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Abstract 

In the context of ATM, resilience has been defined as 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. Resilience is important for the complex 
socio-technical ATM system, where large numbers of interacting human operators and technical systems, 

functioning in different organisations at a variety of locations, must control air traffic safely and efficiently 
in the context of uncertainty and disturbances. The objective of the study presented in the current report 

is to improve the understanding of the contribution of the human role for achieving resilience in the 

current socio-technical ATM. This study is part of the Resilience2050 project. 

The research towards this objective is structured along the following steps. 

 Identify, cluster and characterise disturbances – A wide set of 459 disturbances in current ATM is 

identified. The disturbances are clustered at three abstraction levels and they are characterised with 

respect to frequency of occurrence. 
 Identify and characterise strategies – Ways of recognition of the disturbances and strategies for 

dealing with disturbances are identified. The strategies are analysed with respect to key 

characteristics concerning detection and interpretation of the disturbances, coordination about the 
strategy, level of human flexibility and strategy acquirement. The strategies of both air traffic 

controllers and airline pilots are clustered at three hierarchical levels.   

 Evaluate the effects of the strategies on ATM key performance areas – The effects of the strategies 
for dealing with disturbances on the key performance areas safety, capacity, environment and cost-

efficiency are characterised. These strategies are ranked by their effect on these key performance 

areas. The results show positive effects on safety of various strategies employed by pilots and 
controllers. The results show types of disturbances with prominent negative implications for capacity, 

environment and cost-efficiency.       

The broad overview of disturbances and human strategies for dealing with them provides a basis for the 

development of new design principles for resilient future ATM, as well as for detailed analysis of human 

contributions to new designs in the Resilience2050 project. In particular, the design principles should take 
well into account the positive role of human operators for safety in ATM, and they should try to find ways 

to minimize negative implications on other key performance areas of the prominent disturbances 
identified in this study. 
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1 INTRODUCTION 

1.1 Background: Resilience in ATM 

In recent years the concept of resilience has gained considerable interest in the air traffic management 

(ATM) domain. As described in (Folke, 2006; Francis, 2013), the origins of the resilience perspective stem 
from ecology in studies on the dynamics and interactions of prey and predator populations, and a core 

paper was published by Holling already in 1973 (Holling, 1973). In the early 1990s the resilience 

perspective for the analysis of ecosystems revived and was also extended to socio-ecological systems. In 
the 2006 literature overview of (Folke, 2006), resilience is defined as the capacity of a system to absorb 

disturbance and re-organize while undergoing change so as to still retain essentially the same function, 
structure, identity and feedback. In the context of ATM, resilience has been defined similarly as 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 

(Eurocontrol, 2009). The introduction of the resilience perspective in ATM has been supported by safety-

related research of Hollnagel and co-workers and their introduction of the Resilience Engineering 
research field (Hollnagel et al., 2008; Hollnagel, 2012; Macchi et al., 2011; Nemeth et al., 2009; Woltjer 

and Hollnagel, 2008; Woltjer, 2009).   

Resilience is important for the complex socio-technical ATM system, where large numbers of interacting 

human operators and technical systems, functioning in different organisations at a variety of locations, 

must control air traffic safely and efficiently in the context of uncertainty and disturbances (e.g. delays, 
weather, system malfunctioning). Due to this complexity, the effects and propagation of disturbances in 

the ATM system are difficult to predict in detail. Although procedures and regulations tend to specify 
working processes in ATM to a considerable extent, the flexibility and system oversight by human 

operators are essential for efficient and safe operations in normal and more rare conditions (Eurocontrol / 
FAA AP15 Safety, 2010). In other words, well-coordinated operations and actions of human operators are 

essential to maintain resilience in the complex ATM system. 

1.2 Resilience2050 project 

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 is carried 

out by an international consortium 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 main objectives of Resilience2050 are to analyse resilience in the current ATM socio-technical 

system, including evaluation of the human role and data-driven evaluation of the propagation of 

disturbances, to develop design rules for resilience in future ATM beyond SESAR (2050), and to provide a 
model-based analysis of resilience in such a future ATM concept.      

The project consists of the following work packages (Resilience2050 Consortium, 2012): 
 WP1: In search of resilience 

 WP2: Resilience analysis framework 

 WP3: Development of new design principles fostering safety, agility and resilience 

 WP4: Development and modelling of a new ATM system concept on a simplified level 

 WP5: Stress testing of the new concept 

 WP6: Communication and dissemination 

 WP7: Management  

http://www.innaxis.org/
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The technical work packages are divided in two blocks plus one work package bridging the two blocks. 
The first block (WP1, WP2) concentrates on the analysis of the resilience of the ATM current system. The 

second block (WP4, WP5) creates the future ATM concept focusing on productivity, safety and resilience. 
WP3 is the bridge between the present and the future system. 

The main objectives of the first block are to identify resilience metrics for the ATM system, including a 

quantitative assessment of those metrics, and to extract design guidelines that need to be followed to 
foster resilience in ATM. In WP1 a literature review is performed for resilience in different socio-technical 

and natural systems, an analysis is done into the roles that humans play for resilience in ATM, and 
definitions and metrics are provided for resilience in ATM. In addition to such analysis of the current ATM 

system, WP2 uses data mining methods to analyse various data sources with regard to the ways that the 

current ATM system handles disturbances in daily operations. 

WP3 develops design principles for future ATM architectures on the basis of the resilience and 

disturbance propagation analysis results obtained in WP1 and WP2. 

The second block develops in WP4 an ATM system concept applicable beyond 2050 on the basis of the 

design principles developed in WP3. Furthermore, WP4 develops models of the new ATM concept to 
analyse its performance with respect to productivity and resilience. WP5 develops stress tests for future 

ATM concepts, transforms them into appropriate scenarios and evaluates them by simulation of the 

developed model. The model development and evaluation are done in an iterative manner, thus enabling 
a learning cycle. 

1.3 Objective and context of Task 1.2 

This report describes the research performed in Task 1.2 “Analysis of the human role for resilience in 
ATM” of WP1 of the Resilience2050 project.  

The objective of Task 1.2 is to perform a qualitative analysis on the contribution of human operators for 
achieving resilience in the current socio-technical ATM system. This analysis aims to study the 
performance of human operators in the face of a wide list of normal and rarer disturbances in current 
ATM operations, so as to attain insight into the roles that humans play in attenuating the effect of 
disturbances, as well as into situations that are difficult to control by humans. 

Task 1.2 has the following interdependencies with other tasks (Resilience2050 Consortium, 2012).  

 It receives input from Task 1.1 “Analysis of resilience in manmade and natural systems”. In this task 

a literature review is done on resilience in ecological, socio-ecological and socio-economic systems 

(Francis, 2013). This provides a basis for arguing in Task 1.2 about the human role for resilience in 
ATM. 

 It provides output to Task 1.3 “Defining resilience in the context of ATM”. In this task an overview is 

created of the socio-technical organisation of current ATM, definitions and metrics for resilience in 
ATM are developed, and a set of internal and external disturbances of the ATM system is identified. 

The analysis of the roles of human operators in dealing with a wide list of disturbances of Task 1.2 

supports the description of the ATM organisation and the identification of disturbances in Task 1.3. 

 It provides output to Task 4.4 “Considering the human role in the balanced concept”. In this task, the 

roles of humans in the socio-technical system of the future ATM concept are evaluated with regard to 

their contributions to resilience. This is done from a multi-agent perspective, which considers the 
performance and interactions of human operators while dealing with disturbances in the 

organisational context of the new concept. The analysis of the human role for resilience in current 

ATM in Task 1.2 supports the development of the multi-agent perspective in Task 4.4.   
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1.4 Research approach 

The overall objective of the current study is to understand the human role for resilience in ATM by 
qualitative characterisation of the human role in dealing with a wide set of disturbances that may occur in 
ATM. The research approach towards this objective is structured along the following steps. 

 Identify, cluster and characterise disturbances – A wide set of disturbances in ATM is identified. The 

disturbances are clustered at various abstraction levels and they are characterised with respect to 
frequency of occurrence. 

 Identify and characterise strategies – Ways of recognition of the disturbances and strategies for 

dealing with disturbances are identified. The strategies of pilots and controllers to deal with the 

disturbance are presented and they are characterised with respect to a number of features.  
 Evaluate the effects of the strategies on ATM KPAs – The effects of the strategies on the key 

performance areas safety, capacity, environment and cost-efficiency are characterised. The strategies 

are ranked by their effect on these key performance areas, thus providing a list of the most 
important human strategies to keep ATM resilient.  

The analysis performed in this study builds upon the following sources for a set of disturbances in ATM 

and for feedback of air traffic controllers and airline pilots on dealing with disturbances.   

 In the SESAR WP-E project Mathematical Approach towards Resilience Engineering in ATM (MAREA) 

a wide set of disturbances in current ATM was identified and interviews were conducted with five air 

traffic controllers and two airline pilots about detection of and reaction to disturbances (Stroeve et 
al., 2011). The set of disturbances provided a basis for the development of mathematical models in 

MAREA. The interviews provided a background for the model development, but they were not 
systematically analysed in MAREA. 

 As part of Task 1.2 of the Resilience2050 project, a 2-day workshop was organized by DHMI, ITU 

and NLR with the objective to discuss the role of air traffic controllers and airline pilots in dealing with 

disturbances. The workshop was attended by eight controllers from DHMI and two captain pilots 
from Turkish Airlines, who discussed a variety of disturbances, with respect to their frequency of 

occurrence and the strategy of controllers and pilots to deal with them.  

Details about the research methods are provided in subsequent sections. 

1.5 Structure of the document 

The remainder of this document is structured in the following manner. 

 Section 2 provides a wide list of disturbances in ATM, a clustering of these disturbances at three 

hierarchical levels, and an assessment of the frequency of occurrence of the disturbances. 

 Section 3 describes the identification and characterisation of human strategies to deal with the 

identified disturbances. 
 Section 4 provides an overview of the effects of the strategies on ATM key performance areas, 

including a ranking that highlights the most important strategies in relation to these effects.   

 Section 5 presents the conclusions of this research. 

 Appendix A provides the complete list of disturbances. 

 Appendix B provides the clustering of the disturbances. 

 Appendix C provides the details on the disturbances, strategies and effects of strategies.    

1.6 Acronyms and abbreviations 

A-SMGCS Advanced Surface Movement Guidance and Control System 
ADS(-B) Automatic Dependent Surveillance (Broadcast) 

AIP Aeronautical Information Publication 
AIS Aeronautical Information Services 
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AP Action Plan 
ASAS Airborne Separation Assurance System 

ATC Air Traffic Control 
ATCo Air Traffic Controller 

ATIS Automatic Terminal Information Service 

ATM Air Traffic Management 
CAT Category 

CB Cumulonimbus 
CDA Continuous Descent Approach 

CFMU Central Flow Management Unit 

CPDLC Controller–pilot data link communications 
DME Distance Measuring Equipment 

EC European Commission 
FAA Federal Aviation Administration 

FAB Functional Airspace Block 
FMC Flight Management Computer 

FMS Flight Management System 

ft feet 
GPS Global Positioning System 

HMI Human Machine Interface 
IAS Indicated Airspeed 

ICAO International Civil Aviation Organization 

IFR Instrument Flight Rules 
ILS Instrument Landing System 

KPA Key Performance Area 
kts Knots 

MA Missed Approach 
MAREA Mathematical Approach to Resilience Engineering in ATM 

METAR format for reporting weather information 

MLAT Multilateration 
n.a. Not applicable 

NE NLR Expert 
NLR National Aerospace Laboratory 

NM Nautical Mile 

NOTAM Notice to Airmen 
PIREP Pilot Report 

R/T Radio/Telephony 
RFL Requested Flight Level 

RTO Rejected Take-Off 

RVSM Reduced Vertical Separation Minima 
SATCOM Satellite Communication 

SESAR Single European Sky ATM Research 
SID Standard Instrument Departure 

SIGMET Significant Meteorological Information 
STAR Standard Terminal Arrival Route 

STCA Short Term Conflict Alert 

TCAS Traffic Collision Avoidance System  
TMA Terminal Control Area 

TODA Take-Off Distance Available 
VHF Very High Frequency 

VFR Visual Flight Rules 

VMC Visual Meteorological Conditions 
VOLMET meteorological information for aircraft in flight 

WP Work Package 
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2 Disturbances in ATM operations 

2.1 Introduction 

A key notion in resilience is the term ‘disturbance’, as resilience is the capability of a system to effectively 

respond/reorganize following one or multiple disturbances. In (Francis, 2013), a disturbance is defined as 
an event that is (potentially) detrimental to one or more components or processes within a system. 

Specific instances of disturbances depend on the system context, e.g. in ecological systems a disturbance 

usually refers to something that leads to loss of biomass. In ATM, a disturbance somehow perturbs its 
operations and thereby may affect the performance in key performance areas in ATM, such as safety, 

capacity, environment and cost-efficiency. In ATM there exists a wide variety of types of disturbances, 
which reflects the complexity of the ATM sociotechnical system. Examples of types of disturbances in 

ATM include adverse weather conditions, problems with technical systems in the aircraft or on the 
ground, misunderstandings between human operators, misunderstanding of data, and complex traffic 

relations, to name a few.  

In this chapter a list of disturbances in ATM is presented in Section 2.2, these disturbances are clustered 
using three levels of abstraction in Section 2.3, and an assessment of the frequency of occurrence in ATM 

is presented in Section 2.4. 

2.2 Identification of disturbances 

A disturbance in ATM somehow perturbs its operations and thereby may affect the performance in ATM 

KPAs. As a basis for the analysis of the human role for resilience in ATM, there is a need for a wide list of 
disturbances that may perturb its operations and thereby require actions from human operators.  

For the analysis in this report we adopt a wide list of disturbances, which have been identified in (Stroeve 
et al., 2011). This list is based upon a broad variety of events, conditions and circumstances that may 

occur in current and future ATM operations. These events, conditions and circumstances have been 

identified during brainstorm sessions with pilots, controllers and other experts, as part of a large number 
of ATM safety assessment studies. These brainstorm sessions were organized according to the guidelines 

of (De Jong, 2004). Key rules of these brainstorm guidelines are to identify as many as possible events, 
conditions and circumstances that may potentially have a negative effect on safety, and to refrain from 

any criticism and/or analysis during the brainstorm. As result of these ‘pure brainstorming’ guidelines a 

wide variety of events, conditions and circumstances that may occur during ATM operations have been 
identified, which have not been analysed or restricted to situations that affect safety only. Therefore, 

such brainstorming sessions have resulted in a wide variety of disturbances that may perturb ATM 
operations and thereby possibly influence ATM KPAs, including safety, capacity, environment and cost-

efficiency. For example, an identified disturbance may be ‘group of passengers arriving late at the gate’, 
and the resulting delay may lead to more stress on the pilots from a safety perspective, and to an 

increase in costs due to accumulated delays from a cost perspective. 

The adopted list of disturbances contains 525 items, which cover a wide range of subjects including 
technical systems in aircraft and in the ATC system, performance of pilots and controllers, communication 

and coordination in ATM operations, weather, traffic relations, etc. Some examples of disturbances are 
provided below; the complete list is shown in Appendix A. 

Some examples of disturbances related to technical systems are: 

 Degradation of the brake system of an aircraft; 

 Trajectory disappears from FMS; 

 Radar is not working; 

 Flight plans of ATC system and FMS differ; 

 Different coding of curves by different suppliers of flight management systems; 
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 Blind spots in radar coverage. 

It can be recognized that these examples reflect different types of technical system disturbances. The 
first three are temporary and typically sudden failure conditions. The fourth example is an inconsistency 

between air and ground systems, which is typically temporary for (part of) a flight. The last two examples 
reflect disturbances that are typically enduring and which may be considered as part of normal 

operations. 

Some examples of disturbances related to human operators are: 
 Pilots report wrong position; 

 Pilot mixes up different types of ATC clearances; 

 Controller corrects wrong aircraft; 

 Controller switches wrong stopbar off; 

 Pilot is fatigued; 

 Complacency of a controller. 

The first four disturbances may be considered as erroneous events. Fatigue and complacency in the last 

two examples are conditions that may be enduring for longer times. 

Some examples of disturbances related to communication and coordination are: 

 Failure in frequency changes between subsequent air traffic controllers; 

 Pilot reads back erroneously; 

 Controller and pilot communicate in a foreign language rather than English; 

 Lack of suitable R/T phraseology. 

The first two disturbances may be considered as erroneous events. The third disturbance may be 
considered as temporary event, but also as a part of a cultural attitude. The fourth disturbance is an 

enduring condition, which may become manifest in particular situations. 

Some examples of disturbances related to traffic relations are: 
 Speed differences between aircraft in a sequence; 

 Emergency flight; 

 Unknown flying objects, e.g. weather balloons, leisure balloons, paragliders. 

The first disturbance is a typically occurring situation, which may be considered as normal variation in 

traffic streams. The latter two disturbances are sudden events.  

Some examples of disturbances related to weather are: 

 Reduced visibility; 

 Runway is more slippery due to rain, snow, icing; 

 Wind influences expected time of arrival. 

These disturbances typically are temporarily occurring conditions. 

The above examples indicate that a wide variety of disturbances has been identified. The disturbances 
may be related to various components in the ATM socio-technical system (human operators, technical 

systems) and to interactions between the components. The disturbances include ATM external influences, 
such as weather and other flying objects. The disturbances may be sudden and temporary events, or 

they may reflect enduring normal variations in the operations. For this broad scope of disturbances, we 
want to know how human operators in the ATM system deal with them and how their strategies may 

contribute to resilience of ATM performance. 

2.3 Clustering of disturbances 

The collection of disturbances describes a wide variety of events and conditions that may occur in air 

transport operations. As a starting point for the analysis of the human role to resilience in ATM, these 
disturbances are clustered. In this way the set of disturbances is structured and the number of types of 

disturbances that needs to be evaluated is reduced.   
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The clustering process describes the disturbances at three hierarchical levels of abstraction and forms 
subsets of disturbances on these hierarchical levels: 

 Low-level: detailed description of a disturbance; 

 Mid-level: an aggregation of a number of related low-level disturbances; 

 High-level: a generic principle of a group of mid-level types of disturbances. 

Disturbances are clustered with regard to similarity of the source of the disturbance, such as disturbances 
due to particular technical systems, disturbances resulting from particular human operators, or 

disturbances arising in particular processes. For example, high-level disturbance clusters include 

“Aircraft/navigation technical systems”, “Controller pilot communication”, “Controller working context”, 
“Pilot performance”, and “Weather”. The high-level cluster “Aircraft/navigation technical systems” 

contains mid-level disturbance clusters such as “Accuracy of FMS routing” and “Instrument landing 
system”, and the latter cluster includes specific low-level disturbances, such as “Wrong localizer 

frequency of the instrument landing system”, “Technical ILS failure” and “Failure to capture or track the 

precision approach lateral or vertical guidance”. The details of the three-level clustering of disturbances 
are shown in Appendix B. 

A summary of the results of the clustering is provided in Table 1. The total set of disturbances contains 
525 items. A number of 66 disturbances are out of the scope of current ATM, since they refer to future 

operations and/or future technical systems, or to security issues. The remaining 459 disturbances have 
been clustered into 18 high-level disturbance categories and in 149 mid-level disturbance categories. The 

mid-level disturbance categories contain in the range of 1 to 16 low-level disturbances. In about half of 

the disturbances (229 out of 459), pilots or air traffic controllers somehow may contribute to the 
existence of the disturbance, e.g. misconceptions of human operators, or errors in task performance. The 

other half of the disturbances are not somehow the resultant of the performance of pilots and controllers.  

Table 1. Summary of the results of the clustering of disturbances. The column ‘High-level’ 

shows the high-level category. The column ‘Mid-level’ shows the mid-level categories within 

a high-level category. The column ‘Size’ shows the number of low-level disturbances in each 
mid-level category. The column ‘Pilot/ATCo contribution’ shows the number of low-level 

disturbances which may be due to contributions of pilots or controllers.   

High-level Mid-level Size 
Pilot/ATCo 

contribution 

Aircraft/navigation 
technical systems 

Accuracy of FMS routing 2 0 

Aircraft equipment level 1 0 

Cockpit display 2 0 

Conflict resolution advisory system 3 2 

Error in FMS routing 2 0 

False/nuisance alert 1 0 

FMS failure/delay 4 0 

Fuselage 1 0 

Generic airborne systems 3 0 

Instrument landing system 5 1 

Landing gear 4 0 

Positioning system 7 1 

Powerplant  1 0 

Total 36 4 

Airport infrastructure & Aircraft ground movement 4 4 
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operations Airport configuration 4 4 

Airport design 3 0 

Approach / runway lights 2 0 

Approach and landing 5 5 

Bird strike 1 0 

Fire brigade 1 0 

Maintenance work / obstacle 2 0 

No ATC 1 0 

Runway blocked or contaminated 4 1 

Vehicle movement 3 1 

Total 30 15 

Airspace 

Airspace availability 2 0 

Airspace design 2 0 

Change in airspace availability 2 0 

Total 6 0 

ATC coordination 

Conflict / emergency 1 1 

Coordination military operations 8 4 

Coordination overload 1 1 

Different procedures / algorithms at ATC centres 3 0 

Error / delay 2 2 

Language & cultural differences at ATC centres 2 0 

Planning & tactical 3 3 

Shift change 1 1 

Traffic handover 5 5 

Traffic level 2 0 

Total 28 17 

ATC system 

Aircraft identification 3 0 

Alert not properly provided 4 0 

ATIS 3 0 

False/nuisance alert 3 0 

Flight plan 7 0 

General system outage 1 0 

Human machine interface 4 0 

Non-adaptable system mode 1 0 

Radar 6 0 

Strips 3 0 

Surveillance data distortion & delays 8 0 

System controller interaction 5 5 

Track problem 6 0 

Transponder problem 3 2 

Total 57 7 
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Controller performance 

Allowance to deviate from normal procedure 2 2 

Erroneous data entry 3 3 

Improper system use 2 2 

Mode selection 1 1 

Monitoring 2 2 

No checking 1 1 

Professional attitude 4 4 

System not effectively used 2 2 

Wrong / late decision 2 2 

Wrong or missing message 4 4 

Total 23 23 

Controller pilot 

communication 

Aircraft identity 7 7 

Communication system 8 1 

No suitable phraseology 1 0 

Non-standard / poor R/T 6 6 

R/T misunderstanding 4 4 

R/T overload 3 1 

VHF frequency selection 6 6 

Total 35 25 

Controller situation 

awareness 

Aircraft capability 3 3 

Aircraft identity 3 3 

Aircraft intent 3 3 

Aircraft mode 2 2 

Aircraft state 5 5 

Airspace separation mode 1 1 

Alert interpretation 6 6 

Contradictory information 1 0 

Detection & interpretation of traffic situation 4 4 

Infrastructure & system functionality 9 9 

Reading error 1 1 

System trust 2 2 

Total 40 39 

Controller working 

context 

Aircraft identity 2 0 

Automation 3 0 

Controller incapacitation 2 1 

Distraction 1 0 

Evacuation 1 0 

False failure report 1 1 

Organisation & workforce 7 2 

Training & experience 5 0 

Workload 5 0 

Total 27 4 
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Delay 
Delay 3 0 

Total 3 0 

Flight performance 

Aircraft performance limitation 3 3 

Extreme movements 1 1 

Fuel shortage 1 1 

Uncommanded movements 2 1 

Wrong direction 1 1 

Total 8 7 

Maintenance 

No proper repair 3 0 

No regular check 2 0 

Total 5 0 

Pilot performance 

ATC instruction/clearance 16 16 

Cockpit crew coordination 3 3 

Data entry 4 4 

Deviation from normal procedures 7 7 

Late reaction 2 2 

Monitoring 2 2 

Position & intent reporting 5 5 

Wake vortex reaction 1 1 

Wrong / uncertain decision 3 3 

Total 43 43 

Pilot situation awareness 

Alert interpretation 4 4 

Controller situation 2 2 

Crew difference 1 1 

Detection & interpretation of traffic situation 4 3 

Event detection 1 1 

Routing 5 5 

Rules and procedures 4 4 

Runway choice 2 2 

System degradation 2 2 

System mode 1 1 

System trust 6 6 

Total 32 31 

Pilot working context 

Cultural differences 3 1 

Distraction 1 0 

Interaction with technical system 3 0 

Pilot incapacitation 4 4 

Safety culture 1 0 

Training 2 0 

Workload / information load 4 2 

Total 18 7 

Rules and procedures Changes in procedures 3 0 
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Differences between procedures 4 0 

No suitable procedure available 3 0 

Procedure not tested 1 0 

Procedure restricts operational flexibility 1 0 

Unclear / difficult procedures 6 2 

Wrong procedure design 1 0 

Total 19 2 

Traffic relations 

Aircraft speed differences 5 2 

Complex operations 3 0 

Conflict propagation 2 2 

Emergencies 3 1 

Other flying objects 1 0 

Traffic density 5 0 

Traffic mix 1 0 

Wake vortex separation 4 0 

Total 24 5 

Weather 

Darkness 1 0 

Icing of wings 1 0 

Lightning 1 0 

Low visibility 6 0 

Pilot performance 2 0 

Technical systems 1 0 

Turbulence 1 0 

Weather info 5 0 

Wind 5 0 

Winter conditions at airport 2 0 

Total 25 0 

Overall total 459 229 

2.4 Frequency of disturbances 

As a basis to discuss the effect of disturbances in ATM, it is desired to have a basic understanding about 
the frequency of their occurrence. For this purpose, the following four frequency classes are defined, 

which take as a basis the probability of occurrence of the disturbance per flight for commercial fixed-wing 
aviation in Europe: 

 Very Rare – probability is less than 1E-06 per flight (
6

0 10
fl

P


  ); 

 Rare – probability is between 1E-06 and 1E-04 per flight (
6 4

10 10
fl

P
 
  ); 

 Occasionally – probability is between 1E-04 and 1E-02 per flight (
4 2

10 10
fl

P
 
  ); 

 Regular – probability is more than 1E-02 per flight (
2

10 1
fl

P

  ). 

