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Abstract: 

This document is deliverable D3.1 "Resilience Multilayer representation" which, as described in the DoW 
(Description of Work), is the first deliverable of WP3, with 9 person-months involved in its corresponding tasks. 
The original report delivery date was T0+12, which corresponded to May 2013, however, as agreed with the 
project officer, D3.1 was delayed until September 2013 in order to include some interesting outcomes from the 
data-mining activities in deliverable D2.2, the delivery date of which was 1st August 2013. The following 
deliverable D3.1 describes the multilayer representation of the ATM system within the Resilience2050 project. 
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1 INTRODUCTION 

Resilience2050.eu is a collaborative project funded through the FP7 AAT Call 5, topic AAT.2012.6.2-4: Identifying 
new design principles fostering safety, agility and resilience for ATM. 

The project aims to: 

• Develop adequate mathematical modelling and analysis approaches to support systematic analysis of resilience 
in ATM scenarios, taking into account the different ATM disturbances that can take place in the European 
airspace. 

• Develop metrics to systematically define resilience, addressing the concepts of “Responding”, “Monitoring”, 
“Learning” and “Anticipating”. This work will result in a Resilience Analysis Framework (RAF 2050), to enable 
the definition of new ATM design principles fostering safety, agility and especially resilience. 

• Provide an extensive overview of human contributions to resilience in current ATM. 

The project is carried out by an international consortium composed of: The Innaxis Research Institute, (Project 
Coordinator, Spain), Deutsches Zentrum für Luft- und Raumfahrt e.V (DLR, Germany),  Universidad Politécnica de 
Madrid (UPM, Spain), Nationaal Lucht- en Ruimtevaartlaboratorium (NLR, Netherlands), Istanbul Teknik 
Üniversitesi (ITU, Turkey), Devlet Hava Meydanlari Isletmesi Genel Müdürlügü (DHMI, Turkey) and King’s College 
London (KCL, UK). 

The project was launched on the 1st of June, 2012 and will last 36 months. 

The document structure presents, through a top-down approach, the top level Resilience2050 project information, 
the role of Work Package 3 within the project and, finally, the work performed under task D3.1, regarding the 
resilience multilayer representation chosen for the optimal project development. Concretely: 

• Section 0 consists of the title, cover page, record of revisions, abstract and table of contents. 
• Section 1 is the overall introduction of deliverable D3.1, including general information about the Resilience2050 

project and the current structure of the deliverable with brief explanations of each section. 
• Taking into account that D3.1 is the first report of WP3, section 2 introduces the main goals of WP3 in the 

Resilience2050 project. It also includes a description of D3.1 in relation to the WP3 framework and the 
approach and scope within this work package, in addition to the explanation of the links between D3.1 and the 
rest of the deliverables in WP3 (D3.2 and D3.3). The information flow in the WPs and deliverables is also 
depicted in this section 2. 

• Section 3 is the core of the document and describes the multilayer representation model. Firstly, the different 
influences between layers are described, together with the common properties across layers and secondly, 
different sub-sections for each one of the layers are described. Particular attention and references have been 
paid to the scenarios in WP2 and future research in WP4 in order to ensure alignment between the different 
tasks within the project.  

• Annex I provides the acronym list. 
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2 WP3, D3.1 in Resilience2050 project 

2.1 Main aims of Resilience2050 and deliverable 3.1 

The key objective of the Resilience2050.eu project is to define, analytically, the concept of "resilience", within the 
context of air traffic management. 

WP3 "Development of new design principles" targets the analysis of the resilience of the current system, to be 
undertaken, on one side, by the characterization of the dynamics and logical structure of the ATM system as a 
consequence of internal and external disturbances, and, on the other side, by the identification of the elements 
responsible for the reduction of the resilience (i.e. constraints, shortages, bad design elements or short buffers that 
actually foster the propagation of perturbations). 

These two main goals will be achieved by means of the development of two different and at the same time linked 
schemes: From one side the modelling approach – which was outlined in D1.3 and will be tackled in depth in WP4 
-  and from the other the current WP3 multilayer representation gathering real disturbances and perturbations 
propagation in real data. In the modelling perspective the ATM system will be abstracted by introducing a set of 
logical interdependent layers that represent its various dynamic and static elements.  From the resilience multilayer 
representation in D3.1 and D3.2 the idea is to align the data mining results from WP2 in a useful structure both for 
the modelling and for providing a framework for the resilience analyses. As a final result, the resilience property 
can be represented, measured and communicated, and different strategies to achieve an increased resilience in air 
transport operations can be developed. 

Each layer of the system has a particular behaviour (individually and as a group) described by one or more data 
sets. Each of these level’s layers could also be gathered into "macro layers" with similar features.  For instance, 
snow, rain and fog layers represent the weather disturbance layers, the METARs dataset having been used in all of 
them. Despite the qualitative and quantitative differences, all of these layers produce similar outputs in the 
multilayer representation. 

Due to the complexity of air transport, with hundreds of European stakeholders involved (ATC, airports, airlines), 
and the complex relations between them, the Resilience2050 consortium has made a huge effort in creating a 
multilayer representation enough to understand the delay propagation, and complex enough to provide interesting 
numerical outcomes which can be used to measure resilience of an ATM system. 

2.2 Research steps and approach 

In the context previously explained, the current Deliverable 3.1 'Creation of the Multi-layered Resilience 
Representation', has firstly required input from WP2 D2.1: the specific information about the data sources involved 
in each layer. In order to provide the proper datasets, the disturbances that would be significant for the resilience 
study were selected. Taking into account the operational experience of the consortium partners and the most 
common delay causes (from Eurocontrol CODA and NOP), the scenarios depicted were: 

• Weather disturbances (thunderstorm, rain, hail, snow, tornado, fog etc.) 
• Bad visibility issues 
• Runway operations: runway configuration changes 
• Staffing problems: ATC strikes, illnesses etc. 

Once the disturbances and data sources were selected, the input regarding the specific layer connections was 
taken from the resilience data-mining tasks completed in WP2 D2.2.  Further connections and complex patterns 
will be clearly identified and explained in D3.2.  

Having analysed the necessary inputs for D3.1, its time to tackle the usage of its outcomes in the logical flow of 
the Resilience2050 project. WP3.2 'Resilience Metrics for the European ATM', will require afterwards direct input 
from the multilayer resilience representation achieved in WP3.1. Once the layers have been identified, in order to 
qualitatively analyse resilience it will be necessary to include the quantitative results from WP2. Additionally, in the 
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layer creation and the current deliverable preparation, a sensible link with the ATM system that will be modelled in 
WP4 (that was already basically outlined in D1.3) has also been ensured. 

Following the approach presented in D1.3, the socio-technical character of the ATM system, which will be modelled 
in task 4.5, will be represented by a workflow-based description of the various stakeholders. As shown in D1.3, 
different stakeholders are involved in the many flight phases. The physical movement of the aircraft within the 
ATM system will be a result of decisions made by these stakeholders, whilst the aircraft is proceeding along the 
chain of the particular flight phases. The movement of the aircraft will be abstracted to a motion from one decision 
point to the next (a process-oriented view introduced in 1.3). It has to be stressed that in D1.3, by following a 
gate-to-gate perspective, an undisturbed flight is represented. Further decision chains, depending on weather 
disturbances or other influences as well as different procedures with respect to the particular flight phase, will be 
integrated in task 4.1. The “discrete event” directed abstraction also enables the application of the state based 
approach of measuring resilience by means of performance indicators by simultaneously incorporating the 
stakeholder depending on the decision-driven movement of the aircraft. Given the idea of representing the ATM 
system holistically, under the pretext of using one distinct level of detail, the deliverable 3.1 connects the work of 
D2.2 with Task 4.5. This is achieved by revealing the influences of the different disturbances on the particular 
stakeholders. In this deliverable, the implications of a specific disturbance for a particular stakeholder will be 
investigated. This is done to subsequently model the according decision chains of stakeholders at the chosen level 
of detail.  

