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Abstract 

This document is deliverable D5.2 "Scenario Implementation", which, as described in the DoW, is the 
second deliverable of WP5. The following deliverable D5.2 describes the modelling and scenario 
implementation of the design principles. These will lead to a future-resilient ATM system within the 
balanced concept of 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 that foster safety, agility and resilience for ATM. 

The project aims to: 

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

• Develop metrics to systematically define resilience by addressing the concepts  of “Responding”, 
“Monitoring”, “Learning” and “Anticipating”. This work will lead to a Resilience Analysis Framework 
(RAF 2050) that enables the definition of new ATM design principles that foster 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 43 months. (Originally 36 months with an 
agreed extension of 7 months) 

1.1.1  Resilience2050 project objectives. 

The key objective of the Resilience2050.eu project is to analytically define the concept of "resilience" 
within the context of Air Traffic Management (ATM), and to try to improve the resilience of the European 
ATM system in the future. 

• The first WP provided the theoretical framework which ultimately led to a Resilience definition within 
the ATM domain. They also explored other novel ideas, with one example being the human role factor 
in the ATM resilience. Some background on the proper terminology (Resilience, Robustness, 
Disturbances, Perturbations) was adopted from other socio-technical domains. 

• WP2 tackled the data sets and data mining analyses that enabled, together with WP1, a deep study of 
the "Resilience level" in the current European ATM system for each particular disturbance, at a 
microscale. They also included some insight on the delay propagation patterns in the European ATM 
system, with a macro-analysis approach. 

• WP3 built a structure in which the resilience concept could be represented by means of a multilayer 
approach. Afterwards, WP3 provided a way to measure the resilience with a full list of Resilience 
Metrics of the current ATM system. WP3 finished by describing the Resilience design principles 
presented in the current document. 

• WP4 and WP5 aim to design, develop and run a simulation environment. Using the operational 
insights from the resilience design principles extracted in WP3, WP4 and WP5 propose guidelines for 
a future-resilient ATM operational concept, including the most effective resilience mechanism. They 
propose a balance between resilience, efficiency and safety. In order to validate these results and 
compare them to current scenarios, future traffic scenarios will be run and will include, among other 
inputs, factors such as: future traffic levels expected and/or stress testing techniques. 

1.1.2  Scope  

As specified in the description of work, this deliverable reports several research activities. All these 
activities flow directly from tasks T5.2 and T4.3 as specified in the DOW. Concretely, this deliverable 
reports the following results of the research activities: 
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• Create the traffic scenarios for the simulations to be executed, as described in D43.2 - Context and 
objectives of the simulations. This includes the baseline scenarios as well as the scenarios for the 
stress tests. 

• The scenarios include the specification of a range of disruptions based on the number of disruptions 
found through the analysis of historical databases. 

• Perform the simulation trials following the data flow designed and reported in D43.3, record the data 
and verify the quality of the simulation toolset, environment and workflow. 

More specifically: 

• The cover page includes the deliverable title, cover page, record of revisions, abstract and  table of 
contents. 

• Section 1 consists of an overall introduction of deliverable D5.2, including general information about 
its context in the Resilience2050 project and the current structure of the deliverable. It also includes 
brief explanations of each section. It also includes the explanation of the relationships between D5.2 
and the rest of the project deliverables in terms of inputs/outputs.  

• Section 2 explains the rationale of the scenarios 
• Section 3 details the baseline traffic scenario built on the the concepts for new traffic scenarios, D4.1 
• Section 4 details the disturbances for the future scenario, built on the stress tests created in D5.1 

and the analysis of historical disturbances. 

1.1.3  Relationship with other tasks/deliverables in Resilience2050 

D5.2 is the second to last technical deliverable of the project. Other inputs from previous tasks and 
deliverables contribute to D5.2 and can help describe it in more detail. Specifically: 

 WP1 WP1 WP1 WP1 WP1 

Resilience definition: 
• Other socio-technical 

domains (D1.1) 
• Human factor, 

disturbances (D1.2) 
• ATM resilience, basic 

modelling approach 
(D1.3) 

Data mining exercices: 
• Data sources and 

scenarios definition 
(D2.1) 

• Data mining 
activities (D2.2) 

• Resilience service 
(D2.3) 

Resilience metrics and 
representation: 
• Multilayer 

representation (D3.1) 
• Resilience metrics 

(D3.2) 
• Design principles 

(D3.3) 

• Future ATM 
system (D4.1) 

• Balanced 
concept (D4.2) 

• Balanced 
concept 
simulation 
(D4.3) 

• Stress tests (D5.1) 
• Scenario implementation 

(D5.2, current 
deliverable) 

 This deliverable will be an input for the final project deliverable:  WP5 - Simulation results and balanced 
concept assessment (D5.3)  

The details of the relationships between the different tasks of the last part of the project are displayed in 
the following figure: 
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2 Rationale of the future scenarios 
 

Assessing the performance of a resilient-by-design ATM requires simulations over a number of 
scenarios. Those scenarios test the concept in different contexts. The comparison of the results of those 
simulations leads to conclusions on the expectations of the Resilience2050 paradigm.  