 

This definition per flight can be transformed to other denominators. For instance, for an airport with 
300,000 flights per year, these probability levels roughly imply: 
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 Very Rare – less than 3 times per 10 years; 

 Rare – Between 3 times per 10 years and 30 times per year; 

 Occasionally – Between 30 times per year and 4 times per day; 

 Regular – More than 4 times per day. 

It is noted that for prolonged disturbances the number of affected flights is leading. For instance, if there 
are snow conditions 10 days per year and these conditions have impact on 3% of the yearly flights, then 

this disturbance is considered to be Regular, since the probability per flight is more than 0.01. 
 

Using these categories, frequencies were assessed for each of the mid-level disturbance categories 

described in Section 2.3. This frequency assessment was based upon expert opinions expressed during 
the Resilience2050 workshop about the human role in resilience, results of interviews in (Stroeve et al., 

2011), results in the literature, and judgements by the NLR safety experts. One or multiple frequency 
categories were selected for each mid-level disturbance. Multiple frequency categories were chosen for 

cases where the underlying low-level disturbances clearly apply to different frequency categories. It is 
noted that the frequency assessment is quite rough, since specific contextual factors, which may have a 

considerable influence on the frequency of the disturbance, have not been taken into account in this 

assessment.  

The resulting frequency classes and explanations of the assessment are documented in detail in Appendix 

C. An overview of the distributions of the frequency classes and some examples are specified in Table 2. 
It follows from the table that the whole pallet of the frequency categories applies to the disturbances. 

This indicates that the disturbances do not only consider situations that are quite rare, but on the 

contrary, they include a large number of situations that occur quite frequently during operations.  

 

Table 2. Use of the frequency categories for mid-level disturbances. The column ‘Single’ 
notifies cases where the frequency category is applied uniquely. The column ‘Multiple’ 

notifies cases where the frequency category is part of a range of frequency categories.    

Frequency 

category 

Number of mid-
level disturbances Examples (single category) 

Single Multiple 

Very rare 
 

9 14 

General system outage 
 Power or system outages (e.g. radar) affecting several ATC 

centres 

Evacuation 
 Evacuation of ATC centre (e.g. fire alarm) 

Fuselage 
 Degradation of aircraft structure 

Rare 

 
31 30 

Error in FMS routing  
 Wrong waypoints in database, e.g. due to update of flight 

management system software, errors in database, 
outdated database 

 Discrepancy between issued flight plan and outdated plan 

 in FMS 

Runway choice 
 Pilots line up on a runway with insufficient declared 

distance available 

 Pilots (intend to) use wrong runway 

Occasionally 33 36 

Wrong / late decision 
 Controller makes wrong decision while interpretation of 

information is correct 
 Controller assigns a (parallel) runway at a late stage 

Changes in procedures 
 Change in ATC procedures leads to confusion by pilots 

 Change of ATC procedures leads to more errors in 

controller’s performance 
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 Change of ATC procedures affects fluency of controller’s 

performance 

Regular 36 16 

Accuracy of FMS routing 
 Different coding of curves by different suppliers of flight 

management systems 

 Data integrity of coordinates is different for different 

suppliers of flight management system software (one 
airline may fly more accurately than another) 

Workload / information load 
 Large workload of crew 

 Pilots do not react to controller call due to high workload 

 Sudden switch from a low workload to a high workload 

 A pilot may lose interest when flight information updates 

(e.g. ATIS) are uploaded too frequently 
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3 Identification and characterisation of human strategies 

3.1 Introduction 

Resilience of the ATM sociotechnical system denotes its intrinsic ability to adjust in the face of 

disturbances, such that its operations can be sustained. Analysis of the human role for resilience in ATM 
considers the way that human operators, which play key roles in the ATM socio-technical system, can 

recognize and react to disturbances. Here, the human role needs to be considered in the context of the 

overall ATM sociotechnical system, including interaction and coordination between human operators and 
technical systems in the air and on the ground. Specifically, we consider that key characteristics of 

human strategies for dealing with disturbances in ATM are: 

 Which human operator or technical system may detect a disturbance first? 

 How is a common ground established, i.e. which kinds of communication/coordination actions are 

done to achieve a common understanding of the disturbance and its effect on the operation?   

 What strategy coordination is done, i.e. what kinds of communication/coordination actions are done 

in the strategy to deal with the disturbance? 
 What is the level of human flexibility in the strategy, i.e. is it a standard strategy or does it require a 

lot of human creativity? 

 How has the strategy been acquired by controller and pilots, e.g. by training or experience? 

In this chapter, Section 3.2 describes the methods for identification and characterisation of strategies. 

Section 3.3 provides the main results of the strategy identification and clustering. Section 3.4 describes 
the results of the strategy characterisation. Details of the identification and characterisation of human 

strategies are presented in Appendix C.   

3.2 Approach taken in identification and characterisation of strategies 

Identification of strategies for dealing with the disturbances have been achieved  by the Resilience2050 

workshop on the human role, on the basis of results of the MAREA interviews (Stroeve et al., 2011), 
published results in the literature, and judgements by NLR safety experts. In the Resilience2050 

workshop, mid-level disturbances and the associated low-level elements were presented by a moderator 
and projected on a screen for everybody to see. The participating controllers and pilots were asked to 

explain how they would detect the occurrence of the disturbance, and to explain their strategy to deal 

with the disturbance. The responses were typed on screen for all to follow. After the workshop, minutes 
of the meeting, describing all answers, were distributed and corrected by the participants. In the MAREA 

interviews, a selection of low-level disturbances were discussed with controllers and pilots, following 
some questions about detection and reaction to each disturbance.  

On the basis of these inputs, we describe the detection and the way to deal with each mid-level 

disturbance. As these descriptions can be quite detailed we identify for each strategy one or a few key 
strategy elements, which describe its main aspects as a way towards further analysis. Subsequently, 

these key strategy elements form the basis for a clustering process at three hierarchical levels of 
abstraction: 

 Low-level: detailed description of a strategy, which is the identified key strategy element; 

 Mid-level: an aggregation of a number of related low-level strategies; 

 High-level: a generic principle of a group of mid-level strategies. 

   

In addition to the identification and clustering of strategies, the strategy for dealing with each mid-level 

disturbance is characterised by classifying the following aspects: 

 First detection of disturbance – Which human operator or which technical system may detect the 

disturbance first? One or several of the following may apply: 



 
D1.2 The human contribution 

 

Page 21 of 302 

 

o Controller – A controller may detect the disturbance first.  
o Pilot – A pilot may detect the disturbance first. 
o System notification/alert – A system notification or alert may be the origin of the detection of 

the disturbance. 
o Other – Another origin of the first detection, e.g. an airport operator, a cabin crew member, 

a meteorologist, etc. 
 Establish common ground – Which kinds of communication/coordination actions are done to achieve 

a common understanding of the disturbance and its effect on the operation? One or several of the 

following may apply: 
o No – No actions to achieve common ground. 

o Local-Ground – Common ground between air traffic controllers (including executive and 

planning controllers, and supervisor) at a local control facility (tower, control room).  
o Global-Ground – Common ground between air traffic controllers at different control facilities. 

o Local-Air – Common ground of the cockpit crew (and possibly also the cabin crew) 
o Global-Air – Common ground of the cockpit crew during flight with others in the airline 

organisation, e.g. Airline Operations Centre. 
o Ground-Air – Common ground between air traffic controller and cockpit crew. 

o Org-Ground – Common ground at the level of the ANSP organisation, e.g. Safety Manager, 

operational concept developers, technicians, … 
o Org-Air – Common ground at the level of the Airline organisation, e.g. Safety Manager, 

Airline Operations Centre, … 
o Other – Common ground with e.g. maintenance, meteo, airport personnel, fire brigade, … 

 Strategy coordination – What kinds of communication/coordination actions are done in the strategy 

to deal with the disturbance? One or several of the following may apply: 

o No 
o Local-Ground – Coordination between air traffic controllers (including executive and planning 

controllers, and supervisor) at a local control facility (tower, control room).  
o Global-Ground – Coordination between air traffic controllers at different control facilities. 

o Local-Air – Coordination of the cockpit crew (and possibly also the cabin crew) 
o Global-Air – Coordination of the cockpit crew during flight with others in the airline 

organisation, e.g. Airline Operations Centre. 

o Ground-Air – Coordination between air traffic controller and cockpit crew. 
o Org-Ground – Coordination at the level of the ANSP organisation, e.g. Safety Manager, 

operational concept developers, technicians, … 
o Org-Air – Coordination at the level of the Airline organisation, e.g. Safety Manager, Airline 

Operations Centre, … 

o Other – Coordination with e.g. maintenance, meteo, airport personnel, fire brigade, … 
 Level of human flexibility in strategy – What is the level of human flexibility in the strategy? One of 

the following may apply:  

o Low – The human has been trained for the situation and the disturbance occurs “regularly” 
such that the strategy can be easily performed, e.g. by following checklists. 

o Medium – The strategy has been trained and the human has experience with it, but the 
strategy depends on the circumstances. This requires the human to be flexible. 

o High – The human has not been trained for this disturbance and the strategy has to be 

“developed” on the spot. The human does not have much real-time experience with the 
situation. The strategy very much depends on circumstances. 

 Strategy acquirement ATCo – In what way has the strategy been acquired by a controller? One or 

several of the following may apply:  
o Training – The controller strategy has been acquired via training (basic / recurrent / special).  

o Experience – The controller strategy has been acquired via practical experience. 

o Creativity – The controller strategy is based upon creativity. 
o n.a. (not applicable) – Strategy acquirement of the controller is not applicable for the 

disturbance considered.   
 Strategy acquirement pilot - In what way has the strategy been acquired by a pilot? One or several of 

the following may apply: 

o Training – The pilot strategy has been acquired via training (basic / recurrent / special).  
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o Experience – The pilot strategy has been acquired via practical experience. 
o Creativity – The pilot strategy is based upon creativity. 

o n.a. (not applicable) – Strategy acquirement of the pilot is not applicable for the disturbance 
considered.   

3.3 Overview of strategy identification and clustering results 

In this section an overview is provided of the range of strategies that controllers and pilots apply for 
dealing with disturbances in ATM. The strategies for dealing with disturbances are described in detail in 

Appendix C.  

Table 3 shows the strategies that are used by air traffic controllers and the numbers of mid-level 

disturbances to which these strategies are applied. The strategies are gathered at three hierarchical 

levels, where the high-level strategy clusters are: 
 Adapt to context – describing strategies to deal with differences between airlines, large workload, 

and situations lacking procedures; 

 ANSP organisational task – describing tasks within the ANPS organisation such as reporting of 

problems, safety management and training;  
 ATC-pilot interaction – describing all kinds of communication actions between controllers and pilots, 

such as providing instructions and information, or requesting information; 

 Configuration management – describing management of airspace or airport configurations, for 

instance in reaction to weather conditions;  

 Coordination & information provision – describing coordination actions between controllers as well as 

with other entities (e.g., airline, vehicle driver);  
 React to non-nominal situations – describing the application of contingency and emergency 

procedures; and 

 Tactical control cycle – describing planning, monitoring, and interventions during tactical control as 

strategies to deal with disturbances.    

It follows from Table 3 that strategies in the high-level clusters ATC-pilot interaction, Tactical control 

cycle, ANSP organisational task, and Coordination & information provision are applied to the largest 
numbers of mid-level disturbance clusters. Largest mid-level strategy clusters are Provide instructions to 

pilots, Provide information to pilots, and Coordination with controller. 

Table 3. Strategies of air traffic controllers for dealing with disturbances. The strategies are 
clustered at three hierarchical levels. The numbers indicate the number of mid-level 

disturbance categories to which the strategy is applied. 

High-level 
strategy 

# 
Mid-level 
strategy 

# Low-level strategy # 

Adapt to context 23 

Adapt to 
differences 

between airlines 

6 

Adapt to cultural differences 1 

Anticipate differences between airlines 2 

Extra control of flights of particular 
airlines. 

2 

Speak slowly in R/T with particular 

airlines. 
1 

Improvisation 3 
Deal in a flexible and professional way 

with the situation lacking proper 

procedures. 

3 

Workload 

management 
14 

Adjust system setting. 1 

Assessment of operator functional state 
by controllers or supervisor. 

1 

Try to reduce the source of distraction. 1 

Use necessary R/T only. 6 
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Workload management. 5 

ANSP 

organisational 

task 

42 

Inform pilots 5 Publish NOTAM 5 

Management 1 Develop new procedure. 1 

Reporting problems 

to organisation 
18 

Inform technicians. 8 

Report design problems to the 
management. 

5 

Report inappropriate procedure. 1 

Report problem in the ATC organisation. 2 

Report system failure 2 

Safety 
management 

2 
Fatigue risk management programme. 1 

Safety culture improvement programme. 1 

Training and 

experience 
16 

Additional training. 12 

Building up experience for the new 

situation. 
1 

Develop ways of working to deal with 
non-optimal design. 

2 

Training of contingency situations. 1 

ATC-pilot 

interaction 
68 

Coordinate with 

pilots 
3 

Coordinate with pilots. 
3 

Provide information 
to pilots 

25 

Communicate in ordinary English. 1 

Explain traffic context. 4 

Inform pilots by R/T. 10 

Inform pilots in order to increase their 

situation awareness 
1 

Inform pilots of the weather conditions. 2 

Inform pilots on correct mode. 1 

Inform pilots on routes and procedures. 5 

Warn aircraft about an observed flying 

object. 
1 

Provide instructions 

to pilots 
31 

Adapt instruction following feedback from 

pilots. 
1 

Control aircraft around cumulonimbus 
clouds. 

2 

Correct pilots in case of large deviations. 4 

Effective use of readback. 3 

Instruct to expedite operation. 1 

Instruct to go around. 3 

Instruct to reject takeoff. 1 

Provide additional route and speed 

instructions. 
11 

Stop taxiing aircraft. 1 

Warn for runway incursion. 2 

Split up clearance. 2 

Request 

information from 
pilots 

9 

Ask pilot for confirmation. 2 

Ask pilot to check transponder. 1 

Ask pilot to confirm flight plan. 1 

Ask pilot to report condition. 3 

Ask pilots to report position. 2 

Configuration 

management 
16 

Manage airport 

configuration 
5 

Change of runway configuration. 1 

Close runway. 3 

Reduce airport capacity. 1 

Manage airspace 6 Close airspace. 2 
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configuration Redistribute traffic. 1 

Restrict air traffic flow. 1 

Split sectors. 2 

React to 
environmental 

condition 

5 

Change in ATC due to sudden weather 

change. 
1 

Follow procedures for operations during 

darkness. 
1 

Send bird control. 1 

Use low visibility procedures. 2 

Coordination & 
information 

provision 

35 

Coordination with 

controller 
25 

Ask other controller to contact aircraft. 2 

Briefing at the start of a shift. 1 

Coordinate with other controllers. 17 

Coordination between controller and 
supervisor. 

5 

Coordination with 

others 
5 

Coordinate with airline. 1 

Coordinate with AIS. 1 

Coordinate with CFMU. 2 

Coordinate with military ATC. 1 

Provide information 5 

Broadcast information on ATIS. 2 

Inform vehicle drivers by R/T. 1 

Update ATIS. 1 

Update weather information. 1 

React to non-
nominal situations 

20 

Apply contingency 

procedures 
9 

Apply contingency procedures. 1 

Apply non-radar procedures. 3 

Change R/T frequency. 1 

Use alternative R/T frequency. 2 

Use alternative system. 1 

Use back-up strips. 1 

Follow emergency 
procedures 

11 
Follow emergency procedures. 8 

Inform fire brigade. 3 

Tactical control 

cycle 
62 

Apply separation 
criteria 

2 
Allow deviations within limits. 1 

Apply wake vortex separation criteria. 1 

Error correction 7 
Correct mistake. 4 

Correction by other controllers. 3 

Evaluation of 
information 

11 
Continuous evaluation of information 
from various sources. 

11 

Monitoring of traffic 15 
Extra monitoring of aircraft. 9 

Frequent monitoring. 1 

Monitor route conformance of flights. 5 

Planning of traffic 11 

Account for de-icing in the control of 

flights. 
2 

Adapt route. 5 

Give priority to flight. 4 

Pro-active control 7 

Anticipate on differences in performance 

between aircraft. 
1 

Avoid instructions for sudden 
movements. 

1 

Use margins for variance in performance 

between aircraft. 
2 

Use safety margins for complex 

situations. 
3 

Tactical solution 9 Abort operation 2 
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Divert aircraft. 5 

Give priority to TCAS RA. 1 

Hold aircraft. 1 

 

Table 4 shows the strategies that are used by airline pilots and the numbers of mid-level disturbances to 
which these strategies are applied. The strategies are gathered at three hierarchical levels, where the 

high-level strategy clusters are: 
 Adapt to context – describing strategies to deal with large workload, and situations lacking 

procedures; 

 Airline organisational task – describing tasks within the airline organisation such as reporting of 

problems, safety management and training;  

 ATC-pilot interaction – describing all kinds of communication actions between controllers and pilots, 

such as providing instructions and information, or requesting information; 
 Coordination & information provision – describing coordination and information provision actions 

within the crew as well as with some other entities (e.g., other aircraft, passengers);  

 Flight control – describing planning, monitoring and control during flight by the pilots; 

 React to environment – describing strategies to deal with weather conditions; and 

 React to non-nominal situations – describing the application of contingency and emergency 

procedures.    

It follows from Table 4 that strategies in the high-level clusters ATC-pilot interaction, Flight control, and 

React to non-nominal situation are applied to the largest numbers of mid-level disturbances. Largest mid-
level strategy clusters are Provide information to ATC, Request information from ATC, and Evaluation of 

Information. 

Table 4. Strategies of airline pilots for dealing with disturbances. The strategies are 
clustered at three hierarchical levels. The numbers indicate the number of mid-level 

disturbance categories to which the strategy is applied.    

High-level 
strategy 

# 
Mid-level 
strategy 

# Low-level strategy # 

Adapt to context 17 

Improvisation 3 
Deal in a flexible and professional way 

with the situation lacking proper 
procedures. 

3 

Workload 

management 
14 

Prevent/destroy insects and small 
animals in the aircraft. 

1 

Use necessary R/T only. 9 
Workload management. 4 

Airline 

organisational 

task 

21 

Management 
 

2 
Develop new procedure. 1 
Schedule effectively coordinating crews. 1 

Reporting problems 

to organisation 
5 

Report design problems to the 
management. 

1 

Report inappropriate procedure. 1 
Report incident. 1 
Report system failure. 2 

Safety 
management 

4 

Fatigue risk management programme. 1 
Procedures for alcohol, drugs and 
medication. 

1 

Safety culture improvement programme. 2 

Training and 
experience 

10 
Additional training. 8 
Crew resource management training. 1 
Report training problems to the training 1 
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department. 

ATC-pilot 

interaction 
68 

Coordination with 

ATC 
4 

Ask for priority. 1 
Coordinate with ATC about deviation 
from normal procedure. 

2 

Coordinate with ATC about traffic 

conflict. 
1 

Follow ATC 
instructions 

17 

Effective use of readback. 3 
Follow ATC route and speed 
instructions. 

13 

Reduce speed. 1 

Provide information 
to ATC 

26 

Correct information provided to ATC. 1 
Inform ATC about position and intent. 1 
Inform ATC about the inconsistency. 6 
Inform ATC about the status. 15 
Inform ATC by R/T 3 

Request 
information from 

ATC 

21 

Ask controller for clarification on 
procedures. 

4 

Ask controller for clarification on the 

routing. 
1 

Ask controller for confirmation. 10 
Cross-check with ATC. 2 
Request ATC guidance 4 

Coordination & 
information 

provision 

11 

Crew resource 
management 

8 
Crew resource management. 

8 

Provide information 
to others 

2 
Inform passengers about extreme 
movements. 

2 

Request 

information from 
others 

1 
Ask other aircraft for the correct 

frequency. 1 

Flight control 39 

Deal with 
(potential) conflicts 

3 
Give priority to TCAS RA. 1 
See and avoid. 2 

Evaluation of 

information 
19 

Continuous evaluation of information 

from various sources. 
13 

Cross-check status with independent 

sources. 
3 

Use TCAS display to monitor nearby 
aircraft. 

3 

Flight planning 6 

Adapt flight plan. 2 
Normal flight planning. 1 
Read about procedures (NOTAM, airline 
memos). 

3 

Follow operating 

procedures 
4 

Land or go-around according to 

procedure. 
3 

Use visual flight rules. 1 
Make corrections 2 Correct setting. 2 

Pro-active control 5 
Avoid extreme movements. 1 
Check fuel 2 
More careful manoeuvring. 2 

React to 

environment 
9 

Adapt operation 4 

Adapt flight respecting sudden weather 
change. 

1 

Adapt flight respecting wind conditions. 1 
Avoid cumulonimbus clouds. 2 

Use applicable 5 De-icing of the wings. 2 
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procedures Follow procedures for operations during 
darkness. 

1 

Use low visibility procedures. 2 

React to non-

nominal situation 
34 

Adapt operation 11 

Abort operation 1 
Adapt takeoff at second stage. 1 
Missed approach. 3 
Reduce weight and return 1 
Reject takeoff. 4 
Reduce weight before landing 1 

Follow (upset) 
recovery 

procedures 

14 
Check damage. 4 
Follow procedures for system failures. 9 
Follow upset recovery procedures. 1 

Follow emergency 

procedures 
2 

Declare emergency short on fuel 1 
Follow emergency procedures. 1 

Use fall-back 
solution 

7 

Change R/T frequency 1 
Communicate in ordinary English. 1 
Revert to conventional navigation. 2 
Use alternative R/T frequency. 2 
Use alternative system. 1 

 

Table 5 and Table 6 show the distribution of the application of the mid-level and high-level strategies by 
controllers and pilots, respectively, in relation with the frequencies of the disturbances. It follows from 

these tables that the large majority of strategies are applied for disturbances that occur with the 

frequency categories Occasionally or Regular, meaning that they are applied more than once every 
10,000 flights. 

Table 5. Frequencies of medium-level strategies of air traffic controllers for dealing with 
disturbances.      

High-level 
strategy 

Mid-level strategy 
Frequency 

Very Rare Rare Occasionally Regular 

Adapt to context 

Adapt to differences between 

airlines 
0 0 0 6 

Improvisation 0 3 0 0 

Workload management 0 1 4 9 

Total 0 4 4 15 

ANSP 

organisational 
task 

Inform pilots 0 1 3 1 

Management 0 1 0 0 

Reporting problems to 

organisation 
1 4 8 5 

Safety management 0 1 1 0 

Training and experience 2 7 3 4 

Total 3 14 15 10 

ATC-pilot 
interaction 

Coordinate with pilots 0 0 2 1 

Provide information to pilots 1 5 7 12 

Provide instructions to pilots 1 6 15 9 

Request information from 

pilots 
0 1 5 3 

Total 2 12 29 25 

Configuration 
management 

Manage airport configuration 1 1 1 2 

Manage airspace 2 2 1 1 
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configuration 

React to environmental 

condition 
0 0 1 4 

Total 3 3 3 7 

Coordination & 
information 

provision 

Coordination with controller 1 8 10 6 

Coordination with others 1 1 3 0 

Provide information 0 1 1 3 

Total 2 10 14 9 

React to non-
nominal situations 

Apply contingency 
procedures 

2 3 2 2 

Follow emergency 

procedures 
2 4 4 1 

Total 4 7 6 3 

Tactical control 
cycle 

Apply separation criteria 0 0 0 2 

Error correction 0 2 3 2 

Evaluation of information 0 1 8 2 

Monitoring of traffic 0 1 11 3 

Planning of traffic 0 5 1 5 

Pro-active control 0 1 2 4 

Tactical solution 1 3 4 1 

Total 1 13 29 19 

Overall total 15 63 100 88 

 

Table 6. Frequencies of medium-level strategies of airline pilots for dealing with 

disturbances.      