Hence, summing up the general information flow that was required prior to the creation of the current deliverable, 
the following table lists the work completed: 

WP1 WP2 WP3 

Resilience definition: 

Other socio-technical domains (D1.1) 

Human factor, disturbances (D1.2) 

ATM resilience, basic modelling approach (D1.3). (The full 
modelling approach connects D1.3, D3.1, D4.1 and D4.5 as 
explained above) 

Data mining 
exercises: 

Data sources and 
scenarios definition 
(D2.1) 

Data mining activities 
(D2.2) 

Resilience metrics: 

Current deliverable: 
Multilayer representation 

Looking at it the other way around, the current deliverable will be an input for the following research activities and 
deliverables: 

WP3 WP4 WP5 

Resilience metrics (D3.2) Developing the model D4.1 Stress testing of new concept D5.i 

Further interrelations between other deliverables and WPs (2, 3, 4 and 5) have also been pointed out in the 
following figure: 
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Figure 1 Interrelations between deliverables 

In conclusion, the data-mining exercises run in the project provided strong guidance to build D3.1 in a way that 
this model will be purely a data-driven model. At the same time D3.1 is a framework of qualitative nature to 
represent the resilience of the ATM system. The different data-mining exercises in D2.1 exploited the different data 
sources available and this deliverable provides a model structure that should encompass the data-mining activities 
in D2.2 and provide guidance for the derivation of the resilience measures.  

For the multilayer representation future steps and deliverables have also been taken into account. To allow for the 
use of all necessary data, this deliverable D3.1 also includes the guidelines about those data-mining exercises that 
have not been executed in previous deliverables and are expected to be needed in the resilience measures in D3.2. 
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3 Multi-layered modelling 

3.1 Structure of the multi-layered model 

As explained in the introductory section, the multi-layered model of the resilience of the ATM system in Europe 
shall provide support to describe the different data-mining findings across the different airports in Europe as 
well as provide a framework for the definition of the resilience measures to be described in future steps of the 
project. The internal and external links of the layers have been described and will be the basis for the future 
quantitative description of the resilience metrics in D3.2. In addition D3.2 (after D3.1) supports the work of tasks 
4.1 and 4.5 in the way that it will relate the disturbances to the affected stakeholders, following the modelling 
approach already introduced in D1.3. 

3.1.1 Modelling layers 

Table 3-1 Modelling layers 

Layers Modelling step Description of the model 
0 Determining the temporal scale 

and its granularity 
The overall structure is a function of time, as time plays a key role in 
the "resilience" property. Therefore, each "instance" of the model is 
considered at certain time t. Every instance requires specific data-
mining exercises, so discretizing time is unavoidable. The model, 
therefore, will have 48 instances per day, one per half an hour and 
thus, t will go from 00 to 23hours. The temporal scale of the layer 
does not have to correspond with disturbance duration: Some 
disturbances for instance may last for 20 minutes, or 3 hours: in these 
cases the aircraft selected will be only those affected in the 
corresponding disturbance time window. 

1 Defining each layer of 
Disturbance (Di) across Europe 

The first layer will define a map of each disturbance and its 
descriptions. Some disturbances will be described qualitatively and 
others will be described combining some quantitative and qualitative 
attributes. A good example is the disturbance “bad visibility at a 
runway” where a quantitative “severity” figure is provided in terms of 
RVR. Meanwhile in other disturbances such as strikes there is only a 
yes/no possibility. In any case, all layers will show a geographical 
distribution of disturbances occurring at airports, and at a certain 
moment in time t. So, each disturbance will be of a specific type and it 
will be linked to a specific airport (airport=node in the model). 
 
Each disturbance will be a layer in itself and the layer of the 
representation should include results from the data-mining exercises 
to determine how these disturbances are defined, identified and 
described in the data set. 

In order to provide a link with D1.3 and the modelling phase of the 
Resilience project, D 3.2 will also depict that ATM operational side that 
is affected for each disturbance. 

 
2 Defining the perturbation 

created by each disturbance: 
Layer Airport_Origin1 - AO1. 

This layer will show the perturbation created by each disturbance Di 
at a certain time t. As explained in previous WP2 deliverables, one of 
the performance indicators used to evaluate the performance of an 
ATM system (i.e. to describe its state) and to estimate its state 
(reference or stress state) is flight delay. In particular for this 
Resilience Multilayer Representation, the flight delay is chosen as a 
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Layers Modelling step Description of the model 
performance indicator describing a state of an ATM system.  

Since each disturbance is considered related to an airport at this 
moment in time, the perturbation should describe the departure delay 
provoked by each Di around t (The time horizon considered when 
investigating the implications of a disturbance occurring at time t 
would be t plus/minus certain window, which is named delta_t).  

This window will be determined by a data-mining exercise and will be 
accompanied by operational inputs coming from the expertise of the 
members of the Resilience2050 consortium. Thus, this layer will show 
minutes of departure delay, precisely the increase of departure delay 
in the airport of origin (where the disturbance happened) in the 
moment t plus/minus certain delta_t due to the disturbance described 
in the previous layer. In this layer, the description of the perturbation 
should also include details about the level of traffic when that 
perturbation happened, as this is a crucial variable in the delay 
propagation. The flights whose previous leg involved some delay will 
not be included in this layer to avoid miscorrelating delays with 
disturbances that did not originally affect them. 

To achieve better insight of the perturbation created by each type of 
disturbance in each airport in Europe, individual data-mining exercises 
need to be run, some of them additional to the ones achieved in D2.2. 
Hence, the Resilience Multilayer Representation will include 
information on the perturbation per each disturbance type, per 
disturbance combinations, airport and volume of traffic. 

3 Defining the propagation of 
each perturbation: Layer 
Airport_Destination1 - AD1 

This layer will show the perturbation created by each Di in the 
different affected destination airports, or in other words, the arrival 
delay after one leg. In the window t plus/minus delta_t, a number of 
flights took off and arrived (presumably) late to their destinations. 
Those aircraft will arrive at their destination airports at different 
moments in time. For this reason, layer 3 will not map the European 
delay status at a certain fixed moment in time. The delay will be 
different for a different time stamp depending on the airport 
identified. Hence, in all cases, it will be the arrival delay of the aircraft 
after one leg (i.e. the airplanes that flew from AO1 and arrived to 
certain AD1). To properly measure this delay the model will take into 
account whether there are any disturbances affecting that airport at 
that particular time so as not to link that new disturbance delay with 
the "delay propagation" delay. Again, details about the specific 
volume of traffic at that time stamp will be analysed 

4 Computing the potential 
absorption of the perturbation 
in the airport rotation: Layer 
Airport_Origin2 - AO2 

This layer will show the perturbation created by Di in the different 
airports affected after the turn-around process in the destination. 
Therefore, this layer will focus on the departure delay at the origin of 
the second leg. In accordance with the previous layer description, this 
layer will not show a moment in time, but, rather, a number of 
minutes of delay, aggregating the different departure delays of all 
aircraft that arrived at that airport affected by Di. 

Therefore, this number (total number of delays) will represent neither 
the delay of the airport at a certain moment in time, nor even the 
delay of all aircraft operating at that airport. It will represent only 
those originally affected by Di. However, this layer will be a function 
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Layers Modelling step Description of the model 
of the original time t chosen in the first layer. So, we could have 
DD_LEPG_d1(LEMD,13) indicating the departure delay of flights 
leaving Paris that were affected by a disturbance type 1 in Madrid at 
13hours. As will be explained later, a tool will be developed that 
enables an estimation of that part of the delay that is caused by the 
original disturbance in Madrid, and that part which is a possible "new" 
disturbance in Paris, exactly for these kinds of cases. In this context, 
layer 4 will measure how well the turn around processes are able to 
absorb the delay originally created in Madrid. 

The following diagram shows the different layers of the model, indicating the relationship between the layers. 

 

Figure 2 Relationship between layers 

3.1.2 Disturbances and system peculiarities 

In addition to the layers description, there are other hypotheses, ATM system properties and resilience analyses 
issues that have been taken into account. They have been described in this introductory section as some of them 
apply across layers. The overall model will require the computation of the implication caused by different 
disturbances across the different airports in Europe. Obviously, different disturbances can happen simultaneously, 
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at the arrival/departure phase or in the en route phase of the flight. For this reason, special attention has been 
paid to the following cases: 

1. Propagation and disturbances delay 

The key idea of the multilayer model proposed is recognition and differentiation of delay components for particular 
flight legs of corresponding aircraft. The origin-delay is always the same: an affecting disturbance somewhere, at a 
certain time. This general approach could lead to a complex problem in identifying the system resilience property 
as there could have been different response times for each disturbance, and it would be difficult to find and 
identify the current buffers of the system. In order to simplify the approach, only two delay components have been 
identified: delay, already existing, and "new" aggregated delay. With the structure of airports as nodes, new delay 
is provoked by the disturbances affecting that particular flight (from node to node in departures, cruise and 
landings). Already existing delay is the one accumulated in other legs, this has been considered as a "delay 
propagation" of previous disturbances in prior flights of the aircraft. 

