
  

Resilience2050.eu 

New design principles fostering safety, agility and resilience for ATM 

 

Grant agreement no: 314087 

Theme AAT.2012.6.2-4. Building agility and resilience of the ATM system beyond SESAR 

Funding Scheme: Collaborative Project (small or medium-scale focused research project) 

D1.3 Setting the basis – Defining resilience in the 
organization of ATM 

Revision: V1.0 

Date: 30/08/2013 

Status: Final 

Dissemination Level: PU 

 

  Organisation Name  

 Prepared: DLR 
Olga Gluchshenko 

Peter Foerster 
 

 Reviewed: Resilience2050 Consortium   

 Approved: The Innaxis Foundation and Research Institute David Perez  



 D1.3 Defining resilience in ATM

 

Page 2 of 39 
 

RECORD OF REVISIONS 

 

Revision Date Reason for Review Modified sections/page 

V0.1 20/06/2013 Creation of the document All 

V0.2-0.4 08/2013 Version for internal review  All 

V0.5 29/08/2013 Version for review by 

partners 

All 

V1.0 30/08/2013 Final version  

 

 

 

  



 D1.3 Defining resilience in ATM

 

Page 3 of 39 
 

 

TABLE OF CONTENT 

1	 INTRODUCTION .................................................................................................................. 4	

1.1	 PURPOSE OF THE DOCUMENT .................................................................................................... 4	

1.2	 STRUCTURE OF THE DOCUMENT ................................................................................................. 4	

1.3	 EVOLUTION OF TASK 1.3 DEFINING RESILIENCE IN THE CONTEXT OF ATM IN COORDINATION WITH THE 
PROJECT  ....................................................................................................................................... 5	

2	 DEFINITION OF RESILIENCE ............................................................................................. 6	

2.1	 PARADIGM OF THE FUTURE ATM SYSTEM ..................................................................................... 6	

2.2	 FORMS OF DEFINING RESILIENCE IN THE LITERATURE ....................................................................... 6	

2.3	 “ENGINEERING RESILIENCE” CONCEPT ......................................................................................... 8	

2.4	 AN EXAMPLE AND DECISION-MAKING CHAIN ................................................................................. 10	

2.5	 IMPORTANCE OF REFERENCE STATE ........................................................................................... 12	

2.6	 SOME WAYS TO MEASURE RESILIENCE AND ROBUSTNESS ................................................................. 13	

2.7	 STRUCTURED APPROACH FOR INVESTIGATION OF RESILIENCE AND ROBUSTNESS ..................................... 14	

3	 MODELLING APPROACH ................................................................................................... 16	

3.1	 MODELLING APPROACH OF AN ATM SYSTEM ................................................................................ 16	

4	 ORGANIZATIONAL STRUCTURE ....................................................................................... 18	

4.1	 WORKING STRUCTURE........................................................................................................... 18	

4.2	 GATE TO GATE PERSPECTIVE ................................................................................................... 18	

4.3	 ACTORS AND ROLES .............................................................................................................. 20	

4.4	 GATE TO GATE WORKFLOW ..................................................................................................... 33	

5	 SUMMARY ......................................................................................................................... 37	

6	 REFERENCES ..................................................................................................................... 38	

 



 D1.3 Defining resilience in ATM

 

Page 4 of 39 
 

1 INTRODUCTION 

Resilience2050 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, both in normal operations as well as disturbances 

 Develop metrics to systematically define resilience addressing “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; and 

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

The project is carried out by an international consortium that is composed of The Innaxis Foundation and 
Research Institute (INNAXIS, 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 1st June 2012 and will last 36 months.  

1.1 Purpose of the Document 

This document represents the report of Deliverable 1.3 of the Resilience2050 project. Its purpose is to 
provide a definition of resilience in the ATM context, delivering a framework to measure resilience by 
means of performance indicators. Furthermore, as preparation of Task 4.1 and Task 4.5, an abstracted 
overview of the organizational structure and the particular interdependencies between the various 
stakeholders is given. This is done in conjunction with the modelling approach which was proposed to 
enable the implementation of the generic and holistic model of the ATM system and allows applying the 
aforementioned framework. The simplified socio-technical model has to provide the possibility to 
incorporate the interactions between the various involved stakeholders during a flight at a distinct level of 
detail. 

1.2 Structure of the Document 

The document is structured in the following manner: 

 Section 2 proposes the definition of the term resilience with the clear distinction to the term 
robustness in the context of a socio-technical system. Given a state based view, resilience of an 
ATM system will be measured by means of performance indicators. 

 Section 3 introduces the modelling approach which was derived to apply the state based 
framework from Section 2. 

 Section 4 describes the relevant stakeholders within the ATM system, focusing on their particular 
roles and interdependencies. This is done by following the modelling approach that incorporates 
the state based approach. In this section, the physical movement of the aircraft is investigated 
from a gate-to-gate perspective. The proceeding is depicted as a result of decisions made by the 
particular involved stakeholders. 
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1.3 Evolution of Task 1.3 Defining resilience in the context of ATM in 
coordination with the project 

Following an approach of systematic system design, the term resilience is being defined with respect to 
the state of the ATM system. The state of this socio-technical system, which properties were described in 
Task 1.1, can be formulated by means of performance indicators. Given that, performance indicators will 
serve as means to measure resilience. This different view, with regard to the safety related definition in 
the ATM context on the term resilience, will also propose a definition for the term robustness. This is 
done to accomplish a clear differentiation between both terms. Depending on a defined reference state, 
the deviation of the actual state of the system from its reference state over time as well as the 
magnitude of the following fluctuations, after a disturbance has occurred, are used to evaluate resilience 
of the system. 

To apply a state - i.e. performance based - formulation of the system, it has to be defined in its scope 
and scale. The system borders, as well as its scale of hierarchy or the level of detail, have to be 
determined before applying the developed framework to measure resilience. To analyse the implications 
of a disturbance, i.e. to investigate how effects are cascading through the system and how and when the 
system is about to return to its reference state, the level of detail at which particular disturbances are 
introduced, has to be defined. This is done in view of the property that disturbances can be absorbed by 
higher levels of hierarchy. On the other hand, due to its socio-technical character and the importance of 
the human role, which was described in detail in Task 1.2, emergent behaviour is a common property 
that has to be considered when introducing the newly defined expression of resilience. The effects of a 
set of disturbances on the system, introduced at different levels of detail, were investigated in Task 2.2.  