High-level 

strategy 
Mid-level strategy 

Frequencies 

Very Rare Rare Occasionally Regular 

Adapt to context 

Improvisation 0 3 0 0 

Workload management 0 0 3 11 

Total 0 3 3 11 

Airline 

organisational 
task 

Management 0 1 0 1 

Reporting problems to 

organisation 
0 4 0 1 

Safety management 0 0 0 4 

Training and experience 0 2 1 7 

Total 0 7 1 13 

ATC-pilot 

interaction 

Coordination with ATC 0 2 1 1 

Follow ATC instructions 1 3 2 11 

Provide information to ATC 1 3 15 7 

Request information from 
ATC 

0 4 9 8 

Total 2 12 27 27 

Coordination & 
information 

provision 

Crew resource management 0 0 2 6 

Provide information to others 0 0 1 1 

Request information from 

others 
0 0 0 1 

Total 0 0 3 8 

Flight control 
Deal with (potential) conflicts 0 1 2 0 

Evaluation of information 0 2 8 9 



 
D1.2 The human contribution 

 

Page 29 of 302 

 

Flight planning 0 1 4 1 

Follow operating procedures 1 0 3 0 

Make corrections 0 0 2 0 

Pro-active control 0 1 2 2 

Total 1 5 21 12 

React to 
environment 

Adapt operation 0 0 2 2 

Use applicable procedures 0 0 0 5 

Total 0 0 2 7 

React to non-

nominal situation 

Adapt operation 0 6 5 0 

Follow (upset) recovery 
procedures 

1 6 7 0 

Follow emergency 

procedures 
0 2 0 0 

Use fall-back solution 1 3 1 2 

Total 2 17 13 2 

Overall total 5 44 70 80 

3.4 Overview of strategy characterisation results 

As explained in Section 3.2, each strategy for dealing with a mid-level disturbance is characterized with 

respect to:  
 First detection of disturbance - Which human operator or which technical system may detect the 

disturbance first?  

 Establish common ground – Which kinds of communication/coordination actions are done to achieve 

a common understanding of the disturbance and its effect on the operation? 

 Strategy coordination – What kinds of communication/coordination actions are done in the strategy 

to deal with the disturbance?  
 Level of human flexibility in strategy – What is the level of human flexibility in the strategy? 

 Strategy acquirement ATCo – In what way has the strategy been acquired by a controller? 

 Strategy acquirement pilot - In what way has the strategy been acquired by a pilot? 

The details of the characterisation of all mid-level disturbances are provided in Appendix C. Table 7 

provides a summarizing overview of the characteristics of the strategies. The characteristics are shown 
for each frequency category of the disturbance. In cases where ranges of frequencies apply to a mid-

level disturbance, the highest frequency category has been counted only. 

Table 7. Overview of the characteristics of the strategies. 

Item 

Number of mid-level disturbances counted 

per frequency category 
Total 

Very rare Rare Occasionally Regular Number Perc. 

Number of disturbances 

 9 35 53 52 149 100% 

First detection of disturbance 

Controller 8 30 40 44 122 81.9% 

Pilot 3 23 38 42 106 71.1% 

System notification/alert 2 10 12 4 28 18.8% 

Other 5 9 7 11 32 21.5% 

Establish common ground 

No 0 0 0 0 0 0% 

Local-Ground 5 24 30 23 82 55.0% 

Global-Ground 0 7 12 6 25 16.8% 

Local-Air 1 17 36 35 89 59.7% 
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Global-Air 0 4 1 2 7 4.7% 

Ground-Air 4 20 33 34 91 61.1% 

Org-Ground 3 8 6 8 25 16.8% 

Org-Air 0 4 1 2 7 4.7% 

Other 1 6 5 6 18 12.1% 

Strategy coordination 

No 0 0 0 0 0 0% 

Local-Ground 5 25 33 25 88 59.1% 

Global-Ground 4 12 13 7 36 24.2% 

Local-Air 2 15 28 24 69 46.3% 

Global-Air 0 3 0 3 6 4.0% 

Ground-Air 7 23 40 38 108 72.5% 

Org-Ground 3 11 9 10 33 22.1% 

Org-Air 0 8 4 8 20 13.4% 

Other 4 8 16 7 35 23.5% 

Level of human flexibility in strategy 

Low 1 8 15 23 47 31.5% 

Medium 4 16 34 25 79 53.0% 

High 4 11 4 4 23 15.4% 

Strategy acquirement ATCo 

Training 6 26 37 36 105 70.5% 

Experience 4 13 23 23 63 42.3% 

Creativity 2 9 2 3 16 10.7% 

Strategy acquirement pilot 

Training 4 19 30 36 89 59.7% 

Experience 0 9 17 25 51 34.2% 

Creativity 1 5 2 2 10 6.7% 

It follows from Table 7 that a disturbance can be detected first by a controller in 82% of the disturbances 

and in 71% of the disturbances it can be detected first by a pilot. To a smaller extent, the disturbances 
can be detected first by a system (19%), e.g. via an alert function, or by another means than 

controller/pilot/system (22%). As follows from the sum largely exceeding 100%, there are many 
disturbances that can be detected first by multiple entities, depending on the specific circumstances.   

Following the detection of a disturbance, it follows from Table 7 that there is always some kind of 

communication or coordination between involved actors as a way to achieve a common understanding of 
the disturbance and its effect on the operation (‘Establish common ground’). Such common ground is 

established to a large extent by interaction between pilot and controller (61%), by interaction between 
controllers at a local facility (55%) and by interaction of the aircraft crew (60%). To a lesser extent 

establishing a common ground is achieved by interaction between controllers at different control facilities 

(17%), by interaction at the ANSP organisation (17%), by interaction with others in the airline during 
flight (5%), by interaction within the airline at an organisational level (5%), or by other types of 

interactions (12%).  

In line with the results for establishing common ground about the disturbance, coordination about the 

strategy is achieved to a large extent by interaction between pilot and controller (73%), by interaction 

between controllers at a local facility (59%), and by interaction of the aircraft crew (46%). To a lesser 
extent the strategy is coordinated by interaction between controllers at different control facilities (24%), 

by interaction at the ANSP organisation (22%), by interaction with others in the airline during flight (4%), 
by interaction within the airline at an organisational level (13%), or by other types of interactions (24%). 

The level of human flexibility in the strategy, i.e. the extent to which the human has to go beyond 
standard proceduralized solutions and the strategy depends on specific contextual conditions, is 

characterized as low for 32% of the strategies for dealing with disturbances, as medium in 53% of the 

strategies and as high for 15% of the strategies.  
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Finally, Table 7 indicates that the acquirement of the strategies is to a considerable extent based on 
training and experience for both controllers and pilots, and to a lesser extent based on creativity. As 

such, it seems that the flexibility in the performance of pilots and controllers is rooted to a large extent in 
training and experience.   
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4 Effects of strategies on key performance areas 

4.1 Introduction 

Strategies to deal with disturbances in ATM can have varying and potentially contradictory effects for 

different key performance areas. ICAO Doc 9883 defines 11 key performance areas for the ATM system. 
In line with the High-Level Goals of the Single European Sky and the SESAR Master Plan (SESAR Joint 

Undertaking, 2012), we focus our analysis on the key performance areas safety, capacity, environment 

and cost-efficiency.  
 Safety - Safety is the highest priority in aviation, and ATM plays an important part in ensuring overall 

aviation safety. Uniform safety standards and risk and safety management practices should be 

applied systematically to the ATM system. In implementing elements of the global aviation system, 
safety needs to be assessed against appropriate criteria and in accordance with appropriate and 

globally standardized safety management processes and practices. 
 Capacity - The global ATM system should exploit the inherent capacity to meet airspace user 

demands at peak times and locations while minimizing restrictions on traffic flow. To respond to 

future growth, capacity must increase, along with corresponding increases in efficiency, flexibility and 

predictability, while ensuring that there are no adverse impacts on safety and giving due 
consideration to the environment. The ATM system must be resilient to service disruption and the 

resulting temporary loss of capacity. 
 Environment - The ATM system should contribute to the protection of the environment by 

considering noise, gaseous emissions and other environmental issues in the implementation and 

operation of the global ATM system. 

 Cost-efficiency - The ATM system should be cost-effective, while balancing the varied interests of the 

ATM community. The cost of service to airspace users should always be considered when evaluating 
any proposal to improve ATM service quality or performance. ICAO policies and principles regarding 

user charges should be followed. 

In this chapter, Section 4.2 outlines the approach taken to evaluate the effects of the strategies on these 

key performance areas, and to find a ranking for them. Section 4.3 gives a summary of the results, which 
are based upon detailed evaluations in Appendix C. 

4.2 Approach taken in evaluation of effects of strategies  

Effects of the strategy on the key performance areas safety, capacity, environment and costs have been 
evaluated by NLR experts. For each of these key performance areas a qualitative assessment on a five 

point scale is used: Large negative, Small negative, Negligible, Small positive, and Large positive. The 

meaning of these terms for the respective key performance areas is as follows: 

 Safety 

o Large negative – The probability of an accident or incident is increased considerably (more 

than a factor 2) as result of the strategy.  
o Small negative – The probability of an accident or incident is increased slightly as result of 

the strategy.  
o Negligible – The change in the probability of an accident or incident after application of the 

strategy is negligible.  

o Small positive – The probability of an accident or incident is decreased slightly as result of 
the strategy. 

o Large positive – The probability of an accident or incident is decreased considerably (more 
than a factor 2) as result of the strategy. 

 Capacity 

o Large negative – Capacity of airspace or airport is reduced considerably (more than 30%) or 

for a significant time (more than several hours). 
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o Small negative – Capacity of airspace or airport is reduced to a small extent for a short 
duration. Typically a few flights are affected by the strategy. 

o Negligible – The strategy hardly has any effect on capacity. 
o Small positive – Capacity of airspace or airport is increased to a small extent for a short 

duration. Typically a few flights are affected by the strategy. 

o Large positive – Capacity of airspace or airport is increased considerably (more than 30%) or 
for a significant time (more than several hours). 

 Environment 

o Large negative – In case the strategy results in diversions for many aircraft that imply 
additional fuel burnt (emissions) or additional noise due to aircraft flying longer at lower 

altitudes. 

o Small negative – In case one or a few aircraft have to fly additional miles, or have to fly 
longer at lower altitudes. 

o Negligible – The strategy hardly has any effect on the environment. 
o Small positive – One or a few aircraft fly a shorter route, or have a reduced noise impact. 

o Large positive – Many aircraft fly shorter routes, or have a reduced noise impact. 
 Cost-efficiency 

o Large negative – The strategy results in large additional costs for the airline(s) or the 

ANSP(s) due to e.g. longer flight times, delays etc. for many aircraft. 

o Small negative – The strategy results in small additional costs for the airline(s) or the 
ANSP(s) due to e.g. longer flight times, delays etc. for a few aircraft. 

o Negligible – The strategy hardly has any effect on the total costs for the airline(s) or 
ANSP(s). 

o Small positive – The strategy results in small cost savings for the airline(s) or the ANSP(s) 

due to e.g. shorter flight times, for a few aircraft. 
o Large positive – The strategy results in large cost savings for the airline(s) or the ANSP(s) 

due to e.g. shorter flight times, for many aircraft. 

For each of the four key performance areas, rankings are made with regard to positive or negative 

contributions of the strategies for dealing with the disturbances, according to the mapping in Table 8. 
This mapping consists of a straightforward mapping of the combination of frequency and effect size to a 

ranking, such that the most frequent disturbances with the largest effects on a key performance area 

rank highest. 

Table 8. Definition of a ranking for the combination of frequency and size of effects of 

strategies on key performance areas. 

Ranking Frequency category Effect category 

Pos1  Regular Large positive 

Pos2  Regular Small positive 

Pos3  Occasionally Large positive 

Pos4  Occasionally Small positive 

Pos5  Rare Large positive 

Pos6  Rare Small positive 

Pos7  Very rare Large positive 

Pos8  Very rare Small positive 

Negligible (N) 
Regular / Occasionally /  

Rare / Very rare 
Negligible 

Neg1 Regular Large negative 

Neg2 Regular Small negative 

Neg3 Occasionally Large negative 

Neg4 Occasionally Small negative 

Neg5 Rare Large negative 

Neg6 Rare Small negative 

Neg7 Very rare Large negative 

Neg8 Very rare Small negative 
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4.3 Overview of strategy effect evaluation results 

The evaluation of the effect of the strategy for each of the mid-level disturbances is described in detail in 

Appendix C. A summary of the evaluation is shown in Table 9.  

It can be observed that none of the strategies for dealing with the disturbances is assessed to have a 
negative effect on the safety of the operations. This is in line with the high priority of safety in aviation. 

For the strategies it has been assessed that 30% can have a large positive effect on the reduction of the 
accident risk, 50% a small positive effect and 21% a negligible effect. These assessments are rough 

indications of the safety effect, as they often consider various low-level disturbances and they do not 
take into account specific contextual conditions, which influence the safety effect of strategies.       

The summed effects of the strategies on capacity, environment and cost-efficiency are quite similar to 

each other. None of the strategies for dealing with the disturbances have a large positive effect on 
capacity, environment or costs. A small improvement due to the strategy is attained in about 4% to 8% 

of the disturbances. In about 64% to 69% of the cases, the effects are negligible. A small negative effect 
is achieved in about 17% to 22% of the disturbances. A large negative effect is achieved in about 7% to 

9% of the disturbances.  

Table 9. Overview of the effects of the strategies on key performance areas. 

Effect category 

Number of mid-level disturbances counted 

per frequency category 

Total 

Very rare Rare Occasionally Regular Number Perc. 

Safety 

Large negative 0 0 0 0 0 0.0% 

Small negative 0 0 0 0 0 0.0% 

Negligible 4 5 8 14 31 20.8% 

Small positive 1 16 30 27 74 49.7% 

Large positive 4 14 15 11 44 29.5% 

Capacity 

Large negative 3 2 3 6 14 9.4% 

Small negative 2 9 9 6 26 17.4% 

Negligible 4 20 38 35 97 65.1% 

Small positive 0 4 3 5 12 8.1% 

Large positive 0 0 0 0 0 0.0% 

Environment 

Large negative 3 2 2 3 10 6.7% 

Small negative 3 10 12 6 31 20.8% 

Negligible 3 21 36 42 102 68.5% 

Small positive 0 2 3 1 6 4.0% 

Large positive 0 0 0 0 0 0.0% 

Cost-efficiency 

Large negative 3 2 2 5 12 8.1% 

Small negative 3 11 12 7 33 22.1% 

Negligible 3 19 36 38 96 64.4% 

Small positive 0 3 3 2 8 5.4% 

Large positive 0 0 0 0 0 0.0% 

More detailed accounts of the effects of the strategies for dealing with the disturbances are obtained 

from two perspectives: 

 Rankings for the KPAs per mid-level disturbances (Table 10); 

 Rankings for the KPA per mid-level strategy for the air traffic controller (Table 11) and for the airline 

pilot (Table 12).   
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Table 10 shows the KPA rankings of the strategies for dealing with the complete list of mid-level 
disturbances. The following observations can be made with regard to the implications of dealing with the 

disturbances for each of the high-level disturbance categories: 

 Aircraft/navigation technical systems – These disturbances mostly do not occur frequently or the 

effect of the strategy is considered negligible, such that the KPA rankings are limited. The largest 

effect is due to the occurrence of false or nuisance alerts, which may have a negative effect on 

environment and costs for the flight considered. 
 Airport infrastructure & operations – These disturbances mostly do not occur frequently or the effect 

of the strategy is considered negligible, such that the KPA rankings are limited. The largest effect is 

due to the occurrence of maintenance work, where strategies to inform pilots have positive safety 
effects.  

 Airspace – These disturbances mostly do not occur frequently or the effect of the strategy is 

considered negligible, such that the KPA rankings are limited. Strategies to deal with airspace design 

problem may have the largest effect. 
 ATC coordination – These disturbances mostly do not occur frequently or the effect of the strategy is 

considered negligible, such that the KPA rankings are limited. 

 ATC system – These disturbances mostly do not occur frequently or the effect of the strategy is 

considered negligible, such that the KPA rankings are limited. The largest effects may be attained for 
strategies towards updating ATIS data and for improving system controller interaction, given the 

regular occurrence of the related disturbances and the expected small safety improvements. 
 Controller performance – Disturbances related to controller performance typically refer to some kind 

of error in the performance. The strategies are directed to detecting and correcting these errors, e.g. 

by own detection, via interaction with pilots, or via coordination with other controllers. Such detection 

and correction mechanisms have important safety effects for regularly occurring disturbances, such 
as wrong or missing messages.  

 Controller pilot communication – Disturbances affecting the communication between pilots and 

controllers are assessed to occur regularly. Strategies towards resolving misunderstandings in the 
controller pilot communication have positive safety effects, which are considered to be most 

prominent for proper understanding of the aircraft identity (e.g. call-sign confusion). 

 Controller situation awareness – Most situation awareness problem of air traffic controllers are 

considered to occur occasionally or the effect of the strategy to overcome such problems is 
considered negligible, such that the KPA rankings are limited. Problems with interpretation of alerts 

may occur up to the frequency level Regular, depending on the type of alert. 
 Controller working context – The most important mid-level disturbance categories are Organisation & 

workforce (e.g. controller shortage, strikes, reorganisation), and Workload (e.g. large workload levels 

of controller). The strategy to reduce capacity may have considerable negative effects on the KPAs 
capacity, environment and cost-efficiency.  

 Delay – Delays occur regularly and strategies towards reducing delays and avoiding propagation may 

have some limited positive effects of capacity, environment and cost-efficiency. 

 Flight performance – These disturbances mostly do not occur frequently or the effect of the strategy 

is considered negligible, such that the KPA rankings are limited. The most frequent disturbance 
considers extreme movements. 

 Maintenance – These disturbances mostly do not occur frequently or the effect of the strategy is 

considered negligible, such that the KPA rankings are limited.   
 Pilot performance – There are several mid-level disturbances in this category on pilot performance 

that may occur regularly (e.g. not precisely following the ATC clearance) and for which correcting 

strategies are important for flight safety.  
 Pilot situation awareness – Situation awareness problems of pilots with regard to crew differences, 

flight routing and lack of knowledge of local procedures are considered to occur regularly and 

strategies to resolve these kinds of disturbances are considered important for flight safety. 

 Pilot working context – Various disturbances in this category, such as fatigue, limited safety culture 

and workload problems, may occur regularly, and strategies for dealing with them are mostly focused 
on improving safety. 

 Rules and procedures - These disturbances mostly do not occur frequently or the effect of the 

strategy is considered negligible, such that the KPA rankings are limited. Differences between 
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procedures occur regularly, and the flight-preparation and pilot-controller communication strategies 
towards alleviating the potential misunderstandings are expected to have a positive effect on safety. 

 Traffic relations – The disturbances in this category are at the core of air traffic control. The 

disturbances in the categories Aircraft speed differences, and Wake vortex separation occur regularly 
and the strategies for dealing with have considerable positive effects on safety. The safety-capacity 

trade-off in wake vortex separation implies a negative effect on runway capacity. 

 Weather – Weather-related disturbances, such as low visibility, winter conditions, strong wind, and 

thunderstorms are occurring regularly. Strategies for dealing with such weather conditions have a 
focus on flight safety and typically imply a considerable capacity reduction and potential negative 

implications for cost-efficiency and environment.                

Table 10. Overview of the effects of the strategies for dealing with disturbances on the key 

performance areas safety, capacity, environment and cost-efficiency. For each mid-level 

disturbance a KPA ranking (as defined in Table 8) is provided. The most positive (Pos1, 
Pos2) and negative (Neg1, Neg2) rankings are emphasized by colouring. 

High-level 

disturbance 
Mid-level disturbance 

KPA ranking 

Safety Cap. Env. Costs 

Aircraft/navigation 

technical systems 

Accuracy of FMS routing N N N N 

Aircraft equipment level Pos6 N Neg6 Neg6 

Cockpit display Pos4 N N N 

Conflict resolution advisory system Pos3 N N N 

Error in FMS routing Pos5 N N N 

False/nuisance alert N N Neg2 Neg2 

FMS failure/delay Pos4 N N N 

Fuselage Pos7 Neg8 Neg8 Neg8 

Generic airborne systems Pos3 Neg4 Neg4 Neg4 

Instrument landing system Pos3 Neg4 Neg4 Neg4 

Landing gear Pos3 Pos4 Neg4 Pos4 

Positioning system Pos4 N N N 

Powerplant  Pos4 N N N 

Airport infrastructure 

& operations 

Aircraft ground movement Pos5 Neg6 Neg6 Neg6 

Airport configuration N Neg3 Pos4 Neg4 

Airport design Pos4 N N N 

Approach / runway lights Pos8 Neg8 Neg8 Neg8 

Approach and landing Pos4 N Neg4 Neg4 

Bird strike Pos4 N Neg4 Neg4 

Fire brigade Pos5 Neg6 Neg6 Neg6 

Maintenance work / obstacle Pos2 N N N 

No ATC N N N N 

Runway blocked or contaminated Pos3 Neg4 Neg4 Neg4 

Vehicle movement Pos5 Neg6 Neg6 Neg6 

Airspace 
Airspace availability Pos4 N N N 

Airspace design Pos2 Neg2 Neg2 Neg2 
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Change in airspace availability N Neg5 Neg5 Neg5 

ATC coordination 

Conflict / emergency Pos6 N N N 

Coordination military operations Pos4 N N N 

Coordination overload Pos4 N N N 

Different procedures / algorithms at ATC 
centres 

N N N N 

Error / delay Pos4 Pos4 N N 

Language & cultural differences at ATC 

centres 
N N N N 

Planning & tactical Pos6 N N N 

Shift change Pos4 N N N 

Traffic handover Pos4 N N N 

Traffic level Pos6 Pos6 Pos6 Pos6 

ATC system 

Aircraft identification Pos4 N N N 

Alert not properly provided N N N N 

ATIS Pos2 N N N 

False/nuisance alert N N N N 

Flight plan Pos4 N N N 

General system outage N Neg7 Neg7 Neg7 

Human machine interface N N N N 

Non-adaptable system mode N Neg4 Neg4 Neg4 

Radar Pos7 Neg7 Neg7 Neg7 

Strips N N N N 

Surveillance data distortion & delays N N N N 

System controller interaction Pos2 N N N 

Track problem Pos6 Neg6 N Neg6 

Transponder problem Pos4 N N N 

Controller 

performance 

Allowance to deviate from normal 
procedure 

N Pos2 N Pos2 

Erroneous data entry Pos3 N N N 

Improper system use N N N N 

Mode selection Pos6 Pos6 N Pos6 

Monitoring Pos4 Pos4 Pos4 Pos4 

No checking Pos2 N N N 

Professional attitude Pos6 N N N 

System not effectively used Pos4 N N N 

Wrong / late decision Pos3 N N N 

Wrong or missing message Pos1 N N N 

Controller pilot 
communication 

Aircraft identity Pos1 N N N 

Communication system Pos2 Pos2 N N 

No suitable phraseology N N N N 

Non-standard / poor R/T Pos2 N N N 

R/T misunderstanding Pos2 N N N 
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R/T overload Pos2 N N N 