Further explanations of en route delay and airport resilience can be found in the next paragraphs (points 3 and 7). 

2. Different disturbances occurring at the same airport in the same window of time (or adjacent 
windows) 

The basic structure proposed will only deal with disturbances taking place without any other occurring at that same 
airport at that same time. However, it is obvious that the model proposed might present occurrences in which two 
different types of disturbances are occurring at the same time at the same node and therefore their effects, the 
perturbations, and their associated propagation, may be observed through the effects of the two perturbations. 
Should that occur, detailed analyses need to be made to assess if the two disturbances can be considered 
independent and their impacts are simply lineally added, or if there is actually non-linearity in the interactions, 
which would definitely make the analysis harder. 

In order to model this consistently, and only if after the analysis base on the number of occurrences it derives into 
a significant result, an interaction matrix would be developed in D3.2 to ensure the correct tracking of potential 
interactions between disturbances. Others variables such as the specifically affected airport with both disturbances 
and the specific traffic level would be taken into account. For instance, it is expected that rain together with fog 
may cause much less impact than rain plus staffing problems, due to the completely different nature of the 
disturbances in the second case. In this context, insights will be provided on the disturbances combination in 
relation with delay-level patterns, making use of the matrix. 

It is important to highlight that this interaction matrix can only be built if there are a sufficient number of instances 
per disturbance kind and combination, per airport and per time stamp. If required, different significance tests will 
be developed to check the feasibility of the matrix. 

3. En route resilience and disturbances 

En route disturbances such as bad weather could affect aircraft operations in the air and, therefore, the model 
should show their impact (perturbations) in the analysis performed between layer 2 and 3. Due to the design of 
the European airspace management (slot control), and the current long-term predictions available in trajectory, 
weather issues and capacity (CFMU), the proper approach is considered to be to assign these possible disturbance 
effects directly at the nodes (departure or arrival airports). Hence, delay occurring while airborne will not be 
contemplated. 

In fact, the disturbances en route are expected to sometimes provoke "positive effects" due to the buffer in time 
provided by the airlines in flight planning, and that will affect our quantitative delay analysis. In addition, air macro 
streams and trajectory peculiarities (inability to fly in military airspace, for instance) are already taken into account 
in the flight plan and hence, due to the way delays have been measured, do not interfere in measuring the resilient 
performance. The way delays have been measured (see Deliverable 2.2 for further information) is, in brief: 
"planned" minus "radar" timestamps.  Positive effects will not be analysed as they will be considered, in fact, 
features of the system design that allow it to absorb perturbations.  
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4. Disturbances occurring at the destination airport while analysing the propagation perturbation in 
the same time window - cause and effect assignment. 

Although the following information has been included in layers 2, 3 and 4 descriptions, we consider it important to 
include explicitly in this cross-sectional part of the document. When analysing the propagation of the delay, there is 
a possibility that a different "new" disturbance may be affecting the airport of destination in Layer 4, therefore, 
altering the measurement of the resilience - for instance, by showing the system as non-resilient to the first 
disturbance, while in fact it is a second disturbance affecting the airport of destination in a different layer (Layer 1) 
time-slot. 

In order to mitigate this, we will focus on a delay analysis in conjunction with the interaction matrix (if feasible and 
significant). Then, that matrix would be used to qualify the results from the data-mining exercises. For instance, if 
we are analysing the impact of a certain disturbance (type 3) in Madrid airport at 9:15AM, it will be f(9,LEMD,3)=1. 
Then, for flights arriving in Paris LEPG from Madrid 2:15minutes of flight later, if there is a disturbance in LEPG in 
that time slot, f(11,LEPG,2)=1, which delay is caused by the new disturbance (LEPG) will be taken into account as 
well as which part is caused by the delay propagation of the first disturbance (LEMD) 

5. Layers 5, 6, 7 or even further layers 

From a theoretical point of view, it is sensible and reasonable to consider and identify a layer 5 (with delays at the 
destination of the second leg), layer 6 (with delays at origin of the third leg) or even layer 7 (with delays at origin 
of the third leg). All of these layers, where layers=n (n>4) would follow the same approach, and the aircraft could 
be identified with their registration number. However there are both data-mining and operational issues that 
disable the significance of the results that would be obtained in following this approach: 

Firstly, from a data science point of view, it is impossible to identify the cause of delay after a couple of aircraft 
rotations: the uncertainty interval in determining which is the disturbance propagation and which is the "new" 
delay is certainly too high ("signal smaller than uncertainty") in most of the cases. In addition there are some 
issues regarding the different delay measures in the different airports (related with the difference between the 
radar and FTFM fields), which increase in inaccuracy the further the delays. Furthermore, in the dataset available 
for the project, even though it is one of the most complete data sets available, there is some incompleteness in the 
aircraft registration numbers for some of the flights. This would certainly make that ideal theoretical framework 
impossible to compute and use in practice. 

Secondly, from an operational point of view, more than 2 legs per day (4 flights per single day) are quite unusual 
in the European airspace. It would suppose a third leg (a total of 6 flights to be finished in the airline hub), that 
with the usual time spent with aircraft on the ground would mean flights too short for the European average flight 
length and a level of resilience analysis insufficient for this project. 

6. Airline resilience 

Quite frequently, if an aircraft landing at an airport presents a significant delay and if the airline has a back-up 
aircraft available at that airport, a change in the original flight plan is likely. Passengers that were going to be 
presumably affected by the prior delay of the first aircraft, can continue their flight within the scheduled time on 
the backup aircraft. In such cases, the original delay is no longer propagated, and the system is resilient or even 
robust (see D.1.3).  This "airline-enforced resilience" will be taken into account in the overall resilience calculated, 
as they are providing the system with a certain level of buffer.   

7. Airport phase resilience 

The project approach is measuring the delay as actual (using Radar stamps) minus planned times, both at the 
landing (last radar point) and at the taking off (first radar point). Further insights in relation to taxi-times 
information were provided in D2.2. As already explained in section 3, airports, as the nodes of the multilayer 
representation, are the boundaries of the resilience analysis that is being done, as they are either the origin or 
destination of the flights analysed. However, are the airport’s (on ground) times fixed? If an aircraft arrives one 
hour late from the scheduled time, is there an exactly corresponding one-hour delay in the scheduled departure 
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time? All the necessary processes carried out at the airports during turn around (taxiing, handling, fuelling etc.) 
play a crucial role in the resilience of the system in terms if increasing or decreasing the required times.  

8.Departure and arrival delay 

Disturbances affect both arriving and departing aircraft in the multilayer representation. This has been represented 
as the inputs from the first to the second layer in T0 and further inputs in T1 and T2 at the destination airports. 
Both for safety and economical (fuel) reasons, delayed aircraft are the ones on the ground, and flying ones have 
the priority should a situation be reached where one is forced to wait. This was already quantitatively measured 
with data in D2.2. In this context, this is the reason why the multilayer representation proposed starts analysing a 
departure layer (Layer 2). Nevertheless, arrival delays will also be taken into account as explained in point four of 
this introductory section. 

 

3.2 Description of the layers 

3.2.1 Layer 1 

Layers 1a,1b,1c etc. Disturbance 

Type (physical / abstract): Physical/Abstract 

Influenced by: None (out of scope) 

Influences: Layer 2 

References: D1.2, D2.2, D2.2 

 General description 

The first macro layer (layer 1) consists of the definition and description of the disturbances that affect the system. 
As already indicated in previous deliverables (D1.2, D2.1 and D2.2), the disturbances selection was made taking 
into account their frequency, severity and data availability. Some disturbances will be described qualitatively and 
others will be described by combining some quantitative and qualitative attributes. In any case, all layers will show 
a geographical distribution identifying where the disturbances have occurred. 

