procedure 
available for sudden occurrences; consequently they may cause closure of airports or sectors. Events 
8,9,10,11,12: on these cases visibility and processes such as runway snow removal are considered. The 
remaining events are considered as the least priority. 

In order to analyse the impact of a weather event on the operations in the airport, it is important to 
know, not only the importance of an event happening, but also the transition from one event to another. 
In this sense we can rank transitions as follows: 

rank transition 

1 Rain --> SNOW-THUNDERSTROM 
2 Rain --> HAIL-THUNDERSTORM 
3 Hail --> TUNDERSTORM 
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4 Rain --> SNOW 
5 Snow --> THUNDERSTORM 
6 Fog --> SNOW 
7 Rain --> HAIL 
8 Fog --> RAIN 

 

It is important to mention that, in the above cases, adverse conditions are already present and the 
traffic/capacity has already been decreased at the airport and this should be taken into account when 
calculating the impact on the operation. The ranking has been done expecting the worst scenario. 

What is important now is to analyse how frequent these events are. Consequently in what follows we 
present the detail of the number of occurrences of each value of the tag, for each airport of the airports 
with higher traffic for the period under analysis. 
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Having analysed the distribution for each airport we analyse the overall distribution of the tags between 
all the airports. It must be mentioned that almost all of the records contain the tag NONE which 
represents the case when no meteorological event was detected. Having removed this tag we present the 
global distribution of the remaining tags in the following Figure. 
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In this Figure it can been seen that first Rain and the Fog, are the second and third most commons tag 
(taking into account that the NONE tag is present in 99% of the records), and that have a significantly 
higher frequency than the remaining tags.  

In the following figures, we present the distribution of the most frequent tags for each airport and month 
under analysis. Observe that some airports do not appear in some graphs as the particular phenomenon 
does not occur in that airport in the period under analysis: 

Thunderstorm-rain distribution: 
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Thunderstorm distribution: 

 

Snow distribution: 

 

Rain distribution: 
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4.4 DDR Data 

As a secondary data, the capacity file is used to provide information of hourly basis declared capacity of 
airspaces as well as airports. Each capacity file contains the data of around 30 days and each day 
consists of a group of data lines. Data lines are separated with an empty space character and a single 
line. The file has 9 fields which are explained in the table below. 

 

Field Type Size Comment 

Date DD/MM/YYYY 10 Date of declaration 

Airspace ID char dynamic Airspace ICAO codes 

Time Window Begin HH:MM 5 Beginning time of declaration, 
e.g. 23:59 

Time Window End HH:MM 5 End time of declaration, e.g. 
23:59 

Declared Sector Capacity num 2-3 0 till 999. 999 means infinite 
capacity 

Separator char 1 e.g. ;_; 

ENV Entity Types char 2 AS = Airspace, PT = Point, AD = 
Aerodrome,AZ = Set of 
Aerodromes TV = Traffic Volume 

Category char 1 G = global, A = arrival, D = 
departure 

Database char 1 Type of database extraction 

4.4.1 Description of a line structure of the DDR capacity file  

In summary, each line of the data contains the capacity for an impartible (elementary) or collapsed 
(merged) sector with time windows of declarations. Also note that for Airspace, Point or Traffic Volume 
entities, there exists only a global category of declared capacities, whereas Aerodromes or Set of 
Aerodromes may have declared capacities in all three categories (global, arrival and departure). 

A more general explanation and understanding about the DDR data was given in the 2.1 deliverable. 
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4.5 ACC HEADLINES 

The ACC headlines file contains one line for each day in which a report of some problem has been done. 
Although the information in the headlines is textual information (non structured) the information has a 
subjacent structure as follows: 

• Date  
• a set of sentences reporting. Sentences are separated by a dot. Always the information of each 

sentence is as follows: 
o ICAO of the airport (or sector) 
o The incident 

The following is an extract of the type of information that is contained:  

07-Mar-11,"EBBR, LSGG, LOWW and EHAM regulated. GCLP regulated due to capacity. LEMD E and 
W regulations applied. LFMD ARR capacity reduced due to trade fair. LTBA ARR capacity issues. GCCC 
INB regulated due to RWY configuration in GCTS, high delays. ESOS staffing issues, NF4 reduced 
capacity." 

08-Mar-11,"EGLC low visibility, regulations applied. LFMD ""Real Estate"" Fair, high impact, high 
delays. LETO (DEP) capacity reduced. EGGX OMOKO regulated due capacity. GCCC INB regulated, 
high impact." 

9-Dec-11,"EDDM, EHAM, LPPT, LPPR, EGLL, EHAM weather regulations. EFHK regulations due to 
snow and strong winds. GCLP closed due to military parade and fly past. LIRP delays due to VOR/DME 
testing. ENGM regulations due to staffing. LFFF ODIL, TE, OKIP regulations due to Grenelle procedure. 
EPWW regulations due to capacity in D sector and staffing in R sector. GCCC regulations in INB sector 
due to capacity." 

The information that is available includes the following periods 

• 2011 03 07 - 2011 07 31 
• 2011 09 05 - 2011 12 31 

Consequently, 263 days of information are available. It is important to note that there is a gap of more 
than one month with relation to the information we have in the rest of the data sets. 

4.6 Conclusions 

The data understanding process that has been applied to the different data sets makes it possible to 
decide which information will be discarded and which will be used to extract patterns.  

As we already saw, the first conclusion is on the selection of airports from which to extract patterns. 
Those airports from which the quality of data is not good enough, will not be selected.  

We have also observed that information regarding radar data, taxi times, and aircraft identification 
contains a large number of null values so this will mean that special procedures will have to be carried 
out when requiring this information for pattern extraction.  

On the other hand as we will see in the corresponding data processing section for each disturbance, 
procedures to estimate the runway configuration change, and taxi times have been proposed in this work 
to overcome those situations in which this information is missing on the database.  
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5 Micro Analysis 

5.1 Methodology 

5.1.1 Introduction 

This section describes the main methodology that has been followed to extract the patterns of knowledge 
for each of the disturbances and scenarios chosen for the set of selected airports. The process that has 
been followed is based on the classical method of knowledge discovery. Some of its basic tools are also 
being currently applied in the so-called "Data Science" field. Thus, we present a very brief introduction of 
this process together with the description of the CRISP-DM methodology, which the applied method is 
based on, and later we will end the section with the instantiation of the methodology for the problem of 
encountering behavioral patterns for the selected airports 

5.1.2 Knowledge Discovery Process 

Knowledge Discovery from Databases (KDD) is a field of computer science that has been defined by 
Fayyad [16] as the non-trivial process of identifying valid, novel, potentially useful and ultimately 
understandable patterns in data. 

The term was introduced at the first KDD workshop in 1989 Piatetsky-Shapiro [17]. Since then it has 
become popular in the artificial intelligence and machine learning fields. Today we refer to the process as 
data analytics, predictive analytics, big data analytics or simply "data science". 

No matter the name the process deals with the problem of understanding and processing raw data into 
other forms that might be more compact, more abstract, or more useful so to give actionable knowledge. 
Thus it is an interdisciplinary field, that combines results from different fields such as statistics, 
databases, machine learning and visualization, in order to find these interesting patterns. We focus here 
on the entire process of knowledge discovery from data, including: data cleaning; how the data is stored 
and accessed; machine learning algorithms; how these algorithms have to be scale to deal with massive 
data sets and still run efficiently; how the results can be interpreted and visualized; and finally how the 
process can be automatized to provide data owners with a way to discover patterns from data. 

5.1.3 Crisp-DM model process 

The process of data analytics cannot be seen as the simple application of a machine learning method to a 
data set in a single step. It is a complex continuous process with many loops and feedbacks. In 1997, 
with the goal of establishing a standard for the process of Data Mining, an industry group called CRISP-
DM (The Cross-Industry Standard Process for Data Mining) Chapman et al. (2000) proposed a standard 
model process with the following main steps: 
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• Problem Understanding: Initial phase that focuses on understanding the project 
objectives and requirements from a business perspective. This knowledge is then converted 
into a data mining problem where a preliminary plan is designed to achieve the project 
objectives. 

• Data Understanding: This phase starts with an initial data collection and proceeds with 
several activities in order to: get familiar with the data; identify data quality problems; 
discover first insights about the data; or detect interesting data subsets to form hypotheses 
about hidden information. 

• Data Preparation(including data cleaning and preprocessing): Covers all activities to 
construct the final data set (i.e., data that will be fed into the modelling tool(s)) from the 
initial raw data. Data preparation tasks are likely to be performed multiple times, and not in 
any prescribed order. Tasks include selection and transformation of tables, records, and 
attributes and cleaning the data for the modelling tools. Cooley et al. (1999) presents several 
data preparation techniques and algorithms that can be used to identify unique users and 
user sessions from web server log that can posteriorly be used in web usage mining. Zhang 
et al. (2003) presents a good survey on data preparation, they first highlight the importance 
of data preparation in data analysis, then introduce some research achievements in the area 
of data preparation. Finally, the authors suggest some future directions of research and 
development. 

• Modelling: In this phase various machine learning and data mining algorithms are selected 
and applied to data. Their parameters are calibrated to optimal values. Typically, there are 
several techniques for the same data mining problem type. Some techniques have special 
requirements on the form of data. Therefore, stepping back to the data preparation phase is 
often needed. 

• Evaluation: Before proceeding to final deployment of the model (or models) that have been 
built, it is important to evaluate the results more thoroughly, and review the steps executed 
to construct the model to be certain it properly achieves the business objectives. 

• Deployment: The creation of the model is generally not the end of the project. Even if the 
purpose of the model is to increase knowledge of the data, the knowledge gained will need 
to be organized and presented in a way that the customer can use it. In many cases it will be 
the customer, not the data analyst, who will carry out the deployment steps. 

Even though the graph can suggest a cascade life cycle, it is not at all the case. It is important to note 
that once business understanding is done and the scenarios are clear data understanding will be 
performed to analyse the available data set and the feasibility to reach the goals. Then we will proceed 
with each scenario and further understanding of the data will be required even after some highlights 
have been obtained. 
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In the following graph one can see the exact steps to be developed in each phase of the project 
development. These steps will be adapted to be applied for pattern discovery for the disturbance 
scenarios. 

 

5.1.4 Application of the process for the disturbance scenarios 

As we have previously mentioned the main motivation behind the micro-analysis is to be able to describe 
how different disturbances affect the ATM operation. In order to do so we integrate available data sets 
and will apply the Knowledge Discovery Process [18]. The next figure depicts the process: 

 

 

 

In a high level view the process we will follow can be observed in the next figure: 
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A general understanding of the available data was required in order to choose the airports and 
disturbances to be analysed. However, now they are established a deep understanding and analysis 
process is deemed in order to discover the insights hidden in the data. The process will end with patterns 
that describe the behaviour of the system. The process will be performed for each disturbance analysed. 

It is important to mention that the main goal of Resilience2050 is not only the extraction of the patterns 
themselves but to obtain the methodology to be able to extract patterns from the available data sets. 
Even though the aim of the present deliverable is the first objective, we show in the following graph the 
complete process. In this deliverable we will only focus on the first three phases: 

 

 

 

As the goal of this deliverable is to concentrate on the pattern extractions, evaluation and discussion on 
later deployment, in what follows we will focus on the first three phases of the figure. The last phase will 
be the focus of deliverable D2.3. 

As we can observe the first phase of the proposed method is in charge of defining the problem that 
would correspond to the 'business understanding' phase of the CRISP-DM methodology. In the present 
project defining the problem means defining the disturbances to be tackled and the indicators of success. 
This process has been already been done in the resilient scenarios Section although a deeper analysis will 
be performed when examining each disturbance in particular. Once the problem to deal with is clear, the 
second phase is, for each disturbance, an exploration of the available data -what corresponds to the data 
understanding and data preparation phase of CRISP-DM. Finally, once data have been understood and 
prepared the third phase of the process is to extract the patterns from the data. Below, the general 
procedure is described in detail. 

5.1.5 General procedure 

The procedure that will be followed for each disturbance under analysis can be deconstructed in the 
following steps: 

1) Analysis of the available data for the selected airports for that particular disturbance. 
2) For each airport: 

a) Find the time windows where the disturbance takes place and select the affected flights 
(departing/arriving). 

b) Select a control group of flights from equivalent days in which that disturbance (or any other 
severe one) was not occurring. 

c) Compute the delays of the flights for the selected time windows 
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d) Analyse and compare the delays between the affected and the unaffected (or control) group 
by means of statistical procedures 

3) Extract conclusions of the impact of the disturbance and the corresponding resilient behaviour of 
the system 

The figure shows the phases that will be described in detail. 

 

1. Analysis of the available data 

For each disturbance, a thorough analysis of the available data for conducting the study is performed. 
Several graphs and statistics will be presented for each disturbance, giving a broad view of the available 
data sets and their quality. In some circumstances as we will see some data will have to be removed to 
avoid using data that are not of the minimum required quality, which could affect the quality of the 
extracted patterns. 

2.a Finding the affected time windows by the disturbance and selecting the corresponding 
flights 

In this phase, the whole data set is analysed to identify when the disturbance took place. This step is 
dependent on the nature of the disturbance and, therefore, a different data set is chosen for each type of 
disturbance (ALLFT+, METAR, ...). For each day affected by the disturbance, the time window where the 
disturbance was affecting the flights is identified and the arriving and departing flights of that time period 
are extracted. 

2.b Selecting the control group of flights 

In order to analyse the influence of the behaviour in the affected flights, it is necessary to select a control 
group of flights to compare the results. For this task, we extract the flights of the same time window 
from a day where no disturbance (the same or other severe one) occurred. Since it is important to select 
a similar day in terms of distribution of traffic, we look for the days that happened in the same day of the 
week but from previous (and following) weeks to the day where the disturbance happened. This criterion 
is depicted in the following figure. 
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The procedure will try to select the closest week to the day of the disturbance but sometimes it is 
necessary to select a day from a few weeks before (or after) in order to find a day that was not affected 
by any other disturbance or extraordinary event. However, in order to be as closest as possible to the 
affected day, the procedure will accept a day from a previous (or following) week if another disturbance 
or event happened at some period that had a small overlap with the selected time window. Concretely, 
the window will only be admitted if this overlap happens at the beginning or at the end of the selected 
time window; the size of this overlap being less than 20% of the time window size. For these cases, the 
time window for these days will be the original time window minus the overlap section (to avoid taking 
into account flights that were affected by the extraordinary event or disturbance). 

2.c Computing the arrival, departure and non-absorbed delays 

Once both sets of flights have been selected those affected by the disturbance and the control group, the 
next step is to compare their behaviour by means of a measure-metric. For this task, it has been decided 
to analyze both the arrival and the departure delays. Since no field directly contains this information in 
the ALLFT+ data set, these values have been estimated as detailed in the following equations: 

 

• Departure delay= first CPF point - first FTFM point 
• Arrival delay= last CPF point - last FTFM point 

These measures offer a reasonable estimation of the arrival and departure delays. However, it must be 
taken into account that, for this micro analysis, it is not required to obtain an exact estimation of their 
values since we are focusing on the comparison between the flights affected by a disturbance against 
flights that were not affected. Therefore, we are only interested in the differences between both groups 
and if the differences are statistically significant. 

Moreover, the non-absorbed measure has also been computed, to connect a particular aircraft delay with 
its later rotations and flights during the day. This measure has been defined for this work and its 
objective is to represent the potential impact that a disturbance can cause in the following flights that the 
affected aircraft (by a disturbance) can conduct during a day. We have only focused on flights that carry 
a considerable arrival delay (>15 minutes) since with this measure we are only interested in analysing 
how much the delays are absorbed. Therefore, for each affected flight by a disturbance which delay 
surpasses a certain threshold (15 minutes), this measure identifies the aircraft that flew the flight and 
analyses the delays of the following flights of the same day to see how the initial delay was absorbed. For 
identifying the following flights that an aircraft performed, an automatic procedure has been developed. 
This procedure uses the IFPSRegistrationMark of the ALLFT+ data set, which contains an identification 
code that can be used to trace all the flights that an aircraft conducted. With this information, the 
procedure can select the following flights to a specific flight that an aircraft conducted. Then, it computes 
their corresponding arrival delays and selects the minimum of its values which represents the minimum 
delay that the aircraft was unable to absorb. This process is presented and depicted in the following lines 
figure: 

• Identify a time window of flights affected by a disturbance 
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• Extract the flights that departed in the time period contained by the time window 
• For each flight with an arrival delay > 15 minutes 

o Find all the flights that contain the same IFPSRegistrationMark field than the selected 
flight 

o Discard all the flights that happened before the selected flight 
o Compute the arrival delays for each flight 
o Return as the non-absorbed delay of the selected flight, the minimum value of the 

computed delays 

 

 

2.d Statistical analysis and comparison of the delays 

Having obtained the departure, arrival and non-absorbed delays for each set of flights extracted from a 
time window where a disturbance happened, the next step is to compare these values. For this project 
the focus is on analysing the overall behaviour of the system to obtain a characterization of the possible 
impact of each of the disturbances. Therefore, instead of comparing each time window individually, the 
whole set of time windows per group (affected and unaffected flights by a disturbance), has been 
globally compared. For this task, a representative value for each time window has been chosen. We have 
selected the median value since for small time windows; this selection reduced the bias that the mean 
could introduce. 

With the distribution of representative values (the median values of the time windows for the arriving and 
departing delays), a statistical comparison is performed. Note that each type of delay is only compared 
against its corresponding delay from the other group, i.e., the departure/arrival/non-absorbed delays 
from the affected flights are compared against the departure/arrival/non-absorbed delays from the 
control group. First, the mean for both distributions of values is computed and compared. Then, to obtain 
the significance of this comparison, statistical hypothesis tests are applied. Whenever the distribution of 
values satisfies the normality and the homoscedasticity constraints (checked by means of the Shapiro and 
Levene tests), a t-test is applied, otherwise the non-parametrical Wilcoxon test is selected. The t-test is 
known to be more powerful than the Wilcoxon test but has the constraints that the analysed data need to 
be normally distributed and satisfy the homoscedasticity constraint whereas the Wilcoxon can be used 
with data that violates any of these constraints. The result of this comparison is assumed to be significant 
if the resulting p-value is below 0.05. To reduce the bias, a correction to the p-value has been applied as 
recommended by [38]. The objective of this correction is to standardize the arbitrary p-values according 
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to the sample size. This correction tries to compensate the bias introduced by the sample size, making it 
easier to find significant differences when the sample size is smaller than 100 individuals and, 
consequently, making it harder when the sample size is over 100 individuals. This correction is 
represented in the following equation:  

 

Extracting conclusions of the impact of the disturbance and the corresponding resilient 
behaviour of the system 

Once all the airports have been thoroughly analysed with the previously mentioned steps, a study of the 
effects of the disturbance on each airport and all the airports is conducted where the impact of the 
disturbance is analysed both at each airport and globally. 

Final remarks 

The aforementioned procedure corresponds to the general steps that have been carried on throughout 
the analysis of the proposed disturbances. However, each of the disturbances has some particularities 
that need to be independently addressed in order to adapt the global procedure. Consequently, a Section 
has been included where the corresponding description of each disturbance and the new steps needed to 
adapt this procedure to each disturbance, and how they fit in the global scheme, are detailed. 

 

5.2 Delays due to changes in the airport configuration 

5.2.1 Introduction 

The runway configuration used by an airport has significant implications with respect to its capacity and 
its ability to effectively manage surface and airborne traffic. Runway configuration information is 
important to be known as it can significantly affect operations and planning of resources at airports. Wind 
velocity is the primary consideration when selecting a runway configuration. 

In order to operate within the required safety envelope, airport operations should adapt to the evolution 
of the wind through the day. Specifically, only a small amount of tail-wind (e.g. < 10 kts) is permitted 
during take-off and landing, as this significantly increases the required runway length. In order to solve 
this problem, airports and ATC plan different configurations, which may include the use of new runways, 
or most usually the use of the runway in the opposite direction and the logical subsequent taxiway 
configuration. 

Other considerations relevant to runway configuration selection include airport operator constraints, 
weather conditions (other than winds), traffic demand, user preferences or surface congestion. 

We expect A runway configuration change to have significant effects on the time needed for taking-off, 
as a configuration change requires the re-routing of all aircraft (both in the ground taxing in and taxing 
out and in the air). In case of take-offs, this should be visible in the time spanning from the first 
movement of the aircraft to the first point in the air. Increment in the time needed from the first 
movement of the aircraft at the gate, up to the first point in the air. The aircraft located in a certain 
distance from the airport increase the "landing time" between a no configuration change scenario and the 
scenario with a sudden configuration change. The next figure tries to depict these facts. 
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In what follows in this section we will analyse in deep the data available for the period under study to: 

1. Find all the runway configuration changes and analyse the possible causes behind 
2. Find the time window affected by the change of runway 
3. Calculate in those windows the pattern of delay and taxi time 
4. Find windows of time of similar condition (weather, traffic, length) and find patterns in 

the taxi time and delay in those ones 

Consequently we first present the global process that has been proposed to extract patterns in the 
presence of a runway configuration change, we later present a deeper understanding of the data we 
have available for the process and we end the section by presenting the patterns obtained and the 
conclusions. 