VHF frequency selection Pos2 N N N 

Controller situation 
awareness 

Aircraft capability N N N N 

Aircraft identity Pos5 N N N 

Aircraft intent Pos4 N N N 

Aircraft mode Pos4 N N N 

Aircraft state Pos4 N N N 

Airspace separation mode Pos5 Neg5 Neg5 Neg5 

Alert interpretation Pos2 N N N 

Contradictory information Pos4 N N N 

Detection & interpretation of traffic 

situation 
Pos5 N N N 

Infrastructure & system functionality Pos6 Pos6 N N 

Reading error Pos4 N N N 

System trust N N N N 

Controller working 

context 

Aircraft identity Pos6 N N N 

Automation N N N N 

Controller incapacitation Pos4 N Pos4 Pos4 

Distraction N N N N 

Evacuation Pos7 Neg7 Neg7 Neg7 

False failure report N N N N 

Organisation & workforce N Neg1 Neg1 Neg1 

Training & experience Pos6 Pos6 Pos6 Pos6 

Workload N Neg2 Neg2 Neg2 

Delay Delay N Pos2 Pos2 Pos2 

Flight performance 

Aircraft performance limitation N N N N 

Extreme movements Pos2 Neg2 Neg2 Neg2 

Fuel shortage Pos5 N Neg6 Neg6 

Uncommanded movements Pos5 N N N 

Wrong direction Pos7 N Neg8 Neg8 

Maintenance 
No proper repair Pos6 N N N 

No regular check N N N N 

Pilot performance 

ATC instruction/clearance Pos1 N N N 

Cockpit crew coordination Pos2 N N N 

Data entry Pos3 N N N 

Deviation from normal procedures Pos2 Neg2 N Neg2 

Late reaction Pos4 N N N 

Monitoring N N N N 

Position & intent reporting Pos2 N N N 

Wake vortex reaction Pos6 N N N 

Wrong / uncertain decision Pos2 N N N 

Pilot situation 
awareness 

Alert interpretation Pos4 N N N 

Controller situation N N N N 
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Crew difference Pos2 N N N 

Detection & interpretation of traffic 

situation 
N N N N 

Event detection Pos3 N N N 

Routing Pos1 Pos2 N N 

Rules and procedures Pos2 N N N 

Runway choice Pos5 N N N 

System degradation Pos5 Neg6 Neg6 Neg6 

System mode Pos5 N N N 

System trust Pos4 N N N 

Pilot working context 

Cultural differences Pos2 N N N 

Distraction N N N N 

Interaction with technical system Pos2 N N N 

Pilot incapacitation Pos2 N N N 

Safety culture Pos2 N N Neg2 

Training Pos2 N N N 

Workload / information load Pos2 N N N 

Rules and procedures 

Changes in procedures Pos4 Neg4 Neg4 Neg4 

Differences between procedures Pos2 N N N 

No suitable procedure available Pos6 N N N 

Procedure not tested Pos6 Neg6 Neg6 Neg6 

Procedure restricts operational flexibility Pos6 Neg6 Neg6 Neg6 

Unclear / difficult procedures Pos4 Neg4 Neg4 Neg4 

Wrong procedure design Pos6 N N N 

Traffic relations 

Aircraft speed differences Pos1 Pos2 N N 

Complex operations Pos5 Neg6 Neg6 Neg6 

Conflict propagation Pos3 N N N 

Emergencies Pos5 Neg6 Neg6 Neg6 

Other flying objects Pos3 N N N 

Traffic density Pos3 Neg4 Neg4 Neg4 

Traffic mix Pos4 Neg4 Neg4 Neg4 

Wake vortex separation Pos1 Neg1 N N 

Weather 

Darkness Pos2 Neg2 N N 

Icing of wings Pos1 Neg2 Neg2 Neg2 

Lightning Pos3 Neg3 Neg3 Neg3 

Low visibility Pos1 Neg1 N Neg1 

Pilot performance Pos2 N N N 

Technical systems Pos3 Neg4 Neg4 Neg4 

Turbulence Pos3 Neg3 Neg3 Neg3 

Weather info Pos1 Neg1 Neg1 Neg1 

Wind Pos1 Neg1 Neg1 Neg1 

Winter conditions at airport Pos1 Neg1 Neg2 Neg1 
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Table 11 provides a summary of the effects of the identified mid-level strategies for dealing with 
disturbances by air traffic controllers on the key performance areas safety, capacity, environment and 

cost-efficiency. In particular, it shows for each KPA the number of mid-level disturbances for which the 
strategy has positive effect, a negligible effect, and a negative effect, and it provides the highest 

associated ranking.  For instance, the mid-level strategy “Adapt to differences between airlines” (which is 

part of the high-level strategy “Adapt to context”) is used for six mid-level disturbances. For five 
disturbances the strategy has a positive effect on safety, where the maximum ranking is Pos2, meaning a 

small positive effect for a disturbance that occurs regularly, and for one disturbance, the safety effect is 
negligible. For the KPAs capacity and environment the effect of the strategy “Adapt to differences 

between airlines” is assessed as negligible, and for the KPA cost-efficiency the effect is negligible for four 

disturbances and negative for two disturbances, where the maximum ranking is Neg2, meaning a small 
negative effect for a disturbance that occurs regularly.       

The following observations can be made in Table 11 for the various high-level strategies. 

 Adapt to context – The strategies to deal with differences between airlines, large workload, and 

situations lacking procedures have a positive effect on safety and a mostly negligible effect on the 

other KPAs. The most prominent negative effects arise from organisational problems with the ATC 
workforce, such as strikes, major illness, or generic insufficiency of controllers.    

 ANSP organisational task – The strategies concerning the ANPS organisation such as reporting of 

problems, safety management and training mostly have small or negligible effects on the KPAs.  

 ATC-pilot interaction – The communication actions between controllers and pilots, such as providing 

instructions and information, or requesting information are applied a lot to deal with disturbances. 
These actions have a positive effect on safety. For instance, confusion about aircraft identity or the 

contents of a clearance in the communication is assessed to occur regularly and it may have large 
safety effects. Common strategies in ATC-pilot interaction, such as effective use of readback or 

splitting up complex clearances can prevent such types of misunderstandings to progress. The effect 

on the other KPAs is often negligible, but in some contexts (e.g. reduced visibility) the information 
provision may be related to reduction in capacity and increase in costs.         

 Configuration management – The strategies to adapt airspace or airport configurations in reaction to 

disturbances (e.g. weather conditions) have considerable positive effects on safety, but also may 
have considerable negative effects on capacity, environment and costs.  

 Coordination & information provision – Coordination and information provision have considerable 

positive effects on safety. For instance, a controller may provide a wrong messages or may not 
provide a message when needed, and another controller (e.g. planning controller), may 

remind/correct and such coordination may prevent further progression of the situation. The effects of 

the strategies on the other KPAs are often negligible and in some cases negative or positive. The 
largest negative effects are related to information provision about bad weather.     

 React to non-nominal situations – The application of contingency and emergency procedures is 

assessed to have mostly positive effects on safety. For the other KPAs the effect is mostly negligible 
or negative, but no more than small negative effects for disturbances occurring occasionally.    

 Tactical control cycle – Controller strategies for planning, monitoring, and interventions are at the 

core of the controller main task and they are applied for dealing with a large number of disturbances. 

The effects on safety are positive, up to the level of large positive effects for regularly occurring 
disturbances. The effects on the other KPAs vary depending on the context. The largest negative 

effects are associated with planning for winter conditions and applying separation criteria.      
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Table 11. Overview of the effects of controller strategies on key performance areas. For each 
KPA, the number of mid-level disturbances is shown for which the strategy has a positive, 

negligible or negative effect, and the highest associated rankings are provided. The most 
positive (Pos1, Pos2) and negative (Neg1, Neg2) rankings are emphasized by colouring. 

High-level 

strategy 
Mid-level strategy  

Effects per KPA 

Safety Capacity Env. Costs 

# High # High # High # High 

Adapt to context 

Adapt to differences 

between airlines 

Positive 5 Pos2 0 - 0 - 0 - 

Negligible 1 N 6 N 6 N 4 N 

Negative 0 - 0 - 0 - 2 Neg2 

Improvisation 

Positive 3 Pos6 0 - 0 - 0 - 

Negligible 0 - 2 N 2 N 2 N 

Negative 0 - 1 Neg6 1 Neg6 1 Neg6 

Workload 
management 

Positive 9 Pos2 1 Pos2 1 Pos4 1 Pos4 

Negligible 5 N 10 N 10 N 10 N 

Negative 0 - 3 Neg1 3 Neg1 3 Neg1 

ANSP 
organisational task 

Inform pilots 

Positive 3 Pos2 0 - 1 Pos4 0 - 

Negligible 2 N 3 N 3 N 3 N 

Negative 0 - 2 Neg3 1 Neg5 2 Neg4 

Management 

Positive 1 Pos6 0 - 0 - 0 - 

Negligible 0 - 1 N 1 N 1 N 

Negative 0 - 0 - 0 - 0 - 

Reporting problems 
to organisation 

Positive 11 Pos2 2 Pos2 1 Pos4 1 Pos4 

Negligible 7 N 12 N 13 N 13 N 

Negative 0 - 4 Neg2 4 Neg2 4 Neg2 

Safety management 

Positive 2 Pos4 0 - 1 Pos4 1 Pos4 

Negligible 0 - 2 N 1 N 1 N 

Negative 0 - 0 - 0 - 0 - 

Training and 

experience 

Positive 12 Pos2 3 Pos4 2 Pos4 2 Pos4 

Negligible 4 N 8 N 9 N 9 N 

Negative 0 - 5 Neg2 5 Neg2 5 Neg2 

ATC-pilot 

interaction 
 

Coordinate with 

pilots 

Positive 1 Pos4 1 Pos4 0 - 1 Pos2 

Negligible 2 N 1 N 2 N 1 N 

Negative 0 - 1 Neg4 1 Neg4 1 Neg4 

Provide information 
to pilots 

Positive 21 Pos1 1 Pos2 0 - 0 - 

Negligible 4 N 15 N 18 N 16 N 

Negative 0 - 9 Neg1 7 Neg3 9 Neg1 

Provide instructions 
to pilots 

Positive 30 Pos1 0 - 0 - 0 - 

Negligible 1 N 20 N 18 N 17 N 

Negative 0 - 11 Neg2 13 Neg3 14 Neg2 

Request information 

from pilots 

Positive 9 Pos2 0 - 0 - 0 - 

Negligible 0 - 8 N 9 N 8 N 

Negative 0 - 1 Neg6 0 - 1 Neg6 

Configuration 

management 

Manage airport 

configuration 

Positive 5 Pos1 0 - 0 - 0 - 

Negligible 0 - 0 - 0 - 0 - 

Negative 0 - 5 Neg1 5 Neg1 5 Neg1 

Manage airspace 
configuration 

Positive 4 Pos3 2 Pos6 2 Pos6 2 Pos6 

Negligible 2 N 0 - 0 - 0 - 

Negative 0 - 4 Neg1 4 Neg1 4 Neg1 

React to Positive 5 Pos1 0 - 0 - 0 - 
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environmental 
condition 

Negligible 0 - 1 N 2 N 1 N 

Negative 0 - 4 Neg1 3 Neg1 4 Neg1 

Coordination & 
information 

provision 

Coordination with 
controller 

Positive 22 Pos1 3 Pos2 0 - 2 Pos2 

Negligible 3 N 18 N 21 N 19 N 

Negative 0 - 4 Neg2 4 Neg2 4 Neg2 

Coordination with 
others 

Positive 3 Pos4 0 - 0 - 0 - 

Negligible 2 N 3 N 3 N 3 N 

Negative 0 - 2 Neg5 2 Neg5 2 Neg5 

Provide information 

Positive 5 Pos1 0 - 0 - 0 - 

Negligible 0 - 3 N 2 N 2 N 

Negative 0 - 2 Neg1 3 Neg1 3 Neg1 

React to non-

nominal situations 

Apply contingency 

procedures 

Positive 6 Pos2 1 Pos2 0 - 0 - 

Negligible 3 N 3 N 5 N 4 N 

Negative 0 - 5 Neg4 4 Neg4 5 Neg4 

Follow emergency 
procedures 

Positive 11 Pos2 1 Pos4 0 - 1 Pos4 

Negligible 0 - 4 N 3 N 3 N 

Negative 0 - 6 Neg4 8 Neg4 7 Neg4 

Tactical control 
cycle 

Apply separation 
criteria 

Positive 2 Pos1 0 - 0 - 0 - 

Negligible 0 - 0 - 2 N 1 N 

Negative 0 - 2 Neg1 0 - 1 Neg2 

Error correction 

Positive 7 Pos1 1 Pos4 0 - 0 - 

Negligible 0 - 5 N 6 N 6 N 

Negative 0 - 1 Neg5 1 Neg5 1 Neg5 

Evaluation of 

information 

Positive 10 Pos2 0 - 0 - 0 - 

Negligible 1 N 11 N 11 N 11 N 

Negative 0 - 0 - 0 - 0 - 

Monitoring of traffic 

Positive 15 Pos1 1 Pos4 0 - 1 Pos4 

Negligible 0 - 14 N 13 N 13 N 

Negative 0 - 0 - 2 Neg4 1 Neg6 

Planning of traffic 

Positive 10 Pos1 2 Pos2 1 Pos2 1 Pos2 

Negligible 1 N 5 N 5 N 5 N 

Negative 0 - 4 Neg1 5 Neg2 5 Neg1 

Pro-active control 

Positive 6 Pos1 2 Pos2 0 - 0 - 

Negligible 1 N 2 N 4 N 4 N 

Negative 0 - 3 Neg2 3 Neg2 3 Neg2 

Tactical solution 

Positive 6 Pos3 1 Pos2 2 Pos2 1 Pos2 

Negligible 3 N 3 N 2 N 2 N 

Negative 0 - 5 Neg3 5 Neg4 6 Neg4 

 

Table 12 provides a summary of the effects of the identified mid-level strategies for dealing with 

disturbances by airline pilots on the key performance areas. The following observations can be made for 
the various high-level strategies. 

 Adapt to context – The strategies to deal with large workload and situations lacking procedures have 

small positive or negligible effects on safety, and varying, but mostly negligible, effects on the other 

KPAs. 
 Airline organisational task – Strategies within the airline organisation such as reporting of problems, 

safety management and training are considered to mostly have a positive effect on safety and a 

mostly negligible effect on the other KPAs.  
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 ATC-pilot interaction – Communication actions between controllers and pilots, such as providing 

instructions and information, or requesting information are applied a lot for dealing with 
disturbances. They can have large effects on safety for disturbances (e.g. misunderstandings) that 

may occur regularly. The effects on the other KPAs vary depending on the context, and they are 
mostly negligible. Negative effects include the aircraft separation criteria due to the safety-capacity 

trade-of.   

 Coordination & information provision – Crew resource management and other coordination and 

information provision actions have positive effects on safety mostly negligible effects on the other 
KPAs.  

 Flight control – Planning, monitoring and flight control actions by the pilots include various ways to 

detect and react to disturbances. Especially the evaluation by the pilots of information from various 
sources is an important strategy with many positive safety contributions. Negative effects include the 

aircraft separation criteria due to the safety-capacity trade-of.   

 React to environment – Strategies to deal with weather conditions can have large positive effects on 
safety, but may have considerable negative effects on the other KPAs. 

 React to non-nominal situations – The application of contingency and emergency procedures is 

assessed to have mostly positive effects on safety. For the other KPAs the effect is mostly negligible 

or negative, but no more than small negative effects for disturbances occurring occasionally.    

Table 12. Overview of the effects of airline pilot strategies for dealing with disturbances on 

the key performance areas safety, capacity, environment and cost-efficiency. For each KPA, 
the number of mid-level disturbances is shown for which the strategy has a positive, 

negligible or negative effect, and the highest associated rankings are provided. The most 

positive (Pos1, Pos2) and negative (Neg1, Neg2) rankings are emphasized by colouring. 

High level 

strategy 

Mid-level 

strategy 
 

Effects per KPA 

Safety Capacity Env. Costs 

# High # High # High # High 

Adapt to context 

Improvisation 

Positive 3 Pos6 0 - 0 - 0 - 

Negligible 0 - 2 N 2 N 2 N 

Negative 0 - 1 Neg6 1 Neg6 1 Neg6 

Workload 
management 

Positive 9 Pos2 2 Pos2 1 Pos2 1 Pos2 

Negligible 5 N 10 N 11 N 11 N 

Negative 0 - 2 Neg2 2 Neg2 2 Neg2 

Airline 

organisational task 

Management 

 

Positive 2 Pos2 0 - 0 - 0 - 

Negligible 0 - 2 N 2 N 2 N 

Negative 0 - 0 - 0 - 0 - 

Reporting problems 

to organisation 

Positive 4 Pos2 0 - 0 - 0 - 

Negligible 1 N 5 N 5 N 5 N 

Negative 0 - 0 - 0 - 0 - 

Safety management 

Positive 4 Pos2 0 - 0 - 0 - 

Negligible 0 - 3 N 4 N 2 N 

Negative 0 - 1 Neg2 0 - 2 Neg2 

Training and 
experience 

Positive 9 Pos2 0 - 0 - 0 - 

Negligible 1 N 8 N 9 N 8 N 

Negative 0 - 2 Neg2 1 Neg6 2 Neg2 

ATC-pilot interaction 

Coordination with 

ATC 

Positive 2 Pos5 1 Pos2 0 - 1 Pos2 

Negligible 2 N 2 N 2 N 1 N 

Negative 0 - 1 Neg4 2 Neg4 2 Neg4 

Follow ATC 

instructions 

Positive 14 Pos1 3 Pos2 1 Pos2 1 Pos2 

Negligible 3 N 10 N 12 N 12 N 

Negative 0 - 4 Neg1 4 Neg3 4 Neg3 

Provide information Positive 23 Pos1 0 - 0 - 0 - 
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to ATC Negligible 3 N 21 N 19 N 19 N 

Negative 0 - 5 Neg4 7 Neg4 7 Neg4 

Request information 
from ATC 

Positive 21 Pos1 1 Pos6 0 - 1 Pos6 

Negligible 0 - 17 N 18 N 17 N 

Negative 0 - 3 Neg4 3 Neg4 3 Neg4 

Coordination & 
information 

provision 

Crew resource 
management 

Positive 8 Pos2 0 - 0 - 0 - 

Negligible 0 - 8 N 8 N 7 N 

Negative 0 - 0 - 0 - 1 Neg2 

Provide information 

to others 

Positive 2 Pos2 0 - 0 - 0 - 

Negligible 0 - 0 - 0 - 0 - 

Negative 0 - 2 Neg2 2 Neg2 2 Neg2 

Request information 

from others 

Positive 1 Pos2 0 - 0 - 0 - 

Negligible 0 - 1 N 1 N 1 N 

Negative 0 - 0 - 0 - 0 - 

Flight control 

Deal with 
(potential) conflicts 

Positive 3 Pos3 0 - 0 - 0 - 

Negligible 0 - 2 N 2 N 2 N 

Negative 0 - 1 Neg6 1 Neg6 1 Neg6 

Evaluation of 
information 

Positive 18 Pos1 1 Pos2 0 - 0 - 

Negligible 1 N 15 N 16 N 16 N 

Negative 0 - 3 Neg1 3 Neg2 3 Neg2 

Flight planning 

Positive 4 Pos2 0 - 1 Pos4 0 - 

Negligible 2 N 2 N 2 N 2 N 

Negative 0 - 4 Neg3 3 Neg4 4 Neg4 

Follow operating 

procedures 

Positive 3 Pos3 0 - 0 - 0 - 

Negligible 1 N 2 N 1 N 1 N 

Negative 0 - 2 Neg4 3 Neg4 3 Neg4 

Make corrections 

Positive 2 Pos3 0 - 0 - 0 - 

Negligible 0 - 2 N 2 N 2 N 

Negative 0 - 0 - 0 - 0 - 

Pro-active control 

Positive 3 Pos2 0 - 1 Pos4 0 - 

Negligible 2 N 2 N 2 N 2 N 

Negative 0 - 3 Neg2 2 Neg2 3 Neg2 

React to 
environment 

Adapt operation 

Positive 4 Pos1 0 - 0 - 0 - 

Negligible 0 - 0 - 0 - 0 - 

Negative 0 - 4 Neg1 4 Neg1 4 Neg1 

Use applicable 

procedures 

Positive 5 Pos1 0 - 0 - 0 - 

Negligible 0 - 0 - 2 N 1 N 

Negative 0 - 5 Neg1 3 Neg2 4 Neg1 

React to non-

nominal situation 

Adapt operation 

Positive 11 Pos3 1 Pos4 0 - 1 Pos4 

Negligible 0 - 3 N 3 N 3 N 

Negative 0 - 7 Neg4 8 Neg4 7 Neg4 

Follow (upset) 
recovery 

procedures 

Positive 14 Pos3 2 Pos4 0 - 2 Pos4 

Negligible 0 - 6 N 5 N 5 N 

Negative 0 - 6 Neg4 9 Neg4 7 Neg4 

Follow emergency 

procedures 

Positive 2 Pos5 0 - 0 - 0 - 

Negligible 0 - 1 N 0 - 0 - 

Negative 0 - 1 Neg6 2 Neg6 2 Neg6 

Use fall-back 

solution 

Positive 6 Pos2 1 Pos2 0 - 0 - 

Negligible 1 N 5 N 6 N 6 N 

Negative 0 - 1 Neg6 1 Neg6 1 Neg6 
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5 Conclusions  

In the context of ATM, resilience has been defined as 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 (Eurocontrol, 2009). Resilience is important 
for the complex socio-technical ATM system, where large numbers of interacting human operators and 

technical systems, functioning in different organisations at a variety of locations, must control air traffic 
safely and efficiently in the context of uncertainty and disturbances (e.g. delays, weather, system 

malfunctioning). Although procedures and regulations tend to specify working processes in ATM to a 

considerable extent, the flexibility and system oversight of human operators are essential for efficient and 
safe operations in normal and more rare conditions (Eurocontrol / FAA AP15 Safety, 2010). The objective 

of the study presented in the current report is to obtain more detailed insight in the contribution of the 
human role for achieving resilience in current ATM by analysis of the performance of human operators in 

the face of a broad set of disturbances that may affect ATM operations.   

The starting point for this analysis is a broad set of 459 disturbances which may occur in current ATM 
operations (Stroeve et al., 2011). These disturbances stem from a considerable number of ‘pure 

brainstorming’ sessions in ATM safety studies. Herein, pilots, controllers and other experts were asked to 
identify as many as possible events, conditions and circumstances that may perturb ATM operations, and 

to refrain from analysis of their potential effects. The set of disturbances covers a wide range of subjects 
including technical systems in aircraft and in the ATC system, performance of pilots and controllers, 

communication and coordination in ATM operations, weather, traffic relations, etc. In the current study, 

these disturbances have been clustered in 18 high-level disturbance categories and in 149 mid-level 
disturbance categories. In about half of the disturbances, pilots or air traffic controllers somehow may 

contribute to the existence of the disturbance, e.g. misconceptions of human operators, or errors in task 
performance. The other half of the disturbances are not somehow the resultant of the performance of 

pilots and controllers. The frequency of the occurrence of the mid-level disturbances has been assessed 

using four flight-based frequency scales, ranging from more than once every 100 flights to less than once 
every million flights. The majority of the identified mid-level disturbances occur more often than once 

every 10,000 flights. Thus the set includes many disturbances that are quite common, as well as a range 
of rarer disturbances.       

Identification of strategies for dealing with the disturbances has been achieved by means of a dedicated 
Resilience2050 workshop with air traffic controllers and airline pilots, complemented by results in the 

literature. The strategies are described in detail in this report and they have been analysed with respect 

to key characteristics concerning detection and interpretation of the mid-level disturbances, coordination 
about the strategy, level of human flexibility and strategy acquirement. The results show that most mid-

level disturbances can be detected at first instance by pilots (71%) and/or controllers (82%), but that 
only a minority of the disturbances can be detected via a notification or alert of a technical system 

(19%). The analysis shows that there are always some kinds of interactions between human operators to 

interpret the disturbance and to achieve a strategy, where most coordination is at the level of the 
controllers at local facilities, cockpit crew and air-ground interaction. For the majority of strategies 

medium to high levels of human flexibility are required, and these are mainly based upon a combination 
of training and experience. It appears that the precise application of the strategy mostly depends on the 

specific circumstances and cannot be based on standardized actions only.     

For each detailed strategy description, one or a few key strategy elements have been identified. These 
formed the basis for clustering of strategies at three hierarchical levels for both air traffic controllers and 

airline pilots. The strategies of controllers are clustered at 7 high-level strategies, 27 mid-level strategies 
and 98 low-level strategies. The strategies of airline pilots are clustered at 7 high-level strategies, 25 mid-

level strategies, and 71 low-level strategies. Frequencies of the strategies have been assessed by 
association with frequency of the related disturbances, and this shows that many strategies are applied 

quite frequently.       
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Strategies to deal with disturbances in ATM can have varying and potentially contradictory effects for 
different key performance areas. In this study, a qualitative assessment has been made of the effects of 

the strategy for dealing with disturbances on main ATM key performance areas regarding safety, 
capacity, environment and cost-efficiency. For each mid-level disturbance an assessment of the effect on 

each KPA has been made on a 5-class scale (large negative, small negative, negligible, small positive, 

large positive). Given this coarse scale, the large number of mid-level disturbances and the generality of 
the assessment, it is clear that the assessment results provide a rather rough overview of the implications 

of the strategies on the various KPAs. More precise characterisation of the effects may be achieved in 
more detailed assessments that take into account the specific context of the disturbance occurrence. For 

the purpose of the current study, the broad and rough characterisation is most suitable. Next, by 

combining the frequency of the disturbance and the effect of the strategy on the KPA, a ranking for each 
KPA has been determined, where the strategies with the largest effects that deal with the most frequent 

disturbances rank highest.          