In the project’s proposed multilayer representation, the model is a function of time, as time plays a key role in the 
"resilience" property due to the different times when disturbances occur and the different traffic levels depending 
on that time. Therefore, each "instance" of the model is considered at a certain time t. Every instance requires 
specific data-mining exercises, so discretizing time is unavoidable. The model’s first layers, therefore, will have 48 
instances per day, two per hour and thus, t will go from 00:00 to 23:30 hours in each of the layers. 

Each of the disturbances will take place then at a certain moment in time t from 00:00 to 23:30 hours. In addition, 
each disturbance will be of a specific type and it will be linked to a specific airport. Each disturbance will be a layer 
in itself (all of them will be named 1.x) and the layer’s link with layer 2 should include results from the data-mining 
exercises. This will enable x to determine how these disturbances are defined, identified in the data set and 
described quantitatively. Additional data-science activities are expected to be required to connect layer 1 with layer 
2 as explained in the introductory section. 
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Each of the following points represent one layer 1i.   

• Weather disturbances (thunderstorm, rain, hail, snow, tornado, fog etc.) 
• Bad visibility issues 
• Runway operations: runway configuration changes 
• Staffing problems: ATC strikes, illnesses etc. 

Another aim of the full description of layer 1 in D3.2 is to provide the links with regard to the actors, roles and 
stakeholders involved in each of the disturbances. For this reason, in D3.2 the modelling approach of an ATM 
System proposed in deliverable 1.3 will be followed, specifically in chapters 3.1, 4.1, 4.2, 4.3 and 4.4. 

Layer 1a Tornado 

Layer 1a Tornado disturbance 

Type (physical / abstract): Physical 

Influenced by: None 

Influences: Layer 2 

References: D1.2, D2.1, D2.2 

 1a Description 

This layer represents all the tornado-related weather circumstances that may affect the operation of aircraft at and 
near an airport.  A tornado is generally described as a violently rotating column of air that is in contact both with 
the surface of the earth and a cumulonimbus cloud, or in rare cases, the base of a cumulus cloud. To standardise 
and identify the tornado condition, the information has been extracted from the METARs reports. This weather 
reporting mechanism - the most popular format in the aviation and airport world - is highly standardized through 
ICAO (International Civil Aviation Organization). Despite this, no tornado tag was found in the airports and time 
frame considered (March-December 2011).  We thought it could be interesting to add this layer in order to make a 
valid multilayer representation with the all possible tags that could arise, taking into account a different time 
window. However, tornadoes are considered extremely rare and extreme events that seldom appear in European 
airspace. 

In this layer, each node is associated with a given European airport (of the 16 selected), and at a certain time 
different and multiple airports (nodes) could be affected by the tornado disturbance. 

1a Analyses performed 

This layer would be an essential part in the analysis of Scenario 2 in D2.2 (see Section 2.2.3.4), in which bad 
weather issues have been studied in terms of delays generated for departing and arriving flights. A tornado is the 
most important adverse weather circumstance as it induces serious effects (depending on the intensity) that 
provoke operational changes, contract capacity and can even lead to airport closure. The data set used that 
directly records such tornado circumstances was METARs. 

The METAR dataset contains the following information: 

• date 
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• 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 on every airport with a resolution of about half an hour is available. Consequently, as 9 complete 
months of measurement (taken every half an hour approximately) are available, and taking into consideration the 
16 airports selected in the data mining activities, the total number of records to be analysed for the period is 
273.987 (see further information in D2.2, section D2.2.8.2 "Data understanding") 

Airport Number of metar 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 
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LFPG 14333 

EDDM 14281 

EGKK 14278 

ESSA 14199 

After removing duplicated records and automatically detecting and erasing the incoherent data sets, a total 
of  257.417 records have been made available with the following distribution of values: 

Airport Number of non-repeated metar records 

EDDF 20188 

EDDL 20113 

LOWW 16651 

EKCH 16635 

EGLL 16557 

EHAM 16554 

EBBR 16499 

LEMD 15562 

LFPO 15461 

LTAI 15459 

LTBA 15325 

LEBL 15323 
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LFPG 14333 

EDDM 14280 

EGKK 14278 

ESSA 14199 

 In accordance with the ranking of the different tags from the Meteorological department of DHMI (Turkish ANSP 
and members of Resilience2050 consortium) ,  #1 means the adverse weather disturbance that more importantly 
affects the system and #16 the least important: 

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 
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12 FOG-RAIN 

13 FOG 

14 RAIN-HAIL 

15 HAIL 

16 RAIN 

As can be seen in the previous table, Tornado is ranked at 1st place, and it is considered at the same time an 
exceptional and extreme event. 

Tornados alone usually disable operations due to the high level of wind involved. When added to other weather 
circumstances (hail, fog, snow, thunderstorm) the importance of these tags increases, generally hindering runway-
visibility issues.  In cases where snow is involved, snow removal is usually required, and in general windy scenarios 
are linked with the tornadoes occurance, and the distances in operational procedures are increased in order to 
prevail safety. Closing airports is usually required under the tornado context. 

With respect to the frequency of the tornado, as can be seen in the following graph, the "tornado tag" hasn't 
appeared in the overall weather circumstances detected in the METARs from March-December 2011 with the given 
selection of airports. We have also looked for other Tornado tags out of the given selection of airports. From the 
top 30 European airports only one Tornado tag was identified (in LIRF) in this time frame. That represents 1 out of 
more than 300.000 records. 

 

Figure 3 Overall weather circumstances detected in the METARs from March-December 2011  
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1a Connection with other layers: inputs and outputs 

This layer information would be considered one of the inputs for Layer 2: Delay at the nodes (airports) 

There is no extra input required for layer 1a in addition to the METARs dataset itself. 

 

Layer 1b Thunderstorm 

Layer 1b Thunderstorm disturbance 

Type (physical / abstract): Physical 

Influenced by: None 

Influences: Layer 2 

References: D1.2, D2.1, D2.2 

1b Description 

This layer represents all the thunderstorm weather circumstances that may affect the operation of aircraft at or 
near an airport, with special attention devoted to any change in the weather conditions that may finally lead to a 
thunderstorm. Thunderstorms are also called electrical storms, lightning storms, thundershowers or, simply, a 
storm. It is a form of turbulent weather characterized by the presence of lightning and generally accompanied with 
cloud types, such as cumulonimbus, in addition to strong winds, or precipitations. To standardise and identify the 
thunderstorm condition the information has been extracted from the METARs reports. This weather reporting 
mechanism - the most popular format in the aviation and airport world - is highly standardized through ICAO 
(International Civil Aviation Organization).  The specific thunderstorm tag within the METARs is "TS". If any tag 
begins with a minus or plus (-/+), it's either light or heavy. 

In this layer, each node is associated with a given European airport (of the 16 selected). At a certain time, different 
and multiple airports (nodes) could be affected by the thunderstorm disturbance. 

 1b Analyses performed 

This layer was an essential part of the analysis of Scenario 2 in D2.2 (see Section 2.2.3.4), in which bad weather 
issues have been studied in terms of delays generated for departing and arriving flights.  A thunderstorm is one of 
the most important adverse weather circumstances as it induces serious decreases in the visibility of the runway 
(depending on the intensity) that provoke operational changes and contract the capacity. The data set used that 
directly records such thunderstorm circumstances has been the METARs. 

The METAR dataset contains the following information: 

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

Information on every airport with a resolution of about half an hour is available. Consequently, as 9 complete 
months of measurements (taken approximately every half an hour) are available, and taking into consideration the 
16 airports selected in the data mining activities,  the total number of records to be analysed for the period is of 
273.987 (see further info in D2.2, section D2.2.8.2 "Data understanding") 

Airport Number of metar 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 
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EDDM 14281 

EGKK 14278 

ESSA 14199 

After removing duplicated records and automatically detecting and erasing the incoherent data sets a total 
of  257.417 records were available with the following distribution of values: 

Airport Number of non repeated metar records 

EDDF 20188 

EDDL 20113 

LOWW 16651 

EKCH 16635 

EGLL 16557 

EHAM 16554 

EBBR 16499 

LEMD 15562 

LFPO 15461 

LTAI 15459 

LTBA 15325 

LEBL 15323 

LFPG 14333 
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EDDM 14280 

EGKK 14278 

ESSA 14199 

Following the Meteorological department of DHMI (Turkish ANSP and members of Resilience2050 consortium) tag 
rankings, #1 means the adverse weather disturbance that most importantly affects the system and #16 the least 
important: 

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-RAIN 
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13 FOG 

14 RAIN-HAIL 

15 HAIL 

16 RAIN 

As shown in the previous table thunderstorm as a simple tag is ranked at 2nd place, making it the most important 
one taking into consideration there were no tornado tags for the time window considered. 