Therefore, building and properly modeling the right scenarios is critical for the exercise. The perfor-
mance of the concept will be assessed through the analysis of the different outputs of those simulations. 
The scenarios considered are shown in the figure below and described in the following table:  

 

 Scenario A Scenario B Scenario C Scenario D 

Scenario 
description 

Reality Do-nothing What-if: potential 
improvements under 
current situation 

Future ideal paradigm 

Inputs Individual flights 
delay distribution, 
taken from real 
data 

Individual flights delay 
distribution, taken from 
the simulated results 
extracted from the 
efficiency part 

Individual flights delay 
distribution, taken from 
the simulated results 
extracted from the 
efficiency part 

Individual flights delay 
distribution, taken from the 
simulated results extracted 
from the efficiency part (future 
traffic + future disturbances) 

Traffic Current European 
traffic from real 
data 

Future European traffic 
from forecasts (more 
details in section 3 of the 
current deliverable) 

Current European traffic 
from current/real data 

Future European traffic from 
forecasts (more details in 
section 3 of the current 
deliverable) 

Disturbances Current 
disturbances from 
real data 

Future disturbances 
from forecasts (more 
details in section 4 of the 
current deliverable) 

Current disturbances 
from current/real data 

Future disturbances from 
forecasts (more details in 
section 4 of the current 
deliverable) 

Resilience 
computation 
method 

Approach 
explained in D3.3, 
"Resilience 
metrics" 

Approach explained in 
D3.3, "Resilience 
metrics" 

Approach explained in 
D3.3, "Resilience metrics" 

Approach explained in D3.3, 
"Resilience metrics" 

Resilience 
paradigm 

NOT taking into 
account design 
principles 

Taking into account 
design principles 

NOT taking into account 
resilience design 
principles 

Taking into account design 
principles 

Output Resilience metrics 
for current traffic 

Resilience metrics for 
future traffic levels in a 
do-nothing scenario 

Resilience metrics for the 
current traffic with 
potential benefits if a 
Res2050 paradigm would 
be in place 

Resilience metrics for future 
traffic if resilience design 
principles are applied in the 
future scenario 

Reported Reported in WP3 Reported in WP5 Theoretically presented, 
not modelled 

Reported in WP5 
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As Scenario A is measured through the analysis of real, historical data, the simulations have to be 
performed using Scenarios B, C and D. Scenario C is considered outside the relevant scope as explained 
in previous deliverables. Additionally, scenario D is modeled with different forecasts taken into account. 
(See next section). Comparing the results from the different scenarios, conclusions are reached on how 
effective the Resilience2050 paradigms are in addressing the resilience problem against a variety of 
disturbances. 
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3 The future baseline traffic: forecasts 
 

One of the key elements of the 2050 scenario is a "close to realistic" prediction of future traffic levels. 
Those traffic levels are directly linked to the congestion of the network and play a crucial role in the 
frame of the resilience property. I.e., when the system is congested, the re-accommodation of disturbed 
flights becomes much more challenging and decreases the possibilities of effective delay absorption 
mechanisms. A precise and quantitative assessment/prediction of future traffic is required in order to be 
incorporated as a key input in the REM2050 model. These forecasts were reported in-depth in D5.1 and 
are based on STATFOR statistics and future airtransport concepts (D4.1). The four forecast scenarios, 
each of them representing one European socio-economic behaviour, are: 

• Forecast A: Global Growth - This scenario is characterized by strong European economic growth in 
an increasingly globalized world; technology is used to mitigate the effects of sustainability 
challenges (e.g. the environment or resource availability).  

• Forecast B: Happy Localism - This scenario is characterized by the European economies focusing on 
local exchanges with persisting adaptation to new technologies (but with more environmental 
consciousness). 

• Forecast C: Regulated Growth - This scenario is characterized by moderate economic growth with 
regulation reconciling the environmental, social and economic demands to address the growing 
global sustainability concerns. 

• Forecast D: Fragmenting World - This scenario is characterized by a world of increasing tensions 
between regions, including more security threats, reduced trade, transport integration and knock-on 
effects of weaker economies. 

These four scenarios/forecasts included the information on all the O-D traffic growth. The traffic growth 
rates have been applied to the baseline day September 12th, 2014, and calculated in the model for OD 
pairs in 2050, as percentages of the increase/decrease over the traffic of that 2014 baseline. 

Precisely identifying the future traffic in a long term scope (2050) poses a difficult challenge. Even 
midterm forecasts such as those prepared by STATFOR are usually rough given the lack of predictability 
of socio-technical shifts (crisis, terrorism, fuel prize fluctuations, new economic models such as low cost 
companies, regulations uncertainties). Hence, from the wide range of available options, the team has 
decided to choose a future traffic level that is neither too optimistic nor too pessimistic. The team is 
trying to avoid "extreme" situations that are less likely to happen. The team chose Forecast C from the 
four options available. This forecast, labelled "Regulated growth", is characterized by moderate economic 
growth with regulation reconciling the environmental, social and economic demands to address the 
growing global sustainability concerns. 