The results show that the strategies for dealing with disturbances by pilots and controllers have positive 

safety implications in about 79% of the mid-level disturbances and negligible effects on safety for the 
remainder of the disturbances. This result indicates the safety priority of these operators working at the 

sharp edge in ATM, when dealing with disturbances. Examples of strategies with considerable positive 

safety implications include communication and coordination actions for explanation, verification and 
correction, monitoring and intervention actions in the tactical control cycle, and using different traffic 

configurations depending on weather conditions. These strategies can all be recognized as being very 
normal in ATM and such normal actions are important for maintaining safety in day-to-day operations.     

For the other key performance areas (capacity, environment and cost-efficiency) the effects of the 

strategies are negligible in the majority (64% - 69%) of the disturbances, but the strategies also have 
negative implications in a considerable number of cases (27% - 30%). Prominent negative implications 

arise from weather-related disturbances (e.g., low visibility, strong winds, winter conditions, thunder 
storms) and from disturbances related to the ANSP organisation and workforce (e.g. strikes, controller 

shortage). Such disturbances typically lead to considerable reductions in capacity, increase in delays, 
additional miles flown per flight, and decrease in cost-efficiency.   

The broad overview of disturbances and human strategies for dealing with them is expected to provide 

valuable input for the development of new design principles fostering safety, agility and resilience in WP3 
of the Resilience2050 project, as well as for the analysis of human contributions to new designs in WP4. 

In particular, the design principles should take well into account the positive role of human operators for 
safety in ATM, and they should try to find ways to minimize negative implications on other key 

performance areas of the prominent disturbances identified in this study.        
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Appendix A Identified disturbances 

This appendix provides the list of disturbances, as identified in (Stroeve et al., 2011).  

 

ID Disturbance 

1  Fuel shortage 

2  Aircraft cannot perform requested manoeuvre, since it is over its performance limits 

3  Aircraft flies near its envelope extremes 

4  Aircraft is in a wrong mode for a particular action  

5  Display(s) failure 

6  Large electronic failure, impacting large number of airborne systems 

7  Autopilot failure 

8  Degradation of airborne system 

9  Interference of airborne system with other airborne systems or external systems 

10  Discrepancy between conflict resolution strategies of different technical systems 

11  Clutter of cockpit display 

12  Degradation of the brake system 

13  Degradation of the nose-wheel steering 

14  Degradation of engines 

15  Degradation of aircraft structure 

16  Rapid descent due to an aircraft system failure 

17  Components of aircraft systems not regularly checked for near failures / irregularities 

18  Detected failures / irregularities of components of aircraft not properly repaired 

19  Failure of FMS 

20  Aircraft landing or rolling out off the side of the prepared runway surface 

21  False alert of an airborne system 

22  Unstabilised approach  

23  Long landing (landing beyond threshold) 

24  Uncommanded roll occurrences 

25  Degradation of landing gear 

26  Flat tyre(s) 

27  Aircraft not equipped with specific technical systems (e.g. TCAS, ADS-B) 

28  Navigation error in own position 

29  Failure of GPS system 

30  Wrong altitude measurement setting 

31  Different coding of curves by different suppliers of flight management systems 

32  Data integrity of coordinates is different for different suppliers of flight management system 
software (one airline may fly more accurately than another) 

33  Wrong waypoints in database, e.g. due to update of flight management system software, errors 

in database, outdated database 

34  Wrong localizer frequency of the instrument landing system 

35  Large computation time by the flight management system 

36  Trajectory disappears from FMS 

37  GPS signal is disturbed at low altitudes 

38  Technical ILS failure 

39  Wrong ILS is turned on 

40  Map shift (beacons in wrong positions in AIPs) 
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41  Aircraft picks up different beacons with the same or with similar frequencies 

42  Obstructions in line of sight of beacons 

43  ILS glidepath is fluctuating (e.g. leading to steep approach) 

44  Transponder is not functioning well (degradation, overload) 

45  Misidentification of aircraft 

46  False alert 

47  Noise in aircraft speed vectors 

48  Delay in received data 

49  Radar is not functioning well (degradation) 

50  Radar is not working (failure) 

51  Delay in surveillance data due to radar sweep 

52  Transponder sends wrong call-sign 

53  Variance in delays of surveillance data 

54  Multipath effects (signal is shattered by reflection) 

55  Jamming of surveillance signals by military or radio pirates 

56  Variation of down-linked data (e.g. due to turbulence) 

57  Delay due to transponder update rate 

58  Blind spots in radar coverage 

59  Track swap 

60  Track drop 

61  Mislabelled identity 

62  False plot on screen 

63  Display does not show alert 

64  A large aircraft may cover a small aircraft for radar when they cross simultaneously. 

65  Fusion of all radar info does not work well 

66  Wrong wiring in the aircraft could be a cause of aircraft on the ground appearing on the air 
radar when they start to taxi. 

67  An area without MLAT coverage, without radar coverage, or without surveillance coverage, 

either on the ground or in the in air 

68  Pilots forget to put the MLAT transponder on 

69  Loss of a label or an error just when the controller needs to call the aircraft 

70  The height filter on the radar may filter too much or too few 

71  Interference of VHF R/T 

72  Jamming of VHF-R/T (by military/ radio pirates) 

73  Wrong VHF R/T frequency selected 

74  VHF R/T frequency selected too late or too early, leading to a wrong frequency 

75  VHF R/T communication is affected due to limited VHF bandwidth 

76  VHF R/T frequency is blocked 

77  Complex procedure causes VHF R/T overload 

78  Failure in frequency changes between subsequent air traffic controllers 

79  Failure of ATC component of communication system 

80  Communication system fails due to a stuck microphone 

81  Airborne component of communication system is not working (failure) 

82  Via SATCOM-voice, controller can only talk to one aircraft at a time (no partyline as for VHF 
R/T). 

83  SATCOM-voice does not work due to satellite failure. 

84  Someone else than the controller oversees the aircraft’s SATCOM-voice phone number, calls it 

and gives a clearance to it (security intrusion). 

85  Controller wants to speak with pilot via SATCOM-voice, but dials wrong number. 

86  Lack of suitable R/T phraseology 

87  Too long R/T to identify transition. 

88  In case of a conditional handover pilots may switch frequency immediately. 

89  Pilots accept a clearance for another aircraft 

90  A jolly atmosphere on the frequency (e.g. at night) 
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91  Poor R/T ability or poor knowledge of English (e.g. leading to different interpretations) 

92  Volume turned down on headset/speakers (aircraft/ATC) 

93  Pilot is given wrong frequency or the frequency of a wrong sector, on sector handover, 

94  Standard R/T not adhered to 

95  Controller and pilot communicate in a foreign language rather than English 

96  Controller mixes up company names 

97  Aircrew unaware of loss of voice communication 

98  Callsign confusion: callsigns look alike too much; gives restlessness in cockpit (pilot wonders if 

call is for him all the time) 

99  Pilot reads back erroneously 

100  Pilot does not use callsign 

101  Pilot does not query controller until instruction is understood 

102  Wishful thinking leads to the pilots assuming that a clearance is for them 

103  Pilots do not monitor R/T indicated presence of other aircraft 

104  Pilot uses incorrect R/T frequency and eventually acts independently 

105  Error in R/T due to R/T overload 

106  Controller mixes up call-signs 

107  Controller does not notice lack of read-back or erroneous read-back 

108  Malfunctioning of ADS-B receiver 

109  Malfunctioning of ADS-B transmitter 

110  Delay in ADS reporting due to network blockage. 

111  Loss of situational awareness of the pilots since communication via CPDLC has no party line 

effect  

112  Data-link messages may be delayed too much (e.g. due to limited bandwidth) 

113  There may be confusion in communication between pilots / ATC due to delayed messages. 

114  ATC wants to know that the VHF communication path is working at start-up; this knowledge 

may not be available in case of data-link communication 

115  Part of the data-link message is deleted in the technical system 

116  Pilot does not acknowledge data-link clearance and initiates operation 

117  Crew is not aware of clearance limit specified in data-link message and passes the limit during 

taxiing 

118  ATC controller sends data-link clearance to other aircraft than intended 

119  Data-link system sends clearance to other aircraft than intended 

120  Controller uses data-link for time-critical instructions/clearances even if it is not intended for it. 

121  Pilot makes error in typing a data-link message  

122  Pilot has selected wrong frequency and this is initially not noted since the frequency is initially 
not used, but data-link communication is used. 

123  Controller makes error in typing a data-link message  

124  Controller sends a data-link message to wrong aircraft  

125  Controller does not send a data-link message and forgets to give a clearance by voice. 

126  Reduction of controller’s situational awareness because he does not hear the pilot in case of 

data-link communication 

127  Crews with data-link requests may feel to be put in second place with respect to crews with 

voice requests regarding the handling speed by ATC 

128  Single man crew 

129  Anticipation on conflict resolution by pilots (aircraft enter conflict such that resolution is to their 
favour) 

130  Late reaction of pilot 

131  Pilots does not acknowledge conflict resolution proposal of technical system 

132  Lack of situation awareness of pilot due to high level of automation 

133  Risk of a conflict is underestimated by pilots 

134  Crew disagreement 

135  Large workload of crew 

136  Pilot does not detect degradation of airborne system  
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137  Pilot does not detect an event 

138  Pilots do not perform clearance straightforwardly 

139  Pilots feel reduced in their freedom for implementing a clearance 

140  Loss of party-line effect leads to a reduction is situation awareness of pilots 

141  Pilots cannot anticipate a clearance 

142  Over-reliance on system data 

143  Pilot does not know the information available to the controller 

144  Pilot does not know the level of stress of a controller 

145  Pilot does not know the complexity of the traffic situation 

146  Alert causes attention tunnelling 

147  TCAS resolution advisory is inconsistent with controller resolution 

148  Pilots cannot explain where they are, e.g. due to lack of waypoints 

149  Pilots report wrong position 

150  Pilots do not report position  

151  Pilots report partial position information (e.g. only altitude) 

152  Pilots do not report intent information 

153  Application of rules of flight is unclear to pilot 

154  Application of rules of flight is unknown to pilot 

155  Pilot is confused by large number of rules and mixes rules up with normal operation rules 

156  Crew solves (or starts solving) conflict before priority is determined 

157  Crew has no time to update FMS flight plan, therefore no intent information is available 

158  Confusion due to rules changing depending on time to conflict 

159  Confusion due to many sources that provide you with information. Which information do you 

rely on in which case? 

160  Pilots may be tempted to bend the rules 

161  Procedures and routes in TMA or at airport are not well known by pilots (e.g. because pilots 

enter it seldom) 

162  Pilots do not know the performance or intent of other aircraft 

163  Change in ATC procedures leads to confusion by pilots 

164  Pilots do not react to controller call due to high workload 

165  Pilots do not follow controller instruction 

166  Wrong or inaccurate information (e.g. AIP) used during training  

167  Differences in procedures in Europe / USA lead to confusion 

168  Trajectory negotiation takes too long because aircraft and ground cannot agree 

169  Pilot insufficiently trained for new concept 

170  Pilot does no trust flight management system 

171  Pilots want to deviate from flight plan for economical benefits: shorter flying time, shorter taxi 
time etc. Requests could congest the system. 

172  Pilots have too little time to negotiate with ATC 

173  Pilots find it difficult to have a mental model of a 4D trajectory 

174  Pilots find it a nuisance to negotiate with ATC 

175  Pilots ‘fool’ the system to attain particular (e.g. economic) gains 

176  Pilot selects wrong route in flight management system 

177  Data entry contributes to high workload 

178  Pilots have (too) much confidence in flight management system 

179  Pilot mixes up different types of ATC clearances 

180  Pilots line up on a runway with insufficient declared distance available 

181  Pilots (intend to) use wrong runway 

182  Pilot makes error in typing a message  

183  One or two pilots die during a flight 

184  Pilots do not know what separation standards are used 

185  Pilots receive wrong information about conflicting traffic 

186  Misinterpretation of priority by crew that has not priority 

187  Creative pilots managing to create their own priority. This can lead to situations in which aircraft 
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follow unexpected routes or go all into one direction. 

188  Pilots making own judgement on relevance of (reported, alerted) failures and acting only on 
failures judged relevant; misjudgement may lead to not reacting to an important alert. 

189  Pilots misusing the priority status by choosing crowded parts of airspace, or by bothering a 

different aircraft. 

190  Crew self-inflicting a failure (e.g., pulling circuit breaker) to be allowed to switch on the priority 

switch. 

191  In an emergency procedure, switching on the priority switch may be done late or it may be 
forgotten, especially in case of serious emergencies such as a rapid de-compression 

192  In an emergency procedure, aircraft may have to descend quickly and not have time to look out 

for other traffic. 

193  The crew may also switch on the priority switch while it should not, because of mixing up 

emergency procedures. 

194  If the crew thinks to have switched on the priority switch, while they still have not, they expect 
other aircraft to solve the conflict, while the other aircraft do not even see the conflict yet. 

195  Sudden switch from a low workload to a high workload 

196  Difficult emergency procedures, leading to incorrect or late crew actions. 

197  Disagreement between crew members on how to solve conflict. 

198  Pilots distrust ASAS information, wonder whether ASAS works fine, and, in order to check it, 

make some manoeuvres with the purpose to generate a potential conflict. 

199  Pilots perform manoeuvre to avoid a perceived conflict without a clearance  

200  Pilot uses wrong waypoint with the same identifier. 

201  Pilots have difficulty with switching between following RNAV procedures and radar vectors 

provided by ATC 

202  Pilot may overreact to an alert 

203  Pilot may overreact to a wake vortex encounter 

204  Pilots might get used to reduced separations and apply them when they are not appropriate 

205  Higher stress on pilots due to more traffic in the area 

206  Pilot performance is affected due to alcohol, drugs or medication 

207  Pilot is fatigued and sleepy 

208  After a conditional crossing clearance the aircraft crosses behind another aircraft than indicated 
in the conditional clearance. 

209  Poor stopbar discipline of pilots. A clearance may be sufficient for them to ignore a red stopbar. 

210  Different companies have different procedures for reacting to TCAS 

211  Pilot enters wrong squawk code causing same code allocated to two aircraft, codes are swapped 
around or loss of identification by …. 

212  Pilots falling asleep 

213  Overfamiliarity with route 

214  Pilot fails to obtain ATC authorisation 

215  Pilot confuses radar heading with a flight level 

216  Pilot flies in wrong direction in hold pattern on dual track route 

217  Pilot not flying punches buttons on FMC without telling the flying pilot 

218  Crew hindrance (insects, etc.) 

219  Airline with poor safety culture 

220  Unclear and ambiguous standard operating procedures for cockpit crew (e.g. checklist, 

instrument reading, visual monitoring) 

221  Pilot validates without actually checking 

222  Pilot misinterprets moving map 

223  Pilot makes an error in the calculation of the aircraft performance (e.g. wet runway, tail wind, 

weight) 

224  Checklist procedures not yet finished  

225  Pilots perform operation without clearance due to unfamiliarity with local procedures 

226  Pilot forgets clearance 

227  Pilot performs an expected instruction rather than the actual instruction 
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228  Pilot follows another taxiing aircraft and lines up without a clearance 

229  System failure leads to increase in pilots’ workload 

230  Delay into detection of a problem/conflict by pilots due to lack of trust in technical system 

231  Difference in situation awareness of Pilot Flying and Pilot Not Flying 

232  Pilot does not know when to take action 

233  Pilot perception of weather areas may differ from info received 

234  Pilots disconnect FMS 

235  Cultural differences between airlines 

236  Failure reporting is complex for complex systems 

237  Pilots fly closer to other aircraft if their aircraft are equipped with TCAS 

238  Cowboy mentality of pilots: stretching the rules. 

239  Pilots are flying to wrong airport 

240  Differences in national cultural backgrounds 

241  Pilot complains to controller about sequence 

242  Pilot is not following the clearance because he tries to solve a problem 

243  Pilot taxies too fast 

244  Pilot doesn’t use a (new) technical system because he is frustrated about its performance 

245  Pilot insists on giving a command that is not understood by the HMI 

246  Clutter of audio messages 

247  A pilot may lose interest when flight information updates (e.g. ATIS) are uploaded too 
frequently 

248  Pilot does not know airspace configuration 

249  Pilots are irritated by pre-tactical clearances of which the intention is not clear 

250  Pilots do not fly the contracted 4D trajectory 

251  Pilot does not know whether (s)he has selected the correct localizer frequency of the instrument 

landing system 

252  Change of ATC procedures leads to more errors in controller’s performance 

253  Identification of a non-existent conflict 

254  Risk of a conflict is underestimated 

255  Controller is overloaded with information 

256  Controller makes a reading error 

257  Controller spends too much time monitoring 

258  Over-reliance on system data 

259  Automation makes controller task more complex 

260  Controller does not detect a deviation from a clearance 

261  Smaller spacing leads to more time pressure 

262  Controller interprets information or traffic situation wrongly 

263  Controller makes wrong decision while interpretation of information is correct 

264  Controller provides wrong message while decision is correct 

265  Controller receives contradictory information 

266  Controller ignores an alert (no evaluation) 

267  Controller wrongly evaluates traffic situation after an alert 

268  Controller is distracted by an alert 

269  Alert interrupts task scheduling of controller 

270  Controller corrects the wrong aircraft 

271  Increase in communication load 

272  Alert causes attention tunnelling 

273  Loss of monitoring skills (due to automation) 

274  Controller is not aware of the failure of malfunctioning of a technical system 

275  Complacency of controller 

276  Controller is confused about position as communicated by pilot 

277  Large workload of controller 

278  Air traffic control concept does not provide the controller much room to manoeuvre, e.g. to 

solve conflicts laterally 
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279  Cultural differences impact the performance of crews (e.g. English pilots might better follow 
procedures than Dutch) 

280  Controller does not give an instruction to initiate a particular procedure (e.g. continuous descent 

approach) 

281  Change of ATC procedures affects fluency of controller’s performance 

282  Controller has little experience with fall-back options in ATC procedures (e.g. in case of bad 

weather, system failure) 

283  Controller misidentifies an aircraft 

284  Occurrence of a situation which is not procedurally covered 

285  Controller does not know the intent of an aircraft 

286  Controller has a wrong awareness about the intent of aircraft 

287  Controller insufficiently trained for new concept / procedures 

288  Trajectory negotiation takes too long because aircraft and ground cannot agree 

289  Controller is bored and has low vigilance due to low workload 

290  Controller finds it difficult to have a mental model of a 4D trajectory 

291  Aircraft has different navigation capabilities than controller thinks 

292  Misunderstanding in communication between controller and pilot 

293  Controller makes error in typing a message 

294  Controller does not know flight plan of aircraft 

295  Visual detection by the Controller of MA is a problem.  

296  Controller assigns a (parallel) runway at a late stage 

297  High controller workload due to shortage of controllers 

298  Low confidence in validity of system alerts 

299  Controller does not know whether an aircraft can fly a procedure 

300  Controller does not know the availability of infrastructure 

301  Controller behaves in a non-professional way (e.g. sadistic)  

302  Controller misuses equipment 

303  Controller is not well trained 

304  Controller role changes from controlling to monitoring. 

305  Controller does not know whether a system is working well 

306  Working method of the transition between separation modes is not clear. 

307  Controllers might get used to reduced separations and apply them when they are not 
appropriate 

308  Higher stress on controller, because the margins are smaller 

309  Solving conflicts with double runway crossings is complex. 

310  Controller performance is affected due to alcohol, drugs or medication 

311  Controller is fatigued and sleepy (e.g. due to short breaks, small workforce, long hours) 

312  Misinterpretation of the radar display: controller thinks the aircraft has just crossed from e.g. 

west to east, while in reality it is about to cross from the east to the west. 

313  The controller overestimates the landing interval and gives a crossing clearance, but the landing 

aircraft is already too close. 

314  Controller switches wrong stopbar off 

315  ATC give initial OK to aircraft to proceed on flight even though they have not yet got flight plan 

316  Controller has no time to check computer codes identifying aircraft capability 

317  Controller is confused about whether aircraft is on own navigation or on radar vector 

318  Controller does not know what radar range of neighbouring sector is 

319  Controller realises at last minute that aircraft will not make flight level 

320  Controller regularly allows alerts for efficiency reasons. “Real” alerts are then recognised less 

well. 

321  Runway controller allows a nonstandard crossing, e.g. via an exit 

322  Controller forgets aircraft 

323  Controller is distracted by visitors in ATC centre 

324  Incorrect information transfer during shift change 

325  Improper use of flight progress strips 
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326  Controller does not use alert system 

327  Controller confuses numbers 1 and 2 in a departure sequence 

328  A tower controller working too much head-down instead of looking outside 

329  A controller not aware of work in progress 

330  Controllers getting very much used too new systems, such that it becomes hard to do without 

331  Controller has little experience in degraded modes (when technical systems fail) 

332  Contingency procedures have not been trained by controller 

333  Delay in detection or resolution by controller due to lack of trust in a technical system 

334  Controller does not update system or enters incorrect information 

335  Reorganisation at an ATC centre (e.g. removing assistant) leads to problems, e.g. higher 
workload of controller 

336  Large variation in workload 

337  Controller is frustrated with employer 

338  Capacity of older controllers is lower (e.g. more affected by changing shifts) 

339  Controller not happy with working side by side with another controller and having to split up the 

work he used to do alone in old situation 

340  The way a tools work is not transparent for the controller 

341  Controller does not like the planning of the Departure/Arrival Manager systems. He has little 

time to think about it and understand it. He finds it difficult to change the planning. 

342  Controller selects wrong taxiing route via pop-up in HMI 

343  The situation awareness of the supervisor may decrease due to the decrease in voice 

communication in the case of data-link communication. 

344  Decrease in situation awareness of pilot and controller due to increase in head down time for 
data-link HMI interaction 

345  The supervisor, responsible for ATIS, usually does not really check it 

346  In decreasing visibility ATC has to do many things and may not have time for ATIS and related 
problems/ alarms. 

347  Controllers not being aware of capabilities and weaknesses of the system 

348  Capabilities of a controller are not in line with new system developments (e.g. controller has 
dyslexia) 

349  The controller may not be aware of the consequences of failures, e.g., of one radar being down 

350  A missing strip may jeopardise the sequence planning, it may cause the controller to call for a 

wrong aircraft or it may confuse the controller  

351  If a strip is not available and a pilot contacts ATC, it takes time to realise which aircraft is 

calling, and where it is 

352  Some controllers write a lot on the strips while others, who do not need annotations for their 
own memory, only make the strip writing in the shift. Writing on paper is easy and fast, and a 

digital strip system may have a negative impact 

353  The head-down time may increase if a digital strip system is implemented as it might be harder 
to retrieve a digital strip than a paper strip. Also a paper strip can be held while doing other 

things 

354  A digital strip system may decrease the awareness as this is currently partly built up by physical 
manipulations of strips (e.g., simply keep the strip in the hand) 

355  If a system deletes strips automatically, this may confuse the controller's awareness. Nowadays, 
someone comes along, and makes a remark, possibly 

356  In case of a digital strip system, the knowledge on how colleagues work may decrease as the 

strip handling is less visible 

357  Working with mouses and electronic pencils leads to exhausted eyes, headaches and painful 
wrists and fingers 

358  Controller is confused due to sector configuration changes 

359  Controller does not know airspace configuration 

360  Controller is watching television / reading newspaper and does not notice traffic 

361  Wrong mode selected by the supervisor (e.g. visibility condition) 

362  Controller display is cluttered 
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363  ATIS does not provide correct information to pilot 

364  ATIS does not provide correct information to controller 

365  Components of ground systems not regularly checked for near failures/irregularities 

366  Detected failure / irregularities of ground components not properly repaired 

367  Aircraft trajectory plan disappears from ground database  

368  Waypoints are not shown on the radar screen 

369  Flight plans of ATC system and FMS differ 

370  Nuisance alert 

371  Wrong design of procedure 

372  System warning may be suppressed by other warnings 

373  Wake vortex detection system does not work 

374  Because of a technical malfunctioning, controller cannot switch a system mode (e.g. turn 

stopbar off) 

375  False negative alert (alert is not specified while it should have been specified) 

376  Delay in alert specification  

377  Mislabelled weight classification (heavy/medium/light) 

378  Controller misinterprets speed data 

379  Bad design of HMI (e.g. leading to boredom) 

380  System Wide Information System has limited bandwidth or lack of back-up 

381  Technicians cannot fix a failure quickly 

382  HMI screens not well visible due to sunshine 

383  Failure of strip printing system (e.g. no paper) 

384  Actors have access to information in a System Wide Information Exchange System while they 

should not. 