5.2.2 Process followed 

The general process described in the methodology Section has been adapted to the analysis of the 
influence of a runway configuration change in the behaviour of the system. It is important to note that, 
the general procedure has been slightly modified to include the analysis of the taxi times (or as it will be 
seen, an estimation of this measure) since they could be greatly affected by a runway configuration 
change. Consequently, the following steps define the process that is going to be performed: 

1) Analysis of the available data for the selected airports for that particular disturbance 
2) For each airport:  

a) Find the time windows where the disturbance takes place and select the affected flights 
(departing/arriving). 

b) Select a control group of flights from equivalent days in which that disturbance was not 
occurring.  

c) Compute the delays of the flights for the selected time windows 
d) Compute the taxi times of the flights for the selected time windows  
e) Analyse and compare the delays and taxi times between the affected and the unaffected (or 

control) group by means of statistical procedures 
3) Extract conclusions of the impact of the disturbance and the corresponding resilient behaviour of 

the system 
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As can be seen the main steps of this process correspond to the ones that were described in the 
methodology Section. However, since in this disturbance we are analysing the influence of a 
configuration change in the taxi times of the flights, this measure has been included both in the 
computation steps as well as in the analysis of the results. Each of these steps is briefly described below: 

1. Analysis of the available data 

All the information for analysing this disturbance has been extracted from the ALLFT+ data set. Although 
this data set was analysed in the Data Understanding Section, a study of the quality of the data required 
to analyse the change of configuration disturbance has been conducted in the following Sections. 

2.a Finding the time window affected by the disturbance and selecting the affected flights 

As described later, by analysing the positions of the aircraft that departed and arrived, we are able to 
identify when a configuration took place. To study the impact of the disturbance, we have selected a time 
window around the time where the change happened and analysed the aircraft that took off or arrived in 
that period. 

2.b Selecting a control group of flights 

As mentioned in the methodology Section, to extract the control group of flights we have selected the 
same time window from the same day of the week but from previous or next weeks where no 
disturbance happened in the time window. 

2.c Computing the delays of the flights 

We have used the same procedure described in the methodology Section 

2.d Computing the taxi times 

Two procedures have been used for computing an estimation of the taxi times based on the first radar 
point of the flights as well as the actual off-block time (AOBT) and the estimated off-block time (EOBT) 
field. These are detailed in the following Section. 

2.e Analysing and comparing the delays and taxi times 

The same statistical procedures described for the general process have been applied for this disturbance 
although, in this case, the analysis of the estimated taxi time has been included in the comparison. 
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3. Extracting conclusions of the impact of the disturbance and the corresponding resilient behaviour of the system 

Finally, a global study of the impact of the disturbance in the system has been conducted. 

 

5.2.3 Data Processing 

 Having identified in the previous section the main process to be followed in this section we dedicate 
ourselves to understand the set of data that will have to be analysed to extract the patterns of delay due 
to a runway configuration change. In what follows we will process the data set following the stages of 
the process we have just described. 

Identification of a configuration change 

In order to identify a change of the configuration of the airport, the first idea that was proposed was to 
use the departure runway field of the ALLFT+ file that identifies the runway used by the flight and 
contains in its name the magnetic orientation. Therefore, by analysing the orientation of the take-offs, it 
could be possible to determine exactly the precise instant where the configuration was changed. 

However, after conducting a study of the data, it was observed that only 5% of all of the flights stored in 
the ALLFT+ for the period under analysis contain this information. Thus, we are proposing an innovative 
approach for determining a change in the configuration: using the information of the radar points right 
after the take-off along with an appropriate clustering algorithm to identify the clusters associated to 
each possible configuration. 

Our approach tried to use the first point of the radar information (CPR-REF data field). However, once 
again, for the available data, we observed that this information is incorrect in all the flights since it 
always contains the same position for all the flights which happens to be a point around the centre of 
each airport. Therefore, we proposed to use the second point of the radar set. In what follows we 
present the information for the second radar point for the selected airports. 

The following images depict the distribution of the take-offs and the landings of the flights along a 
selected day of the available period. Each of the points in the following images represents the latitude 
and the longitude of the second point of the radar set of a flight whereas the pentagon symbol marks the 
location of the airport. The colour of each point represents the hour of the timestamps of the radar point. 
As an example, the following figures represent the arrivals and the departures of the Madrid-Barajas 
(LEMD) flights as well as the Barcelona El Prat (LEBL) flights. 
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Distribution of the second points of the radar set for the LEMD (left) and the LEBL (right) 
airports. The x-axis represents the longitude whereas the y-axis the latitude values. The 

colour of each point represents the hour of the corresponding timestamp. 

As we can see in the figures, by using the aforementioned approach, it is clear to identify the changes of 
the configurations that an airport had during a day. It is easy to observe how for example in Madrid 
(LEMD) airport, in the interval from 6.00 to 10.00 (corresponding to green colour) all the aircraft are 
taking off in one direction while in the period form 15.00 (corresponding to blue colours) aircraft are 
following a completely different direction. Observe in the same way for the case of Barcelona airport the 
clear different direction of flights departing in the morning (green colours) from those departing in the 
late afternoon and evening (blue and pink colours). 

However, this ideal situation does not repeat for all the airports under study. In some cases there is a 
high variation of the data for some airports, the radar point for certain flights is located from a few 
hundred meters from the centre of the airport to several tenths of kilometres away and as a 
consequence: 

• It greatly increases the complexity of the clustering procedure since it is almost impossible to 
determine for certain flights the initial orientation that they had when they took-off 

• Need to filter the farthest points 

For example if we analyse data for London Heathrow (EGLL) airport we can see that there is a 
high variation of the second radar points: the farthest points are located at approximately 100km 
from the location of the airport whereas the closest points are located at a few hundreds of meters 
from the position of the airport. The high variance, together with a high dispersion of the radar 
points has the disadvantage that greatly increases the complexity of the clustering procedure 
since it is almost impossible to determine for certain flights the initial orientation that they had 
when they took-off since, at several tenths of kilometres away, this information gets diluted with 
the flight trajectory. 
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Distribution of the second points of the radar set for the EGLL airport. The x-axis 
represents the longitude whereas the y-axis the latitude values. The colour of each point 

represents the hour of the corresponding timestamp. 

For other airports, a mismatch of the possible configurations is detected. For example, the following 
images represent the distribution of the take-offs and the departures for the Amsterdam Schiphol (EHAM) 
airport in two different days. From the first image, it seems that the flights from the right cluster belong 
to a different configuration than the ones from the left. However, if we look at the second image, it 
seems that both configurations were used in the same time period making it difficult to identify the actual 
possible configurations. 
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Distribution of the second points of the radar set for the EHAM airport at two different days. 
The x-axis represents the longitude whereas the y-axis the latitude values. The colour of 

each point represents the hour of the corresponding timestamp. 

In some other airports, the points from different configurations seem to be mixed in certain areas which 
makes it difficult for an automatic clustering procedure to detect. The following figure from the Munich 
(EDDM) airport depicts this scenario. 
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Distribution of the second points of the radar set for the EDDM airport at two different days. 
The x-axis represents the longitude whereas the y-axis the latitude values. The colour of 
each point represents the hour of the corresponding timestamp 

 

For other airports, the lack of information for most of the flights and the high variability of the data 
makes it also impossible to determine a change of the configuration. For example, the following image 
represents the take-offs and departures for the LTBA airport. 
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Distribution of the second points of the radar set for the LTBA airport at two different days. 
The x-axis represents the longitude whereas the y-axis the latitude values. The colour of 

each point represents the hour of the corresponding timestamp 

 
 Due to the high variability and the quality of the data (extreme differences between airports), an 
automatic procedure based on classical approaches from literature seems infeasible. To continue with the 
analysis of the disturbance, we have designed a semi-automatic approach. The procedure we propose is 
based on the following elements: 

• Based on the closest point to the airport 
o 50km at most 

• Subjective perception of a change of configuration 
o Geospatial and temporal distribution of departure flights 

• Result: 
o Region that delimits the boundaries of each configuration 

The following figures are an example of how the proposed clustering procedure finds the 
changes of configuration for the following airports: 

 

Configuration regions detected for the LFPG (left)  and the EBBR (right) airports 
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Configuration regions detected for the ENGM (left) and the EDDM (right) airports 

 

Configuration regions detected for the EDDL (left) and the LEMG (right) airports 
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Configuration regions detected for the LGAV (left) and the LEBL (right) airports 

 

Configuration regions detected for the EDDF (left) and the EGLL (right) airports 
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Configuration regions detected for the EGCC (left) and the LFPO (right) airports 

 

 

Configuration regions detected for the LPPT (left) and the LEPA (right) airports 
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Configuration regions detected for the LEMD (left) and the EDDT (right) airports 

Once the procedure to detect configuration changes has been applied, the next thing to analyse is the 
ratio of flights for which in each airport the configuration is not known. 

The following graph depicts the ratio of unknown runway configuration for the selected airports in which 
it can be observed that the highest ratio is of not even 20% and only two airports: EGLL and EGCC, have 
ratios higher than 5%. Thus we can establish that results obtained have a good quality and the process 
we have proposed to establish the departure runway for each aircraft when no data of the runway field 
is available in the ALLFT+ data set is validated. 
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Computing the taxi time 

As previously mentioned, a change of configuration can affect the taxi times of the flights that were 
going to take-off or land when the change occurs. Therefore, for this disturbance we are going to focus 
on analysing the influence of a change of the configuration both in the delays of the arriving and 
departing flights, but also in their corresponding taxi times. For computing the taxi time, the first 
approach that we followed was to use the corresponding field of the ALLFT+ data set: either the revised 
taxi time or the CDM taxi time fields. However, and similarly to what happened with the departure 
runway field, only 5% of the records contain this information. In order to analyse the impact of the 
configuration change in the taxi time values, we decided to use an alternative measure, the ground 
rolling outbound time, which basically measures the difference between the take-off time and the off-
block time. Two approaches were proposed for estimating this measure: 

• Use the first radar point (CPF) - actual off-block time (AOBT) 
• Use the first radar point (CPF) - estimated off-block time (EOBT) 

In order to obtain a better understanding of both measures, we analysed the distribution of their values 
for a single day and for the whole available period (9 months). In the following histograms, each bin 
represents a window of 60 seconds. 
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Histogram of the distribution of the CPF - AOBT and the CPF - EOBT measures for a 
period of one day or for nine months for the LFPG airport 
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Histogram of the distribution of the CPF - AOBT and the CPF - EOBT measures for a 
period of one day or for nine months for the EBBR airport 
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Histogram of the distribution of the CPF - AOBT and the CPF - EOBT measures for a 
period of one day or for nine months for the ENGM airport 
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Histogram of the distribution of the CPF - AOBT and the CPF - EOBT measures for a 
period of one day or for nine months for the EDDM airport 
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Histogram of the distribution of the CPF - AOBT and the CPF - EOBT measures for a 
period of one day or for nine months for the EDDL airport 
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Histogram of the distribution of the CPF - AOBT and the CPF - EOBT measures for a 
period of one day or for nine months for the LEMG airport 
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Histogram of the distribution of the CPF - AOBT and the CPF - EOBT measures for a period of 
one day or for nine months for the LGAV airport 
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Histogram of the distribution of the CPF - AOBT and the CPF - EOBT measures for a period of 
one day or for nine months for the LEBL airport 
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Histogram of the distribution of the CPF - AOBT and the CPF - EOBT measures for a period of 
one day or for nine months for the EDDF airport 
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Histogram of the distribution of the CPF - AOBT and the CPF - EOBT measures for a period of 
one day or for nine months for the EGLL airport 
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Histogram of the distribution of the CPF - AOBT and the CPF - EOBT measures for a period of 
one day or for nine months for the EGCC airport 
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Histogram of the distribution of the CPF - AOBT and the CPF - EOBT measures for a period of 
one day or for nine months for the LFPO airport 
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Histogram of the distribution of the CPF - AOBT and the CPF - EOBT measures for a period of 
one day or for nine months for the LPPT airport 
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Histogram of the distribution of the CPF - AOBT and the CPF - EOBT measures for a period of 
one day or for nine months for the LEPA airport 
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Histogram of the distribution of the CPF - AOBT and the CPF - EOBT measures for a period of 
one day or for nine months for the LEMD airport 
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Histogram of the distribution of the CPF - AOBT and the CPF - EOBT measures for a period of 
one day or for nine months for the EDDT airport 
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From these results, it is clear that the variance of the CPF - EOBT measure is considerably higher than 
the corresponding CPF - AOBT measure and can contain negative values. This result is reasonable since 
the EOBT is an estimation of the off-block time, which could be computed with several days in advance. 
With regard to the CPF-AOBT values, it can be seen that for the ENGM, LEMG, LGAV, LEBL, EGLL, EGCC, 
LFPO, LPPT and the LEPA airport, 99% of the values seem to be gathered in a small window of five 
minutes whereas for the LFPG, EBBR, EDDM, EDDF and the LEMD the variance of the estimated ground 
rolling outbound time is considerably higher, from 500 seconds in EBBR to 1500 seconds in LFPG. 
When these values are compared to the report of Eurocontrol [39], the airports with the smallest 
variance seem to be far distant from what was expected, especially since, in this case, we are using the 
ground rolling outbound time which includes both the push-back and the runway out time and therefore 
has more factors to increase the variance. Since it is not clear which approximation contains the best 
values, we are going to continue the study with both alternatives. 

  

5.2.4 Knowledge extraction 

As commented in the previous sections, the goal of this section is to report on the process to obtaining 
knowledge regarding the patterns of behaviour followed by an airport after a runway configuration takes 
place. The section also reports the patterns that have been obtained after applying the proposed 
procedure to the data set available. 

In order to fulfil this aim two main goals are pursued: 

• Analyse the influence of runway configuration change on delays 
• Analyse influence of runway configuration change on the ground rolling outbound times 

Patterns on the ground rolling outbound time 

As described in the previous sections we will perform the analysis on the estimation of the ground rolling 
outbound time with both for the CPF- AOBT and the CPF- EOBT alternatives. When a runway 
configuration occurs, many flights are affected until the system stabilizes in the new runway 
configuration. When examining the patterns, one has to consider that many aircraft are affected and also 
the runway configuration happens in different days. In order to analyse a general pattern when the 
change takes place, we have proposed to aggregate all the data regarding the changes of configuration, 
for each possible change. For this task, we analyse all the available data for each airport to detect all the 
configuration changes that happened throughout the nine months. Then, for each configuration change, 
we select a set of flights that occurred within a time window (+- 2 hours) around the configuration 
change and we compute the ground rolling outbound measure for all the involved flights. Finally, we 
aggregate all these sets of flights by taking into account their relative distance (in seconds) to the 
moment where the configuration took place and by computing a central tendency measure. This way, we 
can compute a graph that represents the general behaviour of the ground rolling outbound measure 
when a change of configuration happens and for the periods of time before and after the change. For the 
central tendency measure, we have selected the median value since, with some airports, the mean value 
contained some bias that significantly altered the final results. These results are displayed in the following 
figures. 
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Median ground rolling outbound estimations around the change of configuration for the 
LFPG airport. The x-axis represents the time (in seconds) with respect the change of 
configuration (positive numbers represent flights that occurred after the change whereas 
negative numbers represent flights before the change) whereas the y-axis represents the 
mean ground rolling. The left Figure represents the CPF - AOBT estimation whereas the right 
Figure depicts the CPF - EOBT approximation 
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Median ground rolling outbound estimations around the change of configuration for the 
EBBR airport. The x-axis represents the time (in seconds) with respect the change of 
configuration (positive numbers represent flights that occurred after the change whereas 
negative numbers represent flights before the change) whereas the y-axis represents the 
mean ground rolling. The left Figure represents the CPF - AOBT estimation whereas the right 
Figure depicts the CPF - EOBT approximation 
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Median ground rolling outbound estimations around the change of configuration for the 
ENGM airport. The x-axis represents the time (in seconds) with respect the change of 
configuration (positive numbers represent flights that occurred after the change whereas 
negative numbers represent flights before the change) whereas the y-axis represents the 
mean ground rolling. The left Figure represents the CPF - AOBT estimation whereas the right 
Figure depicts the CPF - EOBT approximation. 
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Median ground rolling outbound estimations around the change of configuration for the 
EDDM airport. The x-axis represents the time (in seconds) with respect the change of 
configuration (positive numbers represent flights that occurred after the change whereas 
negative numbers represent flights before the change) whereas the y-axis represents the 
mean ground rolling. The left Figure represents the CPF - AOBT estimation whereas the right 
Figure depicts the CPF - EOBT approximation. 
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Median ground rolling outbound estimations around the change of configuration for the 
EDDL airport. The x-axis represents the time (in seconds) with respect the change of 
configuration (positive numbers represent flights that occurred after the change whereas 
negative numbers represent flights before the change) whereas the y-axis represents the 
mean ground rolling. The left Figure represents the CPF - AOBT estimation whereas the right 
Figure depicts the CPF - EOBT approximation. 
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Median ground rolling outbound estimations around the change of configuration for the 
LEMG airport. The x-axis represents the time (in seconds) with respect the change of 
configuration (positive numbers represent flights that occurred after the change whereas 
negative numbers represent flights before the change) whereas the y-axis represents the 
mean ground rolling. The left Figure represents the CPF - AOBT estimation whereas the right 
Figure depicts the CPF - EOBT approximation. 
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Median ground rolling outbound estimations around the change of configuration for the 
LGAV airport. The x-axis represents the time (in seconds) with respect the change of 
configuration (positive numbers represent flights that occurred after the change whereas 
negative numbers represent flights before the change) whereas the y-axis represents the 
mean ground rolling. The left Figure represents the CPF - AOBT estimation whereas the right 
Figure depicts the CPF - EOBT approximation. 
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Median ground rolling outbound estimations around the change of configuration for the 
LEBL airport. The x-axis represents the time (in seconds) with respect the change of 
configuration (positive numbers represent flights that occurred after the change whereas 
negative numbers represent flights before the change) whereas the y-axis represents the 
mean ground rolling. The left Figure represents the CPF - AOBT estimation whereas the right 
Figure depicts the CPF - EOBT approximation. 
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Median ground rolling outbound estimations around the change of configuration for the 
EDDF airport. The x-axis represents the time (in seconds) with respect the change of 
configuration (positive numbers represent flights that occurred after the change whereas 
negative numbers represent flights before the change) whereas the y-axis represents the 
mean ground rolling. The left Figure represents the CPF - AOBT estimation whereas the right 
Figure depicts the CPF - EOBT approximation. 
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Median ground rolling outbound estimations around the change of configuration for the 
EGLL airport. The x-axis represents the time (in seconds) with respect the change of 
configuration (positive numbers represent flights that occurred after the change whereas 
negative numbers represent flights before the change) whereas the y-axis represents the 
mean ground rolling. The left Figure represents the CPF - AOBT estimation whereas the right 
Figure depicts the CPF - EOBT approximation. 
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Median ground rolling outbound estimations around the change of configuration for the 
EGCC airport. The x-axis represents the time (in seconds) with respect the change of 
configuration (positive numbers represent flights that occurred after the change whereas 
negative numbers represent flights before the change) whereas the y-axis represents the 
mean ground rolling. The left Figure represents the CPF - AOBT estimation whereas the right 
Figure depicts the CPF - EOBT approximation 

 



 
D2.2 Description of the ATM patterns and insights discovered 

 

Page 96 of 209 
 

  

Median ground rolling outbound estimations around the change of configuration for the 
LFPO airport. The x-axis represents the time (in seconds) with respect the change of 
configuration (positive numbers represent flights that occurred after the change whereas 
negative numbers represent flights before the change) whereas the y-axis represents the 
mean ground rolling. The left Figure represents the CPF - AOBT estimation whereas the right 
Figure depicts the CPF - EOBT approximation 
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Median ground rolling outbound estimations around the change of configuration for the 
LPPT airport. The x-axis represents the time (in seconds) with respect the change of 
configuration (positive numbers represent flights that occurred after the change whereas 
negative numbers represent flights before the change) whereas the y-axis represents the 
mean ground rolling. The left Figure represents the CPF - AOBT estimation whereas the right 
Figure depicts the CPF - EOBT approximation 
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Median ground rolling outbound estimations around the change of configuration for the 
LEPA airport. The x-axis represents the time (in seconds) with respect the change of 
configuration (positive numbers represent flights that occurred after the change whereas 
negative numbers represent flights before the change) whereas the y-axis represents the 
mean ground rolling. The left Figure represents the CPF - AOBT estimation whereas the right 
Figure depicts the CPF - EOBT approximation 
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Median ground rolling outbound estimations around the change of configuration for the 
LEMD airport. The x-axis represents the time (in seconds) with respect the change of 
configuration (positive numbers represent flights that occurred after the change whereas 
negative numbers represent flights before the change) whereas the y-axis represents the 
mean ground rolling. The left Figure represents the CPF - AOBT estimation whereas the right 
Figure depicts the CPF - EOBT approximation 
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Median ground rolling outbound estimations around the change of configuration for the 
EDDT airport. The x-axis represents the time (in seconds) with respect the change of 
configuration (positive numbers represent flights that occurred after the change whereas 
negative numbers represent flights before the change) whereas the y-axis represents the 
mean ground rolling. The left Figure represents the CPF - AOBT estimation whereas the right 
Figure depicts the CPF - EOBT approximation 
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The analysis of the figures shows that for certain configurations and airports, there is a clear influence of 
the change of configuration in the ground rolling outbound times of the affected flights. The difference in 
the ground rolling times of each configuration can be clearly seen, especially in the CPF-AOBT graphs. 
For example, in the EDDL, EBBR and the LEMD airports, changing to the second configuration greatly 
increases the ground rolling times. For other airports, such as the LPPT, LFPG and the LEPA airports, it 
seems that there is a peak in the times around the change of configuration. For the remaining airports 
there seems to be no clear pattern related to the change of configuration. It must be taken into account 
that for most of the airports, the number of changes detected (for the available 9 months of data) is not 
enough to observe a general pattern in the aggregated graph. The following table and images display the 
number of changes detected for each airport as well as the ratio of the average number of flights per 
change. 