To cope with the complex organizational structure of the ATM system and to gain a better understanding 
of the implications in the case of occurring disruptions, an analysis of the socio-technical organization of 
the current air traffic system was carried out. The organization of its stakeholders at various levels of 
aggregation was described. The insights of the interdependencies between the different stakeholders will 
be compared with the results of Task 2.2, aiming to identify bottlenecks and develop appropriate 
counteractions that enhance resilience. This will be deduced in Task 3.3. Besides the definition of 
resilience, this report gives an overview of the organizational structure up to the level of human 
operators, including the interdependencies between the organizational entities. The identified elements, 
structures and interdependencies of the ATM System are later used as an input for the abstraction of the 
interdependencies between resources and actors in Task 4.1. In line with Task 4.1 and Task 4.5, 
interdependencies between the various stakeholders are depicted in the form of a UML activity diagrams. 
Thus preparing the hierarchical structure and the workflow for a later implementation of the simplified 
generic and holistic model of the current ATM system in Task 4.5. Here, an abstraction, which implies the 
consideration of all stakeholders and their interactions, of the elements, structures and interdependencies 
will be conducted. Their applicability on general socio-technical systems will be evaluated. 
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2 DEFINITION OF RESILIENCE1 

Resilience is a fundamental property of the natural ecosystem that enables quick recovery after 
numerous disturbances occurring frequently. This vital ability of the ecosystem makes resilience a very 
desirable property of man-made socio-technical systems like an air transportation system. 

2.1 Paradigm of the future ATM System 

The realization of the performance targets set by SESAR [sesar09] incorporates the incremental step 
approach of three operational phases. This encompasses the time based operations, trajectory based 
operations and performance based operations, which are aligned with the SESAR definition of the service 
levels 2, 3 and 4. The third operational phase, performance based operations, aims to implement an 
“European high performance, integrated, network-centric and collaborative and seamless air ground ATM 
System” [sesar09]. To achieve the performance goals, network operations will be planned collaboratively, 
using a system wide information management. Performance based operations of the ATM System can be 
seen as the method of resolution to realize the political and socio-economical expectations of the ATM 
System in future.  

The ATM System as a socio-technical system is driven by economic interests of the participating 
stakeholders. Hence, it is performance oriented. Its performance is evaluated by means of key 
performance indicators, which are, for instance, delay, throughput, punctuality. Key performance 
indicators, defined by ICAO, are assigned to 11 key performance areas (KPAs) [icao09]. “KPAs are a way 
of categorizing performance subjects related to high-level ambitions and expectations” [icao09]. 
Disturbances like the hurricane Sandy, which in 2012 caused massive disruptions in the air transportation 
systems, not only in North America but also in Europe, affect the continuous realization of performance 
targets.  

Generally, disturbances deteriorate the performance of the ATM System, which state expressed by 
performance indicators undergoes undesirable changes. By means of investigating resilience as a system 
property, one is able to mitigate negative impacts on performance. 

2.2 Forms of defining resilience in the literature 

The term resilience has been introduced first by Hoffman [hoffman48] in the field of mechanics and 
material testing in 1948. One decade later Holling [holling73] implemented the term in ecology. Currently 
the topic of resilience is widely spread and extensively studied. 

Up to the present time plenty of papers and books have been published on resilience, covering different 
research domains. For instance, the works [brand07], [gunderson00], [hoffman48], [holling73], 
[holling96], [hollnagel06], [pimm91], [redman03], [walker04] and the analysis [D1.1_Res2050] 
performed in the project Resilience2050 serve a good representation of the various interpretations or 
forms to define resilience. In the different research domains, these forms have been termed as 
engineering resilience, ecological resilience and resilience engineering.  

The first form - engineering resilience - defines resilience as the time required for a system or as the 
ability of a system or as the capability of a substance to return to an equilibrium or steady-state or 
original state, following a disturbance or some time later after the removal of the disturbance factor 
[hoffman48], [pimm91], [holling96], [gunderson00]. It should be noted that Hoffman [hoffman48] uses 
the term resiliency to describe this inherent ability of a substance whereas under resilience a more 
extensive property which takes into account the size and shape of the object as well, is formulated. 

                                                

1 This section is based on [gluch12], [gluch_foer13]. 
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The second form - ecological resilience - determines resilience as the ability or as the capacity of a 
system to absorb a disturbance, whilst essentially retaining the same function, structure, identity and 
feedbacks [holling73], [holling96], [gunderson00], [walker04], [brand07]. 

The first definition assumes the persistence of single or global equilibrium or stable state whereas the 
second definition proposes multiple equilibrium/stable states.  

Oxford Dictionary [oxford] gives the following definitions of the terms resilient and robust: 

resilient (adjective) 

 (of a substance or object) able to recoil or spring back into shape after bending, stretching, or 
being compressed; 

 (of a person or animal) able to withstand or recover quickly from difficult conditions; 

robust (adjective) 

 (of an object) sturdy in construction; 
o strong and healthy; vigorous; 
o (of a system, organization, etc.) able to withstand or overcome adverse conditions; 
o uncompromising and forceful; 

 (of wine or food) strong and rich in flavor or smell.  

Hence, it may be stated that engineering resilience tends semantically to resilience and ecological 
resilience inclines to robustness. 

A well-structured overview on robustness or ecological resilience can be found in [brand07]. 

The third form - resilience engineering - has been introduced by Hollnagel et al. [hollnagel06] in 2006. 
It investigates human and organizational aspects with regard to the design of safety critical socio-
technical systems [hollnagel06]. “Resilience engineering is a paradigm for safety management that 
focuses on how to help people to cope with complexity successfully when exposed to pressure” 
[hollnagel06]. In the White Paper on Resilience Engineering for ATM, in 2009 EUROCONTROL [euro09] 
has provided the following definition of resilience: Resilience is the intrinsic ability of a system to adjust 
its functioning prior to, during, or following changes and disturbances, so that it can sustain required 
operations under both expected and unexpected conditions. To our best knowledge it is the only 
definition currently known in the context of ATM.  

In various domains the terms resilience and robustness have been defined and redefined many times. 
Even within the same domain there exist different particular meanings. The following table provides a 
summary of terms found in the literature which are used synonymously: 

term robustness resilience 

used in synonymic  

sense 

resilience 

resistance 

stability 

stability 

recovery 

elasticity 

Since we focus on the performance targets set by SESAR [sesar09] and, therefore, on the aspects of a 
performance based approach for investigating resilience of an ATM System that is experiencing 
disturbances and being provided that safety is given at any time, the definition in [euro09], derived from 
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the safety science perspective, did not appear sufficient enough for achieving this goal. Because of the 
simultaneous existence of engineering resilience and ecological resilience and various interpretations of 
resilience and robustness in different research domains as well, it was necessary to develop a new 
concept of resilience and robustness with respect to an ATM System. It has to be stressed that a clear 
differentiation between both terms had to be accomplished, as well as definitions had to be made to 
enable measurement of the terms. Moreover, there exist many contradictory applications of the terms 
disturbance, stress and perturbation in literature. So, it was necessary to clarify their particular meaning 
in the context of ATM.  