385  Actors do not have access to information in a System Wide Information Exchange System while 
they should 

386  ATC systems are hacked and modified without being noticed 

387  ATC centres have different versions of aircraft trajectory plans  

388  Adjacent centres use different standards for procedures or data formats 

389  Erroneous coordination between planning and tactical controller 

390  Demarcation of responsibilities between planning and tactical controllers is not clear 

391  Wrong handover of traffic between controllers 

392  Tactical controller does not trust solution of planning controller 

393  Different algorithms used at different ATC centres 

394  Controller does not inform other controllers about a conflict, incident or emergency situation 

395  Miscommunication between controllers  

396  Coordination between ATC centres / sectors / Controllers leading to delays / errors in flight  

397  Confusion about who has control 

398  Failure to understand requirements of adjacent sector 

399  Levels of traffic flow through sector is not understood by neighbouring sector, causing high ATC 
workload 

400  Poor coordination between civil and military ATC 

401  Pilot misinterprets clearance of ground controller and crosses runway without contacting runway 
controller 

402  Controller is overloaded with coordination messages 

403  Different languages used at coordinating ATC centres  

404  Different cultures at coordinating ATC centres 

405  4D trajectory information is not well shared between coordinating ATC centres 

406  Differences in trajectory prediction systems between coordinating ATC centres 

407  Radar coverage problems when merging or splitting ATC sectors 

408  Traffic overload at sector boundary 

409  Lack of awareness by employees at an ATC centre (e.g. controllers, maintenance) about which 

centre is in control over a particular airspace 

410  A controller still feeling responsible for an airspace sector of which the control is transferred to 
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an adjacent centre. 

411  Weather influences the functioning of airborne systems 

412  Avoiding bad weather leads to increase in crew workload 

413  Bad weather causes a shift in pilot attention 

414  Weather forecast wrong 

415  Overshoot of planned route due to wind 

416  Avoiding bad weather leads to higher traffic density 

417  Wind influences radius of flight curve 

418  Wind influences expected time of arrival 

419  Sudden weather change disturbs planning 

420  Different wind speeds at different heights (vertical windshear) 

421  Strong variation in wind 

422  Strong variation in view (e.g. due to snowfall or fog parches) 

423  Sudden strong descent of cloud base 

424  Strong turbulence 

425  Lightning 

426  Reduced visibility 

427  Aircraft reacts on meteorological conditions that are not known to ATC 

428  Cross- and tailwind influence wake vortices. 

429  Runway is more slippery due to rain, snow, icing  

430  Darkness 

431  Weather info not available 

432  In case of parallel approaches, crosswind may blow wake vortices from the upwind to the 

downwind approach. 

433  Icing of the wings 

434  Fog patches 

435  Lack of well-defined low visibility procedures 

436  Snow disturbs the ILS signal  

437  Tower is in cloud and aircraft not 

438  Military aircraft 

439  High traffic density 

440  Emergency flight 

441  Conflict leads to other conflict(s) 

442  Resolution of conflict leads to other conflict(s) 

443  High vertical speed differences at merging point 

444  Required accuracy of expected arrival time leads to low margins for deviations 

445  Speed differences between aircraft in a sequence 

446  Differences in performance of different aircraft types, e.g. at a merging point 

447  Difference in performance between aircraft of same types (e.g. due to different mass, different 

airline) 

448  Duplicate callsigns 

449  Aircraft crossing a red stopbar. 

450  Failure to capture or track the precision approach lateral or vertical guidance. 

451  Separation problem between parallel missed approaches 

452  Aircraft encounters a wake vortex generated by another aircraft 

453  Long runway occupancy time 

454  Taxiing movements between runways 

455  Military aircraft does not realise they are in controlled airspace 

456  Military aircraft not VHF equipped 

457  Aircraft leaves a sequence (e.g. due to an emergency situation) 

458  Unknown flying objects, e.g. weather balloons, leisure balloons, paragliders  

459  Unmanned Arial Vehicles in the neighbourhood 

460  No well-defined procedures for control of helicopter flights 

461  Departure at low speed (prop) in combination with a go-around at high speed for a jet 
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(difference in speed) 

462  Too much traffic for operation in a degraded mode (e.g. due to a system failure) 

463  Military use of airspace is not planned accurately 

464  Unfavourable traffic mix leads to higher mean separation distance than expected 

465  Prediction of traffic flows is difficult due to complex reasoning of airlines 

466  Military not willing to share information with civil ATC 

467  Jet-blast or prop-wash of aircraft in take-off affects the controllability of a crossing aircraft at 

the crossing area. 

468  Vehicle passes red light/ holding point/enters runway. 

469  Vehicle towing an aircraft fails to follow ATC instructions and taxies through holding point and 

crosses runway. 

470  Vehicles without R/T contact with runway controller cross runway. 

471  Airport closure 

472  Mountains 

473  Restricted airspace 

474  Runway closed 

475  Wrong runway closed 

476  Failure of runway lights  

477  Evacuation of ATC centre (e.g. fire alarm) 

478  Airspace sectors poorly designed, much overlap 

479  Aircraft overrunning the prepared runway surface. 

480  Aircraft may enter wrong runway exit, runway crossing or runway holding 

481  People on the runway 

482  All kinds of stuff on the runway, especially at crossings. 

483  Animals on the runway 

484  Reduced visibility due to smoke from outside airport. 

485  Alarm / fire brigade activity 

486  Volcanic eruption 

487  Closure of airspace (e.g. due to emergency, volcanic eruption) 

488  High object close to runway (e.g. building, crane) 

489  Approach lights are not visible 

490  Small aircraft parking places 

491  No clear definition of manoeuvring area (e.g. leading to vehicles at undesired places) 

492  Vehicle is stuck on the runway (e.g. engine failure, snow) 

493  Encounter with birds 

494  Poor airport position 

495  An accurate up-to-date plan is not received due to companies submitting several plans which 
are slightly different 

496  Cargo flights or transatlantic flights get exemptions from following certain routes 

497  Delays lead to last minute re-routeing and no up-to-date flight plan 

498  Discrepancy between issued flight plan and outdated plan in FMS 

499  Flight plans held by ATC do not match company plans (summer and winter plans might not 

correspond) 

500  Cabin ready not received from cabin crew 

501  Aircraft rented by other company: colour does not match with call sign. 

502  Airport configuration change 

503  Wrong or complex design of route structure in TMA (e.g. SID and STAR too close) 

504  Contingency procedures have not been tested 

505  Roles and responsibilities in new concept are not well defined 

506  Passenger comfort during flight (e.g. aircraft turns, speed variations, turbulence) 

507  Highjack of aircraft 

508  Uncontrolled aircraft 

509  Wrong or inaccurate ATIS data (e.g. not updated) 

510  Maintenance work in the manoeuvring area of the airport 
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511  No ATC on a (small) airport 

512  UAV not well conducted from the ground 

513  Missing passenger, aircraft has to wait or return to the gate 

514  Difference in missed approach procedures Europe / USA 

515  Expected time of arrival not correctly predicted 

516  Predeparture clearance is mis-read 

517  A failure is reported which is actually not a failure 

518  Sabotage 

519  Strikes 

520  Intentional errors in data 

521  Airlines are not willing to share information for Collaborative Decision Making 

522  Power or system outages (e.g. radar) affecting several ATC centres 

523  Insufficient capacity of an ATC centre due to strike or illness 

524  Interception of a civil aircraft by a military aircraft 

525  Military aircraft shoots a civil aircraft down 
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Appendix B Clustering of disturbances 

The identified disturbances are the input for clustering of disturbances at three aggregation levels: high-

level, mid-level, and low-level. At a high-level the following 18 categories have been identified: 

 Aircraft/navigation technical systems 

 Airport infrastructure & operations 

 Airspace 

 ATC coordination 

 ATC system 

 Controller performance 

 Controller pilot communication 

 Controller situation awareness 

 Controller working context 

 Delay 

 Flight performance 

 Maintenance 

 Pilot performance 

 Pilot situation awareness 

 Pilot working context 

 Rules and procedures 

 Traffic relations 

 Weather 

The following sub-appendices provide the disturbances at the mid-level and low-level for each of these 

high-level categories. Furthermore, for each disturbance it is specified whether a pilot or controller may 
have contributed to the existence of the disturbance, or whether the disturbance is not due to the 

performance of pilots or controllers. 

B.1 Aircraft/navigation technical systems 

Mid-level disturbance ID Low-level disturbance 
Pilot/ATCo 

contribution 

Accuracy of FMS 
routing 

31 
Different coding of curves by different suppliers of 
flight management systems 

No 

32 
Data integrity of coordinates is different for different 
suppliers of flight management system software (one 
airline may fly more accurately than another) 

No 

Aircraft equipment level 27 
Aircraft not equipped with specific technical systems 
(e.g. TCAS, ADS-B) 

No 

Cockpit display 
5 Display(s) failure No 

11 Clutter of cockpit display No 

Conflict resolution 
advisory system 

10 
Discrepancy between conflict resolution strategies of 
different technical systems 

No 

147 
TCAS resolution advisory is inconsistent with 
controller resolution 

Yes 

237 
Pilots fly closer to other aircraft if their aircraft are 
equipped with TCAS 

Yes 

Error in FMS routing 33 
Wrong waypoints in database, e.g. due to update of 
flight management system software, errors in 

No 
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database, outdated database 

498 
Discrepancy between issued flight plan and outdated 
plan in FMS 

No 

False/nuisance Alert 21 False alert of an airborne system No 

FMS failure / delay 

7 Autopilot failure No 

19 Failure of FMS No 

35 
Large computation time by the flight management 
system 

No 

36 Trajectory disappears from FMS No 

Fuselage 15 Degradation of aircraft structure No 

Generic airborne 
systems 

6 
Large electronic failure, impacting large number of 
airborne systems 

No 

8 Degradation of airborne system No 

9 
Interference of airborne system with other airborne 
systems or external systems 

No 

Instrument landing 
system 

34 
Wrong localizer frequency of the instrument landing 
system 

No 

38 Technical ILS failure No 

39 Wrong ILS is turned on Yes 

43 
ILS glidepath is fluctuating (e.g. leading to steep 
approach) 

No 

450 
Failure to capture or track the precision approach 
lateral or vertical guidance. 

No 

Landing gear 

12 Degradation of the brake system No 

13 Degradation of the nose-wheel steering No 

25 Degradation of landing gear No 

26 Flat tyre(s) No 

Positioning system 

28 Navigation error in own position No 

29 Failure of GPS system No 

30 Wrong altitude measurement setting Yes 

37 GPS signal is disturbed at low altitudes No 

40 Map shift (beacons in wrong positions in AIPs) No 

41 
Aircraft picks up different beacons with the same or 
with similar frequencies 

No 

42 Obstructions in line of sight of beacons No 

Powerplant 14 Degradation of engines No 

B.2 Airport infrastructure & operations 

Mid-level disturbance ID Low-level disturbance 
Pilot/ATCo 

contribution 

Aircraft ground 
movement 

243 Pilot taxies too fast Yes 

449 Aircraft crossing a red stopbar. Yes 

454 Taxiing movements between runways Yes 

480 
Aircraft may enter wrong runway exit, runway 
crossing or runway holding 

Yes 

Airport configuration 

471 Airport closure Yes 

474 Runway closed Yes 

475 Wrong runway closed Yes 

502 Airport configuration change Yes 

Airport design 

490 Small aircraft parking places No 

491 
No clear definition of manoeuvring area (e.g. leading 
to vehicles at undesired places) 

No 
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494 Poor airport position No 

Approach / runway 
lights 

476 Failure of runway lights No 

489 Approach lights are not visible No 

Approach and landing 

20 
Aircraft landing or rolling out off the side of the 
prepared runway surface 

Yes 

22 Unstabilised approach Yes 

23 Long landing (landing beyond threshold) Yes 

453 Long runway occupancy time Yes 

479 Aircraft overrunning the prepared runway surface. Yes 

Bird strike 493 Encounter with birds No 

Fire brigade 485 Alarm / fire brigade activity No 

Maintenance work / 
obstacle 

488 High object close to runway (e.g. building, crane) No 

510 
Maintenance work in the manoeuvring area of the 
airport 

No 

No ATC 511 No ATC on a (small) airport No 

Runway blocked or 
contaminated 

481 People on the runway Yes 

482 
All kinds of stuff on the runway, especially at 
crossings 

No 

483 Animals on the runway No 

492 
Vehicle is stuck on the runway (e.g. engine failure, 
snow) 

No 

Vehicle movement 

468 Vehicle passes red light/ holding point/enters runway. No 

469 
Vehicle towing an aircraft fails to follow ATC 
instructions and taxies through holding point and 
crosses runway. 

Yes 

470 
Vehicles without R/T contact with runway controller 
cross runway. 

No 

B.3 Airspace 

Mid-level disturbance ID Low-level disturbance 
Pilot/ATCo 

contribution 

Airspace availability 
472 Mountains No 

473 Restricted airspace No 

Airspace design 

478 Airspace sectors poorly designed, much overlap No 

503 
Wrong or complex design of route structure in TMA 
(e.g. SID and STAR too close) 

No 

Change in airspace 
availability 

486 Volcanic eruption No 

487 
Closure of airspace (e.g. due to emergency, volcanic 
eruption) 

No 

B.4 ATC coordination 

Mid-level disturbance ID Low-level disturbance 
Pilot/ATCo 

contribution 

Conflict / emergency 394 
Controller does not inform other controllers about a 
conflict, incident or emergency situation 

Yes 

Coordination military 
operations 

400 Poor coordination between civil and military ATC Yes 

438 Military aircraft No 

455 Military aircraft does not realise they are in controlled Yes 
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airspace 

456 Military aircraft not VHF equipped No 

463 Military use of airspace is not planned accurately No 

466 Military not willing to share information with civil ATC No 

524 Interception of a civil aircraft by a military aircraft Yes 

525 Military aircraft shoots a civil aircraft down Yes 

Coordination overload 402 Controller is overloaded with coordination messages Yes 

Different procedures / 
algorithms at ATC 

centres 

388 
Adjacent centres use different standards for 
procedures or data formats 

No 

393 Different algorithms used at different ATC centres No 

406 
Differences in trajectory prediction systems between 
coordinating ATC centres 

No 

Error / delay 

395 Miscommunication between controllers Yes 

396 
Coordination between ATC centres / sectors / 
controllers leading to delays / errors in flight 

Yes 

Language & cultural 
differences between 

ATC centres 

403 
Different languages used at coordinating ATC 
centres 

No 

404 Different cultures at coordinating ATC centres No 

Planning and tactical 

389 
Erroneous coordination between planning and 
tactical controller 

Yes 

390 
Demarcation of responsibilities between planning and 
tactical controllers is not clear 

Yes 

392 
Tactical controller does not trust solution of planning 
controller 

Yes 

Shift change 324 Incorrect information transfer during shift change Yes 

Traffic handover 

391 Wrong handover of traffic between controllers Yes 

397 Confusion about who has control Yes 

398 
Failure to understand requirements of adjacent 
sector 

Yes 

409 
Lack of awareness by employees at an ATC centre 
(e.g. controllers, maintenance) about which centre is 
in control over a particular airspace 

Yes 

410 
A controller still feeling responsible for an airspace 
sector of which the control is transferred to an 
adjacent centre. 

Yes 

Traffic level 
399 

Levels of traffic flow through sector is not understood 
by neighbouring sector, causing high ATC workload 

No 

408 Traffic overload at sector boundary No 

B.5 ATC system 

Mid-level disturbance ID Low-level disturbance 
Pilot/ATCo 

contribution 

Aircraft identification 

45 Misidentification of aircraft No 

61 Mislabelled identity No 

69 
Loss of a label or an error just when the controller 
needs to call the aircraft 

No 

Alert not provided 
properly 

63 Display does not show alert No 

372 
System warning may be suppressed by other 
warnings 

No 

375 
False negative alert (alert is not specified while it 
should have been specified) 

No 

376 Delay in alert specification No 

ATIS 363 ATIS does not provide correct information to pilot No 



 
D1.2 The human contribution 

 

Page 64 of 302 

 

364 
ATIS does not provide correct information to 
controller 

No 

509 Wrong or inaccurate ATIS data (e.g. not updated) No 

False/nuisance Alert 

46 False alert No 

269 Alert interrupts task scheduling of controller No 

370 Nuisance alert No 

Flight plan 

367 
Aircraft trajectory plan disappears from ground 
database 

No 

369 Flight plans of ATC system and FMS differ No 

377 Mislabelled weight classification (heavy/medium/light) No 

387 
ATC centres have different versions of aircraft 
trajectory plans 

No 

495 
An accurate up-to-date plan is not received due to 
companies submitting several plans which are 
slightly different 

No 

499 
Flight plans held by ATC do not match company 
plans (summer and winter plans might not 
correspond) 

No 

515 Expected time of arrival not correctly predicted No 

General system outage 522 
Power or system outages (e.g. radar) affecting 
several ATC centres 

No 

Human machine 
interface 

362 Controller display is cluttered No 

368 Waypoints are not shown on the radar screen No 

379 Bad design of HMI (e.g. leading to boredom) No 

382 HMI screens not well visible due to sunshine No 

Non-adaptable system 
mode  

374 
Because of a technical malfunctioning, controller 
cannot switch a system mode (e.g. turn stopbar off) 

No 

Radar 

49 Radar is not functioning well (degradation) No 

50 Radar is not working (failure) No 

58 Blind spots in radar coverage No 

64 
A large aircraft may cover a small aircraft for radar 
when they cross simultaneously. 

No 

67 
An area without MLAT coverage, without radar 
coverage, or without surveillance coverage, either on 
the ground or in the in air 

No 

407 
Radar coverage problems when merging or splitting 
ATC sectors 

No 

Strips 

350 
A missing strip may jeopardise the sequence 
planning, it may cause the controller to call for a 
wrong aircraft or it may confuse the controller 

No 

351 
If a strip is not available and a pilot contacts ATC, it 
takes time to realise which aircraft is calling, and 
where it is 

No 

383 Failure of strip printing system (e.g. no paper) No 

Surveillance data 
distortion & delays 

47 Noise in aircraft speed vectors No 

48 Delay in received data No 

51 Delay in surveillance data due to radar sweep No 

53 Variance in delays of surveillance data No 

54 Multipath effects (signal is shattered by reflection) No 

55 
Jamming of surveillance signals by military or radio 
pirates 

No 

56 Variation of down-linked data (e.g. due to turbulence) No 

57 Delay due to transponder update rate No 

System controller 
interaction 

259 Automation makes controller task more complex Yes 

340 
The way tools work is not transparent for the 
controller 

Yes 

341 Controller does not like the planning of the Yes 
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Departure/Arrival Manager systems. He has little time 
to think about it and understand it. He finds it difficult 
to change the planning. 

348 
Capabilities of a controller are not in line with new 
system developments (e.g. controller has dyslexia) 

Yes 

357 
Working with mouses and electronic pencils leads to 
exhausted eyes, headaches and painful wrists and 
fingers 

Yes 

Track problem 

59 Track swap No 

60 Track drop No 

62 False plot on screen No 

65 Fusion of all radar info does not work well No 

66 
Wrong wiring in the aircraft could be a cause of 
aircraft on the ground appearing on the air radar 
when they start to taxi. 

No 

70 
The height filter on the radar may filter too much or 
too few 

No 

Transponder problem 

44 
Transponder is not functioning well (degradation, 
overload) 

No 

52 Transponder sends wrong call-sign Yes 

68 Pilots forget to put the MLAT transponder on Yes 

B.6 Controller performance 

Mid-level disturbance ID Low-level disturbance 
Pilot/ATCo 

contribution 

Allowance to deviate 
from normal procedure 

315 
ATC give initial OK to aircraft to proceed on flight 
even though they have not yet got flight plan 

Yes 

321 
Runway controller allows a nonstandard crossing, 
e.g. via an exit 

Yes 

Erroneous data entry 

314 Controller switches wrong stopbar off Yes 

334 
Controller does not update system or enters incorrect 
information 

Yes 

342 
Controller selects wrong taxiing route via pop-up in 
HMI 

Yes 

Improper system use 
302 Controller misuses equipment Yes 

325 Improper use of flight progress strips Yes 

Mode selection 361 
Wrong mode selected by the supervisor (e.g. visibility 
condition) 

Yes 

Monitoring 

257 Controller spends too much time monitoring Yes 

328 
A tower controller working too much head-down 
instead of looking outside 

Yes 

No checking 345 
The supervisor, responsible for ATIS, usually does 
not really check it 

Yes 

Professional attitude 

275 Complacency of controller Yes 

301 
Controller behaves in a non-professional way (e.g. 
sadistic) 

Yes 

360 
Controller is watching television / reading newspaper 
and does not notice traffic 

Yes 

520 Intentional errors in data Yes 

System not effectively 
used 

326 Controller does not use alert system Yes 

346 
In decreasing visibility ATC has to do many things 
and may not have time for ATIS and related 
problems/ alarms. 

Yes 
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Wrong / late decision  
263 

Controller makes wrong decision while interpretation 
of information is correct 

Yes 

296 Controller assigns a (parallel) runway at a late stage Yes 

Wrong or missing 
message 

264 
Controller provides wrong message while decision is 
correct 

Yes 

280 
Controller does not give an instruction to initiate a 
particular procedure (e.g. continuous descent 
approach) 

Yes 

293 Controller makes error in typing a message Yes 

516 Predeparture clearance is mis-read Yes 

B.7 Controller pilot communication 

Mid-level disturbance ID Low-level disturbance 
Pilot/ATCo 

contribution 

Aircraft identity 

89 Pilots accept a clearance for another aircraft Yes 

96 Controller mixes up company names Yes 

98 
Callsign confusion: callsigns look alike too much; 
gives restlessness in cockpit (pilot wonders if call is 
for him all the time) 

Yes 

100 Pilot does not use callsign Yes 

102 
Wishful thinking leads to the pilots assuming that a 
clearance is for them 

Yes 

106 Controller mixes up call-signs Yes 

270 Controller corrects the wrong aircraft Yes 

Communication system 

71 Interference of VHF R/T No 

72 Jamming of VHF-R/T (by military/ radio pirates) No 

75 
VHF R/T communication is affected due to limited 
VHF bandwidth 

No 

76 VHF R/T frequency is blocked No 

79 Failure of ATC component of communication system No 

80 
Communication system fails due to a stuck 
microphone 

No 

81 
Airborne component of communication system is not 
working (failure) 

No 

92 
Volume turned down on headset/speakers 
(aircraft/ATC) 

Yes 

No suitable phraseology 86 Lack of suitable R/T phraseology No 

Non-standard / poor R/T 

87 Too long R/T to identify transition. Yes 

90 A jolly atmosphere on the frequency (e.g. at night) Yes 

91 
Poor R/T ability or poor knowledge of English (e.g. 
leading to different interpretations) 

Yes 

94 Standard R/T not adhered to Yes 

95 
Controller and pilot communicate in a foreign 
language rather than English 

Yes 

241 Pilot complains to controller about sequence Yes 

R/T misunderstanding 

99 Pilot reads back erroneously Yes 

101 
Pilot does not query controller until instruction is 
understood 

Yes 

107 
Controller does not notice lack of read-back or 
erroneous read-back 

Yes 

292 
Misunderstanding in communication between 
controller and pilot 

Yes 

R/T overload 77 Complex procedure causes VHF R/T overload No 
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105 Error in R/T due to R/T overload Yes 

246 Clutter of audio messages No 

VHF frequency 
selection 

73 Wrong VHF R/T frequency selected Yes 

74 
VHF R/T frequency selected too late or too early, 
leading to a wrong frequency 

Yes 

78 
Failure in frequency changes between subsequent 
air traffic controllers 

Yes 

88 
In case of a conditional handover pilots may switch 
frequency immediately. 

Yes 

93 
Pilot is given wrong frequency or the frequency of a 
wrong sector, on sector handover, 

Yes 

104 
Pilot uses incorrect R/T frequency and eventually 
acts independently 

Yes 

B.8 Controller situation awareness 

Mid-level disturbance ID Low-level disturbance 
Pilot/ATCo 

contribution 

Aircraft capability 

291 
Aircraft has different navigation capabilities than 
controller thinks 

Yes 

299 
Controller does not know whether an aircraft can fly a 
procedure 

Yes 

316 
Controller has no time to check computer codes 
identifying aircraft capability 

Yes 

Aircraft identity 

283 Controller misidentifies an aircraft Yes 

322 Controller forgets aircraft Yes 

327 
Controller confuses numbers 1 and 2 in a departure 
sequence 

Yes 

Aircraft intent 

285 Controller does not know the intent of an aircraft Yes 

286 
Controller has a wrong awareness about the intent of 
aircraft 

Yes 

294 Controller does not know flight plan of aircraft Yes 

Aircraft mode 

295 
Visual detection by the Controller of Missed 
Approach is a problem. 

Yes 

317 
Controller is confused about whether aircraft is on 
own navigation or on radar vector 

Yes 

Aircraft state 

276 
Controller is confused about position as 
communicated by pilot 

Yes 

312 

Misinterpretation of the radar display: controller 
thinks the aircraft has just crossed from e.g. west to 
east, while in reality it is about to cross from the east 
to the west. 