The traffic volume expected in Forecast C is the one that has been used as an input for the REM2050 
model. More information about its rationale in D5.1. 
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Table 3.1. Forecast C: Regulated Growth. Traffic growth expressed as percentage 

ScC% EGLL ENGM EDDT EDDL EDDF EDDM LEMG LEPA LGAV LFPO LPPT LEBL EBBR LFPG LEMD 

EGLL +28.55 +28.55 +28.55 +28.55 +28.55 +28.55 +77.08 +77.08 +77.08 +28.55 +77.08 +77.08 +28.55 +28.55 +77.08 

ENGM +28.55 +28.55 +28.55 +28.55 +28.55 +28.55 +77.08 +77.08 +77.08 +28.55 +77.08 +77.08 +28.55 +28.55 +77.08 

EDDT +28.55 +28.55 +28.55 +28.55 +28.55 +28.55 +77.08 +77.08 +77.08 +28.55 +77.08 +77.08 +28.55 +28.55 +77.08 

EDDL +28.55 +28.55 +28.55 +28.55 +28.55 +28.55 +77.08 +77.08 +77.08 +28.55 +77.08 +77.08 +28.55 +28.55 +77.08 

EDDF +28.55 +28.55 +28.55 +28.55 +28.55 +28.55 +77.08 +77.08 +77.08 +28.55 +77.08 +77.08 +28.55 +28.55 +77.08 

EDDM +28.55 +28.55 +28.55 +28.55 +28.55 +28.55 +77.08 +77.08 +77.08 +28.55 +77.08 +77.08 +28.55 +28.55 +77.08 

LEMG +77.08 +77.08 +77.08 +77.08 +77.08 +77.08 +43.08 +43.08 +43.08 +77.08 +43.08 +43.08 +77.08 +77.08 +43.08 

LEPA +77.08 +77.08 +77.08 +77.08 +77.08 +77.08 +43.08 +43.08 +43.08 +77.08 +43.08 +43.08 +77.08 +77.08 +43.08 

LGAV +77.08 +77.08 +77.08 +77.08 +77.08 +77.08 +43.08 +43.08 +43.08 +77.08 +43.08 +43.08 +77.08 +77.08 +43.08 

LFPO +28.55 +28.55 +28.55 +28.55 +28.55 +28.55 +77.08 +77.08 +77.08 +28.55 +77.08 +77.08 +28.55 +28.55 +77.08 

LPPT +77.08 +77.08 +77.08 +77.08 +77.08 +77.08 +43.08 +43.08 +43.08 +77.08 +43.08 +43.08 +77.08 +77.08 +43.08 

LEBL +77.08 +77.08 +77.08 +77.08 +77.08 +77.08 +43.08 +43.08 +43.08 +77.08 +43.08 +43.08 +77.08 +77.08 +43.08 

EBBR +28.55 +28.55 +28.55 +28.55 +28.55 +28.55 +77.08 +77.08 +77.08 +28.55 +77.08 +77.08 +28.55 +28.55 +77.08 

LFPG +28.55 +28.55 +28.55 +28.55 +28.55 +28.55 +77.08 +77.08 +77.08 +28.55 +77.08 +77.08 +28.55 +28.55 +77.08 

LEMD +77.08 +77.08 +77.08 +77.08 +77.0 +77.08 +43.08 +43.08 +43.08 +77.08 +43.08 +43.08 +77.08 +77.08 +43.08 

 

For the sake of completion, the traffic levels for the rest of the scenarios was computed and compared to 
the chosen Forecast C. This helps understand the differences in traffic levels for the different forecasts: 

 