Taking into account the aims mentioned above, a framework, which incorporates a concept of 
robustness, resilience and other relevant terms, has been developed [gluch12], [gluch13]. In this new 
framework the terms of disturbance, stress and perturbation are linked together to create a new 
terminology of resilience and robustness in the context of a socio-technical system. There, the term 
disturbance is defined as a cause, whereas stress and perturbation have been determined as an effect 
caused by a disturbance. The idea to this logical differentiation of the terms disturbance, stress and 
perturbation is originated in ecosystems [rykiel85]. 

2.3 “Engineering resilience” concept 

In order to define resilience of an air transportation system, it is assumed that:  

 an ATM System (the whole ATM system or any of its subsystems, for instance, a planning 
system, an airport etc.) is driven by economic interests of the participating stakeholders, i.e. it is 
performance oriented; 

 its performance is evaluated by means of a set of (key) performance indicators that describe a 
state of the system (e.g. a particular performance indicator, for instance, delay, capacity, 
throughput, … , a weighted function or a logical expression that involve performance 
indicators,…); an evaluation is always done by one evaluator that represents either a 
person/organization point of view or one collaborative point of view expressed by a reference 
state (otherwise it will be a set of independent views or evaluations);  

 the evaluator defines time scales - how long a description of the (reference) state by means of 
the specified set of (key) performance indicators will be valid.  

Under these assumptions an ATM System can have one reference state per given time horizon 
only. Therefore, engineering resilience appears as the most suitable to define resilience from the 
performance perspective in the ATM context.  

The term system used in the definitions denotes a socio-technical system or an ATM System as its 
particular case.  

Definition 1. State of a system is defined by a set of its performance indicators.  

Definition 2. Current state of a system is defined by the current values of its performance indicators.  

Definition 3. Reference state (or normal state) of a system is the specified set of its performance 
indicators values. A reference state (at the moment of its specification) relative to the current state of the 
system can be either  

 an actual reference state, when the current values of the performance indicators are in the 
specified set of performance indicators values  

or  



 D1.3 Defining resilience in ATM

 

Page 9 of 39 
 

 a potential reference state, when at least one of the current values of the performance indicators 
is not in the specified set of performance indicators values.  

To illustrate the introduced states, let us consider an airport as an ATM System and the average delay at 
the airport as the performance indicator that defines state of the system. Then as a reference state 
can be, for instance, the state where the average delay does not exceed x minutes, i.e. the average 
delay is in the range between 0 and x minutes. The current state represents then the current value of 
the average delay (at the considered moment of time).  

Since resilience and robustness of a system depend on disturbances, it is necessary to define disturbance 
in the context of a socio-technical system:  

Definition 4. Disturbance - (a cause) a phenomenon, factor, or process, either internal or external, 
which may cause a stress in a system; is relative to the specified reference state and considered system; 
is categorized and quantified by type, frequency, intensity and duration.  

It is important to note (see [rykiel85]), that  

 the scale in which a system is defined and observed is a most important factor determining the 
level of detail required in characterizing disturbances and their impact on the system;  

 in a hierarchically structured system, a disturbance at any level can be "absorbed" by moving up 
the hierarchy.  

Therefore, the scale in which a system is considered and the level of hierarchy in it determine the 
relevance of a disturbance and the level of detail in its characterization.  

A system influenced by a disturbance can be stressed.  

Definition 5. Stress - (an effect - a reaction of a system) the state of a system caused by a disturbance 
which differs from the reference state and is characterized by deviation from this reference condition; can 
be  

 survival - if the system can respond by perturbation without modification to change the current 
state;  

 lethal - if the system cannot or should not respond by perturbation to change the current state 
and has to be modified.  

 

Figure 1. Impact of a disturbance on an ATM System 
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In order to prevent and/or to compensate changes caused by a disturbance, a system acts by 
perturbation.  

Definition 6. Perturbation - (an effect - an action of a system) the response of a system to the possible 
or current significant undesirable changes of the state of the system caused by a disturbance. 
Perturbation aims at preventing of the changes and/or at minimizing of deviation of the current values 
from the reference values of performance indicators.  

In the case when stress is unavoidable, but survival, perturbation can be  

 transient - if it enables temporary deviation which becomes zero over time with return to the 
reference state;  

 permanent - if deviation becomes fixed over time leading to a state of the system different from 
the reference state.  

So a system, which is influenced by a disturbance, can have no stress or can react by stress and in the 
case of survival stress act by transient or permanent perturbation (see Figure 1). This framework enables 
us to define robustness and resilience of a system. Robustness is described as the ability of a system to 
absorb a disturbance while resilience is given as the ability of a system to return back within a specified 
time horizon since a disturbance had occurred.  

Definition 7. Robustness - the ability of a system to experience no stress since a disturbance had 
occurred, i.e. the system is robust against the disturbance over the considered time horizon; is relative to 
the specified reference state of the system and to a particular disturbance. (see Figure 1)  

Definition 8. Resilience - the ability of a system to respond on a disturbance within a time horizon by 
transient perturbation, i.e. the system is resilient against the disturbance over the considered time 
horizon; is relative to the specified reference state of the system and to a particular disturbance. (see 
Figure 1)  

Both introduced terms - robustness and resilience of a system - are time dependent, i.e. evaluated within 
a given or defined time interval. The action of a system remaining in the framework (see Figure 1) - 
permanent perturbation - leads to a new reference state of the system and the remained reaction of a 
system - lethal stress - causes its modification.  

The developed concept has clear differentiation between the terms robustness and resilience. A grade of 
an influence of a disturbance on a system is illustrated in Figure 1 schematically by a color and by a 
depth of the colored blocks: from the green area, where the system is not influenced, down to the red 
one, where it has to be modified.  

Because of the universal character of the terminology with respect to the characteristics of socio-
technical systems, it can be applied generally or at specific subsystems of an ATM System as well. 
Therefore it enables investigating resilience and robustness at different levels of detail as well as at 
different scales of expansion of an ATM System. A further important point in the developed framework 
enables measurement of resilience and robustness, since if they are not quantifiable they are not 
improvable.  

2.4 An example and decision-making chain  

Let us consider an airport  as an ATM System, the throughput of its runway system as a set of 
performance indicators that defines the state of the system , the throughput 

min 	 	 	 	 	 	 	 ; 	 	 , where 0  

as a reference state and a winter season  as a disturbance. 
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Let us assume that the time horizon  for the evaluation of resilience or robustness of the system  is 
the length of the winter season	 . When the airport  performs so that its current state is at the 
reference state over , i.e. the airport  has the throughput  over the considered period of time, 
this means that it has no stress during . Therefore, the system  is robust against the disturbance 

 during the time horizon  (see framework in Figure 1). However, this situation is possible at the 
airports working under its nominal capacity only. More realistic is that the throughput becomes smaller, 
for instance 

min 	 	 	 	 	 	 	 ; 	 	 , where 0 . 