A thunderstorm added to other weather circumstances (hail, fog, snow, rain) increases the importance of those 
tags, generally hindering runway visibility issues. In the cases where snow is involved, snow removal is usually 
required, and in windy scenarios the distances in operational procedures are increased in order to prevail safety. 
Under these mixed tags the system is doubly or triply affected. 

Concerning the frequency of the thunderstorm tag, as can be seen in the following graph, the counting of the "TS" 
is one of the less frequent simple tags of the overall weather circumstances detected in the METARs 

 

The specific quantitative information about the thunderstorm tags that appears in the different airports of the 
dataset is the following: 
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AIRPORT Thunderstorm Rain-Snow-
Thunderstorm 

Rain-Hail-
Thunderstorm 

Hail-
Thunderstorm  

Rain-
Thunderstorm  

LFPG 9       26 

EDDF 50 1     87 

EGLL 7       11 

EHAM 24       27 

LEMD 25     1 73 

LIRF 31     1 77 

LTBA 10       31 

LEBL 8       45 

LSZH 46       68 

LOWW 24       44 

EKCH 18     3 45 

EGKK 3     3 3 

EBBR 18   1   39 

LFPO 17       39 

ENGM 20         

EDDL 51       55 

ESSA 4       5 
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LEPA 48       71 

LIMC 49   1   88 

LTAI 46       220 

1b Internal / external connections 

Connection with other layers: inputs and outputs: 

This layer information would be considered one of the inputs for Layer 2: Delay at the nodes (airports) 

There is no extra input required for layer 1b in addition to the METARs dataset itself. 

 

Layer 1c Snow 

Layer 1c Snow disturbance 

Type (physical / abstract): Physical 

Influenced by: None 

Influences: Layer 2 

References: D1.2, D2.1, D2.2 

 

1c Description 

This layer represents all the SNOWY weather circumstances that may affect the operation of aircraft at or near an 
airport. Snow is defined as a precipitation in the form of flakes of crystalline water ice that fall from clouds. The 
boundary between snow, hail, ice pellets, snow grains and even rain is not clear and depends on the structure of 
the particles and the pressure, humidity and temperature of both the surrounding air and the snow particles 
themselves. To standardise and identify the snow condition the information has been extracted from the METARs 
reports. The specific snow tag within the METARs is "SN". If any precipitation begins with a minus or plus (-/+), it's 
either light or heavy. 

In this layer, each node is associated with a given European airport (of the 16 selected), and at a given time 
different and multiple airports (nodes) could be affected by the snow disturbance. 
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1c Analyses performed 

This layer was an essential part of the analysis of Scenario 2 in D2.2 (see Section 2.2.3.4), in which bad weather 
issues have been studied in terms of delays generated for departing and arriving flights. Snow is one of the most 
important adverse weather circumstances as it induces serious decreases in the visibility of the runway (depending 
on the intensity)  and requires additional operational procedures that provoke performances changes/delays and 
contract the capacity. The data set used that directly records such snow circumstances was METAR's. 

The METAR dataset 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 on every airport with a resolution of about half an hour is available. Consequently, as 9 complete 
months are available of measurements (taken every half an hour approximately), and taking into consideration the 
16 airports selected in the data mining activities,  the total number of records to be analysed for the period is 
273.987 (see further info in D2.2, section D2.2.8.2 "Data understanding") 

airport number of metar records 

EHAM 33108 

EDDF 20188 

EDDL 20115 

LOWW 16651 

EKCH 16635 

EGLL 16560 

EBBR 16499 

LEMD 15562 

LFPO 15471 
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LTAI 15459 

LTBA 15325 

LEBL 15323 

LFPG 14333 

EDDM 14281 

EGKK 14278 

ESSA 14199 

After removing duplicated records and automatically detecting and erasing the incoherent data sets a total 
of  257.417 records were available with the following distribution of values: 

Airport Number of non repeated metar records 

EDDF 20188 

EDDL 20113 

LOWW 16651 

EKCH 16635 

EGLL 16557 

EHAM 16554 

EBBR 16499 

LEMD 15562 

LFPO 15461 
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LTAI 15459 

LTBA 15325 

LEBL 15323 

LFPG 14333 

EDDM 14280 

EGKK 14278 

ESSA 14199 

In accordance with the ranking of the different tags used by the meteorological department of DHMI (Turkish 
ANSP and members of Resilience2050 consortium), #1 means the adverse weather disturbance that more 
importantly affects the system and #16 the least important: 

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 
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9 SNOW-HAIL 

10 RAIN-SNOW 

11 SNOW 

12 FOG-RAIN 

13 FOG 

14 RAIN-HAIL 

15 HAIL 

16 RAIN 

As can be seen in the previous table snow as a simple tag is ranked at 11th place, putting it in 3rd place for the 
simple tags list and making it the second most important after thunderstorm, taking into account that there are no 
tornado records in the spatial and temporal frame considered 

Snow added to other weather circumstances (hail, fog, thunderstorm) increases the importance of those tags, 
generally hindering runway visibility issues. When snow is involved, snow removal is usually required, and in windy 
scenarios the distances in operational procedures are increased in order for safety to prevail. Under these mixed 
tags the system experiences is doubly or triply affected. 

Concerning the frequency of the snow tag, as can be seen in the following graph, the counting of the "snow" label 
is the third most common simple tag of the overall weather circumstances detected in the METARs 
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The specific quantitative information about the snow tags that appears in the different airports of the dataset is the 
following: 

AIRPORT Snow Fog-  
Snow 

Rain-  
Snow 

Rain-Snow-Thunderstorm Snow-Hail  

LFPG           

EDDF 48   10 1   

EGLL     3     

EHAM 2   11     

LEMD 6         

LIRF           

LTBA 96   1     

LEBL           
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LSZH 94 1 39   1 

LOWW 49   2     

EKCH 12   13     

EGKK 5   1     

EBBR 23   15     

LFPO           

ENGM 209 4 63     

EDDL 29   6     

ESSA 175   47     

LEPA           

LIMC 3   8     

LTAI           

 1c Internal / external connections 

Connection with other layers: inputs and outputs 

This layer information would be considered one of the inputs for Layer 2: Delay at the nodes (airports) 

There is no extra input required for layer 1c in addition to the METARs dataset itself. 

 

Layer 1d Fog 

Layer 1d Fog disturbance 

Type (physical / abstract): Physical 
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Influenced by: None 

Influences: Layer 2 

References: D1.2, D2.1, D2.2 

1d Description 

This layer represents all the foggy weather circumstances that may affect the operation of aircraft at or near as 
airport. Fog is a collection of liquid water droplets or ice crystals suspended in the air at or near airport surfaces. 
To standardize and identify the fog condition the information has been extracted from the METARs reports. This 
weather reporting mechanism - the most popular format in the aviation and airport world - is highly standardized 
through ICAO (International Civil Aviation Organization). The fog specific tag within the METARs is "FG". 

In this layer, each node is associated with a given European airport (of the 16 selected). At a certain time, different 
and multiple airports (nodes) could be affected by the fog issue. 

1d Analyses performed 

This layer was an essential part in the analysis of Scenario 2 in D2.2 (see Section 2.2.3.4), in which bad weather 
issues have been studied in terms of delays generated for departing and arriving flights. Fog, depending on the 
intensity, can cause serious decreases in the visibility of the runway that provoke operational changes and contract 
the capacity. The data set used that directly records such fog circumstances was METAR's. 