Table 3.2. Forecast A: Global Growth. Traffic growth expressed as percentage 

ScC% EGLL ENGM EDDT EDDL EDDF EDDM LEMG LEPA LGAV LFPO LPPT LEBL EBBR LFPG LEMD 

EGLL +48.27 +48.27 +48.27 +48.27 +48.27 +48.27 +134.85 +134.85 +134.85 +48.27 +134.85 +134.85 +48.27 +48.27 +134.85 

ENGM +48.27 +48.27 +48.27 +48.27 +48.27 +48.27 +134.85 +134.85 +134.85 +48.27 +134.85 +134.85 +48.27 +48.27 +134.85 

EDDT +48.27 +48.27 +48.27 +48.27 +48.27 +48.27 +134.85 +134.85 +134.85 +48.27 +134.85 +134.85 +48.27 +48.27 +134.85 

EDDL +48.27 +48.27 +48.27 +48.27 +48.27 +48.27 +134.85 +134.85 +134.85 +48.27 +134.85 +134.85 +48.27 +48.27 +134.85 

EDDF +48.27 +48.27 +48.27 +48.27 +48.27 +48.27 +134.85 +134.85 +134.85 +48.27 +134.85 +134.85 +48.27 +48.27 +134.85 

EDDM +48.27 +48.27 +48.27 +48.27 +48.27 +48.27 +134.85 +134.85 +134.85 +48.27 +134.85 +134.85 +48.27 +48.27 +134.85 

LEMG +134.85 +134.85 +134.85 +134.85 +134.85 +134.85 +90.07 +90.07 +90.07 +134.85 +90.07 +90.07 +134.85 +134.85 +90.07 

LEPA +134.85 +134.85 +134.85 +134.85 +134.85 +134.85 +90.07 +90.07 +90.07 +134.85 +90.07 +90.07 +134.85 +134.85 +90.07 

LGAV +134.85 +134.85 +134.85 +134.85 +134.85 +134.85 +90.07 +90.07 +90.07 +134.85 +90.07 +90.07 +134.85 +134.85 +90.07 

LFPO +48.27 +48.27 +48.27 +48.27 +48.27 +48.27 +134.85 +134.85 +134.85 +48.27 +134.85 +134.85 +48.27 +48.27 +134.85 

LPPT +134.85 +134.85 +134.85 +134.85 +134.85 +134.85 +90.07 +90.07 +90.07 +134.85 +90.07 +90.07 +134.85 +134.85 +90.07 

LEBL +134.85 +134.85 +134.85 +134.85 +134.85 +134.85 +90.07 +90.07 +90.07 +134.85 +90.07 +90.07 +134.85 +134.85 +90.07 

EBBR +48.27 +48.27 +48.27 +48.27 +48.27 +48.27 +134.85 +134.85 +134.85 +48.27 +134.85 +134.85 +48.27 +48.27 +134.85 

LFPG +48.27 +48.27 +48.27 +48.27 +48.27 +48.27 +134.85 +134.85 +134.85 +48.27 +134.85 +134.85 +48.27 +48.27 +134.85 

LEMD +134.85 +134.85 +134.85 +134.85 +134.85 +134.85 +90.07 +90.07 +90.07 +134.85 +90.07 +90.07 +134.85 +134.85 +90.07 
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Table 3.3. Forecast B: Happy Localism. Traffic growth expressed as percentage 

ScB% EGLL ENGM EDDT EDDL EDDF EDDM LEMG LEPA LGAV LFPO LPPT LEBL EBBR LFPG LEMD 

EGLL +19.67 +19.67 +19.67 +19.67 +19.67 +19.67 +70.91 +70.91 +70.91 +19.67 +70.91 +70.91 +19.67 +19.67 +70.91 

ENGM +19.67 +19.67 +19.67 +19.67 +19.67 +19.67 +70.91 +70.91 +70.91 +19.67 +70.91 +70.91 +19.67 +19.67 +70.91 

EDDT +19.67 +19.67 +19.67 +19.67 +19.67 +19.67 +70.91 +70.91 +70.91 +19.67 +70.91 +70.91 +19.67 +19.67 +70.91 

EDDL +19.67 +19.67 +19.67 +19.67 +19.67 +19.67 +70.91 +70.91 +70.91 +19.67 +70.91 +70.91 +19.67 +19.67 +70.91 

EDDF +19.67 +19.67 +19.67 +19.67 +19.67 +19.67 +70.91 +70.91 +70.91 +19.67 +70.91 +70.91 +19.67 +19.67 +70.91 

EDDM +19.67 +19.67 +19.67 +19.67 +19.67 +19.67 +70.91 +70.91 +70.91 +19.67 +70.91 +70.91 +19.67 +19.67 +70.91 

LEMG +70.91 +70.91 +70.91 +70.91 +70.91 +70.91 +38.06 +38.06 +38.06 +70.91 +38.06 +38.06 +70.91 +70.91 +38.06 

LEPA +70.91 +70.91 +70.91 +70.91 +70.91 +70.91 +38.06 +38.06 +38.06 +70.91 +38.06 +38.06 +70.91 +70.91 +38.06 

LGAV +70.91 +70.91 +70.91 +70.91 +70.91 +70.91 +38.06 +38.06 +38.06 +70.91 +38.06 +38.06 +70.91 +70.91 +38.06 

LFPO +19.67 +19.67 +19.67 +19.67 +19.67 +19.67 +70.91 +70.91 +70.91 +19.67 +70.91 +70.91 +19.67 +19.67 +70.91 

LPPT +70.91 +70.91 +70.91 +70.91 +70.91 +70.91 +38.06 +38.06 +38.06 +70.91 +38.06 +38.06 +70.91 +70.91 +38.06 

LEBL +70.91 +70.91 +70.91 +70.91 +70.91 +70.91 +38.06 +38.06 +38.06 +70.91 +38.06 +38.06 +70.91 +70.91 +38.06 

EBBR +19.67 +19.67 +19.67 +19.67 +19.67 +19.67 +70.91 +70.91 +70.91 +19.67 +70.91 +70.91 +19.67 +19.67 +70.91 

LFPG +19.67 +19.67 +19.67 +19.67 +19.67 +19.67 +70.91 +70.91 +70.91 +19.67 +70.91 +70.91 +19.67 +19.67 +70.91 

LEMD +70.91 +70.91 +70.91 +70.91 +70.91 +70.91 +38.06 +38.06 +38.06 +70.91 +38.06 +38.06 +70.91 +70.91 +38.06 

 

Table 3.4. Forecast D: Fragmenting world. Traffic growth expressed as percentage (%) 
ScD% EGLL ENGM EDDT EDDL EDDF EDDM LEMG LEPA LGAV LFPO LPPT LEBL EBBR LFPG LEMD 