This means that the considered system - the airport  - is under stress over the time horizon . 
However, the system  returns back to the reference state  at the end of the time horizon . So, it 
reacts by survival stress and acts by transient perturbation over . Therefore, the airport  is resilient 
against the disturbance  over the time horizon  (see framework in Figure 1). 

At the case, if the evaluation of resilience or robustness of the system  is performed during the time 
horizon , which is shorter than , and the throughput of the system  is , the system  is not 
resilient over the time horizon . There are two possibilities over : 

 the system  is under survival stress and reacts by permanent perturbation - a new reference 
state of the system  will be specified (for instance, ; see framework in Figure 1) 

 the system  is under lethal stress, i.e. the throughput  cannot be accepted - the system  
will be modified (for instance, the relevant airport equipment will be adjusted; see framework in 
Figure 1).  

It is only a simple example that illustrates the developed framework (see Figure 1). This example stresses 
the importance of the time horizon for evaluation of resilience or robustness of an ATM system.  

One decision-making chain corresponding to the framework is shown in Figure 2. The colors of arrows in 
Figure 2 are similar to the colors of the analogous blocks in Figure 1. 

 

Figure 2. Decision-making chain according to the framework illustrated in Figure 1 
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2.5 Importance of reference state 

As it is already indicated in the definitions 7 and 8, robustness and resilience of a system depend on its 
specified reference state. The specification of an actual reference state enables all five reactions and 
actions of the system on a disturbance, which are summarized in Figure 1. Hence, the system can be 
robust or resilient against the considered disturbance. 

 

Figure 3. Impact of realistic potential reference state 

However, if a realistic potential reference state is specified, the system cannot be robust against a 
disturbance, since the system is under stress at the moment of the specification (see Figure 3). 

 

Figure 4. Impact of nonrealistic potential reference state 

The specification of a nonrealistic potential reference state influences the system so that it cannot be 
robust or resilient against a disturbance, because it is under stress and cannot return back to this 
reference state (see Figure 4). 

The specification of a potential reference state, realistic or not, should be considered as a disturbance 
factor for the system. This disturbance causes stress and the system cannot be robust against such 
disturbance. However, it can be resilient against a realistic potential reference state. A nonrealistic 
potential reference state leads either to lethal stress or to survival stress with permanent perturbation 
and, as a consequence, either to modification of the system or to a new reference state. 
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2.6 Some ways to measure resilience and robustness 

As a qualitative measure of resilience can be proposed the comparison of time of deviation  with time 
of recovery , illustrated in Figures 5-7. The time of deviation with respect to its reference state is the 
duration, whilst the state of a system accumulates its maximal difference, taken on from the moment 
when the system abandons this state. Time of recovery is the duration a system needs to return from the 
maximal deviation state to the reference state. Hence, one can distinguish among:  

 high resilience - time of deviation is considerably longer than time of recovery: ≫ (Figure 5); 

 

Figure 5. High resilience of an ATM System against a disturbance 

 medium resilience - time of deviation and time of recovery are approximately equivalent:  
(Figure 6);  

 

Figure 6. Medium resilience of an ATM System against a disturbance 

 low resilience - time of deviation is considerably shorter than time of recovery: ≪ (Figure 7).  
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Figure 7. Low resilience of an ATM System against a disturbance 

The idea of this concept of measuring is originated in material testing [hoffman48]. Quantitative 
resilience can be measured as  

 degree of recovery in a specified time [hoffman48];  

 the overall time a system needs to return back to the reference state by transient perturbation.  

As quantitative measures of robustness can be  

 the maximal "amount" of a disturbance quantified by frequency, intensity and duration, which 
can be absorbed by a system, i.e. the system experiences no stress;  

 the minimal distance to the limits of robustness, where a system still not experiences stress, for a 
particular disturbance of some frequency, intensity and duration.  

Another qualitative and quantitative measure of resilience or robustness can be cost related when 
increasing resilience or robustness of a system. For instance, time buffers or expansion of the system 
with regards to integration of other transportation systems or the extension of resources could be 
introduced. All these procedures are inducing further costs. Other methods to measure resilience and 
robustness, different to the ones described above, could be defined according to the goals of 
stakeholders involved in the process.  

2.7 Structured approach for investigation of resilience and robustness 

As explained in the section 2.3, a robust behavior of a system means, that in case of an occurring 
disturbance its state remains within the boundaries of the specified reference state, which in general is 
given as a domain or as a set. In contrast to that, resilient behavior means that the state of the system 
crosses the boundaries of this domain or leaves this set for a particular period of time. Since resilience 
and robustness are depending on a defined reference state, a time horizon as well as a particular 
disturbance and are determined by the means of performance indicators, both properties can be 
investigated in the same manner. Taking into account all said above adherence to the following sequence 
is crucial when investigating resilience or robustness: 

1. Define and describe the system, one would like to investigate, and its boundary to the 
environment; 

2. Specify the scale and/or the level of hierarchy at which the system will be observed; 
3. Define the set of performance indicators describing a state of the system and the validity period 

of the set; 
4. Specify the reference state of the system by means of the defined set of performance indicators 

and the validity period of the reference state; 
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5. Indicate and classify disturbances, which impact on the described system one would like to 
investigate, by type (of effect), frequency, intensity and duration (keeping in mind that the scale 
in which the system is defined and observed is the most important factor determining the level of 
detail required in characterizing disturbances and their impact on the system); 

6. For each selected disturbance set the time horizon for investigation of resilience or robustness of 
the system against the disturbance.  

In order to obtain a more robust or more resilient system against a particular disturbance one has to: 

 investigate the system; 
 adapt resources, processes and the behavior of the system accordingly; 
 find potential alternative ways that lead to the same goal, which are as independent as possible.  

To perform this investigation a modelling approach (along with the real data) is needed, which can 
consider all relevant features of the system on one level of detail, but is realizable. A modeling approach 
will be proposed and considered in the next section. 
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3 MODELLING APPROACH 

3.1 Modelling approach of an ATM System 

In order to investigate resilience and robustness of an ATM System and to identify ways of their 
improvement, a modeling approach has to be formulated that on the one hand considers all relevant 
features of the system, but on the other hand, due to the fact that it is a first approach applying the new 
concept of resilience and robustness, it has to be realizable. Resilience and robustness of a socio-
technical system are formulated depending on changes of performance indicators after the occurrence of 
disturbances. The aim is to investigate resilience and robustness of a socio-technical ATM System. 
Regarding the increasing importance of collaborative decision making processes in the future ATM 
System, as proposed by SESAR [sesar09], the accordant modeling approach aims to emphasize the 
sociological dimension of the system. The goal is to draw conclusions how to improve the system in the 
range of decision making processes, making the system more robust or resilient against a particular 
disturbance. 