The METAR dataset 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 on every airport with a resolution of half an hour is available. Consequently, as 9 complete months of 
measurements (taken every half an hour) are available, and taking into consideration the 16 airports selected in 
the data mining activities, the total number of  records to be analysed for the period is 273.987 (see further info in 
D2.2, section D2.2.8.2 "Data understanding") 

Airport Number of metar records 

EHAM 33108 

EDDF 20188 
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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 

After removing duplicated records and automatically detecting and erasing the incoherent data sets a total 
of 257.417 records have been available with the following distribution of values: 

Airport Number of non repeated metar records 

EDDF 20188 

EDDL 20113 
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LOWW 16651 

EKCH 16635 

EGLL 16557 

EHAM 16554 

EBBR 16499 

LEMD 15562 

LFPO 15461 

LTAI 15459 

LTBA 15325 

LEBL 15323 

LFPG 14333 

EDDM 14280 

EGKK 14278 

ESSA 14199 

Following the ranking of the different tags used by the meteorological department of DHMI (Turkish ANSP and 
members of Resilience2050 consortium), #1 means the adverse weather disturbance that more importantly affects 
the system and #16 the least important one: 

IMPORTANCE TAG 

1 TORNADO 
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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-RAIN 

13 FOG 

14 RAIN-HAIL 

15 HAIL 

16 RAIN 

As can be in the previous table fog as a simple tag is the fourth most important adverse weather tag. 

Fog combined with snow is the 8th most important weather tag, as in addition to the considered visibility issues 
connected with fog, runway snow removal is usually required. 

Concerning the frequency of the fog tag, as can be seen in the following graph, the counting of the "fog" label is 
the second simple tag of the overall weather circumstances detected in the METARs 
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The specific quantitative information about the fog tags that appears in the different airports of the dataset is the 
following: 

AIRPORT Fog Fog-  
Snow 

Fog-Rain 

LFPG 331     

EDDF 772   1 

EGLL 110   4 

EHAM 764   4 

LEMD 101     

LIRF 189     

LTBA 9     

LEBL       
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LSZH 1161 1 1 

LOWW 371   1 

EKCH 603     

EGKK 406   1 

EBBR 348     

LFPO 504     

ENGM 917 4 15 

EDDL 657     

ESSA 315     

LEPA 91     

LIMC 561   5 

LTAI       

1d Internal / external connections 

Connection with other layers: inputs and outputs 

This layer information would be considered one of the inputs for Layer 2: Delay at the nodes (airports) 

There is no extra input required for layer 1d in addition to the METARs dataset itself. 

  

Layer 1e Hail 

Layer 1e Hail disturbance 

Type (physical / abstract): Physical 
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Influenced by: None 

Influences: Layer 2 

References: D1.2, D2.1, D2.2 

1e Description 

This layer represents all the hail weather circumstances that may affect the operation of aircraft at or near an 
airport, with special attention devoted to any change in the weather conditions that may finally lead to a hail tag. 
Hail is a form of solid precipitation that consists of balls or irregular lumps of ice, each of which is called a hail 
stone. To standardise and identify the hail condition the information has been extracted from the METARs reports. 
This weather reporting mechanism - the most popular format in the aviation and airport world - is highly 
standardized through ICAO (International Civil Aviation Organization). The specific hail tag within METARs is "GR" 
for hail bigger that 5mm(0,2in) or "GS" for hail smaller than 5mm(0,2in). However some of the records stations in 
airports don't identify the size of hail and only provide "GR" in all of the reported cases. 

In this layer, each node is associated with a given European airport (of the 16 selected). At a certain time, different 
and multiple airports (nodes) could be affected by the hail issue. 

1e Analyses performed 

This layer was an essential part of the analysis of Scenario 2 in D2.2 (see Section 2.2.3.4), in which bad weather 
issues have been studied in terms of delays generated for departing and arriving flights. Hail, despite being one of 
the less important adverse weather circumstances may sometimes cause serious decreases in the visibility of the 
runway that provoke operational changes and contract the capacity. The data set used that directly records such 
hail circumstances was METAR's. 

The METAR dataset 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 on every airport with a resolution of about half an hour is available. Consequently, as 9 complete 
months of measurements (taken every half an hour) are available, and taking into consideration the 16 airports 
selected in the data mining activities, the total number of records to be analysed for the period is of 273.987 (see 
further info in D2.2, section D2.2.8.2 "Data understanding") 

Airport Number of metar records 

EHAM 33108 
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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 

After removing duplicated records and automatically detecting and erasing the incoherent data sets a total 
of  257.417 records have been available with the following distribution of values: 

Airport Number of non repeated metar records 

EDDF 20188 
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EDDL 20113 

LOWW 16651 

EKCH 16635 

EGLL 16557 

EHAM 16554 

EBBR 16499 

LEMD 15562 

LFPO 15461 

LTAI 15459 

LTBA 15325 

LEBL 15323 

LFPG 14333 

EDDM 14280 

EGKK 14278 

ESSA 14199 

Following the Meteorological department of DHMI (Turkish ANSP and members of Resilience2050 consortium) tag 
rankings, #1 means the adverse weather disturbance that most importantly affects the system and #16 the least 
important: 

IMPORTANCE TAG 
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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-RAIN 

13 FOG 

14 RAIN-HAIL 

15 HAIL 

16 RAIN 

As can be seen in the previous table hail as a simple tag is the second least important adverse weather tag. 

Hail added to other weather circumstances (rain, fog, snow, thunderstorm) increases the importance of those tags, 
generally hindering runway visibility issues. In the cases where snow is involved, snow removal is usually required, 
and in windy scenarios the distances in operational procedures are increased in order to prevail safety. Under these 
mixed tags the system is doubly or triply affected. 
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Concerning the frequency of the hail tag, as can be seen in the following graph, the counting of the "hail" label is 
the least common simple tag of the overall weather circumstances detected in the METARs. 

 

 

The specific quantitative information about the few hail tags that appear in the different airports of the dataset is 
the following: 

AIRPORT Hail-Thunderstorm  Snow-Hail  Hail 

LFPG       

EDDF     2 

EGLL       

EHAM       

LEMD 1     

LIRF 1     

LTBA       
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LEBL       

LSZH   1   

LOWW       

EKCH 3   1 

EGKK 3   1 

EBBR     1 

LFPO       

ENGM       

EDDL     3 

ESSA       

LEPA       

LIMC       

LTAI       

1e Internal / external connections 

Connection with other layers: inputs and outputs 

This layer information would be considered one of the inputs for Layer 2: Delay at the nodes (airports) 

There is no extra input required for layer 1e in addition to the METARs dataset itself. 

  



 
D3.1 Resilience multilayer representation 

 

Page 44 of 62 
 

Layer 1f  Rain 

Layer 1f Rain disturbance 

Type (physical / abstract): Physical 

Influenced by: None 

Influences: Layer 2 

References: D1.2, D2.1, D2.2 

1f Description 

This layer represents all the RAINY weather circumstances that may affect the operation of aircraft at or near an 
airport, with special attention devoted to any change in the weather conditions that may finally lead to a rain 
tag.  Rain is liquid water in the form of droplets that have condensed from atmospheric water vapour and 
precipitated when heavy enough to fall under gravity. To standardise and identify the rain condition the 
information has been extracted from the METARs. This weather reporting mechanism - the most popular format in 
the aviation and airport world - is highly standardized through ICAO (International Civil Aviation Organization). The 
rain specific tag within the METARs is "RA". 

In this layer, each node is associated with a given European airport (of the 16 selected).  At a certain time different 
and multiple airports (nodes) could be affected by the rain disturbance. 

 1f Analyses performed 

This layer was an essential part of the analysis of Scenario 2 in D2.2 (see Section 2.2.3.4), in which bad weather 
issues have been studied in terms of delays generated for departing and arriving flights. Rain, despite being one of 
the least important adverse weather circumstances may sometimes (i.e.: in the case of heavy rain) cause serious 
decreases in the visibility of the runway that provoke operational changes and contract the capacity. The data set 
used that directly records such rain circumstances was the METARs. 