EGLL -19.48 -19.48 -19.48 -19.48 -19.48 -19.48 -3.54 -3.54 -3.54 -19.48 -3.54 -3.54 -19.48 -19.48 -3.54 

ENGM -19.48 -19.48 -19.48 -19.48 -19.48 -19.48 -3.54 -3.54 -3.54 -19.48 -3.54 -3.54 -19.48 -19.48 -3.54 

EDDT -19.48 -19.48 -19.48 -19.48 -19.48 -19.48 -3.54 -3.54 -3.54 -19.48 -3.54 -3.54 -19.48 -19.48 -3.54 

EDDL -19.48 -19.48 -19.48 -19.48 -19.48 -19.48 -3.54 -3.54 -3.54 -19.48 -3.54 -3.54 -19.48 -19.48 -3.54 

EDDF -19.48 -19.48 -19.48 -19.48 -19.48 -19.48 -3.54 -3.54 -3.54 -19.48 -3.54 -3.54 -19.48 -19.48 -3.54 

EDDM -19.48 -19.48 -19.48 -19.48 -19.48 -19.48 -3.54 -3.54 -3.54 -19.48 -3.54 -3.54 -19.48 -19.48 -3.54 

LEMG -3.54 -3.54 -3.54 -3.54 -3.54 -3.54 -13.44 -13.44 -13.44 -3.54 -13.44 -13.44 -3.54 -3.54 -13.44 

LEPA -3.54 -3.54 -3.54 -3.54 -3.54 -3.54 -13.44 -13.44 -13.44 -3.54 -13.44 -13.44 -3.54 -3.54 -13.44 

LGAV -3.54 -3.54 -3.54 -3.54 -3.54 -3.54 -13.44 -13.44 -13.44 -3.54 -13.44 -13.44 -3.54 -3.54 -13.44 

LFPO -19.48 -19.48 -19.48 -19.48 -19.48 -19.48 -3.54 -3.54 -3.54 -19.48 -3.54 -3.54 -19.48 -19.48 -3.54 

LPPT -3.54 -3.54 -3.54 -3.54 -3.54 -3.54 -13.44 -13.44 -13.44 -3.54 -13.44 -13.44 -3.54 -3.54 -13.44 

LEBL -3.54 -3.54 -3.54 -3.54 -3.54 -3.54 -13.44 -13.44 -13.44 -3.54 -13.44 -13.44 -3.54 -3.54 -13.44 

EBBR -19.48 -19.48 -19.48 -19.48 -19.48 -19.48 -3.54 -3.54 -3.54 -19.48 -3.54 -3.54 -19.48 -19.48 -3.54 

LFPG -19.48 -19.48 -19.48 -19.48 -19.48 -19.48 -3.54 -3.54 -3.54 -19.48 -3.54 -3.54 -19.48 -19.48 -3.54 

LEMD -3.54 -3.54 -3.54 -3.54 -3.54 -3.54 -13.44 -13.44 -13.44 -3.54 -13.44 -13.44 -3.54 -3.54 -13.44 

 

The total number of flights that corresponds to those percentages increases/decreases (2014 traffic 
baseline) was already documented in D4.1. 
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4 Defining the disturbances for the future 
scenario 

 

The future scenario is formed by a concrete level of traffic and a concrete set of disturbances. Defining 
these disturbances involves describing the type of disturbance, its intensity, the airport being affected, 
the starting time and the duration. Disturbances impact a number of flights and provoke certain delay. 
The delays of these flights, compared to the reference state, provide a resilience level against that 
concrete disturbance.  

Therefore, one primary focus will be on an artificial disturbances framework that is realistic enough to 
derive meaningful results once it is incorporated into the scenarios to be modelled. Obviously, different 
disturbances scenarios will generate different resilient levels. If different concepts need to be compared 
based on their effectiveness in addressing resilience, they should be tested against the same 
disturbances framework. Additionally, the framework presented needs to cover all the different 
disturbances cases and "stress test" the ATM paradigm presented. 

The main input to the disturbances framework is the data analysis developed in D2.2 and D3.2. The 
results in those deliverables already pointed to the most common patterns in disturbances occurrences. 
This is the main input that defines the circumstances of the future disturbances scenarios. 

The goal is not to fully replicate an "average" day, as only minor disturbances occur on an average day, if 
any disturbances occur at all. On the other hand, choosing an extra demanding day would also be 
inadequate, as it could be representative of the worst case scenario but not representative of the general 
effectiveness of the operational concept. This section documents the compromise solution reached 
regarding the different disturbances aspects, like disturbance selection, starting time and duration. 

 

4.1 Disturbances selection 
For the sake of simplicity, and in order to be able to extract conclusions on the effectiveness of the 
concept per disturbance, we will have only one disturbance affect each airport. The airports affected by 
each disturbance are the ones with a higher percentage of occurrences on each disturbance. The 
distribution across disturbances is realistically balanced using the disturbances distributions found in 
actual data: Rain (6 airports), configuration change (3 airports), staffing (2 airports), visibility (2 airports), 
fog (2 airports) and thunderstorm (1 airport). 

The figures in the following table depict the number of occurrences within the sampling period, in 
brackets % of total occurrences. 
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Table 41.1. Number of occurences withing the sampling period and percentage of total occurences.  