An ATM System, which among other things inherits the following properties 

 complex structures of components in space and time scales; 
 organization of patterns and processes by human with help of supporting tools; 
 dynamic, but insufficient flows of data and information; 
 hierarchical structure; 
 stochastic influences on system, 

will be divided into two dimensions. On the one hand, the stakeholders with the according systems and 
tools, subsequently denoted as , on the other hand, the physical movement of the aircraft - . 
The division into two parts is adopted from the modeling architecture of widely spread simulation tools 
like Simmod PRO! or AirTOp. As shown in Figure 8, the motion of the aircraft within the airspace can be 
abstracted as a result of decisions made by particular stakeholders in . The aircraft, in , is 
guided by a pilot, executing the decisions and being the central element combining both dimensions of 
the system. The motion of the aircraft not only depends on the decisions made in , but also on its 
particular performance characteristics. The resulting movement of the aircraft in  causes a reaction 
in , which itself again induces a decision-making process. 

 

Figure 8. Socio-technical view on an ATM System 
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To investigate resilience and robustness, a hierarchical structure of a selection of involved stakeholders 
was implemented in this modeling approach. The structure is adopted from the work in [bouarfa12] and 
represents the segmentation of the inherent stakeholder hierarchy. Superior to this structure, 
socioeconomic expectations of the society are formulated. The main stakeholders are resolved in a 
division level and an individual level successively. For reasons of clarity Figure 8 shows a selection of 
elements of the ATM System. The various levels of the hierarchical sociological structure in Dim1 are 
interconnected. When necessary, one can keep track of a decision made at a particular level by following 
the according lower level, revealing the interrelations in more detail. The interactions between the 
different stakeholders are depicted at the highest level exemplary. A simple example serves to illustrate 
the principle of the modeling approach. An aircraft delayed because of resource shortages during the 
turnaround process at the airport will receive a new slot by the air traffic flow manager. Ground- and 
runway controller are guiding the pilot till the ATC takes over. Because of weather disturbances, a sector 
controller might chose a trajectory different to the one originally planned (the red respectively blue 
dotted line in Figure 8). Any decisions occurring during this flight leg should be traceable in the 
hierarchical structure. 

With the help of this modeling approach, the implications of disturbances on the specified ATM System 
can be evaluated by means of performance indicators. Weak points in the procedures of the particular 
stakeholder shall be revealed. Provided that in future, a system wide information management [sesar09] 
is implemented and a commitment of the different participators to act collaboratively exists, the 
hierarchical structure should enable to draw conclusions how collaborative operations can be optimized. 
In the context of improving collaborative decision making processes, the modeling approach may reveal 
occurring problems at the particular level of a stakeholder system in . For instance, a thunderstorm 
causing heavy workload in a specific sector could be mitigated by a different operation procedure like 
proposed in the sectorless ATM Concept [birk10]. In Figure 8 this could affect the ANSP stakeholder at 
the second level. When investigating the system, besides the change of operational procedures, adaption 
of resources can diminish the effects of a disturbance. In our example with the delayed aircraft, a ground 
handler could be assigned with additional staff. That reflects in the third level of the airport stakeholder 
system.  

Besides new conceptual rules of operations or an according adaption of resources, this modeling 
approach enables to point out different solutions to achieve the same performance targets. For example, 
the integration of ground transportation systems like the railway can be investigated in order to analyze 
its potential to improve the performance of the whole system. In the hierarchical structure presented in 
Figure 8 this corresponds to the addition of new stakeholder system. 
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4 ORGANIZATIONAL STRUCTURE2 

 

In this section, organizational structures and interdependencies between the particular entities or 
stakeholders of the ATM system will be described according to their field of operation. Thus, the legal 
part of organizations will be unattended, focusing only on the operative part.  

In order to support the modelling approach described in Section 3, a process oriented view is being used 
to allow the implementation of a simplified current ATM system in a discrete event simulation 
environment. 

4.1 Working structure 

Elementary parts of the air transportation system are airports and sectors. The latter can be divided in 
several horizontal and vertical segments. Airports can also be subdivided in different elements. In this 
report, the depictions of the main elements of the ATM system follow the structure laid out in Deliverable 
2.2. There, a partition between airports and sectors is being introduced, analysing the impact of 
disturbances on a “macro” and on a “micro” level. The latter addresses the implications on an airport, 
whereas the term “macro” characterizes system wide effects in terms of delays in different sectors.  

Several stakeholders within the ATM system are responsible for carrying out tasks in both, airport and 
sector, providing the basis for the physical movement of an aircraft which is controlled by a pilot. To 
proceed along the flight plan, the pilot depends on the decisions made by the stakeholders, and serves as 
binding element between the sociological and physical dimension as described in the modelling approach.  

The particular tasks of each stakeholder will be addressed according to the spatial category or segment 
that was derived from the micro and macro perspective. Stakeholders will be depicted in a hierarchical 
manner up to the individual. The description of a task is being carried out in a more general way, 
providing an overview of the responsibilities of the particular stakeholder or individual. Furthermore the 
interdependencies between stakeholders are investigated with focus on the movement of the aircraft 
according to the undisturbed flight plan. Thus, this section does not aim to cover all existing tasks or 
procedures that are possibly being applied in any operational situation. As a basis for the description of 
the workflow between gate and gate, an undisturbed flight is assumed. Nevertheless, the view of the 
authors may reflect different levels of detail in both, spatial as well as functional, descriptions. This will be 
synchronized later in Task 4.1 respectively in Task 4.5.  

The aim in describing the tasks and roles according to each stakeholder is to allow setting the basis for 
an abstraction of the elements in Work package 4. By means of looking at both, the different flight legs 
and the turnaround and given the same level of detail, one is enabled to investigate the ATM system 
holistically by applying the developed performance based framework. 

4.2 Gate-to-gate perspective 

The goal of the Resilience2050 project is to investigate the implications of disturbances on the ATM 
system holistically. The given holistic approach encompasses all substantial operational flight phases on 
an abstracted view with a level of the same granularity.  