 

 

Airport #Changes to 
conf 1 

#Changes to 
conf 2 

#Flights in 
changes to conf 
1 

#Flights in 
changes to conf 
2 

#Flights/#Changes to 
conf 1 

#Flights/#Changes to 
conf2 

LFPG 59 51 6302 5086 106,8 99,7 
EBBR 35 41 1956 2524 55,88 61,56 
ENGM 56 80 3162 5065 56,46 63,31 
EDDM 14 31 1553 3992 110,92 128,77 
EDDL 34 24 2581 1763 75,91 73,45 
LEMG 36 90 1129 3902 31,36 43,35 
LGAV 32 44 1175 2512 36,71 57,09 
LEBL 141 204 10589 14757 75,09 72,33 
EDDF 32 31 1150 1717 35,93 55,38 
EGLL 8 11 849 1184 106,12 107,63 
EGCC 11 13 432 501 39,27 38,53 
LFPO 32 47 2612 3459 81,625 73,59 
LPPT 51 53 1937 2063 37,98 38,92 
LEPA 86 114 4679 6742 54,40 59,14 
LEMD 121 130 9966 16956 82,36 130,43 
EDDT 29 38 1613 2047 55,62 53,86 
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Number of configuration changes detected per airport 

 

Ratio of the average number of flights per configuration change 

 

 

As it is shown, only three airports: LEPA, LEBL and LEMD contain a considerable number of changes 
whereas the remaining airports contain less than 60 changes throughout the whole available period. This 
small number of changes makes the resulting graph noisier and therefore less reliable to observe a clear 
pattern. We also studied the distribution of the time periods where the changes took place for each 
airport. These are presented below. 
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Histogram of the times (in seconds) when the configuration changes were taken place for 
the LFPG (left) and EBBR airports (right) 
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Histogram of the times (in seconds) when the configuration changes were taken place for 
the ENGM (left) and EDDM airports (right) 

 



 
D2.2 Description of the ATM patterns and insights discovered 

 

Page 105 of 209 
 

 
 

Histogram of the times (in seconds) when the configuration changes were taken place for 
the EDDL (left)  and LEMG airports (right) 
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Histogram of the times (in seconds) when the configuration changes were taken place for 
the LGAV (left) and LEBL airports (right) 
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Histogram of the times (in seconds) when the configuration changes were taken place for 
the EDDF (left) and EGLL airports (right) 
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Histogram of the times (in seconds) when the configuration changes were taken place for 
the EGCC (left ) and LFPO airports (right) 
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Histogram of the times (in seconds) when the configuration changes were taken place for 
the LPPT (left) and LEPA airports (right) 
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Histogram of the times (in seconds) when the configuration changes were taken place for 
the LEMD (Left) and EDDT (right) airports 

 

From these images we can see that for some airports (e.g. LEMD, LEPA, EGCC, EBBR) and some 
configurations, the change of configuration does not follow a uniform distribution and occurs more 
frequently at specific hours where the traffic is low. An explanation for this result is that, for this analysis, 
we are taking into account all the changes that were conducted throughout the nine month period 
without considering if the change was planned or not, mainly because this information is not registered in 
any of the available data and is impossible to analyse. Therefore, it seems for some airports, most of the 
changes (when returning from the alternative to the main configuration) are planned to happen when 
their impact can be controlled (at the late hours of the day) and, therefore, they do not generate a 
significant delay in the ground rolling outbound time. To completely determine the impact of a change of 
configuration, we continue with a comparison of the delays and the ground rolling outbound time of the 
flights that were affected by a change of configuration against flights that were not affected by a change. 

Delays patterns 

As mentioned in the methodology section, the general process that we have followed for comparing the 
delays is to obtain both the arrival and departure delays of the flights that were affected by a disturbance 
and compare them against a set of flights that departed (or arrived) in the same time window of the 
same day of the week but from different weeks (usually the week before and after of the affected day) 
where no extraordinary event occurred. To adapt this general process to this disturbance, we have 
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chosen to establish a time window around each change of configuration (20 minutes before and after the 
detection of the change) and selected the flights that fall inside the window to compare their delays. 

Therefore, at the end of this process, we have several sets of affected flights (one for each change of 
configuration) and their corresponding comparison set from unaffected flights. Then, for each flight of 
each set, both the arrival and the departure delays are computed. As explained for the general process, 
in order to conduct a global comparison of each type of delay, a representative from each set (one per 
window) is selected (i.e., the median which offers less bias than the mean), and the resulting distribution 
of values is compared both by their average values as well as by means of statistical tests. The overall 
results of the comparison for each delay are presented in the following Figures. 

 

In this Figure the average values of the average arrival delays of the days affected by a 
change to the configuration labelled as 1 as well as the days unaffected by this problem is 
presented. The number of days (or windows) to compute these values is presented in the 
graph below it. 
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In this Figure the average values of the average departure delays of the days affected by a 
change to the configuration labelled as 1 as well as the days unaffected by this problem is 
presented. The number of days (or windows) to compute these values is presented in the 
graph below it. 

In this Figure the average values of the average arrival delays of the days affected by a 
change to the configuration labelled as 2 as well as the days unaffected by this problem is 
presented. The number of days (or windows) to compute these values is presented in the 
graph below it. 
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In this Figure the average values of the average departure delays of the days affected by a 
change to the configuration labelled as 2 as well as the days unaffected by this problem is 
presented. The number of days (or windows) to compute these values is presented in the 
graph below it. 

After using the appropriate statistical tests to these results (described in the Methodology section), the 
following patterns have been obtained: 

Significant results, i.e.,average delay from the affected days is greater than the corresponding from 
the control group : 
 
To configuration 1: 
 

o arrivals: ENGM, EDDM and EDDL 
o departures: LFPG, EDDM and LEMD 

    To configuration 2: 

o arrivals:EBBR, EDDL. EDDF, LEPA 
o departures: EDDM, LPPT, LEPA. LEMD 

From these results, it is clear that, for most of the airports, a configuration change does not have a 
significant impact of the overall delays. However, for some airports, it is clear that the change is having a 
significant influence on the global delays, though it does not seem a high difference in comparison to the 
unaffected days (300 seconds at most in the LEMD and EDDT airports). The configuration that is changed 
is also relevant to some airports, like, for example the LEPA, EDDF, LPPT airport, where significant 
differences have been found when changing to configuration 1 whereas no significant changes have been 
found when changing to configuration 2. This could be explained by the fact that certain changes from 
one configuration to the alternative one tend to happen at periods of low traffic whereas the opposite 
change can happen at any time (as it was shown with the previous histograms). For other airports, the 
change affects equally but only to one type of the delays (e.g. departures for the LEMD airport) 

A similar analysis has also been conducted for the non-absorbed delays (more detailed explanation of the 
non-absorbed delay is given in the methodology Section). For each flight yielding the results presented in 
the following figures  
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Non absorbed delays for when changing to configuration 1 

 

Non absorbed delays for when changing to configuration 2 
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However, for most of the airports there were not enough data available and for the remaining airports 
the differences were not significant. 

Comparing the ground rolling outbound time 

A similar process than the one conducted in the previous section has been followed for comparing the 
rolling outbound time. The process is exactly the same with the exception that, instead of computing the 
delays of the flights, the ground rolling outbound measure has been used to compare this value of the 
departing flights. As happened with the analysis of the ground rolling outbound time, the study has been 
carried out with both the CPF - EOBT estimation as well as the CPF - AOBT value. The overall results are 
presented below. 

 

 

Average ground rolling outbound time when changing to configuration 1 using the CPF - 
EOBT estimation.  
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Average ground rolling outbound time when changing to configuration 2 using the CPF - 
EOBT estimation  

 

Average ground rolling outbound time when changing to configuration 1 using the CPF - 
AOBT estimation  
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Average ground rolling outbound time when changing to configuration 2 using the CPF - 
AOBT estimation  

After using the appropriate statistical tests to these results (described in the Methodology section), the 
obtained patterns are presented below. 

Significant results : 

• To configuration 1: 
 

o CPF- EOBT: Significant difference between the affected days and the control group days 
(affected days delays > control group days) for the following airports: LEMD, LFPG and 
EBBR 

o CPF - AOBT: Significant difference between the affected days and the control group days 
(affected days delays > control group days) for the following airports: LEMD, LFPG and 
EDDF 

• To configuration 2: 
o CPF - EOBT: Significant difference between the affected days and the control group days 

(affected days delays > control group days) for the following airports: EDDM, LEMD, 
LFPG, EBBR and LPPT 

o CPF - AOBT: Significant difference between the affected days and the control group days 
(affected days delays > control group days) for the following airports: LEBL, LEMD, 
LFPG, EBBR and LPPT 

As happened with the delays analysis, the change of configuration has significantly affected the ground 
rolling outbound times for some airports, with affected days having greater values than the days from the 
control group. However, for both estimations of the ground rolling outbound time, only in a small number 
of airports  these differences have been detected as significant having, on average, an increment of at 
most 300 seconds, and with the LEMD airport being the one with the largest difference. 

5.2.5  Conclusions 

For this disturbance a thorough process has been conducted to analyse the impact of the change of the 
configuration in both the delays of the affected aircraft as well as the ground rolling outbound time, an 
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estimation of the taxi time measure. Several processes have been developed in order to cope with the 
absence of information in the data set and to deal with the analysis of both proposed measures. The 
main conclusions from this work can be summarized in the following aspects: 

The procedure to detect the configuration changes 

A semi-automatic procedure has been developed to detect when the configuration change takes place. 
This procedure has been successfully used with the selected airports, being able to identify for the 
majority of the airports the configuration for the 98% of the flights from the available nine months data. 
However, this method needs some manual intervention to detect the configuration changes of the flights 
and could be greatly improved if the information of some missing fields (e.g. the runway where the 
flights took off) could be obtained or if the first available radar points where closer to the airport. 

The procedure to estimate the taxi time 

The procedure followed for estimating the taxi time value, by using the ground rolling outbound measure, 
has highlighted the following facts: 

• By using the EOBT field, the resultant measure seems to have a considerable amount of 
noise, which can have a negative impact on the proposed study. 
 

• In contrast, the use of the AOBT field with most of the airports has output values whose 
distribution seem to have an unexpected low variance giving the impression that they could 
be computed a posteriori by using the first CPF radar point minus an standard taxi time 
value. 

The comparison of the delays and the ground rolling outbound times 

Although some significant results were found, it seems that for most of the airports a change of 
configuration is not having an big impact in the overall air traffic system delays and ground rolling 
outbound times and, even in those cases, where the difference is significant, it seems that the system is 
able to absorb these delays during the following rotations of the different aircraft. 

It is remarkable the fact that cancelled flight plans cannot be automatically identified with Eurocontrol 
ALLFT+ data set, however, the operational insight regarding this particular scenario -runway 
configuration change- concluded that there are not cancelled flights for this reason, so the lack of this 
data is not influencing the final result in terms of the delay calculation. 

With regards to the ground rolling outbound times, the absence of a significant result does not mean that 
this measure cannot be used as a performance indicator of resilience but, with the present information, 
there is a considerable amount of noise that could be affecting the extraction of significant patterns. 
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5.3  Scenario 2: Delay generation due to staffing problems at one airport 

5.3.1 Introduction 

Growing traffic, technological changes and commercial pressures makes staffing the ATC Operations 
complex and challenging. To maintain a safe, orderly and expeditious flow of traffic, it is important to 
staff operational positions safely and to withstand commercial pressure avoiding unnecessary risks. This 
may require certain safety buffers to cope with expected and unexpected variances (e.g. people, 
technology, organisation, contextual [19]). 

Staffing in ATM is defined as resourcing ATC Operations with competent (see EUROCONTROL Safety 
Regulatory Requirement 5  ESARR 5 [20]) staff at all required operational positions to provide a safe, 
orderly and expeditious flow of traffic within the capacity declared by the Air Traffic Service (ATS) unit, 
including periods of known or unknown workload extremes and/or degraded system operations. This 
implies the following requirements of the staff involved: 

• to have an appropriate mix of experience 
• to be fit for duty 
• to be legally qualified 
• to be motivated 

Among the overall hazards associated with staffing in ATM are: over- and under-staffing, traffic variation, 
competency, overconfidence, fit for duty health, etc. An airport can have staffing problems due to several 
causes: from large-scale events as strikes, up to simultaneous illness leaves. When this happens, the 
number of aircraft moving on the ground or close to the airport should be reduced to maintain the 
required safety levels. This can significantly impact in the arrival and departure delays of the flights. 
Therefore, for this disturbance, we are going to concentrate on the consequences of the lack of staff as 
well as strike events in the behaviour of the system. 

5.3.2 Process followed 

The general process described in the methodology Section has been adapted to the analysis of the 
staffing problems in the system. The main steps have remained the same as the ones from the general 
process but with certain peculiarities with some steps mainly due to the data sets required in this case. 
This process is outlined below whereas each of the steps is briefly described in the following subsections. 

1) Analysis of the available data for the selected airports for that particular disturbance 
2) For each airport:  

a) Find the time windows where the disturbance takes place and select the affected flights 
(departing/arriving). 

b) Select a control group of flights from equivalent days in which that disturbance was not 
occurring.  

c) Compute the delays of the flights for the selected time windows  
d) Analyse and compare the delays between the affected and the unaffected (or control) group 

by means of statistical procedures 
3) Extract conclusions of the impact of the disturbance and the corresponding resilient behaviour of 

the system 

The figure depicts the process in which one can see where the main differences with the general process 
lays on the parsing of the ACC headlines file: 
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1. Analysis of the available data 

For this disturbance both the ALLFT+ and the ACC headlines data set have been used. Since all the 
required fields were analysed in the Data Understanding Section, the analysis for this disturbance has 
focused on the ACC headlines data set. 

2.a Finding the time window affected by the disturbance 

The ACC headlines file has been used to identify the time window where the staffing problems occurred. 
As will be described later, this data set contains all the events that were reported by each airport for each 
day of the 2011 year (except some days as it will be commented in later Sections). The implemented 
method conducts a search through this data set to find the days where the airports reported any word 
containing the "staff" or "strike" stems and extracts the days and the airports where these events 
happened. With this information, it creates the corresponding time windows to the detected days 
affected by a staffing or strike problem. In contrast to the other disturbances, the corresponding time 
windows from this event are always going to include the whole day where the event was detected. 
Briefly, the main steps of this process are the following: 

• Parse the ACC headlines file 
• Find all the occurrences of the words: "staff", "staff*" (*replaces any set of characters) or 

"strike" 
• Extract from the selected sentence, the airport or airports affected by staff and the date 
• Order the occurrences by airport and date 
• Create the corresponding time windows 
• For each window, extract the flights affected by the staffing or strike event 

2.b Selecting a control group of flights 

As mentioned in the methodology Section, to extract the control group of flights we have selected the 
same time window from the same day of the week but from the previous or next weeks where no event 
happened in the time window (the whole day in this case). 
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2.c Computing the delays of the flights 

We have used the same procedure described in the methodology Section 

2.d Analysing and comparing the delays 

The same statistical procedures described for the general process have been applied for this disturbance. 

3. Extracting conclusions of the impact of the disturbance and the corresponding resilient behaviour of the system 

Finally, a global study of the impact of the disturbance in the system has been conducted. 

 

5.3.3 Data processing 

The goal of this scenario is to analyse the possible increase in both the delays of the departure and 
arrival flights due to a staffing problem in an airport. We start by analysing the data and following the 
process we have just detailed in the previous Section. For this disturbance, two sources of information 
were used in the analysis: 

1. The ALLFT+ file and 
2. The AAC headlines file for the available days 

It is important to notice the period that is being covered by the data sets that will be used for the 
analysis: 

• ALLFT+ file: contains flights from 2011-03-01 to 2011-11-30 
• the AAC headlines: contains data from 2010-07-01 to 2011-06-28 and from 2011-09-05 to 2011-

30-11. 

Therefore, the analysis is going to be conducted over the period for which information for the two data 
sets is available, i.e., from 2011-03-01 to 2011-06-28 and also from 2011-09-05 to 2011-30-11. 

As mentioned in the previous Section, this data set has to be processed to detect the days where the 
staffing or strike problems happened. This has to be accomplished by performing a parsing operation 
over the ACC headlines file. An example of the type of information included in this file is presented in the 
following lines: 

05-Jul-10,"EFHK reduced rate. LFPO staffing problems. EDUU VAFORIT FFMT 
and WURT regulated. SW Axis LECB Balse sector in force. LECM CU and LEMD 
ARRE/W. SE Axis LOVV CB activity. 

24-Jul-10,"Greek Islands due capacity. EGLL due to staffing. LFMD high 
demand. LFPG due CB. EDDL single runway operations. 

07-Sep-10,"LF** French Strike LFRR, LFBB, LFEE, LFFF and LFMM regulated 
high delays, high delays via T9S. , EGLL (ARR) restricted due to CB. 
EDUU VAFORIT West sectors on loaded due to French strike 

As one can observe, the main challenges to find the information are behind the fact that it is textual 
information (non structured data) and, therefore, has some particularities that need to be handled. We 
have developed a method to identify the days and the airports where a staffing or strike problem 
happened. This method looks for the words 'staff', 'strike' and any of their derived words in any of the 
sentences and extracts the affected airports by taking into account the proximity to the word and that 
each sentence finishes by a period. However, due to the text-free nature of the data set it is difficult for 
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the automatic procedure to correctly identify all the possible situations. Moreover, the degree of the 
staffing problem is never reported so it is difficult to assess the importance of the selected events. 
Therefore, although the automatic procedure selects the set of candidate days, a manual exploration is 
required to validate the obtained results. 

In the following table and figure, the results from this method are presented. In this representation, the 
number of days affected by any of the described events is given. 

Airport #Total affected days #Staffing days #Days with strike 
LFPG 6 0 6 
EBBR 0 0 0 
ENGM 12 12 0 
EDDM 1 1 0 
EDDL 5 5 0 
LEMG 0 0 0 
LGAV 6 4 2 
LEBL 0 0 0 
EDDF 2 2 0 
EGLL 0 0 0 
EGCC 0 0 0 
LFPO 8 2 6 
LPPT 0 0 0 
LEPA 0 0 0 
LEMD 0 0 0 
EDDT 1 1 0 

 

 

From this analysis, it is clear that the available number of days with staffing or strike problems is 
considerably reduced, with only 7 airports experiencing at least a day with one of these problems and 
only 3 more than 5 days with this problem. 
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5.3.4 Knowledge Extraction 

Arrival and departures delays patterns 

In what follows we will present the results of the mean values of the arrivals and departures delays for 
the days affected by a staffing or a strike problem and compared them against equivalent days where no 
extraordinary event happened. In these Figures the average values of the delays of the days affected by 
a staffing or strike problem as well as the days unaffected by this problem is presented. 

 

In this Figure the average values of the average arrival delays of the days affected by a 
staffing problem as well as the days unaffected by this problem is presented. The number of 

days (or windows) to compute these values is presented in the graph below it. 
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In this Figure the average values of the average departure delays of the days affected by a 
staffing problem as well as the days unaffected by this problem is presented. The number of 

days (or windows) to compute these values is presented in the graph below it. 

 

Observe that, in this particular scenario, the number of windows affected by staffing problems is very 
low, hindering the extraction and interpretation of patterns. Therefore, for most of the airports, it is 
difficult to obtain significant results since only four airports contained enough days for conducting a 
statistical test (>5 days). However, some patterns could be obtained, these are presented below. 

Significant results: 

Arrivals: 

• Significant differences between the affected days and the control group days (affected days 
delays > control group days) for the following airports: LFPG, LFPO, ENGM, LGAV 

• Although there are not enough days for conducting a global comparison, there have found 
significant differences in all the available days, i.e. analysing each day independently, for the 
following airports: EDDM, EDDF and EDDT 

Departures: 

• Significant differences between the affected days and the control group days(affected days 
delays > control group days) for the following airports: LFPO and LFPG 

• Although there are not enough days for conducting a global comparison, significant differences 
were found in all the available days, i.e. analysing each day independently, for the following 
airports: EDDM, EDDF and EDDT 
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Non-absorbed delays patterns 

For this study we analyse the propagation of the delays between the flights that were carried out by the 
same aircraft during a day after it is affected by a staffing or strike day. As happened in the previous 
case, the small number of windows hampers our analysis of significance. 