The METAR dataset 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 9 complete 
months are available of measurements taken every half an hour approximately, and taking into consideration the 
16 airports selected in the data mining activities,  the total number of records to be analysed for the period is of 
273.987 (see further info in D2.2, section D2.2.8.2 "Data understanding") 
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Airport Number of metar 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 

 After removing duplicated records and automatically detecting and erasing the incoherent data sets a total 
of  257.417 records have been available with the following distribution of values: 
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Airport Number of non repeated metar records 

EDDF 20188 

EDDL 20113 

LOWW 16651 

EKCH 16635 

EGLL 16557 

EHAM 16554 

EBBR 16499 

LEMD 15562 

LFPO 15461 

LTAI 15459 

LTBA 15325 

LEBL 15323 

LFPG 14333 

EDDM 14280 

EGKK 14278 

ESSA 14199 

Following the Meteorological department of DHMI (Turkish ANSP and members of Resilience2050 consortium) tag 
rankings, #1 means the adverse weather disturbance that most importantly affects the system and #16 the least 
important: 
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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-RAIN 

13 FOG 

14 RAIN-HAIL 

15 HAIL 

16 RAIN 

As shown in in the previous table rain as a simple tag is the least important adverse weather tag. 
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Rain added to other weather circumstances (hail, fog, snow, thunderstorm) increases the importance of those 
tags, generally hindering runway visibility issues. In the cases where snow is involved, snow removal is usually 
required, and in windy scenarios the distances in operational procedures are increased in order for safety to 
prevail. Under those mixed tags the system experiences is doubly or triply affected. 

Concerning the frequency of the rain tag, as can be seen in the following graph, the counting of the "rain" label is 
the most common simple tag of the overall weather circumstances detected in the METARs 

 

The specific quantitative information about the rain tags that appears in the different airports of the dataset is the 
following: 

  

AIRPORT Rain 

Snow 

Thunderstorm 

Precipitation 

Rain 

Thunderstorm 

Fog 

Rain 

Rain 

LFPG     26   915 

EDDF 10 1 87 1 2144 

EGLL 3   11 4 1191 

EHAM 11   27 4 1853 

LEMD     73   402 
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LIRF     77   501 

LTBA 1   31   786 

LEBL     45   455 

LSZH 39   68 1 1249 

LOWW 2   44 1 1131 

EKCH 13   45   1384 

EGKK 1   3 1 956 

EBBR 15 1 39   1564 

LFPO     39   861 

ENGM 63     15 1712 

EDDL 6   55   2399 

ESSA 47   5   825 

LEPA     71   412 

LIMC 8 1 88 5 875 

LTAI     220   703 

1f Internal / external connections 

Connection with other layers: inputs and outputs 

This layer information would be considered one of the inputs for Layer 2: Delay at the nodes (airports) 

There is no extra input required for layer 1f in addition to the METARs dataset itself. 

 



 
D3.1 Resilience multilayer representation 

 

Page 50 of 62 
 

Layer 1g Runway configuration 

Layer 1g Runway configuration change disturbance 

Type (physical / abstract): Physical 

Influenced by: None 

Influences: Layer 2 

References: D1.2, D2.1, D2.2 

1g Description 

This layer represents the runway configuration at a given airport, or, to be precise: which of the different arriving 
& departing aircraft flow types is used in the runway (or runways system) operation.  Even where the reason for 
the configuration may be a sudden change in wind intensity or direction, there are also common changes caused 
"deliberately" as a result of such operational weather factors or underlying legal issues (noise, pollution etc.). That 
runway configuration change, caused by whatever of these factors, provokes a different usage of the taxiways and 
of the aircraft flow on ground, in addition to forcing ATC to move all approaching aircraft toward another arrival 
pattern, while avoiding those that are currently in the ascending phase of the flight. Procedures active in one 
airport are seldom connected with those of another airport; the only exception may be airports located very close 
to each other where certain runway configurations may me unfeasible due to minima separation at the first stage 
of the flights or where macro flows are required at a sector level. With the given selection of European airports, 
internal connections have been neither identified nor considered. 

In this layer, each node is associated then to a given airport runway or system of runways when there is more 
than one runway. Both the airports identified for this project with parallel runways (e.g.: LEPA) and those with a 
complex layout including multiple and not necessarily parallel runways (e.g.: LEMD) follow one of the two 
standardized macro-flows available. 

1g Analyses pre-performed 

This layer was an essential part of the analysis of Scenario 1 in D2.2 (see Section 4), in which changes of runway 
configuration were studied in terms of delays generated for departing and arriving flights. While no data set 
directly records such configuration changes, as it is kept in airports or national ANSPs datasets, these events have 
been detected by analysing the trajectories of involved flights, and by matching them with the arrival and 
departure procedures of the studied airport. Thus, the main data set involved in the study of Layer 1 was ALL-FT+ 
(see D2.1, Section 5.1 for further details). 

1g Internal / external connections 

Connection with other layers: inputs and outputs 

Once the runway configuration changes were depicted, the delay provoked to each of the airports is the output of 
this layer 1g, which at the same time is input of layer 2. More information about this particular disturbance was 
provided in Deliverable 2.2, in the context of the data-mining activities that were required in order to provide a 
quantitative metric of the delay linked to a runway configuration change. 

So, in brief: 
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This layer information would be considered one of the inputs for Layer 2: Delay at the nodes (airports) 

There is no extra input required for layer 1g in addition to the ALL FT+ dataset itself. 

Layer 1h Staffing 

Layer 1h Staffing disturbance 

Type (physical / abstract): Abstract 

Influenced by: None 

Influences: Layer 2 

References: D1.2, D2.1, D2.2 

1h Description 

This layer represents all the special events that may affect the operation of aircraft at or near an airport, paying 
special attention to events related to staffing problems or strikes. The whole special event data set "ACC headlines" 
was provided by Eurocontrol, and the events therein contained are those that have been published in the CFMU 
report (now called DNM report). 

The following is an example of the raw data: 

3-Jul-10,"LTAI radar problems. LPPR low visibility. LFPG CB activity. LIML closed due to oil on the RWY. LEMD 
staffing... 

As can be seen, very different kinds of special events in European ATM are included: from technical failures to 
weather issues. However for this particular layer, special attention has been paid to staffing problems: labour 
strikes, illnesses or any other reason that causes decreases in the level of the staff available for a normal 
performance. 

1h Analyses performed 

The original format of the dataset is a comma separated value (CSV) file, where each row corresponds to a 
different day, and all the events corresponding to that day are reported in a textual form. Such a format is not 
suitable for a data-mining process, therefore, the first step was the development of an algorithm that simplifies the 
codification of the information. The final representation of the ACC Headlines has been organized in records, each 
one representing a single event. Hence for this layer, and the corresponding data mining activities done in WP2, 
only the records with "staffing" or "staff problems" were selected. As described in WP2, D2.2, the analysis covered 
the connection between this layer with the rest of the layers in this representation 

1h Internal / external connections 

Connection with other layers: inputs and outputs 

This information layer would be considered one of the inputs for Layer 2: Delay at the nodes (airports) 

There is no extra input required for layer 1h in addition to the ACC headlines dataset itself. 
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Layer 1i Visibility 

Layer 1i Visibility disturbance 

Type (physical / abstract): Physical 

Influenced by: None 

Influences: Layer 2 

References: D1.2, D2.1, D2.2 

1i Description 

This layer represents all the low-visibility weather circumstances that may affect the operation of aircraft at or near 
an airport. ICAO Annex 3 Meteorological Service for International Air Navigation contains the following definitions 
and note: 

Annex 3 also defines Runway Visual Range (RVR) as: The range over which the pilot of an aircraft on the centre 
line of a runway can see the runway surface markings or the lights delineating the runway or identifying its centre 
line. To standardize and identify the visibility condition the information was extracted from the METARs reports. 
This weather reporting mechanism - the most popular format in the aviation and airport world - is highly 
standardized through ICAO (International Civil Aviation Organization). The METAR code provides the visibility 
distance with a numerical value, either in meters or statute miles, depending upon the country. In this layer, each 
node is associated with a given European airport (of the 16 selected) and at a certain time, different and multiple 
airports (nodes) could be affected by the low-visibility issue. 

1i Analyses performed 

This layer was an essential part of the analysis of Scenario 2 in D2.2 (see Section 2.2.3.4), in which bad visibility 
issues have been studied in terms of delays generated for departing and arriving flights. Low visibility provokes 
operational changes and contracts capacity. The data set used, which directly records such fog circumstances, was 
METARs. 