As described in Section 4.1, flight phases like taxi-out, takeoff, climb, cruise, descent, approach, final 
approach, landing and taxi-in will be considered with respect to the interactions between the different 
stakeholders. Furthermore the processes that take place during pre- and post flight, i.e. the preparation 

                                                

2 Based on [titan12], [icao01], [mensen04], [mensen07] 
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(or turnaround) of the aircraft for the next flight, will be considered as well. The turnaround process can 
be viewed as a connecting element between flights, involving various different stakeholders.  

During the preflight phase, stakeholders are involved in other elements of the flight as well. For example 
the calculation of a slot for takeoff, the Calculated Take Off Time CTOT, is given by the CFMU.  

Figure 9 visualizes the approach to investigate the interdependencies between stakeholders during a 
flight. As laid out before, it describes a flight from a gate-to-gate perspective, following spatial segments 
that are abstracted in order to be generally applicable. Two major blocks, the airport and the airspace are 
divided in different elements. Within the airspace block, sectors will be differentiated only between lower 
and upper airspaces, thus omitting regional flight information regions (FIR) or other airspace structures 
that are made by legal authorities. Along each spatial element in a block, processes and events are taking 
place, describing the functional interaction between the stakeholders.  

So, each spatial segment includes various stakeholders that are responsible for the particular procedures 
and do interact with other participants. Due to an overlapping in the spatial dimension, the terminal 
maneuvering area TMA will be assumed to be assigned to both, airport and airspace. From a gate-to-gate 
perspective a  starts at a source, the  where it has been prepared during the turnaround 
process. In the next step, it proceeds through the ground and airborne sections of a flight to a sink, the 

.  

It has to be stressed, that only undisturbed typical flights, which follow a given flight plan and pass 
through lower and upper airspace regions, are assumed. The particular elements which are connected to 
the source  are denoted accordingly. The aircraft follows along the chain of ground segments to 
the	 , finally reaching the first adjoining sector in the airspace block, as illustrated in Figure 9. This 
sector, in the lower airspace, is an element of a set of sectors of lower airspace. Depending on the flight 
plan, the route of the  is defined by waypoints which lead through various sectors. The route 
defines entry times, flight levels and speeds at sector borders. A set of sectors of lower airspace is 
passed till it reaches sectors of upper airspace. This is denoted by	 1, , . Here the first sector, for 

1 adjoins the  of the respective source . Sectors in the upper airspace are passed, till, 
after passing sectors in the lower airspace, the adjoining sector to the sink of  is reached. Again, the 
aircraft moves along the different spatial segments of the sink. Eventually the  ends with the 
begin of the turnaround process of the . In the following description, the gate serves as the 
spatial combining element, whereas the turnaround depicts the functional bridge between two flights.  
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Figure 9.  Visualization of “gate-to-gate” perspective 

 

4.3 Actors and roles 

In this section, five relevant major actors of the ATM system will be described up to an individual level. 
The main stakeholders within the ATM system can be listed as Air Traffic Control, Central Flow 
Management Unit or Network Manager Operations Centre, Aircraft Operators, Ground Handlers and 
Airport Operators. It has to be mentioned, that this contradicts the structure proposed in Figure 8 where 
the ground handler is assigned to the airport operator. There, a preliminary attempt to put actors in a 
hierarchical order was made. The final decision of the organizational structure will be made in Task 4.5. 

As described in the section above, a gate-to-gate perspective is being adopted to provide an overview of 
interdependencies between the different involved stakeholders. The particular operational functions will 
be described in their chronological classification in detail in Section 4.4.  

In this section, in order to present a first overview of the organizational structure, the particular 
functional roles as well as according resources are being presented in tabular form. This is done to 
provide a first compilation of all involved actors. It will be performed up to the level of an individual and 
will depict the according responsibilities as well. This procedure aims to lay out the basis for incorporating 
the desired level of detail in the simplified generic and holistic ATM model, which has to be implemented 
in Task 4.5. For reasons of simplicity, the five major stakeholders are assigned with a color coding. The 
tables are arranged in the same order as the spatial segments, introduced in Section 4.2. The list is 
based on the highly detailed description of the turnaround, made in [titan 12]. There, all elements and 
interactions of the turnaround process were described, which leads to a high amount of detail and data. 
It has to be stressed, that the level of detail in the following tabular compilation shows no homogenous 
nature. The summarization will be expanded during the further development in Task 4.1 and Task 4.5. It 
serves as a starting point to be able to provide the desired level of detail eventually. Furthermore, various 
processes or activities are being carried out that don´t follow the chronological order of the segments of 
the flight. This for instance affects the strategic or pre-tactical planning of the CFMU.  
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ACTOR MAIN ROLE(S)/ 

RESPONSIBILITY(IES) 

RESOURCE(S) / USED 
EQUIPMENT 

Organisation 
Unit 

Individual 

Aircraft operator AOC (Airline 
Operation Centre) 

Develop and plan trajectories 
(currently flight plans) 

Manage flight and cargo data (also 
meteorological data) 

Manage passenger data 

Staff, premises 

Maintenance staff Repair minor damages or faults 
reported. 

Assist start-up and push-back3 

Perform platform and aircraft check 
before push-back 

Staff 

Cabin crew Close aircraft doors 

Assist passenger boarding 

Locate safety equipment within the 
aircraft 

Restock seat belts, pockets 

Staff 

Cockpit crew/ Pilot Report on quantity of fuel to refuel 

Report on minor maintenance 
problems 

Perform the pre-flight visual check 

Sign the load and balance sheet 

Disconnect APU 

Ask for start-up  

Start-up engine 

Ask for push-back 

Manage flight information 

Staff 

Passenger agent  Check-in  

Board passengers  

Staff 

 

                                                

3 Those roles in blue are performed by different actors depending on local/national practices. They appear along this 
table in all the actors that may have such a responsibility. 

 - source 
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ACTOR MAIN ROLE(S)/ 

RESPONSIBILITY(IES) 

RESOURCE(S) / USED 
EQUIPMENT 

Organisation 
Unit 

Individual 

Aircraft operator 
(continuation) 

Passenger agent 
(continuation) 

Updates pax number and 
configuration  

Prepares pax list 

 

Ground handling Operation controller  Manage handling operations, flight 
data and passenger data  

staff 

Ramp agent Coordinate the different handling 
activities  

Assist start-up and push-back  

Perform apron/stand and aircraft 
check before push-back  

staff 

Cleaning agent Exchange of blankets/pillows  

Remove litter  

Wash smooth areas (arm rest, 
seats)  

Clean galleys and toilets 

staff. toilet service unit, 
water truck 

Catering agent Carry and deliver catering galleys to 
the aircraft  

Place catering into the aircraft  

Check with cabin crew catering 
items  

staff, catering truck, 
high lift transporter 
(unit load device) 

Baggage agent Baggage handling 

Sort and load the baggage into 
containers/carriages  

Tow the containers/carriages from 
the terminal to  the aircraft  

staff conveyor belt, 

Cargo agent Sort and load the cargo into 
containers/carriages  

Tow the containers/carriages from 
the cargo terminal to the aircraft   

Air waybill  

staff, trucks, unit load 
device 

Mail agent  Sort and load the mail into 
containers/carriages 

Tow the containers/carriages from 
the terminal to  the aircraft   

staff, trucks, unit load 
device 
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4 These roles are performed by different actors depending on particular circumstances. 