 
Configuration  
Change 

Staffing Visibility Weather Fog Weather Rain 
Weather  
Thunderstorm 

EGCC 24  (1.37%) 0  (0.00%) 9  (3.52%) 29  (2.76%) 490  (9.21%) 14  (4.78%) 

EGLL 18  (1.03%) 0  (0.00%) 11  (4.30%) 22  (2.09%) 404  (7.59%) 5  (1.71%) 

ENGM 129  (7.35%) 14  (29.79%) 81  (31.64%) 119  (11.31%) 391  (7.35%) 12  (4.10%) 

EDDT 66  (3.76%) 1  (2.13%) 7  (2.73%) 76  (7.22%) 680  (12.78%) 31  (10.58%) 

EDDL 59  (3.36%) 4  (8.51%) 7  (2.73%) 111  (10.55%) 717  (13.47%) 37  (12.63%) 

EDDF 62   (3.53%) 2  (4.26%) 17  (6.64%) 272  (25.86%) 653  (12.27%) 37  (12.63%) 

EDDM 43   (2.45%) 1  (2.13%) 38  (14.84%) 199  (18.92%) 289  (5.43%) 25  (8.53%) 

LEMG 126  (7.18%) 0  (0.00%) 4  (1.56%) 8  (0.76%) 115  (2.16%) 7  (2.39%) 

LEPA 191  (10.88%) 0  (0.00%) 5  (1.95%) 15  (1.43%) 142  (2.67%) 26  (8.87%) 

LGAV 76   (4.33%) 6  (12.77%) 0  (0.00%) 0  (0.00%) 91  (1.71%) 5  (1.71%) 

LFPO 78   (4.44%) 8  (17.02%) 23  (8.98%) 75  (7.13%) 211  (3.97%) 14  (4.78%) 

LPPT 102   (5.81%) 2  (4.26%) 15  (5.86%) 36  (3.42%) 210  (3.95%) 34  (11.60%) 

LEBL 345   (19.66%) 0  (0.00%) 0  (0.00%) 0  (0.00%) 124  (2.33%) 7  (2.39%) 

EBBR 76   (4.33%) 0  (0.00%) 14  (5.47%) 47  (4.47%) 435  (8.18%) 15 15 (5.12%) 

LFPG 109   (6.21%) 9  (19.15%) 24  (9.38%) 37  (3.52%) 218  (4.10%) 6  (2.05%) 

LEMD 251   (14.30%) 0  (0.00%) 1  (0.39%) 6  (0.57%) 151  (2.84%) 18  (6.14%) 

 Selected disturbance for each airport 

 

The previous selection leads to the "optimum" coverage of disturbances distribution (other combinations 
of 1 disturbance per aiport lead to lower percentages): 

 

Table 41.2. Verification table. Percentage of flights impacted that are covered with the selection done  

Disturbance 
Configuration 
Change 

Staffing Visibility 
Weather 
 Fog 

Weather  
Rain 

Weather 
Thunderstorm 

% covered  35% 27% 45% 35% 35% 12% 

The percentages in Table 41.2 are the sum of green values in table 41.1. 

 

4.2 Starting time. 
To design the starting times of each disturbance for our scenario, we replicated the behaviour of the 
disturbances in as realistic of a manner as possible. 

Some data cleaning has been done in advance and some "false" disturbances such as planned runway 
configuration changes have been omitted. 

In other cases, if there are two local maximums with a similar number of occurrences, the time slot with 
bulkier traffic is selected. 

Starting times have also been slightly changed for some of the disturbances if they were taking place in 
almost no traffic times. The reason is that it would prevent us from calculating the R within the proper 
level of significance, as a low number of flights would be disturbed in the model. 
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4.2.1 Configuration change 

Airport Disturbance Starting time · Comments 

LEBL Configuration Change 16:00. The peak at night is considered an outlier (low traffic leading to using the 
runway configuration on demand) 

LEPA Configuration Change 7:00. Same comment as in LEBL regarding changes at night 

LEMD Configuration Change 10:30 (deviation to cover enough traffic) 

 

 

  

4.2.2 Staffing 

Staffing related disturbances always have a length of 4 hours. Whole days would mean a lack of reference 
flights. 

Airport Disturbance Starting time 

LFPG Staffing 14:00 

LFPO Staffing 07:00 
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4.2.3 Visibility 

 Airport Disturbance Starting time 

EDDM Visibility 07:00 
ENGM Visibility 07:00 

 

 

 

4.2.4 Fog 

Airport Disturbance Starting time 

EDDF Weather Fog 07:00 

EDDL Weather Fog 18:30 (deviation from local maximum in order to avoid night times an pick enough traffic) 
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4.2.5 Rain 

Airport Disturbance Starting time 

EBBR Weather Rain 13:30 
EDDT Weather Rain 16:30 
LEMG Weather Rain 13:00 
LGAV Weather Rain 14:00 
EGLL Weather Rain 15:00 
EGCC Weather Rain 10:00 
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4.2.6 Thunderstorms 

Airport Disturbance Starting time 

PPT Weather Thunderstorm 18:30 (deviation to cover enough traffic) 

 

 

4.3 Duration 
Duration has been selected in order to realistically model average duration of disturbances, which 
usually differs depending on the disturbance nature and on the airport. The durations have been slightly 
modified if they were not covering enough flights in order to extract meaningful results afterwards. 