The METAR dataset 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 on every airport with a resolution of half an hour is available. Consequently, as 9 complete months of 
measurement are available (taken every half an hour), and taking into consideration the 16 airports selected in the 
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data mining activities, the total number of  records to be analysed for the period is 273.987 (see further info in 
D2.2, section D2.2.8.2 "Data understanding") 

Airport Number of metar 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 
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After removing duplicated records and automatically detecting and erasing the incoherence data sets a total 
of  257.417 records have been available with the following distribution of values: 

Airport Number of non repeated metar records 

EDDF 20188 

EDDL 20113 

LOWW 16651 

EKCH 16635 

EGLL 16557 

EHAM 16554 

EBBR 16499 

LEMD 15562 

LFPO 15461 

LTAI 15459 

LTBA 15325 

LEBL 15323 

LFPG 14333 

EDDM 14280 

EGKK 14278 

ESSA 14199 
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1i Internal / external connections 

Connection with other layers: inputs and outputs 

This layer information would be considered one of the inputs for Layer 2: Delay at the nodes (airports) 

There is no extra input required for layer 1i in addition to the METARs dataset itself. 

 

3.2.2 Layer 2 

Layer 2 Disturbances first perturbation 

Type (physical / abstract): Abstract 

Influenced by: Layer 1 

Influences: Layer 3 

References: D2.1, D2.2 

General description: 

The second layer will consist of the identification of the perturbation created by each disturbance Di in a certain t. 
As explained in detail in deliverables D1.3 and D2.2, the performance of the system will be measured in terms of 
delay an aircraft has experienced at the departure airport. Therefore, delay will be used in order to identify 
whether the system is under stress or not.  

Since each disturbance was considered local in layer 1 at a certain moment in time, the perturbation should 
describe the departure delay provoked by each Di around t (i.e. t plus/minus certain window). Each of these 
windows will be determined by a mix of operational and data-mining exercises that will provide the most accurate 
insight into which of the aircraft are affected (or not) by each of the disturbances. These second layers will show 
minutes of departure delay, the precise increase of departure delay in the airport of origin (where the disturbance 
happened) in the moment t plus/minus certain delta_t due to the disturbance described in the previous layer. In 
this second layer, the quantitative description of the perturbation should also include details about the level of 
traffic when that perturbation occurred. 

To model the perturbation created by each type of disturbance in each airport in Europe, individual data-mining 
exercises need to be run to link them with the delays. Analysing those results, a model of the perturbation per 
each disturbance type, severity, frequency and airport will be derived. 

The aircraft affected with perturbations in this second layer will be tracked in their consequent legs (Layer 3) in 
order to analyse the resilience of the system. 
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Figure 4 Layer flow of information 

 

 

Input: The direct input from this layer is the different departure delays at the different airports that were 
identified after the data science activities carried out in D2.2. 

Output: The output from this layer is the identification of the aircraft affected by each of the disturbances, 
together with the corresponding associated delay. 

 

3.2.3 Layer 3 

Layers 3 Destiny perturbations 

Type (physical / abstract): Abstract 

Influenced by: Layer 2 

Influences: Layer 4 

References: D1.2, D2.1, D2.2 



 
D3.1 Resilience multilayer representation 

 

Page 57 of 62 
 

 

General Description 

This layer will show the perturbation created by each Di in the different airports affected. In the window t 
plus/minus delta_t, a number of flights took off and arrived (presumably) late to their destinations. They will arrive 
at different moments in time, so this layer, in fact, will not represent the arrival delay at a certain fixed moment in 
time; the delay will be different in each different time stamp depending on the airport identified. Hence, in all 
cases, it will be the arrival delay after one leg (i.e. the airplanes that flew from AO1 and arrived to certain AD1). To 
properly measure this delay, whether there was any disturbance affecting that airport at that particular time will be 
taken into account so as not to link that new disturbance delay with the "delay propagation" delay. Again, details 
about the volume of traffic will be analysed. 

 

 

Figure 5 Layer 3 

Input: The input from this layer is the identification of the different aircraft depicted in Layer 2 at the different 
airports affected by the original disturbance. In addition to this, whether there is any new disturbance taking place 
at the airports at the particular time window will be checked, as previously explained. 

Output: The fourth layer will keep track of the aircraft identified in the previous layer, taking into account the 
departure time of the aircraft that have arrived within this third layer. 
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3.2.4 Layer 4 

Layers 4 Destiny perturbations 

Type (physical / abstract): Abstract 

Influenced by: Layer 2, Layer 3 

Influences: Layer 4 

References: D1.2, D2.1, D2.2 

This layer will show the perturbation created by Di in the different airports affected after the turn-around process 
in the destination. Therefore, this layer will focus on the departure delay at the origin of the second leg. Following 
the same approach as provided in the Layer 3 description, this fourth layer will not show a moment in time. 
Instead it will show the number of minutes of delay, aggregating the different departure delays of all aircraft that 
arrived at that airport affected by Di (original disturbance) 

Therefore, this number (total number of delays) will represent neither the delay of the airport at a certain moment 
in time, nor even the delay of all aircraft operating at that airport, but only those originally affected by Di. 
However, this layer will be a function of the original time t chosen in the first layer. So, we could have 
DD_LEPG_d1(LEMD,13) indicating the departure delay of flights leaving Paris that were affected by a disturbance 
type 1 in Madrid at 13hours. 

As explained in the introductory section, a procedure has been designed that enables an estimation of which part 
of the delay is caused by the original disturbance in Madrid, and which part is coming from the "new" disturbance 
in Paris, specifically for the cases in which this takes place. Hence, Layer 4 will allow us to measure how well the 
turn-around processes are able to absorb the delay originally created in Madrid. 

As already tackled in the introduction of this multilayer representation, it is sensible to think of further layers that 
would follow the same approach. They would require input from this fourth layer. For instance, Layer 5 (with 
delays at the destination of the second leg), that would, afterwards, in the model feed Layer 6 (with delays at 
origin of the third leg) or even Layer 7 afterwards (with delays at origin of the third leg). In all the en route phases 
the hypothesis from the introductory section would be applicable, so the results would be even more vague and 
unrealistic. For this reason, the fourth layer is the last in the resilience representation built within the 
Resilience2050 project. 
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Figure 6 Layer 4 

Input: The fourth layer will keep track of the aircraft identified in the previous layers, measuring this time the 
departure time of the aircraft arrived in the third layer. Another input is the possible new disturbances that may be 
affecting that airport during the time frame of the aircraft rotation. 

Output: This is the last layer of the model, so no output will be required. 
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4 Annex 1 - Acronyms 

Table 4-1 List of acronyms 

Term Definition 

AAT Aeronautics and Air Transport 

ALL_FT+ All Flights Trajectories 

ANSP Air Navigation Service Provider 

ATFCM Air Traffic Flow Capacity Management 

ATFM Air Traffic Flow Management 

ATM Air Traffic Management 

CDM Collaborative Decision Making (Airports) 

CFMU Central Flow Management Unit 

CORDIS Community Research and Development Information Service 

CRCO Central Route Charges Office 

CSV Comma Separated Value 

D.X.Y Deliverable X.Y 

DDR Demand Data Repository 

DHMI Devlet Hava Meydanlari Isletmesi (The General Directorate of State Airports Authority in Turkey) 

DLR Deutsches Zentrum für Luft- und Raumfahrt (German Aerospace Centre) 

DoW Description of Work 
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EC European Commission 

FP Framework Programme 

ICAO International Civil Aviation Organization  

INX The Innaxis Foundation and Research Institute 

ITU Istanbul Teknik Universitesi  (Istanbul Technical University) 

KCL King's College London 

METAR Meteorological Aerodrome Report 

NLR Nationaal Lucht en Ruimtevaartlaboratorium (The National Aerospace Laboratory – The Netherlands) 

NOP Network Operation Plan 

PRISME Pan-European Repository of Information Supporting the Management of EATM 

QNH Atmospheric Pressure (Q) at Nautical Height 

R&D Research and Development 

RAF2050 Resilience Analysis Framework 

SES Single European Sky 

SESAR Single European Sky ATM Research Programme 

TAF Terminal Area Forecast 

UPM Universidad Politécnica de Madrid (Madrid Technical University) 

WP Work Package 
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