 

 

 

 

In this case the results were not significant and so no conclusion could be extracted from the data. 

 

5.3.5 Conclusions 

In this Section we discuss the main conclusions regarding the impact of this disturbance in the studied 
airports. These are divided into two aspects: 

• The procedure to extract the affected windows 
• The computation of the delays 

Extracting the days affected by a staffing problem 

To detect the days affected by a staffing problem we have developed an automatic script that searches in 
the AAC headlines files for the days where the "strike" and "staff" word stems appear to extract the 
corresponding days where each airport was affected. However the script does not solve some problems 
that could affect the later extraction of patterns: 
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• Since the AAC headlines does not have any structure, it is necessary to review the extracted 
information to confirm the results or to interpret partial staffing problems, like, for example, the 
report referring to the LEMD airport of the 2011 05 08: "LEMD ARR regulated due to ATC 
capacity, DEP E and NE sector (DNS) regulated due to ATC staffing". 

• Due to the available information, there is no proper way to distinguish the kind of staff problems 
(mainly ATC staffing problems .. ) that may be have a considerable impact in the system. 

• Reporting culture issues: Not always the airports are reporting the problems. This is worth noting 
as, for example, it is known that Madrid Barajas had staffing problems during March, July and 
August 2011 while this is not reflected in the ACC headlines. Consequently, we cannot assure 
that all staffing problems have been analysed. 

• For the analysed period not enough occurrences of events per airport are available. Note that in 
many cases, the number of occurrences is not even ten. This together with the lack of 
information makes it difficult to assure that we are a obtaining the proper date set of days 
affected by the disturbance. 

Moreover, the procedure that has been implemented in the scripts does not only identify the days where 
problems are reported but also days in which no problem was reported for each airport and stores this 
information since it is used in the next phase for comparing the delays. Consequently, it could be the 
case that we select a window for the control group in which no problems were reported but where a 
staffing problem happened, introducing noise in the extracted patterns. 

Computation of the delays 

In this particular case, the main hypothesis stated as: 

Delay of flights is a performance indicator which is affected when staffing problems occur at an 
airport 

Cannot be completely verified. The main reasons behind are not on the procedure followed but on the 
data sets used to detect staffing problems. The lack of enough and consistent information regarding 
staffing problems -most of them connected with the reporting culture- in the ACC headline files is the 
root of this. However, besides this partial lack of information, it has been possible to detect significant 
differences in the arrival and departures delays for the LFPG and LFPO airports mainly caused by the 
French strikes and significant differences with the arrivals delays for the ENGM and LGAV airports, with 
ENGM only affected by staffing problems. 
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5.4 Scenario 3:  Delay generation caused by adverse weather in the 
airports 

 

5.4.1 Introduction 

"Weather is one of the greatest hazards to aviation, which means that making correct and timely 
decisions are important to keeping schedules and maintaining safety" [40] 

Eurocontrol establishes in the Challenges of Growth 2013 [21] in the Task 8: Climate Change Risk and 
Resilience that: 

"Aviation is highly weather-dependant, says Eurocontrol, and almost 6% of total primary delay in Europe 
in 2011 was due to weather. Convective activity is the biggest cause of weather regulations in the 
summer period while snow and fog is the main constraint in the winter. The overstretched European 
aviation network is particularly vulnerable to a loss of performance in any single component when one 
major airport or airspace sector is closed, average traffic delays can increase across the system as a 
whole and so the potential impact of climate change must be addressed." 

Europe with around 35.000 daily flights has to deal with these adverse types of weather regularly. An 
adverse or a sudden change will cause delays and operation changes that can have a significant cost. 
Every phase of flight has the potential to be impacted by weather:  

• On the ground, aircraft may have to be de-iced prior to departure, 
• Runways have to be plowed or treated, 
• Lightning in the area prevents ground handlers and fuelers from carrying out their work, 
• Departing and arriving aircraft are slowed by Air Traffic Control (ATC) when cloud ceilings or 

visibilities are reduced, 
• Low-level wind shear conditions can cause the cessation of take-offs and landings, during the 

enroute phase of flight, 
• Jetstream winds and temperatures have a significant impact on fuel burn and on-time 

performance, 
• Thunderstorms can close or deviate air routes for hundreds of miles 

Considering the potential impacts mentioned above, we concentrate here on efficiency of operation and 
in particular how weather events impact on keeping the schedules. The main aim behind the analysis of 
bad weather occurring at the airports is to discover whether weather events affect normal operation and 
how they can impact elements such as delays of airports departing or arriving to these airports. In order 
to extract some insight of this fact both the ALLFT+ data set will be used together with the information of 
the weather as presented in the METAR files. 

5.4.2 Process followed 

The general process described in the methodology Section has been adapted to the analysis of the 
weather problems in the system. The main steps have remained the same as the ones from the general 
process but with certain peculiarities with some steps, mainly due to the data sets required in this case. 
This process is outlined below whereas each of the steps is briefly described in the following subsections. 

1) Analysis of the available data for the selected airports for that particular disturbance 
2) For each airport: 

a) Find the time windows where the disturbance takes place and select the affected flights 
(departing/arriving). 

b) Select a control group of flights from equivalent days in which that disturbance was not 
occurring. 
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c) Compute the delays of the flights for the selected time windows 
d) Analyse and compare the delays between the affected and the unaffected (or control) group by 

means of statistical procedures 
e) Extract conclusions of the impact of the disturbance and the corresponding resilient behaviour of 

the system 

1. Analysis of the available data 

For this disturbance both the ALLFT+ and the METAR processed data set have been used. Since all the 
required fields were analysed in the Data Understanding Section, the analysis for this disturbance has 
focused in the METAR processed data set. 

2.a Finding the time window affected by the disturbance and select the affected flights 

The METAR processed data set has been used to identify the time window where the weather problems 
occurred. As it was described in the Data Understanding Section and in the following Data processing 
Section, this data set contains all the meteorological events that were reported by each airport for each 
half and hour of all the days of 2011. Each possible meteorological event has been independently studied 
(except for the combined thunderstorm events as will be explained later). For each meteorological event 
and airport, the implemented method conducts a search through this data set to find the days and times 
where the event occurred. With this information it creates the corresponding time windows affected by 
each event and extracts the affected flights in each window. Briefly, the main steps of this process are 
detailed below: 

• For each identified meteorological event of the data set  
o For each airport 

§ Parse the METAR processed data set 
§ Find all the occurrences in an airport of the selected event 
§ Create the corresponding time windows 
§ Order the occurrences by airport and date 
§ Extract the affected flights in each window 

2.b Selecting a control group of flights 

As mentioned in the methodology Section, to extract the control group of flights, we have selected the 
same time window from the same day of the week but from previous or next weeks where no event 
happened in the time window.  

2.c Computing the delays of the flights 

We have used the same procedure described in the methodology Section  

2.d Analysing and comparing the delays 

The same statistical procedures described for the general process have been applied for this disturbance.  

3. Extracting conclusions of the impact of the disturbance and the corresponding resilient behaviour of the system 

Finally, a global study of the impact of the disturbance in the system has been conducted. 
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5.4.3 Data processing 

As we deeply analysed in the data understanding Section the METAR processed data set contains 
information about the potential events happening (Fog, Thunderstorm, ...), the wind direction and 
velocity, pressure, temperature and visibility. We will concentrate in this scenario on the analysis of how 
a certain event occurring at a certain airport, as established in the tag field of this data set, can influence 
the delays occurring in the airport as well as the propagation or absorption of delays. It is important to 
remember, from the analysis performed in the data-understanding phase that the normal situation, 
where no event is reported, happens to be up to 10 times more frequent than the most frequent event 
(Rain). This distribution of events for the period under analysis is depicted in the following figure. 

 

 

 

Each line of the data set reports the weather information for a specific time stamp. It is important to 
remember that the event information is being gathered with a precision of 30 minutes on average. So 
rain happening around 18.000 times in total means that it has appeared in the METAR data set around 
600 times. The automatic procedure that has been developed analyses this information and generates 
the corresponding time windows by finding consecutive time periods in which the same phenomenon is 
happening. The following lines represent the typical information found in this data set: 

2011-06-28 23:25:00 temp:21 humidity:88 pres:1013 visib:10000 wind:'direction': 
'WNW', 'speed': 18.5 tag:Rain 2011-06-28 23:25:00 temp:21 humidity:88 pres:1013 
visib:10000 wind:'direction': 'WNW', 'speed': 18.5 tag:Rain> 
2011-06-29 00:25:00 temp:20 humidity:88 pres:1013 visib:10000 wind:'direction': 
'NNE', 'speed': 14.8 tag:None <2011-06-29 00:25:00 temp:20 humidity:88 
pres:1013 visib:10000 wind:'direction': 'NNE', 'speed': 14.8 tag:None> 
2011-12-18 07:38:00 temp:7 humidity:31 pres:1007 visib:10000 wind:'direction': 
'North', 'speed':18.5 tag:Tornado 2011-12-18 07:38:00 temp:7 humidity:31 
pres:1007 visib:10000 wind:'direction': 'North', 'speed':18.5 tag:Tornado> 
2011-12-30 01:55:00 temp:4 humidity:87 pres:1006 visib:6000 wind:'direction': 
'WNW', 'speed': 53.7 tag:Rain 2011-12-30 01:55:00 temp:4 humidity:87 pres:1006 
visib:6000 wind:'direction': 'WNW', 'speed': 53.7 tag:Rain> 
2011-10-19 13:55:00 temp:9 humidity:82 pres:1013 visib:10000 wind:'direction': 
'WNW', 'speed': 29.6 tag:Rain 2011-10-19 13:55:00 temp:9 humidity:82 pres:1013 
visib:10000 wind:'direction': 'WNW', 'speed': 29.6 tag:Rain> 
2011-12-31 09:55:00 temp:9 humidity:100 pres:1007 visib:6000 wind:'direction': 
'West', 'speed': 13.0 tag:None 2011-12-31 09:55:00 temp:9 humidity:100 
pres:1007 visib:6000 wind:'direction': 'West', 'speed': 13.0 tag:None> 



 
D2.2 Description of the ATM patterns and insights discovered 

 

Page 130 of 209 
 

2011-12-29 20:25:00 temp:3 humidity:93 pres:1007 visib:9999 wind:'direction': 
'NW', 'speed': 59.3 tag:Rain 2011-12-29 20:25:00 temp:3 humidity:93 pres:1007 
visib:9999 wind:'direction': 'NW', 'speed': 59.3 tag:Rain> 
2011-09-10 22:25:00 temp:20 humidity:88 pres:1005 visib:10000 wind:'direction': 
'WSW', 'speed': 24.1 tag:Rain-Thunderstorm 2011-09-10 22:25:00 temp:20 
humidity:88 pres:1005 visib:10000 wind:'direction': 'WSW', 'speed': 24.1 
tag:Rain-Thunderstorm> 
2011-12-24 00:25:00 temp:6 humidity:93 pres:1007 visib:5000 wind:'direction': 
'NNW', 'speed': 44.4 tag:Rain 2011-12-24 00:25:00 temp:6 humidity:93 pres:1007 
visib:5000 wind:'direction': 'NNW', 'speed': 44.4 tag:Rain> 
2011-06-08 00:20:00 temp:17 humidity:88 pres:1003 visib:10000 wind:'direction': 
'SSW', 'speed': 24.1 tag:Rain 2011-06-08 00:20:00 temp:17 humidity:88 pres:1003 
visib:10000 wind:'direction': 'SSW', 'speed': 24.1 tag:Rain> 
 

Ranking of weather events 

Once the frequency of events is clear, we need to establish the importance of meteorological events. The 
nature of the event should be considered together with the following factors: 

• Severity of event 
• Predictability of event 
• Duration of event 
• Time of event 
• Technical environment (equipment/ staff to cope with) 

Based on these factors, the experts ranked the weather events as indicated in the following table: 
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We can observe in red in the table those phenomena that as analysed in the data understanding Section 
are not occurring in the selected airports for the period under analysis. Observe also that the least 
priority event is the one occurring more often (rain). 

 

5.4.4 Knowledge extraction 

This section contains the information on the patterns that have been obtained. At this point it is 
important to remember that, when analysing the distribution of data, we could observe that some 
phenomena were occurring very rarely in some airports. It is also worth mentioning that in the period 
from which data is being analysed (20110301 - 20111130) most of the winter months are missing and so 
the snow related events are going to have a small number of instances. The comparison of the departure 
and arrival delays of the windows affected by the weather disturbances against the equivalent windows 
where no disturbance was identified is described below: 

Arrival and departures delays patterns 

As it has been mentioned, we will analyse delays only for those weather events that were ranked as high 
priority. In particular we have analysed delays to extract patterns from the following phenomena: 

• Thunderstorm Combination: under this category we have grouped all the phenomena that 
include thunderstorm and any other phenomena (thunderstorm-rain, thunderstorm-hail, ...). 
We have decided to join them into one category as we could observe in the data 
understanding Section that the number of occurrences for the individual events was very 
small. 

• Thunderstorm 
• Rain-Snow 
• Snow 
• Fog 
• Fog-rain 
• Rain 

For the following events, no record was found for the selected airports: 

• Fog-Snow 
• Snow-Hail 
• Rain-Hail 

Similarly to the previous disturbances, the results of the mean values of the arrivals and departures 
delays for the days affected by a weather problem (as well as the results of the equivalent days where no 
extraordinary event happened) are presented. 
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Thunderstorm combinations 

In this Figure the average values of the arrival delays of the days affected by a combination 
of a Thunderstorm event as well as the days unaffected by this problem is presented. The 
number of days (or windows) to compute these values is presented in the graph below it. 

 



 
D2.2 Description of the ATM patterns and insights discovered 

 

Page 133 of 209 
 

In this Figure the average values of the departure delays of the days affected by a 
combination of a Thunderstorm event as well as the days unaffected by this problem is 

presented. The number of days (or windows) to compute these values is presented in the 
graph below it. 

As it can be seen from the previous images, for this event there are enough time windows to conduct the 
appropriate statistical tests and analyse the significance of the results. Concretely, there have been found 
significance differences for the following airports: 

• Arrivals: EGCC, ENGM, EDDT, LGAV, LFPO, LPPT, EDDL, LEBL, EBBR, LFPG, EDDF, LEMD, 
EDDM 

• Departures: EGCC, EGLL, ENGM, EDDT, LEMG, LGAV, LFPO,LPPT, EDDL, LEBL, EBBR, LFPG, 
EDDF, LEMD, EDDM 

From these it can be observed that, for almost all of the selected airports, the reported differences for 
the arriving flights affected by any of these thunderstorms have been consistently greater than their 
corresponding ones of days where no event happened. These differences have been especially significant 
for the EDDM, EDDF and LEMD airports, which, on average, have been around 20-30 minutes. With 
regard to the departures, a similar trend can be seen for most of the airports, with more significant 
results. 
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Thunderstorm 

In this Figure the average values of the arrival delays of the days affected by a 
Thunderstorm event as well as the days unaffected by this problem is presented. The 

number of days (or windows) to compute these values is presented in the graph below it. 

 

In this Figure the average values of the departure delays of the days affected by a 
Thunderstorm event as well as the days unaffected by this problem is presented. The 

number of days (or windows) to compute these values is presented in the graph below it. 

For the case of thunderstorms alone observe that there is also a clear impact in the delays as in the case 
of the previous event. Significant differences were found for the following airports: 

Arrivals: EGCC, EGLL, ENGM, LEPA, LGAV, LFPO, LPPT, EDDL, EBBR, EDDF, LEMD, EDDM, 
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Departures: EGLL, ENGM, EDDT, LFPO, LPPT, EDDL, EDDF, LEMD, EDDM 

For this event the number of available windows is considerably less than in the previous event. Thus, the 
number of airports where the results were found to be significant has been reduced. However, a similar 
pattern to the previous event can be seen, with EDDL, EDDM and the EDDF airports experiencing an 
increase of their average delay of about 20-25 minutes. 

Rain-Snow 

In this Figure the average values of the arrival delays of the days affected by a Rain-Snow 
event as well as the days unaffected by this problem is presented. The number of days (or 

windows) to compute these values is presented in the graph below it. 
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In this Figure the average values of the departure delays of the days affected by a Rain-
Snow event as well as the days unaffected by this problem is presented. The number of days 

(or windows) to compute these values is presented in the graph below it. 

 

It is important to note the very low occurrence of this event. However, for the only airport (ENGM) for 
which the event has occurred in the period under analysis, observe how it clearly affects the delay having 
significant results for both the arrivals and departures. 
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Snow 

In this Figure the average values of the arrival delays of the days affected by a Snow event 
as well as the days unaffected by this problem is presented. The number of days (or 

windows) to compute these values is presented in the graph below it. 

In this Figure the average values of the departure delays of the days affected by a Rain-
Snow event as well as the days unaffected by this problem is presented. The number of days 

(or windows) to compute these values is presented in the graph below it. 

Once again, this phenomena is not very frequent, however significant results were found for the ENGM 
airport. For the three reported cases of the LEMD airport, all of them were significant. 
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Fog 

In this Figure the average values of the arrival delays of the days affected by a Fog event as 
well as the days unaffected by this problem is presented. The number of days (or windows) 

to compute these values is presented in the graph below it. 

 

In this Figure the average values of the departure delays of the days affected by a Fog event 
as well as the days unaffected by this problem is presented. The number of days (or 

windows) to compute these values is presented in the graph below it. 
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In the case of Fog, it is one of the events with the highest occurrence and clearly once again affects the 
delays. Significant results were found for the following airports: 

Arrivals: EGLL, ENGM, EDDT, EDDL, EBBR, LFPG, EDDF, EDDM, 

Departures: ENGM, EDDT, LFPO (not in the case of the next window though), LPPT , EBBR, EDDF, EDDM 

This event, as expected by the ranking presented in the Data Processing Section, seems to have a 
smaller impact than the previous weather events, as the average differences were smaller and fewer 
airports had significant results. However, it seems that for the EGLL airport fog can increment the 
average delay in the arrivals flights by more than 30 minutes. 

 

Fog-Rain 

In this Figure the average values of the arrival delays of the days affected by a Fog-Rain 
event as well as the days unaffected by this problem is presented. The number of days (or 

windows) to compute these values is presented in the graph below it. 
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In this Figure the average values of the arrival departure of the days affected by a Fog-Rain 
event as well as the days unaffected by this problem is presented. The number of days (or 

windows) to compute these values is presented in the graph below it 

Observe once again that the few cases in which this phenomenon happens makes it impossible to 
calculate any pattern. So no conclusion can be drawn in this case 

Hail 

 

In this Figure the average values of the arrival delays of the days affected by a Hail event as 
well as the days unaffected by this problem is presented. The number of days (or windows) 

to compute these values is presented in the graph below it. 
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In this Figure the average values of the departures delays of the days affected by a Hail 
event as well as the days unaffected by this problem is presented. The number of days (or 

windows) to compute these values is presented in the graph below it. 

 

In these Figures the average values of the delays of the days affected by the weather event as well as 
the days unaffected by this problem are presented. The figure in the left represents the average arrival 
delays whereas the rightmost figure depicts the average departure delays. The number of days (or 
windows) to compute these values is presented in the graphs below them. 

As in the previous case it is not possible to draw any pattern from the few cases in which hail was 
occurring in the database in the period under analysis. 
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Rain 

 

In this Figure the average values of the arrivals delays of the days affected by a Rain event 
as well as the days unaffected by this problem is presented. The number of days (or 

windows) to compute these values is presented in the graph below it. 

 

In this Figure the average values of the departures delays of the days affected by a Rain 
event as well as the days unaffected by this problem is presented. The number of days (or 

windows) to compute these values is presented in the graph below it. 

Finally, the results of the least important event (according to the ranking presented in the Data 
Processing Section) are presented. For this event a considerable number of time windows were found for 
the selected airports, all of them having enough instances to perform an overall statistical comparison. In 



 
D2.2 Description of the ATM patterns and insights discovered 

 

Page 143 of 209 
 

contrast to what was expected, the rain event can significantly affect the delays for some airports. In 
particular, the following airports were significantly affected by this event: 

• Arrivals: EGLL, LEMD, LGAV, LPPT, EDDL, LEBL, EBBR, EDDF, EDDM 
• Departures: EGLL, EDDT, LEMD, LEPA, LGAV, LFPO, LPPT, LEBL, EBBR,LFG, EDDF, LEMD, 

EDDM 

Note how the EDDF (for arrivals) and the LGAV airport (for departures) are the airports where the 
differences are higher. 

Non absorbed delays patterns 

Once we have analysed that significant patterns arising from the departure and arrival delays, we analyse 
how the generated delay is absorbed by the system. 

Thunderstorm combinations 

 

In this Figure the average values of the non-absorbed delays of the days affected by a 
combination of a Thunderstorm event as well as the days unaffected by this problem is 

presented. The number of days (or windows) to compute these values is presented in the 
graph below it. 

Only significant results were found for the case of EDDM airport. 
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Thunderstorm 

In this Figure the average values of the non-absorbed delays of the days affected by a  
Thunderstorm event as well as the days unaffected by this problem is presented. The 

number of days (or windows) to compute these values is presented in the graph below it. 