Yes 

313 
The controller overestimates the landing interval and 
gives a crossing clearance, but the landing aircraft is 
already too close. 

Yes 

319 
Controller realises at last minute that aircraft will not 
make flight level 

Yes 

378 Controller misinterprets speed data Yes 

Airspace / separation 
mode 

307 
Controllers might get used to reduced separations 
and apply them when they are not appropriate 

Yes 

Alert interpretation 

266 Controller ignores an alert (no evaluation) Yes 

267 
Controller wrongly evaluates traffic situation after an 
alert 

Yes 

268 Controller is distracted by an alert Yes 
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272 Alert causes attention tunnelling Yes 

298 Low confidence in validity of system alerts Yes 

320 
Controller regularly allows alerts for efficiency 
reasons. “Real” alerts are then recognised less well. 

Yes 

Contradictory 
information 

265 Controller receives contradictory information No 

Detection & 
interpretation of traffic 

situation 

253 Identification of a non-existent conflict Yes 

254 Risk of a conflict is underestimated Yes 

260 
Controller does not detect a deviation from a 
clearance 

Yes 

262 
Controller interprets information or traffic situation 
wrongly 

Yes 

Infrastructure & system 
functionality 

274 
Controller is not aware of the failure of malfunctioning 
of a technical system 

Yes 

300 
Controller does not know the availability of 
infrastructure 

Yes 

305 
Controller does not know whether a system is 
working well 

Yes 

318 
Controller does not know what radar range of 
neighbouring sector is 

Yes 

329 A controller not aware of work in progress Yes 

347 
Controllers not being aware of capabilities and 
weaknesses of the system 

Yes 

349 
The controller may not be aware of the 
consequences of failures, e.g., of one radar being 
down 

Yes 

358 
Controller is confused due to sector configuration 
changes 

Yes 

359 Controller does not know airspace configuration Yes 

Reading error 256 Controller makes a reading error Yes 

System trust 

258 Over-reliance on system data (by controller) Yes 

333 
Delay in detection or resolution by controller due to 
lack of trust in a technical system 

Yes 

B.9 Controller working context 

Mid-level disturbance ID Low-level disturbance 
Pilot/ATCo 

contribution 

Aircraft identity 

448 Duplicate callsigns No 

501 
Aircraft rented by other company: colour does not 
match with call sign. 

No 

Automation 

273 Loss of monitoring skills (due to automation) No 

304 
Controller role changes from controlling to 
monitoring. 

No 

330 
Controllers getting very much used to new systems, 
such that it becomes hard to do without 

No 

Controller incapacitation 

310 
Controller performance is affected due to alcohol, 
drugs or medication 

Yes 

311 
Controller is fatigued and sleepy (e.g. due to short 
breaks, small workforce, long hours) 

No 

Distraction 323 Controller is distracted by visitors in ATC centre No 

Evacuation 477 Evacuation of ATC centre (e.g. fire alarm) No 

False failure report 517 A failure is reported which is actually not a failure Yes 
Organisation & 297 High controller workload due to shortage of No 
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workforce controllers 

335 
Reorganisation at an ATC centre (e.g. removing 
assistant) leads to problems, e.g. higher workload of 
controller 

No 

337 Controller is frustrated with employer Yes 

338 
Capacity of older controllers is lower (e.g. more 
affected by changing shifts) 

No 

339 
Controller not happy with working side by side with 
another controller and having to split up the work he 
used to do alone in old situation 

Yes 

519 Strikes No 

523 
Insufficient capacity of an ATC centre due to strike or 
illness 

No 

Training & experience 

282 
Controller has little experience with fall-back options 
in ATC procedures (e.g. in case of bad weather, 
system failure) 

No 

287 
Controller insufficiently trained for new concept / 
procedures 

No 

303 Controller is not well trained No 

331 
Controller has little experience in degraded modes 
(when technical systems fail) 

No 

332 
Contingency procedures have not been trained by 
controller 

No 

Workload 

255 Controller is overloaded with information No 

271 Increase in communication load No 

277 Large workload of controller No 

289 
Controller is bored and has low vigilance due to low 
workload 

No 

336 Large variation in workload No 

B.10 Delay 

Mid-level disturbance ID Low-level disturbance 
Pilot/ATCo 

contribution 

Delay 

497 
Delays lead to last minute re-routeing and no up-to-
date flight plan 

No 

500 Cabin ready not received from cabin crew No 

513 
Missing passenger, aircraft has to wait or return to 
the gate 

No 

B.11 Flight performance 

Mid-level disturbance ID Low-level disturbance 
Pilot/ATCo 

contribution 

Aircraft performance 
limitation 

2 
Aircraft cannot perform requested manoeuvre, since 
it is over its performance limits 

Yes 

3 Aircraft flies near its envelope extremes Yes 

4 Aircraft is in a wrong mode for a particular action Yes 

Extreme movements 506 
Passenger comfort during flight (e.g. aircraft turns, 
speed variations, turbulence) 

Yes 
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Fuel shortage 1 Fuel shortage Yes 

Uncommanded 
movements 

24 Uncommanded roll occurrences No 

508 Uncontrolled aircraft Yes 

Wrong direction 216 
Pilot flies in wrong direction in hold pattern on dual 
track route 

Yes 

B.12 Maintenance 

Mid-level disturbance ID Low-level disturbance 
Pilot/ATCo 

contribution 

No proper repair 

18 
Detected failures / irregularities of components of 
aircraft not properly repaired 

No 

366 
Detected failure / irregularities of ground components 
not properly repaired 

No 

381 Technicians cannot fix a failure quickly No 

No regular check 

17 
Components of aircraft systems not regularly 
checked for near failures / irregularities 

No 

365 
Components of ground systems not regularly 
checked for near failures/irregularities 

No 

B.13 Pilot performance 

Mid-level disturbance ID Low-level disturbance 
Pilot/ATCo 

contribution 

ATC 
instruction/clearance 

138 Pilots do not perform clearance straightforwardly Yes 

139 
Pilots feel reduced in their freedom for implementing 
a clearance 

Yes 

141 Pilots cannot anticipate a clearance Yes 

165 Pilots do not follow controller instruction Yes 

179 Pilot mixes up different types of ATC clearances Yes 

199 
Pilots perform manoeuvre to avoid a perceived 
conflict without a clearance 

Yes 

201 
Pilots have difficulty with switching between following 
RNAV procedures and radar vectors provided by 
ATC 

Yes 

208 
After a conditional crossing clearance the aircraft 
crosses behind another aircraft than indicated in the 
conditional clearance. 

Yes 

214 Pilot fails to obtain ATC authorisation Yes 

225 
Pilots perform operation without clearance due to 
unfamiliarity with local procedures 

Yes 

226 Pilot forgets clearance Yes 

227 
Pilot performs an expected instruction rather than the 
actual instruction 

Yes 

228 
Pilot follows another taxiing aircraft and lines up 
without a clearance 

Yes 

242 
Pilot is not following the clearance because he tries 
to solve a problem 

Yes 

249 
Pilots are irritated by pre-tactical clearances of which 
the intention is not clear 

Yes 
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401 
Pilot misinterprets clearance of ground controller and 
crosses runway without contacting runway controller 

Yes 

Cockpit crew 
coordination 

134 Crew disagreement Yes 

197 
Disagreement between crew members on how to 
solve conflict. 

Yes 

217 
Pilot not flying punches buttons on FMC without 
telling the flying pilot 

Yes 

Data entry 
 

176 
Pilot selects wrong route in flight management 
system 

Yes 

182 Pilot makes error in typing a message Yes 

211 
Pilot enters wrong squawk code causing same code 
allocated to two aircraft, codes are swapped around 
or loss of identification by …. 

Yes 

245 
Pilot insists on giving a command that is not 
understood by the HMI 

Yes 

Deviation from normal 
procedures 

160 Pilots may be tempted to bend the rules Yes 

171 
Pilots want to deviate from flight plan for economical 
benefits: shorter flying time, shorter taxi time etc. 
Requests could congest the system. 

Yes 

175 
Pilots ‘fool’ the system to attain particular (e.g. 
economic) gains 

Yes 

209 
Poor stopbar discipline of pilots. A clearance may be 
sufficient for them to ignore a red stopbar. 

Yes 

224 Checklist procedures not yet finished Yes 

234 Pilots disconnect FMS Yes 

238 Cowboy mentality of pilots: stretching the rules. Yes 

Late reaction 
130 Late reaction of pilot Yes 

232 Pilot does not know when to take action Yes 

Monitoring 

103 
Pilots do not monitor R/T indicated presence of other 
aircraft 

Yes 

192 
In an emergency procedure, aircraft may have to 
descend quickly and not have time to look out for 
other traffic. 

Yes 

Position & intent 
reporting 

148 
Pilots cannot explain where they are, e.g. due to lack 
of waypoints 

Yes 

149 Pilots report wrong position Yes 

150 Pilots do not report position Yes 

151 
Pilots report partial position information (e.g. only 
altitude) 

Yes 

152 Pilots do not report intent information Yes 

Wake vortex reaction 203 Pilot may overreact to a wake vortex encounter 
Yes 

 

Wrong / uncertain 
decision 

221 Pilot validates without actually checking Yes 

223 
Pilot makes an error in the calculation of the aircraft 
performance (e.g. wet runway, tail wind, weight) 

Yes 

236 Failure reporting is complex for complex systems Yes 

B.14 Pilot situation awareness 

Mid-level disturbance ID Low-level disturbance 
Pilot/ATCo 

contribution 

Alert interpretation 
131 

Pilots does not acknowledge conflict resolution 
proposal of technical system 

Yes 

146 Alert causes attention tunnelling Yes 
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188 

Pilots making own judgement on relevance of 
(reported, alerted) failures and acting only on failures 
judged relevant; misjudgement may lead to not 
reacting to an important alert. 

Yes 

202 Pilot may overreact to an alert Yes 

Controller situation 
143 

Pilot does not know the information available to the 
controller 

Yes 

144 Pilot does not know the level of stress of a controller Yes 

Crew difference 231 
Difference in situation awareness of Pilot Flying and 
Pilot Not Flying 

Yes 

Detection & 
interpretation of traffic 

situation 

133 Risk of a conflict is underestimated by pilots Yes 

145 
Pilot does not know the complexity of the traffic 
situation 

Yes 

162 
Pilots do not know the performance or intent of other 
aircraft 

Yes 

185 
Pilots receive wrong information about conflicting 
traffic 

No 

Event detection 137 Pilot does not detect an event Yes 

Routing 

200 Pilot uses wrong waypoint with the same identifier Yes 

213 Overfamiliarity with route Yes 

215 Pilot confuses radar heading with a flight level Yes 

222 Pilot misinterprets moving map Yes 

239 Pilots are flying to wrong airport Yes 

Rules and procedures 

161 
Procedures and routes in TMA or at airport are not 
well known by pilots (e.g. because pilots enter it 
seldom) 

Yes 

184 
Pilots do not know what separation standards are 
used 

Yes 

204 
Pilots might get used to reduced separations and 
apply them when they are not appropriate 

Yes 

248 Pilot does not know airspace configuration Yes 

Runway choice 
180 

Pilots line up on a runway with insufficient declared 
distance available 

Yes 

181 Pilots (intend to) use wrong runway Yes 

System degradation 
97 Aircrew unaware of loss of voice communication Yes 

136 Pilot does not detect degradation of airborne system Yes 

System mode 251 
Pilot does not know whether (s)he has selected the 
correct localizer frequency of the instrument landing 
system 

Yes 

System trust 

142 Over-reliance on system data Yes 

159 
Confusion due to many sources that provide you with 
information. Which information do you rely on in 
which case? 

Yes 

170 Pilot does no trust flight management system Yes 

178 
Pilots have (too) much confidence in flight 
management system 

Yes 

230 
Delay into detection of a problem/conflict by pilots 
due to lack of trust in technical system 

Yes 

244 
Pilot doesn’t use a (new) technical system because 
he is frustrated about its performance 

Yes 
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B.15 Pilot working context 

Mid-level disturbance ID Low-level disturbance 
Pilot/ATCo 

contribution 

Cultural differences 

235 Cultural differences between airlines No 

240 Differences in national cultural backgrounds No 

279 
Cultural differences impact the performance of crews 
(e.g. English pilots might better follow procedures 
than Dutch) 

Yes 

Distraction 218 Crew hindrance (insects, etc) No 

Interaction with 
technical system 

132 
Lack of situation awareness of pilot due to high level 
of automation 

No 

177 Data entry contributes to high workload No 

229 System failure leads to increase in pilots’ workload No 

Pilot incapacitation 

183 One or two pilots die during a flight Yes 

206 
Pilot performance is affected due to alcohol, drugs or 
medication 

Yes 

207 Pilot is fatigued and sleepy Yes 

212 Pilots falling asleep Yes 

Safety culture 219 Airline with poor safety culture No 

Training 
166 

Wrong or inaccurate information (e.g. AIP) used 
during training 

No 

169 Pilot insufficiently trained for new concept No 

Workload / Information 
load 

135 Large workload of crew No 

164 
Pilots do not react to controller call due to high 
workload 

Yes 

195 
Sudden switch from a low workload to a high 
workload 

No 

247 
A pilot may lose interest when flight information 
updates (e.g. ATIS) are uploaded too frequently 

Yes 

B.16 Rules and procedures 

Mid-level disturbance ID Low-level disturbance 
Pilot/ATCo 

contribution 

Changes in procedures 

163 
Change in ATC procedures leads to confusion by 
pilots 

No 

252 
Change of ATC procedures leads to more errors in 
controller’s performance 

No 

281 
Change of ATC procedures affects fluency of 
controller’s performance 

No 

Differences between 
procedures 

167 
Differences in procedures in Europe / USA lead to 
confusion 

No 

210 
Different companies have different procedures for 
reacting to TCAS 

No 

496 
Cargo flights or transatlantic flights get exemptions 
from following certain routes 

No 

514 
Difference in missed approach procedures Europe / 
USA 

No 

No suitable procedure 
available 

284 
Occurrence of a situation which is not procedurally 
covered 

No 

435 Lack of well-defined low visibility procedures No 
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460 
No well-defined procedures for control of helicopter 
flights 

No 

Procedure not tested 504 Contingency procedures have not been tested No 

Procedure restricts 
operational flexibility 

278 
Air traffic control concept does not provide the 
controller much room to manoeuvre, e.g. to solve 
conflicts laterally 

No 

Unclear / difficult 
procedures 

153 Application of rules of flight is unclear to pilot Yes 

154 Application of rules of flight is unknown to pilot Yes 

155 
Pilot is confused by large number of rules and mixes 
rules up with normal operation rules 

No 

196 
Difficult emergency procedures, leading to incorrect 
or late crew actions. 

No 

220 
Unclear and ambiguous standard operating 
procedures for cockpit crew (e.g. checklist, 
instrument reading, visual monitoring) 

No 

306 
Working method of the transition between separation 
modes is not clear. 

No 

Wrong procedure 
design 

371 Wrong design of procedure No 

 

B.17 Traffic relations 

Mid-level disturbance ID Low-level disturbance 
Pilot/ATCo 

contribution 

Aircraft speed 
differences 

443 High vertical speed differences at merging point Yes 

445 Speed differences between aircraft in a sequence Yes 

446 
Differences in performance of different aircraft types, 
e.g. at a merging point 

No 

447 
Difference in performance between aircraft of same 
types (e.g. due to different mass, different airline) 

No 

461 
Departure at low speed (prop) in combination with a 
go-around at high speed for a jet (difference in 
speed) 

No 

Complex operations 

309 
Solving conflicts with double runway crossings is 
complex 

No 

451 
Separation problem between parallel missed 
approaches 

No 

465 
Prediction of traffic flows is difficult due to complex 
reasoning of airlines 

No 

Conflict propagation 
441 Conflict leads to other conflict(s) Yes 

442 Resolution of conflict leads to other conflict(s) Yes 

Emergencies 

16 Rapid descent due to an aircraft system failure Yes 

440 Emergency flight Yes 

457 
Aircraft leaves a sequence (e.g. due to an 
emergency situation) 

Yes 

Other flying objects 458 
Unknown flying objects, e.g. weather balloons, 
leisure balloons, paragliders 

No 

Traffic density 

205 Higher stress on pilots due to more traffic in the area No 

308 
Higher stress on controller, because the margins are 
smaller 

No 

416 Avoiding bad weather leads to higher traffic density No 
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439 High traffic density No 

462 
Too much traffic for operation in a degraded mode 
(e.g. due to a system failure) 

No 

Traffic mix 464 
Unfavourable traffic mix leads to higher mean 
separation distance than expected 

No 

Wake vortex separation 

428 Cross- and tailwind influence wake vortices. No 

432 
In case of parallel approaches, crosswind may blow 
wake vortices from the upwind to the downwind 
approach. 

No 

452 
Aircraft encounters a wake vortex generated by 
another aircraft 

No 

467 
Jet-blast or prop-wash of aircraft in take-off affects 
the controllability of a crossing aircraft at the crossing 
area. 

No 

B.18 Weather 

Mid-level disturbance ID Low-level disturbance 
Pilot/ATCo 

contribution 

Darkness 430 Darkness No 

Icing of the wings 433 Icing of the wings No 

Lightning 425 Lightning No 

Low visibility 

422 
Strong variation in view (e.g. due to snowfall or fog 
parches) 

No 

423 Sudden strong descent of cloud base No 

426 Reduced visibility No 

434 Fog patches No 

437 Tower is in cloud and aircraft not No 

484 Reduced visibility due to smoke from outside airport. No 

Pilot performance 
412 

Avoiding bad weather leads to increase in crew 
workload 

No 

413 Bad weather causes a shift in pilot attention No 

Technical systems 411 
Weather influences the functioning of airborne 
systems 

No 

Turbulence 424 Strong turbulence No 

Weather info 

233 
Pilot perception of weather areas may differ from info 
received 

Yes 

414 Weather forecast wrong No 

419 Sudden weather change disturbs planning No 

427 
Aircraft reacts on meteorological conditions that are 
not known to ATC 

No 

431 Weather info not available No 

Wind 

415 Overshoot of planned route due to wind No 

417 Wind influences radius of flight curve No 

418 Wind influences expected time of arrival No 

420 
Different wind speeds at different heights (vertical 
windshear) 

No 

421 Strong variation in wind No 

Winter conditions at 
airport 

429 Runway is more slippery due to rain, snow, icing No 

436 Snow disturbs the ILS signal No 
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Appendix C Characterisation of disturbances and strategies 

This appendix evaluates each mid-level disturbance identified in Appendix B according to a specific 

template. The evaluation criteria considered are explained in the main text, and include the frequency of 
occurrence of the disturbance, a description of the strategy of humans to deal with the disturbance, and 

the effects of this strategy on key performance areas. Key inputs used are  

 [Workshop] = (Everdij, 2013), which are minutes of a dedicated two-day Workshop with a group 

of controllers and pilots held as part of this Resilience 2050 project. 

 [MAREA] = (Stroeve et al., 2011), which contains material of interviews with pilots and 

controllers held as part of the MAREA project (2011). 

 And finally, [NE] refers to ‘NLR expert-based’, which is supplied for this Resilience 2050 
document to evaluate all disturbances or strategies not covered by [Workshop] or [MAREA]. 

Other references used are: 

 [DHMI] = input received from DHMI experts, email correspondence, 15 April 2013. 

 [Insight] = Insight SRI, The frequency and economic cost of bird strikes, version 2, November 

2009, http://insightsri.com/system/files/imce/Freq_and_Cost_of_Bird_Stikes_Sep2009__v02.pdf 
 [Wikipedia] = Wikipedia page on Instrument Landing System, http://en.wikipedia.org/wiki/ 

Instrument_landing_system  

 [Forum] = http://www.airliners.net/aviation-forums/tech_ops/read.main/29571/ 

 [Skybrary - Lightning] = http://www.skybrary.aero/index.php/Lightning. 

 [Skybrary - Weather] = http://www.skybrary.aero/index.php/Impact_of_Space_Weather_ 

on_Aviation 

C.1 Airport/navigation technical systems 

Disturbance 

Description 

Accuracy of FMS routing 

 Different coding of curves by different suppliers of flight management systems 

 Data integrity of coordinates is different for different suppliers of flight 
management system software (one airline may fly more accurately than another) 

Frequency 

Category Regular 

Explanation 

There exist some differences in coding of curves by various types of flight 

management systems, which contributes to variance in curves flown during normal 

operations. [NE] 

Strategy 

Description 

For pilots this disturbance will not be noticeable, unless they fly different aircraft with 

different FMSs. In such case they might be faced with different performance limits for 
the aircraft for certain manoeuvres. This is part of basic training and on the job 

experience. For the example of data integrity, detection will be more likely by the 

http://insightsri.com/system/files/imce/Freq_and_Cost_of_Bird_Stikes_Sep2009__v02.pdf
http://en.wikipedia.org/wiki/
http://www.airliners.net/aviation-forums/tech_ops/read.main/29571/
http://www.skybrary.aero/index.php/Lightning
http://www.skybrary.aero/
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controller, who may notice aircraft of certain types and airlines to fly their flightplan or 
the ATC instructions less accurately.  

 

To deal with performance limits, the pilot would inform ATC if they cannot comply, see 
also the disturbance of ‘Aircraft performance limitation’. To deal with aircraft flying less 

accurately, the controller would take larger margins and monitor these aircraft more 
closely. This would add to workload and concentration. [NE] 

Characteristics 

First detection of 
disturbance 

Controller 
Pilot 

Establish common 
ground 

Local-Air 

Ground-Air 

Strategy coordination 
Local-Ground 
Ground-Air 

Level of human 
flexibility in strategy 

Low 

Strategy acquirement 
ATCo  

Training 

Strategy acquirement  
pilot 

Training 

Explanation  

Key elements 

Ground Use margins for variance in performance between aircraft. 

Air 
Follow ATC route and speed instructions. 
 

Effects of strategy on key performance areas 

Safety 

Effect Negligible 

Explanation 
The strategy is mainly additional communication between 

controller and pilot and giving alternative controller 
instructions.  

Capacity 

Effect Negligible 

Explanation 

The strategy could be to correct a deviation by giving 
alternative instructions. This normally is for one aircraft only 

and corrections are estimated to be relative small. Therefore 

the effect on capacity is estimated to be negligible. 

Environment 

Effect 
Negligible 

Explanation 

The strategy could be to correct a deviation by giving 

alternative instructions. This normally is for one aircraft only 
and corrections are estimated to be relative small. Therefore 

the effect on the environment is estimated to be negligible. 

Costs 

Effect Negligible 

Explanation 

The strategy could be to correct a deviation by giving 

alternative instructions. This normally is for one aircraft only 
and corrections are estimated to be relative small. Therefore 

the effect on costs is estimated to be negligible. 

 

Disturbance 
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Description 
Aircraft equipment level 
 Aircraft not equipped with specific technical systems (e.g. TCAS, ADS-B) 

Frequency 

Category Rare 

Explanation 

This disturbance is interpreted as aircraft that are not equipped with specific technical 

systems in airspace where these technical systems are mandatory. It is part of proper 
flight planning to know if specific technical systems are required for (parts of) the 

flight. These requirements are usually notified well in advance and should also be 
known at organisational level such that aircraft can be equipped in time.  

Strategy 

Description 

Written procedures prescribe equipment use as per flight manual. ATC does not make 

procedures dependent on safety nets [MAREA]. 
 

A strategy would be for controllers to provide more ATC support, i.e. give more 
attention, and keep an extra eye on the aircraft [MAREA]. 

Characteristics 

First detection of 
disturbance 

Controller 

Pilot 
Other 

Establish common 
ground 

Local-Ground  

Global-Ground 
Local-Air 

Global-Air 
Ground-Air  

Strategy coordination 

Local-Ground  

Global-Ground 
Local-Air 

Global-Air 
Ground-Air 

Level of human 
flexibility in strategy 

Low 

Strategy acquirement 
ATCo  

Training   

Strategy acquirement  
pilot 

Training  
  

Explanation  

Key elements 
Ground Extra monitoring of aircraft. 