ACTOR MAIN ROLE(S)/ 

RESPONSIBILITY(IES) 

RESOURCE(S) / USED 
EQUIPMENT 

Organisation Unit Individual 

Ground handling 
(continuation) 

Equipment operator  Drive passenger bus*4 

Remove passenger stairs* 

Operate passenger bridge* 

Perform push back 

Close cargo door 

Provide baggage belt, and 
maintenance stairs 

Baggage/cargo/mail handling: 
loading to the aircraft (This is done 
by High loader and his team) 

Transfer of the aircraft crew 
between the terminal and the 
aircraft 

De-ice*  

staff, passenger 
jetway/stair, pushback 
truck (towmg tractor), 
passenger bus 

Fuel provider Refuel fuel truck 

Electric supply 
provider 

Power supply by GPU ground power unit 

Load controller Prepare and update load and 
balance sheet, and load instruction  

 

Flight Dispatcher Security check around aircraft 

Thumbs up 

 

Network Manager 
Operations 

Centre (CFMU) 

Network manager Slot allocation  

ANSP Local/ Tower 
controller 

  

Ground controller Clearance for Start-up 

Clearance for Push-back 

Taxi clearance 
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ACTOR MAIN ROLE(S)/ 

RESPONSIBILITY(IES) 

RESOURCE(S) / USED 
EQUIPMENT 

Organisation 
Unit 

Individual 

Airport operator Airport operator Update resources availability  

Updating data related to passenger 
(information from airport devices, 
e.g. cameras located to monitor 
passengers) 

 

De-icing staff De-ice* staff, sweeper blower, 
snow blower, gritting 
vehicle, de-icing 
vehicle, de-icing system 

Reduced Mobility 
assistant 

Assist disabled passenger*  

Met office Provide weather information reports 
and forecasting   

 

Apron controller* 
(or ground 
movement 
planner*) ramp 
control 

Controlling movement on apron  

 

Apron 

Lightning facilities 

Security personnel Passenger security control 

Baggage security control  
staff 

Duty Free Shop 
personnel 

Provide information about number 
and identity of passengers visiting it 
(first/last passenger of a particular 
flight)* 
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ACTOR MAIN ROLE(S)/ 

RESPONSIBILITY(IES) 

RESOURCE(S) / USED 
EQUIPMENT 

Organisation Unit Individual 

Aircraft operator Cockpit crew/ Pilot Taxiing to the next clearance limit 

Line-up 

Take-off 

 

Cabin crew   

ANSP Local/Tower 
controller 

Responsible for the movement of 
aircraft on runways and in the 
vicinity of the airport. 

Clearance for take-off  

Clearance for SID 

 

Ground controller Responsible for the surface 
movement of aircraft on the airport 

Responsible for taxiing* 

 

Airport Operator Apron controller* 
(or ground 
movement 
planner*) ramp 
control 

Controlling movement on apron  

Responsible for taxiing* 

Apron 

Lightning facilities 

 

  

/  



 D1.3 Defining resilience in ATM

 

Page 26 of 39 
 

 

 

ACTOR MAIN ROLE(S)/ 

RESPONSIBILITY(IES) 

RESOURCE(S) / USED 
EQUIPMENT 

Organisation Unit Individual 

Aircraft operator Cockpit crew/ Pilot Gear-up 

Autopilot on 

 

ANSP Local controller Responsible for guiding of an aircraft 
within the area of visibility 

 

ACC  DEP Taking over aircraft from local 
controller 

 

ACC/ lower 
airspace planner 

Responsible for providing all ATC 
services: 

Ensures separation 

Give clearances  

Fulfil the flight profile requested by 
the pilot in his initial flight plan 
[workload depending on traffic load, 
traffic mix , traffic behaviour (climb, 
decent, flyover)] 

 

ACC/ lower 
airspace executive 

Responsible for providing all ATC 
services 
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ACTOR MAIN ROLE(S)/ 

RESPONSIBILITY(IES) 

RESOURCE(S) / USED 
EQUIPMENT 

Organisation Unit Individual 

Aircraft operator Cockpit crew/ 
Pilot 

Change Heading To 

Climb To And Maintain 

Descend To And Maintain 

Resume RFL 

Maintain Speed 

Resume Normal Speed 

Proceed Direct To 

Proceed Back On Route 

 

 Network 
Manager 

Operations 
Centre (CFMU) 

Network 
Manager 

Negotiation with other interested 
actors when Demand Capacity 
Balancing Problem is detected 

strategic avoiding imbalances 
between capacity and demand for 
events taking place a week or more 
in the future (large-scale military 
exercises, major sports events, etc.)  

provide adequate capacity,  

rerouting traffic flows,  

scheduling or rescheduling flights  

pretactical producing the best 
possible ATFCM plan for operations 
on the following day in full 
collaboration with the Network 
Manager Operations Centre partners 
such as ATC and aircraft operators. 

rerouting of certain traffic flows 

modification: by routing or flight level 

tactical monitoring and updating the 
ATFCM plan made yesterday based 
on today’s reality 

Delay monitoring 

Load monitoring 

Modification: by sector planning 
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ACTOR MAIN ROLE(S)/ 

RESPONSIBILITY(IES) 

RESOURCE(S) / USED 
EQUIPMENT 

Organisation Unit Individual 

ANSP ACC/ lower 
airspace planner 

Responsible for providing all ATC 
services 

 

ACC/ lower 
airspace executive 

Responsible for providing all ATC 
services 

 

ACC/ upper 
airspace planner 

Responsible for providing all ATC 
services 

 

ACC/ upper 
airspace executive 

Responsible for providing all ATC 
services 
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ACTOR MAIN ROLE(S)/ 

RESPONSIBILITY(IES) 

RESOURCE(S) / USED 
EQUIPMENT 

Organisation Unit Individual 

Aircraft operator Cockpit crew/ 
Pilot 

Landing  

ANSP Local controller Responsible for guiding of an aircraft 
within the area of visibility 

 

ACC  ARR 
pickup planner 

Responsible for providing all ATC 
services 

 

ACC  ARR 
pickup executive 

Responsible for providing all ATC 
services 

 

ACC  ARR 
feeder planner 

Responsible for providing all ATC 
services 

 

ACC  ARR 
feeder executive 

Responsible for providing all ATC 
services 

 

ACC  ARR 
supervisor 

Responsible for providing all ATC 
services,  

initiates procedures to control the 
traffic flow i.e. bad weather or 
capacity shortage (is taking place in 
advance based on predictions) 
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ACTOR MAIN ROLE(S)/ 

RESPONSIBILITY(IES) 

RESOURCE(S) / USED 
EQUIPMENT 

Organisation Unit Individual 

Aircraft operator Cockpit crew/ 
Pilot 

Taxiing  

ANSP Local/Tower 
controller 

Responsible for the movement of 
aircraft on runways and in the 
vicinity of the airport. 