No significant results were found for this disturbance. 

Snow 

In this Figure the average values of the non-absorbed delays of the days affected by a  Snow 
event as well as the days unaffected by this problem is presented. The number of days (or 

windows) to compute these values is presented in the graph below it. 

Once again no significant pattern is observed. 	  
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Fog 

In this Figure the average values of the non-absorbed delays of the days affected by a  Fog 
event as well as the days unaffected by this problem is presented. The number of days (or 

windows) to compute these values is presented in the graph below it. 

 

Significant results were found for the following airports: EGCC, ENGM, and EDDF although the differences 
are quite small. 

 

Fog-Rain 

Not enough data was available for this event. 
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Rain 

 

In this Figure the average values of the non-absorbed delays of the days affected by a  Rain 
event as well as the days unaffected by this problem is presented. The number of days (or 

windows) to compute these values is presented in the graph below it. 

In this case significant differences have been found for: EGCC, EDDF and EDDM although as happened 
with the Fog event, these differences are very small. 

 

5.4.5 Conclusions 

Once the patterns have been obtained, we discuss in this Section the main conclusions obtained in the 
study of the weather disturbance. They can be drawn in the following directions: 

Weather data set 

First of all, due to the available data frame, we have not been able to analyse the particular weather 
events of most of the winter season. Despite having weather data for these months, the main aim was to 
find a time frame where data would be available from all the data sets, so combined results of the 
different disturbances could be analysed. The data used have been the common METAR taken at the 
different airports, so some weather events, such as enroute cumulo nimbus, were not available and 
therefore could not be analysed. 
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Computation of the delays 

It is clear from the patterns obtained, that the most important weather events, as ranked by the experts, 
have clearly affected the delays of the flights. The thunderstorm related events were the ones that 
mostly incremented the average delays. Consequently, the hypothesis that certain weather events can 
greatly increase delays of the flights that suffer them has been proven. Another interesting fact is that 
these weather events seem to affect both the departure and the arrival delays, although some airports 
seem to have a greater impact in one of these delays. This fact should be further analysed, including 
flights that change their original planned arrival airport due to adverse weather conditions. 

With regards to the propagation of the delays, it seems that most generated delays are being absorbed 
by the system or reduced to considerably small values (<5 minutes). 
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5.5  Scenario 4: Delays due to visibility 

5.5.1  Introduction 

Low visibility procedures have been devised to allow aircraft to operate safely from and into aerodromes 
when the weather conditions do not permit normal operations. To this end, they cover all relevant issues 
relating to surface movement other than aircraft within the designated aircraft manoeuvring area 
comprehensively. 

Low visibility operation or LVO means [22]) : 

• landing with less than CAT I minima; or 
• take-off with less than 550 m RV or RVR. 

Pilots and aircraft operators should be constantly aware that, during certain low visibility conditions, the 
movement of aircraft and vehicles on airports may not be visible to the tower controller. This may 
prevent visual confirmation of an aircraft's adherence to taxi instructions. Of vital importance is the need 
for pilots to notify the controller when difficulties are encountered or at the first indication of becoming 
disoriented. Pilots should proceed with extreme caution when taxiing toward the sun. When vision 
difficulties are encountered pilots should immediately inform the controller. 

Advisory Circular 120-57 [23], Surface Movement Guidance and Control System, commonly known as 
SMGCS (pronounced "SMIGS") requires a low visibility taxi plan for any airport which has take-off or 
landing operations in less than 1,200 feet runway visual range (RVR) visibility conditions. These plans, 
which affect aircrew and vehicle operators, may incorporate additional lighting, markings, and procedures 
to control airport surface traffic. They will be addressed at two levels; operations less than 1,200 feet 
RVR to 600 feet RVR and operations less than 600 feet RVR. When low visibility conditions exist, pilots 
should focus their entire attention on the safe operation of the aircraft while it is moving. Check-lists and 
nonessential communication should be withheld until the aircraft is stopped and the brakes set. 

During the past decade, EUROCONTROL has developed the baseline for A-SMGCS services in Europe. 
Based on the provisions of the International Civil Aviation Organization (ICAO), the Agency has identified 
two functional levels named A-SMGCS Levels 1 & 2. 

• Low visibility procedures (LVP)means procedures applied at an aerodrome for the 
purpose of ensuring safe operations during lower than standard category I, other than 
standard category II, category II and III approaches and low visibility take-offs; -IR-OPS 
Annex I [24] and EU-OPS 1.435 [25] 

• Low visibility take-off (LVTO)means a take-off with an RVR lower than 400 m but not 
less than 75 m; -IR-OPS Annex I [24] and EU-OPS 1.435 [25] 

 

Note that ICAO requires LVP for all departures below 550mRVR [26], not just LVTO 

Based on the previous facts, for this disturbance we propose to analyse the impact that low visibility 
conditions could have in elements such as the arrival or departure delays of the airports. In order to 
extract some insight of this fact both the ALLFT+ data set will be used together with the information of 
the weather as presented in the METAR files.  

 

5.5.2 Process followed 

The general process described in the methodology Section has been adapted to the analysis of the 
visibility problems. The main steps have remained the same as the ones from the general process but 
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with certain peculiarities with some steps, mainly due to the data sets required in this case. This process 
is outlined below whereas each of the steps is briefly described in the following subsections. 

 

1) Analysis of the available data for the selected airports for that particular disturbance 
2) For each airport:  

a) Find the time windows where the disturbance takes place and select the affected flights 
(departing/arriving). 

b) Select a control group of flights from equivalent days in which that disturbance was not 
occurring. 

c) Compute the delays of the flights for the selected time windows 
d) Analyse and compare the delays between the affected and the unaffected (or control) group 

by means of statistical procedures 
3) Extract conclusions of the impact of the disturbance and the corresponding resilient behaviour of 

the system 
 

1. Analysis of the available data 

For this disturbance both the ALLFT+ and the METAR processed data set have been used. Since all the 
required fields were analysed in the Data Understanding Section, the analysis for this disturbance has 
focused in the METAR processed data set. Concretely, this analysis has focused in analysing the 
distribution of the events where the visibility could have an impact on the delays of the flights (< 550m 
as recommended by DHMI). 

2.a Finding the time window affected by the disturbance and select the affected flights 

The METAR processed data set has been used to identify the time window where the visibility problems 
occurred. As it was described in the 'weather' disturbance, this data set contains all the meteorological 
events that were reported by each airport for each half and hour of all the days of 2011. Only the events 
related with a low visibility have been studied. For each airport, the implemented method conducts a 
search through this data set to find the days and times where the low visibility events occurred. With this 
information it creates the corresponding time windows and extracts the affected flights in each window. 
Briefly, the main steps of this process are detailed below: 

For each airport 

• Parses the METAR processed data set 
• Finds all the occurrences where the visibility was below a specified threshold (550m) 
• Creates the corresponding time windows 
• Orders the occurrences by date 
• Extracts the affected flights in each window 

2.b Selecting a control group of flights 

As mentioned in the methodology Section, to extract the control group of flights we have selected the 
same time window from the same day of the week but from previous or next weeks where no event 
happened in the time window (the whole day in this case). 

2.c Computing the delays of the flights 

We have used the same procedure described in the methodology Section  
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2.d Analysing and comparing the delays 

The same statistical procedures described for the general process have been applied for this disturbance. 

3. Extracting conclusions of the impact of the disturbance and the corresponding resilient behaviour of the system 

Finally, a global study of the impact of the disturbance in the system has been conducted. 

 

5.1.1 Data Processing 

As detailed in the 'weather' disturbance and in the data understanding Section, the METAR processed 
data set contains information about the potential events happening (Fog, Thunderstorm, ...), the wind 
direction and velocity, pressure, temperature and visibility. For this disturbance, we will concentrate on 
the impact of the records where their visibility value is below a threshold (550m). The first interesting 
analysis that is necessary to be made is to understand how frequently airports are affected by visibility 
problems. The distribution of the visibility values of the METAR processed data set is presented in the 
following figures. The leftmost figure represents the distribution of all the possible values (It must be 
taken into account that the absence of visibility problems is represented by the value 9999) whereas the 
rightmost figure represents the distribution of the records when there is a reduction of the visibility (value 
< 9999). 

 

 

  

Visibility distribution of the EBBR airport. The left figure represents the distribution of all the 
possible values whereas the rightmost figure displays the distribution of all the values 

except the 9999 value. 
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Visibility distribution of the EDDF  airport. The left figure represents the distribution of all 
the possible values whereas the rightmost figure displays the distribution of all the values 

except the 9999 value. 

 

 

 

 

  

Visibility distribution of the EDDL airport. The left figure represents the distribution of all the 
possible values whereas the rightmost figure displays the distribution of all the values 

except the 9999 value. 
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Visibility distribution of the EDDM airport. The left figure represents the distribution of all 
the possible values whereas the rightmost figure displays the distribution of all the values 

except the 9999 value. 

 
 

Visibility distribution of the EDDT airport. The left figure represents the distribution of all the 
possible values whereas the rightmost figure displays the distribution of all the values 

except the 9999 value. 
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Visibility distribution of the EGCC airport. The left figure represents the distribution of all the 
possible values whereas the rightmost figure displays the distribution of all the values 

except the 9999 value. 

 

 

 

 
 

Visibility distribution of the EGLL airport. The left figure represents the distribution of all the 
possible values whereas the rightmost figure displays the distribution of all the values 

except the 9999 value. 

 



 
D2.2 Description of the ATM patterns and insights discovered 

 

Page 154 of 209 
 

 
 

Visibility distribution of the ENGM airport. The left figure represents the distribution of all 
the possible values whereas the rightmost figure displays the distribution of all the values 

except the 9999 value. 

 

 

 

  

Visibility distribution of the LEBL airport. The left figure represents the distribution of all the 
possible values whereas the rightmost figure displays the distribution of all the values 

except the 9999 value. 
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Visibility distribution of the LEMD airport. The left figure represents the distribution of all the 
possible values whereas the rightmost figure displays the distribution of all the values 

except the 9999 value. 

 

 

 
 

Visibility distribution of the LEMG airport. The left figure represents the distribution of all the 
possible values whereas the rightmost figure displays the distribution of all the values 

except the 9999 value. 
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Visibility distribution of the LEPA airport. The left figure represents the distribution of all the 
possible values whereas the rightmost figure displays the distribution of all the values 

except the 9999 value. 

 

 

 
 

Visibility distribution of the LFPG airport. The left figure represents the distribution of all the 
possible values whereas the rightmost figure displays the distribution of all the values 

except the 9999 value. 
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Visibility distribution of the LFPO airport. The left figure represents the distribution of all the 
possible values whereas the rightmost figure displays the distribution of all the values 

except the 9999 value. 

 

 

 

 
 

Visibility distribution of the LGAV airport. The left figure represents the distribution of all the 
possible values whereas the rightmost figure displays the distribution of all the values 

except the 9999 value. 
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Visibility distribution of the LPPT airport. The left figure represents the distribution of all the 
possible values whereas the rightmost figure displays the distribution of all the values 

except the 9999 value. 

 

In these figures it can be observed that at least 80% of the records contain no visibility problem (and, 
therefore, their visibility value is 9999). From the remaining records, most of them have values greater 
than 1000m which were categorized by the experts as not significant for affecting the delays of the 
selected airports. Only a small set of airports (EDDM, ENGM, LFPO, LPPT and EDDF) seem to contain 
more than 100 records in the 0-1000 bin. As will be seen later, this number is quite small if we only 
analyse the records which could be having an impact on the delays of the airports due to the small value 
(<550m), so it is going to be difficult to extract significant conclusions due to the low number of windows 
that had visibility problems for the period and set of airports analysed. 

 

5.5.3 Knowledge Extraction 

In this Section the results from the comparison of the computed delays is presented. As mentioned with 
the weather disturbance, the absence of the winter period in the ALLFT+ data has reduced the number 
of extracted windows where the visibility could affect the departures and the arrivals of the flights. These 
results are presented below. 
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Delays patterns 

 

 

 

This Figure depicts the average values of the arrivals delays of the days affected by a 
visibility problem as well as the days unaffected by this problem is presented. The number of 
days (or windows) to compute these values is presented in the graph below it 
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This Figure depicts the average values of the arrivals delays of the days affected by a 
visibility problem as well as the days unaffected by this problem is presented. The number of 

days (or windows) to compute these values is presented in the graph below it 

Although the differences seem to be considerably higher for most of the airports, due to the number of 
time windows available these results have been significant for the following airports: 

• Arrivals: 
o Significant differences between the affected days and the control group days 

(affected days delays > control group days) for the following airports: ENGM, LFPO, 
EBBR, LFPG, EDDF, EDDM. 

o Although there are not enough days for conducting a global comparison, significant 
differences were found in all the available days, i.e. analysing each day 
independently, for the following airports: EGCC, EGLL, EDDT, EDDL 

• Departures: 
o Significant differences between the affected days and the control group days 

(affected days delays > control group days) for the following airports: ENGM, LFPO, 
LPPT, EBBR, EDDF, EDDM 

o Although there are not enough days for conducting a global comparison, significant 
differences were found in all the available days, i.e. analysing each day 
independently, for the following airports: EGLL and EDDL 

From these results, it is clear that the visibility can greatly influence the average delays of most of the 
airports, this difference being higher with the arrivals than with the departures. It is worth mentioning 
the case of the EGLL airport where the increase of the average arrival delay can get up to almost one 
hour. 

  



 
D2.2 Description of the ATM patterns and insights discovered 

 

Page 161 of 209 
 

5.5.4 Non-absorbed delays patterns 

The following image depicts the average propagation of delays for each airport. As happened with the 
previous study, the small number of time windows available hinders the significance analysis. 

 

 

In this Figure the average values of the non-absorbed delay affected by the weather event 
as well as the unaffected days by this problem are presented. 

Significant results were found for the EBBR and EDDF airports although as happened with other 
disturbances, these differences are considerably small (< 300 minutes) taking into account the average 
delays shown in the previous images. Therefore, it seems that most of the delays generated by the 
visibility disturbance were able to be absorbed at the end of the day. 

 

5.5.5 Conclusions 

In this disturbance we have analysed the increase in the delays that an airport could have when visibility 
decreases, being precise when the visibility reported is below 550 meters. As we have just observed in 
the previous Section, this disturbance can greatly affect some airports having an increase in their delays 
above 30 minutes. Consequently the main hypothesis established as:  

delay is a performance indicator which is affected in the case of low visibility 

is validated. We have observed that it is not possible to establish a clear pattern for the case of 
propagation of the delays. According to the results we could only say that in most of the cases the delay 
generated is absorbed by the system or its average final difference is considerably small (< 5 minutes). 
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6 Macro Analysis 

6.1 Introduction Macro 

6.1.1 Introduction 

Macro analysis of the European Air Traffic Network play a key role in identifying elements which are 
crucial for a resilient structure. Specifically, the air transportation network across the airports, airspaces, 
subspaces and its segmentation define the structure of the flow network. In addition, scheduled flights, 
their densities across this network, and corresponding flight patterns define the nature of the flow across 
the network. In this section, we first develop the European Air Traffic Network model by using the 
PRISME data. Specifically, airspaces, subspaces (to the finest granularity) and connectivity graphs are 
identified. Through this the whole European Air Traffic Network structure is created. This is illustrated in 
the Development of the European air traffic model Section. 

The ALL_FT+ data analysed includes airspace profile for every flight including airspace entity (FIR, ES, 
ERSA, AUA) entry time, geographical location of the entry point, exit time and geographical location of 
the exit point. For the same type airspace entities, flight reports continue sequentially (e.g; the exit time 
of a FIR is the entry time of the following FIR, and the exit point of a FIR is the entry point of the 
following FIR). Hence, it is possible to create continuous flight segments for every flight. The collective 
hulls of the flight entry and exit points correspond to the airspace geographical coverage. Continuous 
flight segments enable us to create connectivity and traffic flow graphs by determining connected 
airspaces within the flight trajectory data (ALL_FT+ data). For every type of airspace entity (i.e. NAS, 
FIR, AUA, ES, ERSA etc.), directed flow graphs have been generated through ALL_FT+ data. Specifically 
the interconnectivity of the airspaces is inferred from identification of the flight airspace boundary 
crossings. As such The European AUA (ATC Unit Airspace) and The European ES (Elementary Air Space) 
connectivity and flow graph is presented below as calculated from the ALL_FT+ data. 

 

 



 
D2.2 Description of the ATM patterns and insights discovered 

 

Page 163 of 209 
 

 

European Airspaces Connectivity Graphs in ATC Unit Airspace (AUA) scales 

Delay is not only a key element of quality of service but also a key performance indicator that allows to 
compute resilience in the Air Traffic Network. The ability of the Air Traffic Network and the corresponding 
operations to absorb disturbances (i.e. absorb delays resulting from disturbances such as weather and 
strike) with minimal effect on quality of service is a key performance criterion. With this understanding, 
Delay Propagation model across the network Section is created. In this model, the corresponding delays 
for each phase of flight are identified. Specifically, once the delay is generated, the pattern at which the 
delay is propagating is observed. 

Delay generation through perturbation from nominal/planned operations are caused by effects such as a) 
weather hazards and sudden weather changes at airports and airspace segments, b) staffing problems 
(including strikes) at airports, ACCs and airlines and c) capacity problems at airports and sectors. The 
delay generation is observed with artefact factors such as runway configuration changes, flight 
cancellations and sector capacity limit declarations from ACCs. Artefact factors all lead to delays for each 
flight including a) delay up to push-back phase, b) delay at taxi to take-off, c) delay at en-route, d) delay 
at landing and e) delay at taxi to gate. From a general perspective the propagation of delay across the 
European airspace network is observed as a progression of events based on a source-sink flow. 
Specifically the process starts with delay generation from a source which is the departure airport. This is 
further followed by delay propagation with potential decrease/increase at each sector. Later the delay is 
realized at the sink, which is indeed the arrival airport. Delay calculation due to the ATC restriction is 
obtained by comparing CPF (Correlated Position reports for a Flight) profile and FTFM (Filed Tactical 
Flight Model) profile since it compares the actual trajectory to the one that was filed. CPF (or CPR - 
Correlated Position Report) is a data profile of the Enhanced Tactical Flow Management System (ETFMS) 
which is a surveillance data collected from the ACCs. ETFMS is initially built on planned information i.e. 
flight plans, flight intentions then it is enriched by real-time update messages which improves the 
accuracy of the traffic situation. For every flight, time spent within airspace comparison between the 
actual flown flight profile and tactical flight profile has been conducted. The difference corresponds to the 
delays generated for each segment of flight. 
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Total delays generated by each FIR level sector over Europe with connectivity graph 

The delay patterns and their stochastic characteristics are identified using examples. By comparing flown 
profile (CPF or CTFM) with filed profile (FTFM), generated delays due to sector capacity/restriction/traffic 
overflow are obtained for each flight. Delays are investigated in FIR segments and it is observed that 
major delay generations can be mostly observed in the airport segment (arrival and departure) of the 
flight. In addition, practices in en-route airspace ACC effectively lead to delay absorbing. First cut analysis 
identifies key delay generation patterns at airports whose arrival patterns and methods/departure 
procedures have to be re-designed for future resilient networks. Specifically, delay characteristics at 
sectors and an example airport (IST:LTBA) is shown. Micro impact : The delay model of TMA operation at 
IST airport as it will be shown in the following Sections shows a strong correlation of changing delay 
characteristic vs. volume of traffic whereas many of the sectors are minimally affected by volume. As 
such, the data mining efforts lead to conclusions on current system performance and elements, which are 
drivers in system performance. The current work focuses on identifying the stochastic model of the ATM 
network as to be able to predict the behaviour of the network under disturbances. 

 

6.2 Development of the European air traffic model 

6.2.1 Introduction 

There are around 30k flights occurring over European airspace each day. Modelling these flights in terms 
of sinks and sources requires the definition of network system, which will represent the direction of flows 
as well as the flow rates. This approach is called as Eulerian Model which relies on a modified version of 
the Lighthill-Whitham-Richards (LWR) partial differential equation (PDE) that contains a velocity control 
term inside the divergence operator. This PDE can be associated with aircraft count, which is a key metric 
in Air Traffic Control [27]. 

The ALL_FT+ Data that we used in the analysis, declares airspace profiles for every flight including 
airspace entity (FIR, ES, ERSA, AUA), entry time, geographical location of the entry point, exit time and 
geographical location of the exit point. For the same type airspace entities, flight profiles continue 
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sequentially (excluding data anomalies). E.g.; the exit time of a FIR is the entry time of the following FIR, 
and the exit point of a FIR is the entry point of the following FIR. Hence, by processing ALLFT+ data, it is 
possible to create continuous flight segments for almost every flight. The following plot is generated by 
processing a single day of the ALL_FT+ data to show continuous flight segments for LTBB, LTBB and 
EDGG. 