The only exceptions are Runway Configuration Change and Staffing, which have a fixed duration of 30 
minutes and 4 hours, respectively. Meanwhile, if the first figure may operationally look a bit too long, the 
reason is that the modelling scheme prevents shorter slots (more information about this in Deliverable 
2.2). Although the Staff duration is usually 24 hours (based on historical reporting and/or how it is 
declared/performed), 4 hours slots have been modelled in order to have reference flights for the ulterior 
comparison of disturbed-reference flights. 

 

4.3.1 Configuration Change 

Airport Disturbance Duration 

LEBL Configuration Change 30' 

LEPA Configuration Change 30' 

LEMD Configuration Change 30' 

 

4.3.2 Staffing 

Airport Disturbance Duration 

LFPG Staffing 4h 

LFPO Staffing 4h 

 

For the remaining disturbances, the disturbances duration has been directly extracted from historical 
data on how disturbances usually affect those airports. In order to do so, the maximum of the distribution 
(historical events/duration) is selected. 
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4.3.3 Visibility 

Airport Disturbance Duration 

EDDM Visibility 60'  
ENGM Visibility 60' 

 

 

4.3.4 Fog 

Airport Disturbance Duration 

EDDF Weather Fog 30'  

EDDL Weather Fog 90'   
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4.3.5 Rain 

Airport Disturbance Duration 

EBBR Weather Rain 30' 

EDDT Weather Rain 60' 

LEMG Weather Rain 60' 

LGAV Weather Rain 30' 

EGLL Weather Rain 15' 

EGCC Weather Rain 30' 
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4.3.6 Thunderstorm 

Airport Disturbance Duration 

LPPT Weather Thunderstorm 30'  

 

 

4.4 Intensity and delay-capacity reduction factors 
The aim of this task is to provide a simplified relationship between disturbances intensity, associated 
delays and the corresponding capacity reduction factors to be incorporated to the model (efficiency part). 
This would enable implementing the disturbances severity variable in the REM2050 model. 

The delay tables from D5.1 (e.g. D51.B Configuration change) estimate capacity reduction factor using the 
inverse shifted function 1h/(1h-delay). That factor can be explained as such: the average hourly capacity 
is given by the average number of movements in one hour and the associated average time for an 
operation is denoted as Average Operation Time (AOT)  (i.e. 1h/Capacity = simplifying, most likely time 
required for a single move in seconds). Assuming the distribution of movements doesn't change during a 
time period of T seconds, the average number of movements would be T/AOT, if T=1h then T/AOT would 
be the averaged hourly Capacity. However, when the capacity is reduced below the demand, require-
ments delays may appear. The effective minimum operation time would, on average, be reduced by the 
average delay and the expected number of movements can be approximated by (T-averaged delay)/AOT. 
So for T=1h new averaged hourly capacity is (1h-delay)/AOT. Hence Reduced Hourly Capacity Ratio is 
Capacity/Reduced Capacity = 1h/AOT/(1h-delay)/AOT= (1h-delay)/1h 

Averaged Reduced Capacity ≈ (1h-average delay)/1h*Capacity 

 

Then select a value from the distribution. In this 
case, values >90% would be the most likely 
capacity factor (although any value in the range 
>70% to 100% would also be likely) so we set a 
factor of 95%, then LEMD new capacity would be: 
100 (nominal capacity)*0.95=95 mov/hour 

Following that approach, the hourly-capacity 
reduction factor has been calculated for all the 
disturbances that will be incorporated in the 
modelling scenarios: 
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Figure 44.1. Example 

4.4.1 Configuration Change 

 Airport Disturbance Hourly-Capacity Reduction Factor 

LEBL Configuration Change 80% 

LEPA Configuration Change 90% 

LEMD Configuration Change 80% 

 

4.4.2 Staffing 

 Airport Disturbance Hourly-Capacity Reduction Factor 

LFPG Staffing 60% 

LFPO Staffing 60% 
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4.4.3 Visibility 

 Airport Disturbance Hourly-Capacity Reduction Factor 

EDDM Visibility 80% 

ENGM Visibility 75% 

 

 

 

 

4.4.4 Fog 

Airport Disturbance Hourly-Capacity Reduction Factor 

EDDF Weather Fog 80% 

EDDL Weather Fog 90% 
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4.4.5 Rain 

Airport Disturbance Hourly-Capacity Reduction Factor 

EBBR Weather Rain 90% 

EDDT Weather Rain 80% 

LEMG Weather Rain 70% 

LGAV Weather Rain 85% 

EGLL Weather Rain 70% 

EGCC Weather Rain 75% 
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4.4.6 Thunderstorm 

 Airport Disturbance Hourly-Capacity Reduction Factor 

LPPT Weather Thunderstorm 60%  

 

 

 

 