 

Ground controller Responsible for the surface 
movement of aircraft on the airport 

 

Airport Operator Marshallers and 
follow-me drivers 

Guide the aircraft to the stand 
allocated 

 

Apron controller Gives gate/stand  

 

  

/  
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ACTOR MAIN ROLE(S)/ 

RESPONSIBILITY(IES) 

RESOURCE(S) / USED 
EQUIPMENT 

Organisation Unit Individual 

Aircraft operator AOC (Airline 
Operation Centre) 

Manage flight and cargo data  

Manage passenger data 

 

Maintenance staff Repair minor damages or faults 
reported. 

 

Cabin crew Open aircraft doors 

Assist passenger deboarding 

 

Cockpit crew Report on minor maintenance 
problems 

Connect APU 

 

Pilot   

Ground handling Operation 
controller 

Manage handling operations, flight 
data and passenger data 

 

Ramp agent 
Coordinate the different handling 
activities  

Check availability of stand  

 

Catering agent Unload catering galleys from the 
aircraft   

 

Baggage agent Baggage handling 

Sort and load the baggage into 
containers/carriages  

Tow the containers/carriages to the 
terminal from the aircraft  

Place the baggage on the terminal 
belts  

 

Cargo agent Sort and load the cargo into 
containers/carriages  

Tow the containers/carriages to the 
cargo terminal from the aircraft 

 

 - sink 
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ACTOR MAIN ROLE(S)/ 

RESPONSIBILITY(IES) 

RESOURCE(S) / USED 
EQUIPMENT 

Organisation Unit Individual 

Ground handling 
(continuation) 

Equipment 
operator  

Drive passenger bus* 

Locate passenger stairs* 

Operate passenger bridge* 

Perform towing* 

Open cargo door 

Provide baggage belt, and 
maintenance stairs. 

Baggage/cargo/mail handling: 
unloading to/from the aircraft (This 
is done by High loader and his 
team) 

Transfer of the aircraft crew 
between the aircraft and the 
terminal  

 

Mail agent Sort and load the mail into 
containers/carriages 

Tow the containers/carriages to the 
terminal from the aircraft 

 

Airport Operator Airport operator Update resources availability  

Updating data related to passenger 
(information from airport devices, 
e.g. cameras located to monitor 
passengers)  

Inform passenger where to collect 
the luggage  

Stand allocation  

Gate allocation  

 

Apron controller* 
(or ground 
movement 
planner*) ramp 
control 

Gate allocation  

 

Follow me cars 

 

Security personnel Baggage (security) control*  
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4.4 Gate-to-gate workflow 

The depiction of interdependencies between the stakeholders and individuals, introduced in Section 4.3, 
in form of detailed workflows aims to facilitate the abstraction of modeling elements in Task 4.5. The 
workflow is being visualized in form of UML activity diagrams, considering all segments displayed in 
Figure 9. Here, distinct processes and events are described that are carried out by the different involved 
actors during a flight, from source to sink. The timeline is directed to the bottom. Rectangles represent 
the particular stakeholder whereas rounded-shaped rectangles represent processes. Lines with arrows 
are events. Events are primarily present during the conversation between the ANSP and the pilot. 

The presented workflow of each segment shows an undisturbed and general flight. Each involved 
stakeholder is depicted by the same color coding as in Section 4.3. The workflows will be expanded 
during the work in Task 4.1 and Task 4.5 in terms of a detailed description of the interactions between 
CFMU, Airport and ANSP. For example, the newly introduced approach of A-CDM, coming with the 
milestone procedure, has to be incorporated as well. Due to the amount of data and for reasons of 
simplicity, the turnaround process is omitted in the following diagrams. It can be found in [titan12]. 
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Figure 10. Gate-to-gate workflow (part 1) 

 

Figure 11. Gate-to-gate workflow (part 2) 
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Figure 12. Gate-to-gate workflow (part 3) 

  

Figure 13. Gate-to-gate workflow (part 4) 
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Figure 14.Gate-to-gate workflow (part 5) 

 

Figure 15. Gate-to-gate workflow (part 6) 
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5 SUMMARY 

In this report, a new definition of resilience in the ATM context was described. This definition differs from 
the commonly used and widely spread definition in ATM, which is safety related. Following a different, 
performance based perspective, here, resilience is defined as a property of the system. It characterizes 
the ability to spring back to it´s operational situation, prior to an occurring disturbance which influences 
the processes of the system. In this approach, presented in section 2, the behaviour of the system is 
formulated by means of a state based description. A reference state of the system depicts a distinct 
operational condition, which is derived from a specific perspective of stakeholders that expresses 
particular operational goals. When applied to the state based description of the system, these goals are 
formulated as a function of performance indicators. The deviation of a particular reference state over 
time and in magnitude, serves to measure resilience.  

To investigate the implications of disruptions in the ATM system and to propose appropriate measures to 
enhance resilience, a simplified generic model of the current ATM system will be developed in the project 
Resilience2050. In order to apply the methodology of measuring resilience, this report presents a 
corresponding modelling approach in Section 3. This approach reproduces the socio-technical character 
of the ATM system by introducing two dimensions, incorporating the human related processes and 
actions as well as the movement of the aircraft itself. The scope and scale of the system, as well as the 
magnitude of the disturbances, have to be determined before applying a disturbance on a distinct level of 
the implemented generic model.  

To cover all effects and implications, the simplified model depicts the system holistically. Here, a gate to 
gate perspective was chosen, constituting the turnaround process as the binding functional process 
between flights. The different actors and roles within the organizational structure of the ATM system 
were described in Section 4 of the report. This overview of involved stakeholders and their responsibilities 
and according resources, which is portrayed up to an individual level, serves as basis for the preparation 
of the modelling of the system in Work package 4. Besides that compilation, which is done tabular form, 
all actions, processes and interdependencies between the involved stakeholders were visualized in form 
of workflow diagrams, assuming an undisturbed flight. This work will be expanded during the on-going 
work and aims to support the implementation of the model in a discrete event simulation environment. 
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