 

 

Illustration of continuous flight segments for LTBB, LTBB and EDGG by processing one day of 
ALLFT+ data 

 

The following figure shows a 1 day of the flight flown over Europe (flight segments are obtained from 
Airspace entry and exit points within ALL_FT+ CTFM data) 
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Illustration of all Flights occurred over Europe for a Day 

 

Please note that the entry and exit points allow us to automatically determine the geographical borders of 
the airspace entities through the data processing. The collective hulls of the flight entry and exit points 
correspond to the airspace geographical coverage. E.g. the following figure shows the localisation of the 
FIR borders for EDGGFIR by processing single day ALLFT+ data. 
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Localisation of FIR borders for EDGGFIR by processing one day ALLFT+data 

The model transforms individual flight routes into aggregated flows of aircraft in specific time intervals. 
Although particular information regarding each flight is sacrificed, collective characteristics of the system 
is contained with network representation whereas complexity of the system is boiled down to its 
essentials. In order to construct the network, one has to determine the airspace entities (at every level; 
FIR, ES, ERSA, AUA or Aerodrome) that will present the nodes, and the connectivity between those 
entities, which is also called 'edges'. Based on the data, this model can be structured around two 
different aspects: connectivity of airports (aerodromes) or connectivity of airspaces (FIR, ES, ERSA, AUA). 
When the connectivities of the airports are under investigation, each node of the system represents a 
single airport. Specifically, the process starts with delay generation from a source which is the departure 
airport. This is further followed by the delay propagation with a potential decrease/increase at each 
sector. Later, the delay is realized at the sink which is indeed the arrival airport. A representation of this 
model can be demonstrated as follows: 
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Representation of the airspace traffic flow network 

The model illustrated in the figure of above clearly points out the traffic generators or terminators 
(nodes; sources and sinks), and edges (branches between nodes). Each node of the network is a sector 
in any demanded level and may include set of aerodromes (airports). Flights that start and end in the 
same sector are represented with a loop. Airports of the network system are represented with sources 
and sinks in each sector block. In this regard, a whole sector block can be also deemed as a delay 
generator/consumer, and this basic representation for the nodes is demonstrated in the following figure;  

 

 

Demonstration of the nodes in the airspace traffic flow network model with source, sink and 
internal loops 

6.2.2 Creating the Connectivity Graphs 

Seeking the interactions between airspaces or airports requires information on dependency to each other. 
In order to question the degree of dependence, the connectivity graph of the related entity must be 
acquired first. The structure of the data introduces an opportunity to auto generate these graphs via data 
itself without imposing any additional computational burden. Continuous flight segments enable us to 
create connectivity and traffic flow graphs by determining connected airspaces within the flight trajectory 
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data. For every type of airspace entities (i.e. NAS, FIR, AUA, ES etc.), directed flow graphs have been 
generated through ALL_FT+ data at every level and graphs are given in the following figure: 

 

 

Starting from the top left corner moving clockwise European Airspaces Connectivity Graphs 
in National (NA), Flight Information Region (FIR), Elementary Airspace (ES) and ATC Unit 

Airspace (AUA) scales 
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The Connectivity graph of all Airports in Europe 

As it can be seen from the figure of above, the same procedure is applied for airport entities and their 
connectivity graph is generated directly from the ALL_FT+ data according to each flight's departure and 
arrival airports. The crucial benefit of airport connectivity graph is provision of detailed analysis on highly 
congested routes where the graph gives the interactions of sinks and sources. 

 

6.2.3 Model Verification over France 

Processing the data in FIR level results in 155 airspaces where the minority of these airspaces do not 
belong in the European Airspace because the flights started or ended in different continents. All traffic 
flows between sectors and instantaneous number of aircraft values for all sectors are calculated with 15 
minutes time resolution. Since the whole network system is huge to be illustrated in here, for an 
example, LFFFFIR is selected and its connectivities are illustrated. Originally, LFFFFIR has 11 connected 
airspaces as LFFFUIR, LFFFFIR, LFEEFIR, LFMMFIR, LFBBFIR, EBBUFIR, LFRRFIR, EGTTFIR, EGTTUIR, 
EBURUIR, EDGGFIR and EGPXUIR. Also it has a loop which represents flights starting and ending. 
However, as it is presented in the figure below, the most interacted airspaces are chosen for the analysis. 
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Connectivities of the airspaces over France [28] 

In addition to those, there is also LFFFUIR which covers the high altitude area over these airspaces. The 
system of five edges and one loop with 6 nodes is analysed and traffic flows and number of flights each 
sector contains are plotted with 15 minute resolution for 7 seven days which starts with 03/07/2011 
Monday and ends with 03/13/2011 Sunday. Results of traffic flows are given in the figures below 

 

Incoming traffics to LFFFFIR from Neighbor Airspaces 
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Outgoing traffics from LFFFFIR to Neighbor Airspaces 

 

The figures of above are plotted for LFFFFIR which puts LFFFFIR at the centre of the network. Incoming 
From LFFFFIR stands for the traffic generated by LFFFFIR whereas outgoing To LFFFFIR shows the 
absorbed traffic by LFFFFIR. Examining LFFFFIR and LFFFUIR interaction carefully draws the conclusion 
that almost all the traffic flow from LFFFUIR is absorbed by LFFFFIR (check the similarity of Incoming 
from LFFFUIR and Outgoing to LFFFFIR). Similarly high portion of the traffic generated by LFFFFIR is 
transferred to the LFFFUIR (check the similarity of Incoming from LFFFFIR and Outgoing to LFFFUIR). 
The difference of the flow between these pairs is shared between other neighbour airspaces with some 
proportions. 

In other words, the generated traffic from LFFFFIR is transferred to the high altitude airspace LFFFUIR to 
reach other non connected airspaces (long range flights). A considerably small portion of this generated 
flow is directed to neighbour airspaces and these flights can be labelled as domestic flights. The same 
situation also happens for the absorbed traffic where almost all of the incoming traffic from LFFFUIR is 
absorbed by LFFFFIR. This deduction also means that LFFFUIR has the highest traffic because of the fact 
that the interaction between LFFFFIR and LFFFUIR dominates the other neighbour airspaces. This 
inference can be validated via the figure above. 

 

Instantaneous Number of Aircrafts in 15 minutes periods for airspaces 
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The figure of above points out that LFFFUIR is the most hectic airspace in this network. It can also be 
inferred that LFFFUIR is one of the main arteries of European Airspace network, which transfers many 
flights across Europe to various destinations, and this thesis can be proved by the connectivity graph of 
the LFFFUIR airspace which includes 26 edges. 

Also note that all plots can be represented with one deterministic, almost periodic curve plus stochastic 
series. Identifying the deterministic curve and the stochastic processes parameters will yield the 
representative model of the system. It is important to note that each day of the week must be 
investigated separately (especially the weekends that have considerably different flight plans) and 
seasonal changes have to be included into the modelling process. 
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6.3  Delay Propagation model across the network 

6.3.1 Description & Calculation of Delays 

The delay types are defined through flight process and generated/absorbed delays across the European 
airspace network are categorized under three major phases: delay at departure airport, delay at each 
sector that flight crosses and delay at arrival network. 

Phases of a Flight 

Flights are the basic unit of air transport and are defined by various features. In spatial scope, a flight is 
composed of 3 phases as departure airport, arrival airport and route with level [29]. In temporal 
perspective, a flight is defined by its specific time points and intervals. Off-Block Time (OBT) is the time 
aircraft starts its movement i.e. the time that flight starts. Departure Taxi Duration is the time interval 
that aircraft spends in airport until it will take-off which takes us to the time point called Take-Off Time. 

 

 

Take-Off Time is the time when the aircraft is released into the air and lost its physical connection with 
the departure airport. After that point on an interval called flight duration begins. In this interval aircraft 
crosses many air sectors, which starts with departure Terminal Maneuvering Area (TMA) and ends with 
arrival TMA. At the end of the arrival TMA phase aircraft lands at the time called Landing Time. Upon 
landing, aircraft gets into Arrival Taxi Duration phase, which directs the aircraft to its gate. Finally, as the 
aircraft reaches the gate, it stops and the time for this point is called as In Block Time (IBT) which ends 
the flight [29]. 

Description of the Data Fields regarding the Phases of a Flight 

As it mentioned in the data understanding section, there are point and airspace profiles for various flight 
model/radar data. Although there are no certain statements of fact about it, the first point of the point 
profile or the entry point of the first airspace of airspace profile is considered as the Take-Off Time for a 
flight. After an extensive processing of the data, a supportive fact for this statement may be the flight 
levels of the first points. The first flight level field of the both point and airspace profiles takes variety of 
values and these values are measured with respect to height above sea level (1% of meters above sea 
level). 

Drawing a comparison between the first flight levels and the altitude of the departure airport, one will see 
that they are exactly the same. The same situation is also true for the arrival airport. Therefore, the first 
points of point profiles or the entry points of the first airspaces of airspace profiles are assumed to be the 
Take-Off Times whereas the last points of the point profiles or the exit points of the last airspaces of 
airspace profiles are assumed as Landing Times of a flight. This assumption paves the way for the 
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calculation of the flight duration. Moreover, it is possible to calculate durations of each crossed sectors 
since airspace profiles have each sector's entry and exit times. This opportunity provides a better 
description of the flight duration. 

Besides point and airspace profiles the data has the parameters below; 

Actual Off-Block Time (AOBT): This is the actual date and time the aircraft has vacated the parking 
position via pushed back or on its own power [30]. 

Initial Off-Block Time (IOBT): This is the estimation of AOBT that is given in the initial Filed Flight Plan 
(FPL) and updated by flight plan associated messages [31]. It is also the time used for accessing the 
flight plan in the database and is the only off-block time known by the concerned air traffic service units. 

Calculated Off-Block Time (COBT): This is Calculated Take-Off Time (CTOT) minus taxi time where CTOT 
is the time provided by the Central Flow Management Unit (CFMU), taking into account the European Civil 
Aviation Conference (ECAC), ATC flow situation, that an aircraft has been calculated to take off. The 
CTOT, also known as ATFM slot [32] [33] 

Estimated Off-Block Time (EOBT): It is defined as the estimated time at which the aircraft will commence 
movement associated with departure. It is also known as the Last Estimated Off-Block Time and Date 
[34]. 

Last Off-Block Time (LOBT): This is the estimation corresponds to the inbound and outbound flow at a 
given airport based on the last flight plan [35]. 

Given the Off-Block Times above, there are two types of Off-Block Times to use in this project: EOBT and 
AOBT. These values provide the information of departure taxi duration. Unfortunately, there are no In 
Block Time (IBT) field defined in the data, hence there is no way for extracting any information about the 
Arrival Taxi Duration from the data. 

Types and Calculations of Delays 

Based on the all phases of a flight the delay profile for each flight can be categorized in three major 
phases: 

• Delay generation at departure airport 
o Delay up to push-back phase  
o Delay at taxi to take-off  
o Delay at take-off to Terminal Manoeuvring Area 

• Delay generation at sectors 
o Delay at en-route 

• Delay generation at arrival airport 
o Delay at Terminal Manoeuvring Area entrance to landing  
o Delay at taxi to gate 

Delays generated from the departure airport are generally caused by ground holding procedures, which 
are applied to keep aircraft grounded instead of in the air in order to save fuel. These types of delays are 
dependent on the configuration changes at the airport. Strikes and weather conditions may also be a 
source for these delays. Disturbance events such as weather are also reasons for the re-routings, which 
may result with delays generated at sectors. These sector delays are highly dependent on ATC 
operational procedures and approaches. Finally, delay generations at arrival airports are caused by 
congestion, which is the excessive number of arrivals at the same time i.e. over arrival capacity usage. 

Utilization of the data enables us to determine all time parameters regarding the flight except the In 
Block Time, which makes the calculation of Arrival Taxi Duration impossible. Therefore all delay types 
given above will be calculated with the exception of Delay at Taxi to Gate. As mentioned before, the data 
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includes eight types of flight data (models/radar data). One of those flight models is the Filed Tactical 
Flight Model which represents the planned flight. These plans are updated until the last day that flights 
occur. Because of that reason any deviation from that plan during the flight will be the induction of 
unexpected events took place during the flight. There are also CTFM and CPF data, which represents the 
actual flown route as mentioned earlier. 

Seeking the differences between different profiles will give a measure of variations between those 
profiles. Calculating time intervals as it is given in figure above for each data profile and comparing them 
with each other will yield the deviations between the time intervals. Consequently, to calculate delays 
associated with those intervals, one has to assess PLANNED and ACTUAL data sets for a given flight 
where EOBT will be used as planned Off-Block Time whereas AOBT is the actual one. Determination of 
planned and actual data sets will be the interest of the next section. 

6.3.2 Data Processing 

As mentioned in previous sections, each flight in ALL_FT+ data has 143 fields which contains 32 
compound data set. With that being said, one should notice that whole fields of ALL_FT+ data might not 
be filled in each flight. Therefore, first approach is to question the existence of the specific parts in the 
data and sort it out in order to create a new core structure. 

Determination of Planned and Actual Data 

After the creation of new data structure, there are eight distinguished data sets with solitary flight 
profiles. As it will be explained in the next chapter, the objective of the whole study is to sense the 
variations between planned and actual cases. In order to do so one has to fetch the necessary part from 
the data. In this case, appropriate flight profiles must be declared as planned and actual data. 

It has been acknowledged from the previous definitions that FTFM corresponds to the last filed flight 
plan, therefore it is accepted as Planned Flight Data. When it comes to the determination of the actual 
fight data, a critical circumstance arises. Given the statistics in Data Quality section, one can easily realize 
that around 20% of the radar data (CPF) is missing. The first thing that might come to mind is the idea 
that those flights are cancelled. However, if that would have been the case, there would have been no 
flights arrived to LTBA Istanbul Ataturk Airport which is one of the most hectic airports in Europe. 
Moreover, there is a specific field (field #20) that indicates whether the flight is cancelled (if field #20 is 
CA then the flight is cancelled). The number of CA fields in a day is also completely coherent with 
number of missing CTFM profiles in that day. 

 

Determination Procedure of Planned and Actual Flight Profiles 
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Recall from the previous definitions that Current Tactical Flight Model (CTFM) is the fused version of 
FTFM with CPF data, and if the flight is not cancelled and in the absence of CPF data, CTFM data is 
utilized as an approximate depection of the flight which is indeed the initial filed flight plan. Figure above 
depicts the determination procedure in this manner. In spite of the fact that this procedure makes more 
sense, one should also be aware of that there are cases which FTFM and CTFM is the same, that is to 
say, CTFM is not fused with CPF data at all. It does not mean the flight is cancelled, though. It simply 
indicates that the flight route is not in radar coverage. In order to detect these situations Actual Flight 
Data set is labelled with its data source which denotes if the actual data belongs to the CPF or CTFM 
profile. 

 

 

The outcome of the planned/actual flight data determination procedure for 25 flights 

Employing this determination procedure results in two sets of data for the same flight where each set has 
both point and airspace profiles with additional parameters such as Off-Block Times. Figure above simply 
depicts the outcome of the procedure for both point and airspaces. In the figure, red lines represent the 
planned data whereas white lines are the actual flown data and the markers are the entry and exit points 
of the FIR level airspaces. As it can be seen from the deviations between red and white lines, the 
procedure enables us to compare the plans of the flight with the actual flown data which will be the 
keystone of the calculations. 

Fixing the Day Flips 

As mentioned before, data records are collated on a daily basis. The fact that each file/day recorded 
individually causes clocks to be independent from each other for each day. Accordingly, for the flights 
that happened at midnight, the clock resets and starts from the beginning of the new day, which causes 
discontinuities in the time records. An example of this case is given in the figure below. 
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A day flip example in FTFMs point profile from March 1st, 2011 

In the figure above, the delay flip occurs at first FIR region and clock restarts for the new day. These 
kinds of discontinuities bring about abnormal results in delay calculation process and they must be fixed. 
For this process two more parameters: EOBT and AOBT are employed to have the exact date of the time 
aircraft starts its movement. The day flips have been detected in the clocks of point or airspace profile 
sequences. Huge amount of decrease in the clock (such as 80k seconds) alerts for the day flip and upon 
detection of this case, EOBT and AOBT values are questioned to recognize if the flip belongs the day 
before or the day after. Depending on the case, 86400 seconds (a day in terms of seconds) added to the 
points after the detection occurs or subtracted from the points before the detection point. The day flip 
case observed in 2362 planned data flights and 2369 actual data flights for March 1, 2011. 

Processing ATC Unit Airspaces 

Just like the scope differences of FIR, AUA and ES airspace types, ATC Unit Airspaces (AUAs) have their 
own levels. These levels are determined based on the staffing status of air traffic control centres or 
congestion of the related area. These different scopes are called as configurations of AUAs and stored in 
the airspace configuration file called CFG file. An example of this situation is given in the figure below. 

 

An example of ATC Unit Airspace hierarchy 

As illustrated in the data sample above, EDDDCTA encapsulates the all other airspaces, in other words all 
airspaces are the sub airspaces of EDDDCTA. Because of that reason, only for ATC unit airspaces, the 
bigger airspace takes the first place in the data sequence. This situation can bring complexity into delay 
calculation process. Therefore, these airspaces must be eliminated and the only connected sub set of 
airspace must be preserved for the calculation of delays. 

6.3.3 Data Quality and Filtering 

The existence of eight different flight profile data in ALL_FT+ structure was mentioned in the previous 
section. In order to investigate each flight profile in detail, a data file, which belongs to March 1st of 
2011, is processed and each flight profiles existence in whole day is illustrated in the figure below. 
Numerical sampling across the data set shows that this particular day is a very typical representation and 
serves around the mean specifications for the whole available PRISME data. 
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The distributions of each profiles existence in the whole data set for March 1st, 2011 

The availability of each profile in an arbitrary day can be seen from the figure above. Note that FTFM 
profile does always exist for a planned flight and as explained in the next section the difference between 
FTFM and CTFM existences equals cancelled flights. Furthermore, the fact that the delays caused by ATC 
operations can be observed from the differences between FTFM and CPF-REF profiles is mentioned in 
previous chapters and for the reasons that were explained in the previous section, only three types of 
flight profiles (FTFM, CTFM, CPF-REF) will be used for the rest of the project, therefore in further quality 
analyses, only these three flight models will be under investigation. The existence ratios of the FTFM, 
CTFM and CPF-REF profiles for seven days are given in the figure below. 

 

 

Flight profiles (FTFM, CTFM, CPF-REF) existence ratios for a week 

The figure of above shows that for each day the existence ratios of these three profiles are almost the 
same. The fact that the ratio of CPF-REF does not change compared to FTFM profile is because the same 
flight is out of the range of radars all the time. As it is indicated in the data processing section, the 
difference between FTFM and CTFM gives the cancelled flights, therefore, after the determination of the 
Planned and Actual profiles, around 93% of the total data will be used. 

 Off-Block Time Statistics 

Besides Planned and Actual profiles, Off-Block Times are also extracted from the data, and their existence 
and equality statistics are also investigated. Out of 29661 used flights (92.67% of the total data) for 
March 1, 2011: 

• Existence of AOBT, IOBT, EOBT and LOBT is %100(for 29661 flights) 
• Existence of COBT is %6.62(for 1954 flights) 
• Equality of IOBT and EOBT is %97.87(for 29030 flights) 
• Equality of EOBT and LOBT is %99.09(for 29391 flights) 
• Equality of IOBT, EOBT and LOBT is %97.87(for 29030 flights) 

These statistics also have a key role in the verification of the definition of Off-Block Times. As already 
known, AOBT is the actual off block time and it is directly assigned to Actual profiles. However, the 
statistics showed that EOBT is the last updated Off-Block Time and it is almost same with the Last Off-
Block Time. Numerical sampling across the data set shows that this particular day is a very typical 
representation and serves around the mean specifications for the whole available PRISME data. 
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Data Flaws 

Using the Planned and Actual profiles as they are, gives meaningless results for delay calculations 
because of various flaws in the data. During the calculation process 4 major flaws are detected and they 
are named as: 

• The Same Consecutive Airspaces Problem 
• Not Connected Consecutive Airspaces Problem 
• Airspaces with Zero Elapsed Time Problem 
• Inconsistent Planned and Actual Profiles Problem 

Each of these problems are explained with examples from the data and their proposed solutions for this 
project is provided as follows. 

The Same Consecutive Airspaces Problem 

In the airspace profile sections of both Planned and Actual data, the same airspaces exist consecutively. 
An example of this situation is given below. 

 

An example for same consecutive airspace problem for planned profile 

 

The airspace profile in FIR level of Flight12491 for planned data is given in the figure above. The example 
clearly shows that, even if there is a geographic coordinate connection between the lines, the exit times 
of each line are not equal to the entry times of the next line. Despite the fact that an aircraft follows a 
continuous route, there are time gaps between the lines. The actual data of the same flight is also given 
as follows: 

 

An example for same consecutive airspace problem for actual profile 

The actual airspace profiles also suffer from the same problem. For this problem, the same sectors are 
reduced to one and entry exit times of this single airspace is taken as the entry time of the first line and 
the exit time of the last time. There are 161 this type of cases for planned data and 1395 cases for the 
actual data in March 1, 2011. 