4.5 Number of affected flights within the time frame considered 
Before executing the modelling tasks, the number of flights that would be affected in the modelling has 
been calculated. This validation task ensures and "pre-checks" that enough number of planes are flying 
within the OD pairs in the frames selected. These pre-checking exercise avoids choosing time frames 
with no flights, where the R would have been impossible to be calculated. 
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 EGCC EGLL ENGM EDDT EDDL EDDF EDDM LEMG LEPA LGAV LFPO LPPT LEBL EBBR LFPG LEMD 

0 00 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 1 

0 30 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

1 00 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

1 30 0 0 0 0 0 0 0 0 0 0 0 0 0 1 4 2 

2 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 

2 30 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 

3 00 0 0 0 0 0 2 0 0 0 2 0 0 1 0 0 0 

3 30 0 0 0 0 7 0 7 0 0 2 0 0 1 3 0 0 

4 00 0 0 5 8 5 1 9 0 1 0 1 0 1 6 1 2 

4 30 0 0 4 6 9 4 11 3 7 0 5 0 7 6 5 3 

5 00 5 1 0 2 9 7 10 3 5 5 3 4 15 3 10 11 

5 30 7 16 2 2 1 7 3 0 5 9 9 3 7 4 10 13 

6 00 5 9 3 8 7 6 3 0 4 1 4 9 5 0 0 6 

6 30 2 7 1 6 3 6 4 0 5 0 1 2 6 0 2 13 

7 00 1 10 8 4 3 7 10 2 9 0 2 8 8 8 5 5 

7 30 3 6 1 4 1 4 4 6 6 0 2 5 6 1 8 6 

8 00 2 5 4 5 6 7 4 3 3 1 2 5 9 2 11 2 

8 30 1 4 2 4 4 4 8 1 2 3 0 8 6 7 3 1 

9 00 1 5 1 10 5 4 7 3 1 5 0 1 3 6 4 4 

9 30 1 4 2 1 1 4 3 1 6 0 4 3 7 5 1 7 

10 00 4 3 1 5 5 10 10 1 2 2 6 2 3 6 4 7 

10 30 0 5 1 8 4 1 2 1 4 3 0 1 3 0 8 15 

11 00 1 6 5 6 3 10 3 1 7 3 1 4 10 4 11 3 

11 30 1 4 0 2 5 9 0 2 5 4 2 5 7 1 6 4 

12 00 2 5 0 1 0 7 3 1 6 1 0 3 2 1 3 5 

12 30 2 9 4 4 7 3 11 2 1 1 0 3 6 5 2 7 

13 00 1 4 3 2 4 4 10 7 5 0 4 2 4 1 3 11 

13 30 1 3 0 0 3 3 5 5 5 0 1 3 7 10 9 13 

14 00 2 10 2 6 2 13 7 0 3 4 1 6 7 2 4 12 

14 30 4 5 4 6 6 6 3 2 1 2 1 4 8 7 5 0 

15 00 0 11 1 3 6 10 6 6 2 1 5 8 5 4 4 8 

15 30 1 7 3 3 1 7 4 1 5 2 5 2 7 2 4 5 

16 00 2 6 1 7 8 10 5 5 4 3 2 0 12 2 6 6 

16 30 4 10 4 6 2 8 7 0 6 2 6 0 9 5 7 6 

17 00 1 8 1 8 4 6 19 1 2 0 0 7 6 8 5 8 

17 30 3 1 4 5 6 7 2 3 9 2 1 5 3 2 2 13 

18 00 0 8 1 1 0 8 6 3 11 1 4 4 4 4 3 6 

18 30 2 10 0 7 7 7 10 3 1 0 2 10 10 6 11 10 

19 00 2 9 2 5 3 8 7 1 2 0 4 5 4 2 6 4 

19 30 1 3 0 2 2 5 7 0 4 0 0 1 7 1 0 2 

20 00 0 0 0 0 0 0 0 0 7 0 0 3 4 0 0 3 

20 30 0 0 0 0 0 0 0 0 0 0 1 0 3 0 0 2 

21 00 0 0 0 0 0 0 0 1 2 0 1 0 0 0 0 0 

21 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

22 00 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 

22 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

23 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

23 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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4.5.1 Consolidation table 

The following table consolidates all the airports+ disturbances+ starting/ending times + disturbances 
severity ("hourly capacity reduction factor" as implemented in the model). The number of affected flights 
is also displayed. 

Airport Disturbance Starting time Duration Affected flights 
Hourly-Capacity  
Reduction Factor 

EGCC Rain 10:00 30' 4 75% 

EGLL Rain 15:00 30' 11 70% 

ENGM Visibility 7:00 60' 9 75% 

EDDT Rain 16:30 60' 14 80% 

EDDL Fog 18:30 90' 12 90% 

EDDF Fog 7:00 30' 7 80% 

EDDM Visibility 7:00  60' 14  80% 

LEMG Rain 13:00 60' 12 70% 

LEPA Config. Change 7:00 30'  9 90% 

LGAV Rain 14:00 30' 4 85% 

LFPO Staff 7:00 4hours  19 60% 

LPPT Thunderstorm 18:30 30' 10 60% 

LEBL Config. Change 16:00 30' 12 80% 

EBBR Rain 13:30 30' 10 90% 

LFPG Staff 14:00 4hours 41 60% 

LEMD Config. Change 10:30 30' 15 80% 

  