Not Connected Consecutive Airspaces Problem 

This problem is similar to the same consecutive airspace problem, except it occurs in different airspaces. 
An example of this situation is given below. 
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An example for Not Connected Consecutive Airspace Problem for planned profile 

The example shows a huge time gap between EDGGFIR and EGTTUIR airspaces. This gap also shows 
itself in geographic entry exit coordinates and flight levels. There are 97 cases like this one in planned 
profile and 1442 cases in actual profiles for March 1, 2011 data. For this problem, in order to maintain 
the connectivity of the airspaces the mean of the first airspaces exit and second airspaces entry times is 
calculated and the mean is assigned to entry and exit times. The same procedure is also utilized for both 
coordinates and flight levels. 

 

Airspaces with Zero Elapsed Time Problem 

In some cases, there are airspaces with zero elapsed time (entry and exit time are the same) in the 
airspace sequences. An example of this situation is illustrated as follows. 

 

An example of Airspaces with Zero Elapsed Time Problem for planned data 

In the last line of the figure above, EBURUIR airspace has the same entry and exit times. The situation is 
same for the coordinates and the flight levels. This type of error not only alters the connectivity of 
airspace sequences but also creates singularities in the delay density calculations (delay density is the 
delay generated for a unit elapsed time in regarding airspace). This type of cases are filtered and 
removed from the airspace sequences to handle the singularities and maintain the connectivity. There are 
107 such cases in the planned data and 43 in the actual data. 

Inconsistent Planned and Actual Profiles Problem 

The calculations of delay generations involve the processing of each airspace in airspace profiles of both 
planned and actual data. During these calculations extreme results appeared in delay generations which 
orientated the focus of the study to further examination of planned and actual data. After an extensive 
assessment, the planned and actual data separated into five different categories based on their 
airspaces. These categories for March 1, 2011 are presented with the number of flights they contain as 
follows. Out of 29661 flights: 

• Airspace sequences of Planned and Actual data are exactly the same (18769 flights) 
• Only the first and the last airspaces of Planned and Actual data are the same (5661 flights) 
• Only the first airspaces of Planned and Actual data are the same (2804 flights) 
• Only the last airspaces of Planned and Actual data are the same (2187 flights) 
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• Neither the first nor the last airspaces of Planned and Actual data are the same (240 flights) 

The first category is the easiest one to calculate sector delays because planned and actual data are 
perfectly matched. Since the second category involves changes in the plan and the flight occurred via 
different path, delay generations of each sector are calculated with some assumptions. At this point, 
delays for different airspaces (airspaces that belongs to a different path and the airspaces that the 
separation from the original course begins and ends) calculated holistically and the total delay is shared 
between those different airspaces with the proportion of their elapsed times over the total elapsed time. 
This assumption for the delay calculation necessitates the time connectivity of the consecutive airspaces 
for a correct partition of the total delay. 

The first and the second categories can be interpreted as domestic flights over the European Airspace. 
On the other hand, most of the third category can be classified as the flights start from somewhere in the 
European airspace and end at another continent. Similarly the most of the flights in the fourth category 
can be interpreted as the flight coming from another continent to Europe. Since CPF-REF data has no 
coverage outside the European airspace, the incomplete actual data in these flights make sense. The 
same logic applies for the fifth category which can be explained as transit flights. 

 

 

The airspaces in FIR level that belong to the flawed data for Inconsistent Planned and Actual 
Profiles Problem 

 

However the last three categories has also many flights with flawed data. In order to see if these flawed 
data are peculiar to some region, airspaces of those flights are plotted as given in the figure above. The 
figure clearly shows that the problem is related to the data itself rather than any region over European 
airspace. Utilization of these three categories in delay calculations results with incorrect solutions. 
Because of that reason they are not included into delay calculation process, but they are processed in 
traffic calculations since the aircrafts exist in the actual data. Consequently, for the delay calculations 
around 75% of the total data is utilized whereas the traffic calculations have been carried out with 90% 
of the data. 
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An example of category three, flawed data 

The figure above demonstrates the category three flawed data. Same colors indicated the common 
airspaces and the times elapsed in each sector for both planned and actual data is presented just below 
the airspace name. As can be seen from the figure, both planned and actual data has same first 
airspaces, however, after the second airspace separation begins and flight ends in different airspaces. 
Also note that, both LIMMFIR and LSASFIR are the FIR regions of European airspace. Therefore, it is a 
crystal-clear fact that, this category three data is actually flawed and using these kind of flights with 
flawed data will eventually add wrong results to the delay generation data pool. Numerical sampling 
across the data set shows that this particular day is a very typical representation and serves around the 
mean specifications for the whole available PRISME data. 

6.3.4 Formulations & Results 

So far, required descriptions and background is presented in order to process the data and calculate the 
possible delay. Necessary assumptions and several fixing algorithms have been employed to shape the 
data as well as improving the quality of it for the rest of the project. As a consequence eight different 
flight models are reduced to its simple forms as Planned and Actual data. From this point on, the delay 
formulations for each phase will be given and then all calculated delays will be aggregated to characterize 
airports or air sectors behaviours in a daily or weekly scale. 

Delay Formulations 

Based on the data, the delays that are available to be calculated were presented in the earlier sections. 
Thanks to the planned and actual data structures delays are calculated for the all feasible phases of a 
flight with given equations below: 

Delay generation at departure airport  

Delay up to push-back phase AOBT  EOBT 

Delay at taxi to take-off [ACT.AS(1,1) - AOBT]  [PLN.AS(1,1) - EOBT] 

Delay at take-off to TMA exit [ACT.AS(1,2) - ACT.AS(1,1)]  [PLN.AS(1,2) - 
PLN.AS(1,1)] 

Delay generation at sectors 

Delay at en-route [ACT.AS(end,1) - ACT.AS(1,2)]  [PLN.AS(end,2) - 
PLN.AS(1,2)] 

Delay generation at arrival airport 
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Delay at TMA entrance to touch-down [ACT.AS(end,2) - ACT.AS(end,1)]  [PLN.AS(end,2) - 
PLN.AS(end,1)] 

 

Delay calculations in each phase of a flight 

First delay may occur before the aircraft commence its movement, which means aircraft departs from the 
gate later than its expected and this delay is calculated as difference between Off-Block Times. The 
second delay is called taxi delay and it is calculated as subtracting planned taxi time from actual taxi 
time. Delays of the remaining phases of a flight calculated in the same fashion: subtracting the planned 
duration of related phase from the actual duration.  

ACT in equations stands for Actual data where as PLN is for Planned and ACT.AS represents the actual 
airspace profiles. ACT.AS is a (nx2) dimensional matrix where each line is an air sector with 2 columns 
representing entry and exit times of that sector respectively. For instance ACT.AS(1,1) means the Take 
Off Time because it is the entry time of the first airspace. Similarly ACT.AS(end,2) is the Landing Time 
which is the exit time of the last airspace. 

It is important to note that, in order to investigate the delays at arrival/departure TMAs, the airspace 
profile of the data must be processed in Air Traffic Control Unit Airspace (AUA) scale. AUA scale is the 
only scale that includes the airports Terminal Manoeuvring Area. Furthermore, as was mentioned in the 
previous chapter, processing the AUAs requires specific attention to CPG file which includes the 
configurations of each AUA. In other words, the first AUA in the data might not be a TMA of airport, 
instead it represents a larger area which subsumes the TMA. In such cases different procedures must be 
employed to select the TMA from airspace profiles. 

Delay Propagation Model Approach.  

The three essential delay generators/absorbers were named in previous chapters as departure/arrival 
airports and enroute. Structuring these three entities in a sink and source model in traffic generation 
perspective is the sole purpose of the delay propagation model approach. The model asserts that traffic is 
generated by sources (departure airports) and in conjunction with this traffic there is a delay 
generation/absorption. As the aircraft flies through air sectors on it destination path, this delay created in 
the source propagates and as soon as aircraft reaches its destination airport i.e. its traffic sink there is 
reflection of this delay. This reflection gives an insight about the sectors on the path. Analysing whole 
flights in this perspective will bring out the sectors and airports with problems and will demonstrate 
interaction of sectors with the dissemination of delays via sectors connectivity graphs.  

 

Network representation of airspace system 



 
D2.2 Description of the ATM patterns and insights discovered 

 

Page 185 of 209 
 

Delay propagation model approach has a perfect harmony with the data where each airport is a 
sink/source of the node-based system and generates both traffic and delay. As it is illustrated in the 
figure above, throughout each flight, sectors are the delay generators or consumers of the system. Model 
undertakes the analysis in two perspectives, on the one hand it investigates the airports and their TMAs, 
on the other hand it seeks the interactions of en-route airspaces in any scale, however, to be able to 
probe the status of TMAs one has to process the data in AUA level as it is mention earlier.  

Another benefit of this approach is that it takes inbound or outbound traffic into account which provides a 
different prospect to analysis. Using the delay outcome alone will give an insight about the sectors or 
airports status but merging this information with traffic feed of related entity may supply reason for the 
delay resulting in better understanding of the events occurred. For instance, consider an airport which 
generates great deal of delay as a sink while its traffic absorption is quite low, this situation increases the 
possibility of bad weather around the airport. On the contrary, if the traffic absorption would have been 
high above its usual rate, it would enhance the possibility of congestion i.e. over arrival capacity usage. 
This brief example shows that gathering more data will ensure better understanding of what is really 
going on. For that purpose capacity data for those entities will also be exerted. 

Results 

In light of the foregoing, a set of analysis have been conducted. Results are sorted according to their 
development order and can be classified in two main perspectives as airspace centred delays and airport 
centred delays. 

Sector Delays for each Flight 

The first task was to calculate the delays that are generated in each sector fight crosses. For that 
purpose, TMA and enroute delays are investigated. Enroute phases of flights are divided into preferred 
airspace types and delays are calculated for each airspace as the difference between actual and planned 
elapsed time in the related sector. Examples of results for this analysis in FIR level is given the figure 
below. 

 

Delays generated in each crossed FIR for four flights 
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The figure of above indicates the effects of each crossed sector to the flight for four flights. In this 
analysis, delays generated by airport operations are not included with the purpose of investigating only 
delays generated in the air. Additionally, TMA delays are not distinguished from en route sectors which 
means the first and the last sectors given for each flight contain the departure and arrival TMAs 
respectively. This fact can be observed from the last sectors where the highest delay is generated usually 
(in the TMA of an arrival airport). The flight titled 45 is a great example for the case where the last sector 
generated more than 8 minutes delay for the flight. In flight 28 the last two FIR generates high amount 
of delay which may caused by bad weather covers both sectors. Finally, flight 97 has the highest delay 
generation at the sector before the last one. This result may caused by early ATC operations to regulate 
the arrivals to destination airport which concluded with neat TMA duration. 

Delays on Airspace Network 

Aggregating the results of sector delays for a whole days flights and processing them in sectors 
perspective yields the delay characteristics of each sector in FIR level. This approach provides the daily 
depiction of European airspace which marks the regions with high delays. The outcome of this approach 
is given with connectivity graph over Europe in the figure below. 

 

 

Total delays generated by each FIR level sector over Europe with connectivity graph 

The figure of above illustrates the total delay generation for a whole day and it gives an insight about 
congested regions of European airspace. In light of this information, candidate regions for further 
analysis are selected. As an extension of this work, time unit has been decreased to 15 minutes and 7 
days data is processed simultaneously. Furthermore, traffic flows between FIR sectors are incorporated 
into analysis with the intention of anticipating any probable correlation between delay and traffic. In 
order to reduce complexity traffic and delay changes are monitored in two different screens. 
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Traffic and Delay changes in 15 minutes time intervals over European Airspace 

The figure of above gives screenshots from animated traffic and delay data of 7 days. At left, traffic flow 
between related sectors are illustrated where the thickness of the line corresponds to density of the 
traffic flow. At right, delay generation of each sector is given with colors where the tone of the color 
gives an insight for the delay generation. The red tones stands for the delay generations and blue tones 
corresponds to absorbtion of the delay. The more darker the color gets, the more delay the sector 
generates or absorbs. The most obvious result of these animations is the active weekends where delay 
generation and absorbtion changes gets more apparent. 

Creating an animation with 15 minutes intervals may make it harder to detect the regions with 
congestion because it spreads the daily aggregated delays over a day, however, it gives another insight 
regarding the propagation of the delay in time which is the main focus of the next analysis. 

Propagation of Airspace Delays 

In order to monitor propagations of the delays over an selected area, instead of creating an animation, 
whole delay generation/absorption data logged and visualized daily on bar graphs with their connectivity 
and traffic flows. Since the all system is too complex to be illustrated in here, a congested are is selected 
with the help of the information obtained from previous analyses. 
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Hourly delay generations/absorptions for a whole day in EGTTFIR centered network 

As it is illustrated in the figure above, EGTTFIR centred network system has been constructed with hourly 
basis traffic flows and delay generations for a day. For this analysis traffic flows between sectors are the 
total flows which are calculated as outward minus inward traffic and the arrows represent the preselected 
directions. Therefore, if the traffic flow is negative, the total flow direction is inward (in to the sector) and 
vice versa. The green bars represent the traffic entering to/exiting from the system according to their 
sign. 

According to graph, EGTTFIR (sector in the center) and LFFFUIR (sector below the EGTTFIR) sectors 
have similar delay generation characteristics. Both sectors absorb delay from the system for almost a 
whole day. However, around 4 a.m. delay absorption in LFFFUIR is decreasing and minor delay 
generation is observed. This delay generation propagated and appeared in EGTTFIR at 5 a.m. 
Notwithstanding this obvious result, it is hard to detect the all relations from this approach, and therefore 
requires further analysis. Moreover, the aggregation of all delays for each sector reduces the details of 
delay sources. For instance, if the reason for the delay generation is bad weather conditions over the 
sector, then all flights crossing that airspace will be affected. However, if the reason is ATC operations to 
regulate overflow arrival traffic to a specific airport, then this delay is generated by that airport not that 
airspace. Using this approach makes the detection of such cases impossible and might cause wrong 
deductions. 

Airport Analyses 

Drawing correct conclusions about the events took place and reasons for that events requires more 
perspective i.e. more parameters to be investigated. As mentioned in the previous analysis, using only 
airspaces for delay generation/absorption examination might result in incorrect inferences. Since airports 
are the sinks/sources of the network system, they have to be included into analyses. For this purpose, 
airports arrival and departure characteristics are explored. Number of Departure and Arrivals per hour is 
provided with declared capacity values and airports planned and actual departure taxi times are 
presented with taxi delays observed through the day. In order to see the patterns and events (pattern 
changes) selected airports status are given for seven days. 
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London Heathrow Airports Status 

As it can be seen from the figure above declared or planned taxi time for the Heathrow airport is fixed to 
20 minutes and actual taxi times are slightly higher than planned taxi times. Hence the taxi delays 
throughout the week vary between 0 and 5 minutes. The airports declared arrival capacity follows a 
pattern and does not change even if arrival traffic exceeds the declared capacity almost every day of the 
week. Similarly, declared departure capacity is a straight line although there are severe over capacity 
departure rates per hour. 

 

 

Dusseldorf International Airports Status 

 

The declared departure capacity for Dusseldorf International Airport is 999 which means infinite capacity. 
That is why there no capacity lines in the figure above for departure traffic. In arrival side, an obvious 
pattern deterioration in Tuesday takes the attention. There is also different planned taxi times for 
Tuesday in contrast to usual planned taxi times which is 13 minutes. These two particular behaviours 
may be related to each other. Also note that, even if declared arrival capacity has a different pattern in 
Tuesday, the arrival traffic has the same pattern with weekdays. The reason for this situation may be the 
internal operations of the airport and capacity may be not related to incoming traffic at all. 
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Frankfurt Airports Status 

 

Unlike the other airports, Frankfurt Airport have more precise planned taxi times which can be seen from 
the planned taxi frequencies in the figure above. As EDDL, this airport has no declared departure 
capacities and its declared arrival capacity follows a pattern with slight alterations. The salient property of 
this airport is the existence of negative taxi delay values. 

 

 

Amsterdam Schiphol International Airports Status 

 

Schiphol airports planned taxi times are mostly 15 minutes and its peculiar property is the capacity of the 
airport. The declared arrival capacity is infinite and the arrival traffic rate arises up to 80 arrivals per hour 
whereas the departure traffic rate can go beyond 100 departures per hour. The reason for this ability to 
support huge amount of movements is that airport is one of the biggest airports in Europe with its four 
runways. 
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Istanbul Ataturk Airports Status 

 

Unfortunately, Istanbul Ataturk Airport has no complete CPF-REF data profile which may be caused by 
being out of the coverage of radars. CPF-REF profiles for the all flights heading to LTBA or coming from 
LTBA has incompleted flight data. In other words, for the flights departured from LTBA, data starts with 
airport location and after a huge gap data continues from somewhere in the route of the flight. Similarly, 
for the flights arriving to LTBA, data stops at somewhere on the route and after a huge gap flight arrives 
to airport all of a sudden. Because there is no radar data for the departure process, planned and actual 
taxi times becomes exactly the same which results in zero taxi delays. 

Status of examined airports shows that more data regarding the airports is required in order to 
understand the events and the procedures applied. However, using the airports in the delay propagation 
analyses will be an effective way to observe the delays evolution and will give more information about 
the potential reasons for delays. 

 

Delays on Airport Network 

After airports are analysed individually, delay propagation is investigated over the airport connectivity 
graph. For this purpose, EDDM - Munich Airport centred graph has been constructed. Originally, 
according to connectivity graph, there are 77 airports connected to EDDM, but in order to focus on more 
representative data, 11 airports are utilized which have more than 20 reciprocal flights between EDDM in 
a day. The bidirectional EDDM network graph is depicted with its edges in the figure below. 
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The bidirectional EDDM network graph with 11 edges 

Each airport status is monitored with the all inward and outward flights and these calculated parameters 
are assumed to be the characteristics of the related airport. Edges (branches of the graph) represent the 
flights between two airports. Therefore, delays on the edges are only represented by the data of flights 
between related airport pairs. All delays on an edge are monitored for each flight with daily data which 
provides an information about propagation of the delays in each phase of a flight between an airport 
pair. This approach gives a more detailed answer to the question of which routes suffer more from delays 
and why. In other words, being able to distinguish the reasons of generated delays results with better 
understanding of the overall system. An example of this situation is given in the following results. 

 

The First Example: Reciprocal interaction of Munich International Airport (EDDM) & Vienna 
International Airport (LOWW) 

For these examples compact figure groups are combined to monitor the whole flight process. The 
quadruplet figures given on the left side of the figure below give the status of departure airport (EDDM). 
Push-back, Taxi and Departure TMA delays are calculated with all flights departed from EDDM. Also 
EDDM departure traffic is given with declared departure capacities (red line). The two figures in the 
middle, monitors the all flights from EDDM to LOWW-Vienna International Airport where the figure at the 
top stands for departure process and the bottom figure is the arrival process. Each bar in these figures is 
the instantaneous delays at that moment and the difference between them gives the delay generated 
between those points. These two are the key figures which indicate the delay propagation between the 
airport pair. Based on the detailed representation, one can diagnose the problem and source of the delay 
with higher accuracy. The last two figures on the right, gives the status of arrival airport (in this case 
LOWW) in terms of Arrival TMA delays and Arrival Traffic respectively. Since these figures are meant to 
be the characteristics of the airport, they are calculated with the all inward traffic data. The arrival 
capacity data is also given in the arrival traffic figure (if available) with a red plot. 
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EDDM and LOWW airports status and monitored flights from EDDM to LOWW 

 

The figure gives the full monitoring of the airport pairs status and the route between them. Even though 
Push-back delays of the EDDM airport have positive values most of the day, flights of the airport pair 
have negative push-back delays consistently which might be interpreted as an effort to compensate the 
arrival TMA delays of destination airport. Taxi delays of the departure airport is always positive, so, each 
flight of the airport pair experiences modest taxi delays at the take-off with one exception. Around 4 am 
the average taxi delays are observed as more than 12 minutes, however, the departure traffic at the 
same time interval reveals that there is a single flight which experienced 12 minutes delay during that 
interval. Hence, this specific result cannot be treated as the system characteristics in that time interval. 
Departure TMA delays are always negative which means almost all flights absorb a little delay in this 
phase. The propagation figures indicate a healthy route status which has delay generation around zero 
(the difference between Arrival TMA Entrance and Departure TMA Exit points). However, as it appears, 
arrival TMA is generating the most of the delays and the delay generation is completely coherent with the 
incoming traffic density (note the similarity of the characteristics of the arrival TMA delays and arrival 
traffic flows). Also these graphs give an insight for the most congested periods of arrival airport in a day. 

The same airport pair is also investigated in the opposite traffic direction where LOWW is departure and 
EDDM is arrival airport. Since the departure airport is not in the centre of this sub network, planned and 
actual taxi times with frequencies and taxi delays are also provided in the figure below. The first thing 
that is to be noted is the overflow traffic in the departure airport. There are four excessive departure 
traffic periods in 24 hours which have no any certain effect on push-back or taxi delays. Although there is 
a slight rise in both push-back and taxi delays with the over departure capacity usage between 7 and 8 
pm, this event is not a sufficient evidence to draw a quick conclusion about the correlation between 
push-back, taxi delays and departure traffic. The inoperative attribute of departure capacities over delays 
are more like a supportive hypothesis for the inference that capacities are declared less than the actual 
capacity of the airports. 
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EDDM and LOWW airports status and monitored flights from LOWW to EDDM 

 

Merging the monitored individual flights information between the airports for both direction gives a solid 
reflection about the airspaces status between the airports. As can be seen from the delay generations of 
en-route airspaces (the difference between Arrival TMA Entrance and Departure TMA Exit points) for both 
direction, there is no any significant event that resources any delay generation in the airspaces. 
Additionally, individual flights reveals the dominancy of arrival TMA delays as expected and the delay 
generations in TMA region is consistent with EDDM arrival TMA delay characteristics which is given in red 
bars at the bottom right corner. It is also crucial to note the relation between arrival TMA delays and 
arrival traffic where the characteristics of them are similar with minor differences. 

 

The Second Example: Reciprocal interaction of Munich International Airport (EDDM) & 
Frankfurt International Airport (EDDF) 

Originally all airport pairs in the network are monitored with the same procedure, however, it is not 
practical to present all output in here. Nevertheless, it is a crystal-clear fact that, investigating more 
airport pairs will enlarge the comprehension of the events of the overall system which will increase the 
ability to perceive the air traffic dynamics. Therefore, in order to observe more detail with a different 
viewpoint, unlike the previous example, a domestic (in terms of centered airport EDDM) airport EDDF is 
investigated. The results for departures from EDDM to EDDF is given in the figure below. 

 

EDDM and EDDF airports status and monitored flights from EDDM to EDDF 
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This example poses different effects on action. For instance, although the arrival TMA delays are 
negligible or negative during the least congested hour intervals, arrival TMA delays do not have a direct 
dependency based on their patterns which indicates the different events consequences. Moreover, there 
is a certain raise in push-back delays between 3 and 8 pm, even though there are no any significant 
changes in AOBT delay characteristics (which is called push-back delay) in that time interval. This 
circumstance proves that these delays are not related to departure airport and peculiar to this airport pair 
which may be originated a ground holding precaution to a bad weather at en-route airspaces and/or 
predicted congestion at the arrival airport. In order to make more certain inferences about the reason for 
these abnormal push-back delays, the same airport pair is investigated in the opposite flow direction and 
the results are presented in the figure below. 

 

 

EDDM and EDDF airports status and monitored flights from EDDF to EDDM 

The figure clearly emphasizes the similar push-back delays in the same interval at opposite flow direction 
which indicates that the same ground holding procedure is also applied in EDDF, although there are no 
dramatic variations in AOBT delay characteristics of departure airport or departure traffic flow. As a 
result, one can diagnose that these salient raises in push-back delays for both direction of the flow is 
caused by the ground holding procedures which are probably employed to compensate the effects of bad 
weather conditions at en-route airspaces. However, utilizing other types of data sources as weather 
forecasts is imperative to be completely sure about what really happened. As it can be seen from the 
figure above, the second outcome of this analysis is that almost all flights from EDDF to EDDM have 
negative arrival TMA delays even in the most congested hours of EDDM. The same situation occurs in the 
flights departed from EDDK, EDDL and EDDT airports. This outcome may be a consequence of some 
priority or separation procedure of EDDM airport for some domestic flights. 
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6.4  Micro impact: Delay model of TMA operation at IST  airport 

In the previous section a delay propagation model across the network is identified. As identified, the 
operations in airports (both at arrival and departure) play a considerable part in flight delays. In this 
section we focus on demonstrating the structure in which the delay is realized at the arrival airport by 
using further detailed data obtained from DHMI. Specifically we show how the terminal operations and 
the flight densities affect both the pattern and also the stochastic nature of the delays observed at the 
terminal phase. 

6.4.1 TMA Analysis of LTBA-Istanbul Ataturk Airport 

Below we describe the delays generated in TMA (Terminal Control Area/Terminal Manoeuvring Area) and 
it illustrates Istanbul Ataturk Airport for four days with an supplementary data file called Eurocontrol 
Category 062 System Track Data. Cat062 is a file of ASTERIX which stands for All Purpose STructured 
Eurocontrol SuRveillance Information EXchange system. 

Data Processing 

Category 062 is a system track data which means its collected by the transmission of one type of 
message, i.e. target reports and flight plan data. Therefore, data source identifier and service 
identification presents in every record. The data have a block structure and each block is separated by a 
unique line of characters. Some of these data blocks are not useful and the flight IDs are not present for 
all blocks. Each block has a track number which is assigned to each tracked object. 

 

Raw data demonstration at Istanbul Ataturk International Airport 

 

The first task is to sort the data file according to track-numbers. There are 4096 different track-numbers 
and they are not peculiar to each flight, that is to say, each track-number is circulated among flights 
through time. Furthermore, for the arrival TMA analysis, arrival flights and departure flights are isolated 
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from each other. In the figure below, all flights with the same track number and the same flights after 
the utilization of separation algorithm is plotted. Note that each separated flight has a different line color. 

 

 

All arrival flights titled by Track Number 473 (at left), Separated Flights with Track number 
473 (at right) 

 

As can be seen from the figure above, data is a raw radar track data, that is to say, it is not a 
preprocessed, high quality data. For that reason, it includes all planes that are in action at the airport. In 
the example above, there are 18 different flight data with track number 473. However most of these 
flights do not represent an arrival, hence they are useless. The proper arrivals need to be distinguished in 
order to obtain high quality for the sake of the analyses. All flights with track number 473 are plotted 
separately to emphasise the quality of it. Results show that there are only 3 useful flights out of18 flights. 
Also note that most of the flight data does not even poses an action. 
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All flights with track number 473 in different frames 

 

After the data mining process, useless data groups are eliminated and high quality data with only arrival 
flights are obtained and plotted in the figure below. As can be seen from the figure there are 7 different 
entrance gates to TMA region of LTBA. In order to obtain more accurate results these 7 gates must be 
investigated separately. For that purpose, all flights are categorized by their entrance gates and 7 
different category of flights plotted as follows. From that point on TMA delay calculation procedure is 
employed and its methodology is given in the next section. 

 

 

Refined high quality data for all flights (at left), Categorized high quality data for seven 
different TMA entry gates (at right) 

 

Each category of flights presented with different colors and the high resolution of the data gives an 
opportunity to recognize the turn about (one of the green flights) and arrival ordering "U" patterns which 
results in extra delays. Also note that, aircrafts landed in three different directions through the analysis 
which clearly reveals the runway configuration changes of the airport. 
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6.4.2 Delay Calculation Methodology 

For analyzing TMA delays, we have employed a detailed ATM data by DHMI for Istanbul Ataturk Airport 
(LTBA). In comparison to ALLFT+ data, this specific data includes TMA details and complete radar tracks. 
After the categorization of all flights, the same methodology is applied for each category. 

• Calculate the time elapsed in the TMA region via Landing Time minus Entrance to TMA Time 
• For each approaching direction (each category), minimum time spent in TMA is determined. 

This time is assumed as the best possible landing scenario which is also assumed to have 
zero delay.  

• The delays generated in TMA is calculated as difference between all flights' elapsed times in 
TMA and elapsed time of the best possible landing scenario.  

 

 

 

All arrivals from 7 different TMA entry gates and the U turn patterns which are the main 
sources of TMA delays. 

 

Remember that the procedure is applied for all categories separately, which yields seven different best 
possible landing scenario from each entry to TMA direction. In order to represent the Terminal Control 
Area which is generally designed in a circular configuration centered on the geographic coordinates of the 
airport, an ellipse is chosen and the enter time to that ellipse is stored along with touch down time. The 
figure above demonstrates the actions that took place in the TMA ellipse which are mainly the U turn 
patterns to regulate arrivals in the congested times. 

6.4.3 Results 

The final refined data includes 1492 arrivals. These 1492 arrivals are sorted with their approach 
directions and for each direction, minimum approaching time is selected and subtracted from every 
approaching time in related approach direction. This final value represents the delay that is generated in 
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TMA. The data record starts from 12:00 p.m. of 22 March and ends at 9:00 a.m. of 25 March. 
Accordingly, the generated delay histograms are not complete for 22 and 25 march but the data includes 
the whole weekend. 

 

 

Average Delays per Arrival for each hour in the Data 

 

As a first approach average delays per arrival have been plotted for each hour and the results have been 
presented in the figure above. Based on the three day data the most congested hour in the LTBA is 
generally around 12:00 pm. For Fridays and Saturdays the average delay per arrival can reach up to 20 
minutes. In other words, each flight that arrives around 12:00 pm has around 20 minutes arrival TMA 
delay. This value decreases in Sundays to 10 minutes. However on Sundays at 12:00 am another 
congestion occurs which shows itself with 10 minutes arrival TMA delays per flight on average. This 
congestion also occurs on Friday nights. According to results Saturday is the day when the most severe 
TMA delays occur. From the histograms, a threshold for average delays per arrival can be determined to 
detect the congested periods (hours) of a day. In this regard, individual arrival delays are grouped in 
intervals in order to analyse the distributions of delays and a new set of histograms is constructed for 
both whole days and congested periods of the day.  

 

 

Delay density distributions for each day data 
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As a threshold, 7 minutes is selected which means any hour that has more than 7 minutes average delay 
per arrival is considered as congested. Furthermore to be able to compare the whole day and the 
congested periods, delay distribution histograms are normalized. The results can be interpreted as delay 
density distributions which has a mean value with other values around it. The mean value is close to the 
peak of the distribution and as the TMA delays increases, the distribution shifts to right and vice versa. 
The results of delay density distributions show the exact same characteristics and the mean of 
distributions are different from each other where the congested periods have more average delay values 
than the entire days data. As the threshold increases, the distribution again shifts to right. However 
increasing the threshold decreases the number data that represents the congested hours which results in 
alterations in density distribution. 

The overall results of the TMA analysis emphasize the importance of these regions. Delays generated in 
TMA regions may exceed 20 minutes which may be the biggest delay generation in the whole flight for 
some flights. For that reason, analysis of these regions must be conducted separately for the sake of the 
whole analyses. Moreover these delays must be isolated from the delays generated in en-route airspaces, 
since they are highly dependent on the status of the arrival airport rather than the airspace itself. 
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6.5  Insight to patterns and anomalies observed at airports and at sectors 

6.5.1 Conclusions 

Macro level representation of air traffic and transportation phenomena over the European Air Traffic 
Network is of capital importance for pinpointing the elements and events that drive the system. Macro 
Analyses not only demonstrate the dynamics of air traffic network coupled with observation but also 
provide an insight for the system behaviour under extreme conditions. The analyses pave the way for 
application of transportation optimization problems into real world conditions. Therefore they play a 
significant role in network planning & design and they occupy an important place to construct reliable and 
robust air traffic management and control infrastructures. 

Data Understanding 

Within the scope of the European Air Traffic Networks Macro analysis, ALL_FT+ and DDR data structures 
and their crucial features have been completely revealed after extensive research. ALL_FT+ data has 
been employed to extract the information of daily flight routes and their crossed airspace profiles 
whereas DDR capacity data has utilized to observe the capacity declarations for ATC unit airspaces and 
arrival/departure flow rates of airports. Since the ultimate goal of the analyses is to observe the dynamics 
of delay propagation, FTFM, CTFM and CPF-REF data profiles have been extracted from eight different 
data structures of ALL_FT+ data. Two different profiles of each flight model: point profile and airspace 
profile, have been processed and analyzed simultaneously. Besides extracting these three models, 
auxiliary parameters as departure, arrival airports and Off-Block Times also have been sorted out in the 
contemplation of clarifying all phases of each flight. The attempt of using Off-Block Times also provided 
an insight about airports status and delays generated by ground procedures in macro analyses which is 
also a subsidiary information for micro analyses. 

European Air Traffic Model 

The first leg of the analyses was to constitute the network graph of the European Airspace which would 
allow us to realize the traffic flow pathways. In addition, development of the connectivity graph of 
airspace sectors in any level would give a framework to work on any desired level of detail. Continuous 
airspace profiles of each flight enabled the construction of connectivity with traffic flow graphs and 
directed flow graphs have been generated for every types of airspace entities directly from ALL_FT+ 
data. In order to observe the traffic interactions between nodes of the graph, the network model has 
been tested over France, where each node of the graph is selected as FIRs. Analysis has been conducted 
for a week to see daily patterns and their variations based on the flight plans for each day. Two 
directions of each pathway have been investigated separately and the relations of each FIR sector and 
the degree of their relation have been pointed out clearly. The model presented the full description of the 
general situation regarding the traffic flow over the selected area, and the findings that were obtained 
through the traffic flow graphs regarding the magnitude of sectors also have been confirmed via 
monitoring the number aircrafts per hour in each sector. 

Delay Propagation Model 

After the investigation regarding the connectivity of airspaces and their reciprocal traffic flows, delay 
propagation analyses have been conducted. In light of the phases that each fight experiences, delay 
descriptions for each phase have been presented. According to the data detail and capabilities, the 
following delays have been calculated: a) Delay up to push-back phase, b) Delay at taxi to take-off, c) 
Delay at take-off to TMA exit, d) Delay at en-route, e) Delay at TMA entrance to touch-down. Delay 
calculation procedure involves planned and actual flight data, which are determined from FTFM, CTFM 
and CPF-REF profiles. FTFM profile has been utilized as planned profile whereas CPF-REF employed as 
actual data. Because there is a significant amount of data loss in CPF-REF profile, CTFM profile is utilized 
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in the absence of CPF-REF. Using planned and actual data as they are, causes preposterous results for 
delay calculations. Hence, fixing and filtering algorithms must be employed to preclude the wrong 
computations which may result in false deductions. The examples of these cases and their existence 
ratios have been presented with their performed solutions. 

When the fixing and debugging process of crippled data is accomplished, individual delays of each flight 
have been calculated with subtracting the actual elapsed times of each flights phases from the planned 
ones. This action seeks the differences between planned and actual profiles which are caused by 
unexpected events such as bad weather conditions or strikes. Cumulative evaluation of all flights crossed 
en-route airspaces from each airspace perspective resulted with the delay distributions of airspaces over 
the European airspace network. This analysis brought out the congested areas of the European airspace, 
and visualization of hourly delay distributions of each airspace gave an insight about the propagation of 
delays. An example of this approach has been conducted over the London area. Results showed the 
traces of delay propagations between highly coupled airspaces with same delay generation 
characteristics. Nevertheless, it appeared that using only airspace delay generations/absorptions is not 
enough to observe the dependencies of airspaces to each other, because the ability to extract an 
information about the source of the delay has been sacrificed. 

In order to have another perspective to increase the capability of the model, network of airports have 
been investigated instead of using airspace centred analyses. In this approach focus has been shifted 
tothe propagation of delays between airport pairs. Therefore, examination of airport delays became more 
of an issue. Because of that reason, push-back delays and taxi delays have been calculated and statuses 
of airports are monitored in terms of arrival/departure traffics and declared capacities. Although capacity 
values seemed to have no relation with traffic values, some pattern alterations have been observed in a 
single weeks data. This analysis also showed the push-back delays and their evolutions through each 
flight's path which provided a complete track of delays. 

Terminal Maneuvering Area Analyses 

Numerous analyses revealed that most of the delay generations occur in the TMA regions of the airports 
(especially the arrival TMAs). For the purpose of obtaining more comprehensive information about the 
arrival TMA region, an analysis regarding LTBA-Istanbul Ataturk Airport is conducted for four days with a 
supplementary data. Arrival TMA delays have been calculated as the subtraction of minimum elapsed 
time at TMA from every other flights elapsed times. Results showed a strong relation between congested 
traffic and delays. In the congested hours of the airport, the mean of delay distribution shifts to right and 
gets bigger values than usual. This analysis is also important to insulate the TMA delays from the en-
route airspace delays because TMA delays are the result of congested airports rather than airspace itself. 

Holistically, as the most of the delays in the air generated by arrival TMA regions, airport analyses 
elucidated that most of the delays at airports happened at push-back phase which is known as the 
ground holding procedure. Push-back delays have many potential reasons such as bad weather 
conditions, strikes or predicted congestion at destination airports, whereas the variations in taxi delays or 
declared nominal taxi times are more likely related with airport procedures as runway configurations. 
Hence, to get deeper understanding about the events that took place in the airport and to be able to 
make more certain inferences about the reasons of push-back or taxi delays, further analyses with 
different type of data are mandatory. Additionally, numerous multi-day airport analyses revealed that 
there are daily, periodic departure capacity overflows in certain airports, which have no noticeable effect 
on departure delays. The reason of these circumstances may lay in the process of capacity declarations 
where the capacities are declared less than the actual capacity of the airports. These situations are highly 
dependent to airport procedures and, therefore monitoring the status of airports in terms of the events 
took place or alterations in the declared capacity requires more information (data) i.e. more perspective 
to carry out full scale evaluations. 
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7 Discussion and future work 

7.1 Conclusions 

In the previous sections we have presented a deep analysis of several disturbances to analyse their 
influence on the delays of the European air transport system, from both, a micro and a macro level. To 
do so, we have developed several procedures to process the available data sets in order to extract and to 
study the required information. These procedures have been validated and have been used to extract 
patterns in the data sets we had available, corresponding to the period from March 2011 to November 
2011. Once the disturbances have been analysed and the model of propagation of delays has been 
presented, the main conclusions regarding the observed patterns are presented in the following tables: 

 

Disturbance Conclusion 

Runway 
configuration 
change 

• A procedure to detect configuration changes in absence of direct runway 
information has been developed and validated 

• By using the off-block times and the radar set information a procedure 
for computing the ground rolling outbound times was proposed and 
developed 

• The absence of ATOT and ETOT makes it difficult to analyse the taxi 
times, given by the definition of AXOT and EXOT 

• The estimation of taxi times, and most importantly the comparison  
between undisturbed  and affected time periods  provide useful information 
about the performance. 

• It seems that a change of the airport configuration does not have a 
significant impact on the delays of the selected airports. However, this 
assertion should be validated once the quality of the data is improved. 

Staff 
• The procedure to parse the ACC headlines makes it possible to extract 

the days where a staffing problem was reported. 
• The information of the ACC headlines does not  provide sufficient details 

of staffing problems. Therefore a manual validation is required. 
• The results from this scenario depend on the different reporting culture 

of the particular countries. 
• Patterns of substantial delays have been found in most of the cases. 

However a small amount of events does not allow for statistical significance.  
• Because of the structure of the data set, not enough information was 

available for validating if  delays were being absorbed by the system 

Weather 
• Weather events clearly affect the delay.  
• Regarding weather at airports, good weather data sets are available. 
• Regarding the enroute phase of flights, there are gaps in the data set. In 

this context, weather information provided by the aircraft  radar could be 
useful to fill up these gaps. 

• In this particular scenario, the obtained patterns show a high significance  
• Delay seems to be absorbed in most of the case. 
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Visibility • A clear delay pattern can be extracted in the case of visibility problems 
• Delay seems to be absorbed in most of the cases 

 

Macro 
Indicator 

Conclusion 

Capacity • In the current ATM system airport capacities play a critical role in defining the 
throughput of the system. 

• The delays observed at the departure phase are also closely related with 
system disturbances such as weather or capacity problems being observed at en-
route and arrival legs.  

• En-route sectors play a clear role in absorbing delays. 

 

Despite the fact, that the available data set is one of the most complete in European air transportation, it 
is worth noting that the main problem for obtaining clear patterns, related to distinct disturbances, is the 
quality of the available data sets. Consequently, gathering data mechanisms that enabling complete 
information, regarding the runway configuration change, taxi times, planning and radar information, are 
required and should be investigated. 

It should be pointed out, that the developed procedures, have been validated and are universally 
applicable. 

Despite the fact, that the data set is not sufficiently complete for the desired computation, the proposed 
procedures allow for obtaining patterns of behavior.  Therefore, taking into account the quality of the 
information when interpreting the obtained patterns.  

The following procedures have been designed and implemented: 

• procedure to estimate the time of the configuration change of an airport 
• procedure to estimate the taxi out times  
• procedure to determine the significance of delays 
• procedure to estimate the non-absorbed delay 

Delays are investigated in FIR segments and it is observed, that major delay generations aremostly 
observed in the airport segment (arrival and departure) of the flight. In addition, practices in en-route 
airspace, ACC effectively lead to delay absorbtion. First cut analysis identifies key delay generation 
patterns at airports (arrival patterns and methods/departure procedures), which have to be re-designed 
for future resilient networks. In addition, the data shows that the delays observed at airports correlate 
with volume of traffic. On the other hand, many of the sectors are only minimally affected by volume. 
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7.2 Future lines 

Additionally to the findings in the obtained patterns, a further important part is to establish an automatic 
way to analyse the resilience of the system in case of a occurring disturbance. For that reason, 
automatization of pattern extraction is planned. This will be done in deliverable D2.3. This is being carried 
out in addition to provided metrics, coming from the Complexity Science, and a proposed structure in 
D3.1 that tackles the multilayer representation of resilience. 

Besides, we also plan prior to the generalization of the process, to focus on the application of the 
proposed procedures to weather related disturbances.   

As a part of the effort for deliverable D3.2, data mining activities are being conducted. They will lead to 
conclusions about the current system performance and will help to identify elements that are drivers of 
the system performance. The current work is focusing on developing the stochastic model of the ATM 
network as to be able to predict the behaviour of the network under disturbances. 
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