Air Inform ATC about status. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 

The strategy is directed to making sure that aircraft can 

perform as expected, and especially in case that they are 
“under-equipped”. With this, potential problems are avoided, 

resulting in a small positive effect on safety. 

Capacity 
Effect Negligible 
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Explanation 
The disturbance usually relates to one aircraft, which is 
diverted to another airspace or airport. This has a Negligible 

effect on capacity. 

Environment 

Effect 
Small negative 

Explanation 
Diverting an aircraft could lead to longer flight time, i.e. more 

fuel burnt, resulting in more emissions. 

Costs 

Effect Small negative 

Explanation 
Diverting an aircraft could lead to longer flight time, i.e. more 

fuel burnt, resulting in more costs. 

 

Disturbance 

Description 

Cockpit display 

 Display(s) failure 

 Clutter of cockpit display 

Frequency 

Category Rare - Occasionally 

Explanation 
The frequency is estimated to be similar to that of FMS failure/delay. [NE] 

Strategy 

Description 

A display failure would first be detected by the pilot, through his aircraft systems. The 

impact depends on the type of cockpit displays failing, on the flight phase and the 

control mode of the aircraft. It would lead to confusion, e.g. pilots not being sure 
when to level off. A controller could detect a flight level difference through their radar 

display. 
 

For pilots, part of the strategy may be to inform ATC and request guidance. Controllers 

have training for ‘no-gyro aircraft’, i.e. aircraft for which all or part of the navigation 
system has failed. Pilots are regularly trained regarding failure of systems. [NE] 

Characteristics 

First detection of 
disturbance 

System notification/alert 
Pilot 

Establish common 
ground 

Local-Air 

Ground-Air 

Strategy coordination 
Local-Air 
Ground-Air 

Level of human 
flexibility in strategy 

Medium 

Strategy acquirement 
ATCo  

Training 

Experience 

Strategy acquirement  
pilot 

Training 
 

Explanation  

Key elements 
Ground 

Extra monitoring of aircraft. 
Provide additional route and speed instructions. 
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Air 

Inform ATC about the status. 
Request ATC guidance. 

Follow procedures for system failures. 

Cross-check with independent sources. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 

It is estimated that display failures are detected quickly and 
that deviations due to display failures are not very large and 

not necessarily lead to conflicts with other traffic. Application of 
the strategy is trained.  

Capacity 

Effect Negligible 

Explanation 
The strategy is focused on a single aircraft and will not usually 
have impact on other traffic. 

Environment 

Effect 
Negligible 

Explanation 
The flight crew will have to revert to other means of flight 
monitoring, with the support of the controller. As much as 

possible, the original plan will be followed. 

Costs 

Effect Negligible 

Explanation 
The flight crew will have to revert to other means of flight 

monitoring, with the support of the controller. As much as 
possible, the original plan will be followed. 

 

Disturbance 

Description 

Conflict resolution advisory system 
 Discrepancy between conflict resolution strategies of different technical systems 

 TCAS resolution advisory is inconsistent with controller resolution 
 Pilots fly closer to other aircraft if their aircraft are equipped with TCAS 

Frequency 

Category Rare - Occasionally 

Explanation 

It is estimated that conflict resolution advisories occur rarely to occasionally and that 

the resolution of a controller or another technical system may well be different. For the 
third example, the frequency is more frequent. Commercial aircraft are all equipped 

with TCAS, and even though pilots would still follow ATC instructions, they might be 
tempted to take a more economic path within the limits, if the TCAS display tells them 

there are no other aircraft close by. [NE] 

Strategy 

Description 

The first example disturbance may be detected by either the controller or the pilots. 

The second example will be detected first by the pilots. The procedure for pilots is to 

follow the TCAS resolution advisory and then immediately inform the controller. 
Following the Überlingen accident this procedure is more emphasized in training of and 

communication to the ATM community. The pilots will also be looking out of the 
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windows in order to try to get a visual of the other aircraft. The controller will try to 
maintain control again and separate the aircraft. Typically, TCAS is a last defence 

safety net, hence if it alerts, several other safety nets have already failed. The 

supervisor will also be involved then. 
 

The third example will be first detected by the pilot who executes the manoeuvre 
using their TCAS display, and by the other pilot. Next, it will be detected by the 

controller through radar display. If minimum separation is lost, the controller will issue 

instructions to restore the situation. [NE] 

Characteristics 

First detection of 
disturbance 

Pilots 

Controller  
System notification/alert 

Establish common 
ground 

Local-Air 

Ground-Air 

Strategy coordination 
Local-Air 
Ground-Air 

Level of human 
flexibility in strategy 

Low 

Strategy acquirement 
ATCo  

Training 

Strategy acquirement  
pilot 

Training 

Explanation  

Key elements 

Ground 
Extra monitoring of aircraft. 
Provide additional route and speed instructions. 

Give priority to TCAS RA. 

Air 
Give priority to TCAS RA. 
Inform ATC about the status. 

Effects of strategy on key performance areas 

Safety 

Effect Large positive 

Explanation 
Since the disturbance involves multiple aircraft flying in 

potentially close range, the effect of the strategy to restore the 
situation will be large. 

Capacity 

Effect Negligible 

Explanation 
The strategy is not likely to include major manoeuvres by 
multiple aircraft hence the effect on capacity will be negligible. 

Environment 

Effect 
Negligible 

Explanation 
The strategy is not likely to include major manoeuvres by 
multiple aircraft hence the effect on environment will be 

negligible. 

Costs 

Effect Negligible 

Explanation 
The strategy is not likely to include major manoeuvres by 

multiple aircraft hence the effect on costs will be negligible. 

 

Disturbance 
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Description 

Error in FMS routing  
 Wrong waypoints in database, e.g. due to update of flight management system 

software, errors in database, outdated database 

 Discrepancy between issued flight plan and outdated plan in FMS 

Frequency 

Category Rare 

Explanation 
The frequency could be dependent on the airline. The disturbance is estimated to be 
rare [Workshop]. 

Strategy 

Description 

During start-up, the validity of a database must be checked (date, version number). 

The event will be detected if there is a discrepancy between the published procedure 
and the FMS flight plan. One pilot recalled a situation, in which the system was not 

aware of an airport, and all kinds of alerts sounded [MAREA]. 

Controllers would only see the effect of the disturbance, i.e. a deviation, without 
knowing the exact cause of a deviation [Workshop].  

 
When the aircraft is still on the ground, there is often still time for corrections. 

However, if updated data are not available in the FMS, the update has to be done by 
technical services and this takes some time. In case of a discrepancy, the pilot needs 

to manually correct for the database error. If the error cannot be corrected, the pilot 

may react by not using the FMS, or by asking ATC to give the pilot headings [MAREA]. 
To deal with the disturbance, it is important for controllers to know the reason of a 

deviation, and they would first identify the problem. The pilot, when informed by the 
controller about a deviation, asks the controller for instructions on where to go to 

[Workshop]. 

Characteristics 

First detection of 
disturbance 

Controller 
Pilot 

System notification/alert 

Establish common 
ground 

Local-Air 
Global-Air 

Ground-Air 

Strategy 
coordination 

Local-Air 
Global-Air 

Ground-Air 
Other 

Level of human 
flexibility in strategy 

Medium 

Strategy 
acquirement ATCo 

Training 

Strategy 
acquirement  

pilot 

Training 

Explanation  

Key elements 

Ground Provide additional route and speed instructions. 

Air 
Revert to conventional navigation. 
Request ATC guidance. 
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Effects of strategy on key performance areas 

Safety 

Effect Large positive 

Explanation 

It is estimated that most of the time the deviations are rather 

small and not very abrupt. It is normal routine that the 
controller monitors traffic and will detect these deviations 

before a conflict with other traffic occurs. 

Capacity 
Effect Negligible 

Explanation The strategy is unlikely to have some impact on other traffic. 

Environment 

Effect 
Negligible 

Explanation 

Normally, the aircraft will be guided back to its original plan. 

Depending on where it was heading, the strategy will cause the 

aircraft to fly a longer or a shorter route. Deviations closer to 
the airport are estimated to be less likely. 

Costs 

Effect Negligible 

Explanation 

Normally, the aircraft will be guided back to its original plan. 
Depending on where it was heading, the strategy will cause the 

aircraft to fly a longer or a shorter route. Deviations closer to 
the airport are estimated to be less likely. 

 

Disturbance 

Description 
False/nuisance alerts 
 False alert of an airborne system 

Frequency 

Category Regular 

Explanation 
This is a very generic disturbance. There are many airborne systems. It is estimated 
that the frequency of false or nuisance alerts in the cockpit is Regular [NE]. 

Strategy 

Description 

If there is an alert in the cockpit, the flight crew performs a cross-check with 

independent sources, although some of these alerts cannot be verified [MAREA]. 
 

The strategy is to ignore the alert, or, if the pilot thinks the alert is real, to act as if the 

alert is real [MAREA].  

Characteristics 

First detection of 
disturbance 

Pilot 

 

Establish common 
ground 

Local-Air 
Global-Air 

Ground-Air  

Strategy coordination Local-Air 



 
D1.2 The human contribution 

 

Page 84 of 302 

 

Global-Air 
Ground-Air 

Level of human 
flexibility in strategy 

Medium 

Strategy acquirement 
ATCo  

Training   

Strategy acquirement  
pilot 

Training  
  

Explanation  

Key elements 
Ground n.a. 

Air Cross-check status with independent sources. 

Effects of strategy on key performance areas 

Safety 

Effect Negligible 

Explanation 

The false/nuisance alert requires the pilot to act, at least to 

check the validity of the alert and this increases his workload. 
Sometimes the pilot will act as if the alert was right. Assuming 

that the pilot does not introduce an unsafe situation by means 
of his action, the strategy has a Negligible effect on safety. 

Capacity 

Effect Negligible 

Explanation 

This disturbance, which is estimated to have no effect on flight 
progress most of the time, relates to one aircraft only. 

Therefore, it is estimated to have a Negligible effect on 
capacity. 

Environment 

Effect 
Small negative 

Explanation 
There could be false/nuisance alerts which require the pilot 
e.g. to make a go around after a landing gear failure alert. This 

has a negative effect on the environment. 

Costs 

Effect Small negative 

Explanation 
There could be false/nuisance alerts which require the pilot 

e.g. to make a go around after a landing gear failure alert. This 
has a negative effect on costs. 

 

Disturbance 

Description 

FMS failure/delay 
 Autopilot failure 

 Failure of FMS 

 Large computation time by the flight management system 

 Trajectory disappears from FMS 

Frequency 

Category Rare - Occasionally 
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Explanation 
This disturbance is pretty rare in case of a malfunction that affects the flight. One pilot 
experienced it twice in 10 years [Workshop].  

Strategy 

Description 

The failure would first be detected by the pilot, through his aircraft systems 

[Workshop, MAREA]. A controller could detect a flight level difference through their 

radar display. Controllers need to rely on common sense and experience for detection 
of this failure.  

 
For pilots, the strategy is to revert to conventional navigation (VOR/DME), to inform 

ATC and request radar vectors [MAREA]. Also controllers have training for ‘no-gyro 
aircraft’, i.e. aircraft for which all or part of the navigation system has failed. No-gyro 

aircraft fly by radar vectors/headings, which are given by ATC.  Pilots are regularly 

trained regarding failure of systems [Workshop]. 

Characteristics 

First detection of 
disturbance 

System notification/alert 

Pilot 

 

Establish common 
ground 

Local-Air 

Ground-Air 

Strategy 
coordination 

Local-Air 
Ground-Air 

Level of human 
flexibility in strategy 

Medium 

Strategy 
acquirement ATCo 

Training 

Experience 
 

Strategy 
acquirement 

pilot 

Training 

 

Explanation  

Key elements 

Ground 
Extra monitoring of aircraft. 
Provide additional route and speed instructions. 

Air 
Revert to conventional navigation. 

Request ATC guidance. 
Follow procedures for system failures. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 

It is estimated that FMS failures are detected quickly and that 
deviations due to FMS failures are not very large and do not 

necessarily lead to conflicts with other traffic. Application of the 
strategy is trained.  

Capacity 

Effect Negligible 

Explanation 
The strategy is focused on a single aircraft and will not usually 
have impact on other traffic. 

Environment 

Effect Negligible 

Explanation 
The flight crew will have to revert to other means of flight 
management, with the support of the controller. As much as 

possible, the original plan will be followed. 

Costs 
Effect Negligible 



 
D1.2 The human contribution 

 

Page 86 of 302 

 

Explanation 
The flight crew will have to revert to other means of flight 
management, with the support of the controller. As much as 

possible, the original plan will be followed. 

 

Disturbance 

Description 
Fuselage 

 Degradation of aircraft structure 

Frequency 

Category Very rare 

Explanation 
Given normal and regular maintenance, the frequency of degradation actually affecting 
the flight is estimated to be very rare. [NE] 

Strategy 

Description 

The disturbance will be first detected by the pilots, through system alerts or visually. 

They will try to solve the problem, and if the problem affects the flight they will inform 
ATC. The controller will then initiate emergency procedures, which include making sure 

that the aircraft in trouble can land safely, move other aircraft out of the way, call the 
fire brigade to stand by, etc. The pilots will be busy with flying the aircraft, therefore 

during the flight, the controller will try to only contact the pilots when necessary, and 

otherwise wait for the pilots to contact him. [NE] 

Characteristics 

First detection of 
disturbance 

System notification/alert 

Pilots 

Establish common 
ground 

Local-Air 
Ground-Air 

Strategy coordination 

Local-Air 

Ground-Air 
Local-Ground 

Global-Ground 
Other 

Level of human 
flexibility in strategy 

Medium 

Strategy acquirement 
ATCo  

Training 

Strategy acquirement  
pilot 

Training 

Explanation  

Key elements 

Ground 
Follow emergency procedures. 
Inform fire brigade. 

Air 
Check damage. 

Inform ATC about the status. 

Effects of strategy on key performance areas 

Safety 
Effect Large positive 
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Explanation The strategy has a large impact on the safety of the flight. 

Capacity 

Effect Small negative 

Explanation 
In case of an emergency the strategy might affect 

neighbouring aircraft, hence this will have a negative effect on 
capacity.  

Environment 

Effect 
Small negative 

Explanation 
In case of an emergency the strategy might affect 
neighbouring aircraft, hence this will have a negative effect on 

environment.  

Costs 

Effect Small negative 

Explanation 
In case of an emergency the strategy might affect 

neighbouring aircraft, hence this will have a negative effect on 
costs.  

 

Disturbance 

Description 

Generic airborne systems 

 Large electronic failure, impacting large number of airborne systems 

 Degradation of airborne system 
 Interference of airborne system with other airborne systems or external systems 

Frequency 

Category Rare - Occasionally   

Explanation 
Some degradation or interference of airborne systems is estimated to occur 
occasionally (similar to that of FMS failure/delay). Large failures are rare. [NE] 

Strategy 

Description 

The failure would first be detected by the pilots, through their aircraft systems. A 

controller could detect a lateral deviation or a flight level difference through their radar 
display. 

 

For pilots, the strategy is to inform ATC and request guidance. Also controllers have 
training for ‘no-gyro aircraft’, i.e. aircraft for which all or part of the navigation system 

has failed. Ultimately, emergency procedures may have to be initiated. Pilots are 
regularly trained regarding failure of systems. [NE] 

Characteristics 

First detection of 
disturbance 

System notification/alert 

Pilots 

Establish common 
ground 

Local-Air 
Ground-Air 

Strategy coordination 

Local-Air 
Ground-Air 

Local-Ground 

Global-Ground 
Other 

Level of human Medium 
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flexibility in strategy 
Strategy acquirement 

ATCo  
Training 

Strategy acquirement  
pilot 

Training 

Explanation  

Key elements 

Ground 
Provide additional route and speed instructions. 

Follow emergency procedures. 

Air 
Inform ATC about the status. 

Request ATC guidance 

Follow procedures for system failures. 

Effects of strategy on key performance areas 

Safety 

Effect Large positive 

Explanation 
Depending on the type of failure, the strategy may have a 
large impact on the safety of the flight. 

Capacity 

Effect Small negative 

Explanation 
In case of an emergency the strategy might affect several 
neighbouring aircraft, hence this will have a negative effect on 

capacity.  

Environment 

Effect 
Small negative 

Explanation 
In case of an emergency the strategy might affect several 

neighbouring aircraft, hence this will have a negative effect on 
environment.  

Costs 

Effect Small negative 

Explanation 
In case of an emergency the strategy might affect several 
neighbouring aircraft, hence this will have a negative effect on 

costs.  

 

Disturbance 

Description 

Instrument landing system 

 Wrong localizer frequency of the instrument landing system 

 Technical ILS failure 

 Wrong ILS is turned on 

 ILS glidepath is fluctuating (e.g. leading to steep approach) 

 Failure to capture or track the precision approach lateral or vertical guidance. 

Frequency 

Category Rare - Occasionally 

Explanation 

Wrong settings and technical failures are estimated being Rare. Fluctuations of the ILS 

glidepath may be induced by weather conditions such as snow, and it is estimated to 
occur Occasionally. Failure to capture the guidance is estimated to occur Occasionally. 

[NE] 
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Strategy 

Description 

Detection of a problem with the ILS may be by the pilots during final approach, by a 
system notification about a failure mode, by a technician, or by a controller who 

detects that an aircraft is making an erroneous approach. 
 

From the pilots’ perspective the strategy is to inform ATC about the problem and to 

potentially initiate a missed approach or to perform the final approach visually, 
depending on the circumstances and in coordination with the controller. From the 

controller’s perspective the strategy is inform pilots about the problem and to correct 
the problem by switching the system mode or to inform technicians about the 

problem. Potentially, the particular runway is closed. [NE] 

Characteristics 

First detection of 
disturbance 

Controller 
Pilot 

System notification/alert 
Other 

Establish common 
ground 

Local-Air 

Ground-Air 
Org-Ground 

Strategy coordination 
Local-Air 

Ground-Air 
Org-Ground 

Level of human 
flexibility in strategy 

Medium 

Strategy acquirement 
ATCo  

Training 

Experience 

Strategy acquirement  
pilot 

Training 
Experience 

Explanation  

Key elements 

Ground 
Inform pilots by R/T. 
Inform technicians. 

Close runway. 

Air 
Inform ATC about the status. 
Land or go-around according to procedure. 

Effects of strategy on key performance areas 

Safety 

Effect Large positive 

Explanation 
Wrong ILS settings could lead to landings on a wrong runway. 

Actions to avoid this have a large positive effect on safety.  

Capacity 

Effect Small negative 

Explanation 
If the issue cannot be readily solved, the capacity of the 

particular runway may need to be reduced. Aircraft may be 
diverted to other runways, preferably on the same airport.     

Environment 
Effect 

Small negative 

Explanation Potential diversions lead additional miles and noise.  

Costs 
Effect Small negative 

Explanation Potential diversions lead to delays and extra costs for fuel. 
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Disturbance 

Description 

Landing gear 
 Degradation of the brake system 

 Degradation of the nose-wheel steering 

 Degradation of landing gear 

 Flat tyre(s) 

Frequency 

Category Rare - Occasionally 

Explanation 
Pilots estimate this disturbance as very rare, though it used to be more frequent in the 
past and controllers estimate it to occur about 10 times in a year for a large European 

airport, which is Rare - Occasionally [Workshop], [NE].  

Strategy 

Description 

Most likely, the disturbance is first detected by the pilot, through their aircraft systems 

or visually. Detection is part of the normal checklist for pilots, but the pilot may not 

detect a tyre failure. Sometimes Tower control may notice a landing gear failure. 
Sometimes a runway inspection officer may detect a piece of tyre on the runway. If 

these pieces are detected on a departing runway the aircraft that departed from that 
runway will be informed [Workshop]. 

 

A pilot is trained for this disturbance. In case of a major problem with tyres, the 
aircraft may have to reduce weight before it can land, e.g. by dumping fuel or flying 

around until the remaining fuel level is down. Controllers check the aircraft on short 
final. In case of a problem, the fire brigade will be informed. There are emergency 

procedures in case a landing gear failure is indicated but has not been visually 

checked, e.g. by controllers [Workshop].  

Characteristics 

First detection of 
disturbance 

Pilot 

System notification/alert 
Controller 

Other 

Establish common 
ground 

Local-Air 
Ground-Air 

Strategy 
coordination 

Local-Air 

Ground-Air  
Other 

Level of human 
flexibility in strategy 

Medium 

Strategy 
acquirement ATCo 

Training 

Strategy 
acquirement  

pilot 

Training 

Explanation  

Key elements 

Ground 
Extra monitoring of aircraft. 

Inform fire brigade. 

Air 
Check damage. 
Follow procedures for system failures. 

Reduce weight and return. 



 
D1.2 The human contribution 

 

Page 91 of 302 

 

 

Effects of strategy on key performance areas 

Safety 

Effect Large positive 

Explanation 

In some cases, a failure can be detected while flying, e.g. 

landing gear not down. In those cases, implementation of the 
strategy is very important for safety because the problem can 

be solved or an emergency situation can be declared. In other 
situations, e.g. tyre burst or landing gear failure during landing 

roll, the flight crew’s actions could be in vain. 

Capacity 

Effect Small positive 

Explanation 

If no strategy is implemented, the aircraft continues flight 

which could result in a runway blocked after landing, more 

often than when the strategy has been implemented. In that 
case, the effect of the strategy on capacity is positive. On the 

other hand, the strategy could lead to more go-arounds, or 
returning to the airport after take-off and then the effect on 

capacity is negative. In total, the effect is estimated to be small 
positive. 

Environment 

Effect Small negative 

Explanation 

Implementation of the strategy causes an aircraft to return to 
the airport, to make go-arounds and/or to dump fuel before a 

landing. These strategy elements have a negative impact on 

the environment for a single aircraft. 

Costs 

Effect Small positive 

Explanation 
It is estimated that the costs of a runway blocked are larger 
than the costs for additional flight time due to returning to 

airports or go arounds (see also capacity). 

 

Disturbance 

Description 

Positioning system 
 Navigation error in own position 

 Failure of GPS system 

 Wrong altitude measurement setting 

 GPS signal is disturbed at low altitudes 

 Map shift (beacons in wrong positions in AIPs) 

 Aircraft picks up different beacons with the same or with similar frequencies 

 Obstructions in line of sight of beacons 

Frequency 

Category Very rare - Occasionally 

Explanation 

At [Workshop], pilots estimate the frequency of a wrong QNH setting to be low, since 
the aircraft systems will give a warning. The frequency of an aircraft picking up 

different beacons is estimated to be rare; for the remaining examples above, the 
frequency is estimated to be very rare [Workshop]. Overall, the frequency is estimated 
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to be Very rare - Occasionally [NE]. 

Strategy 

Description 

Problems with altitude measurement settings can e.g. be ATIS including wrong air 

pressure data, forgetting to switch to or from standard pressure, or differences in units 

between U.S and Europe. On some aircraft, a warning is given if the aircraft is still on 
QNH (barometric pressure) above the transition altitude. Detection of the disturbance 

depends on the situation. Sometimes the pilot detects the disturbance, sometimes the 
controller, e.g. due to a level bust [MAREA]. 

 
The strategy is communication between pilot and controller. The pilot would correct 

the setting. In addition, the controller needs to inform technicians, publish a NOTAM, 

and publish information on AFIS. For the pilot, training is by judgement and experience 
[Workshop]. 

Picking up different beacons with the same or with similar frequencies would not 
actually occur. Frequency distribution is controlled. And if there are two radio beacons 

with the same frequency, you would hear only the signal that is strongest. The only 

radio beacon actually used is ILS (instrument landing system). The pilot would deal 
with the situation by disregarding the indication, and would wait until he is in the 

range of the correct beacon [MAREA]. 

Characteristics 

First detection of 
disturbance 

Controller 

Pilot 

System notification/alert 

Establish common 
ground 

Local-Ground 

Local-Air 

Ground-Air 

Strategy 
coordination 

Local-Ground 

Ground-Air 
Org-Ground 

Level of human 
flexibility in strategy 

Medium 

 

Strategy 
acquirement ATCo  

Training 

Strategy 
acquirement  

pilot 

Training 

Explanation  

Key elements 
Ground 

Extra monitoring of aircraft. 
Inform technicians. 

Publish NOTAM. 

Air Correct setting. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 

If no strategy is applied, the aircraft could (temporarily) 

deviate from its planned trajectory and this could cause a 

conflicting situation, e.g. due to a level bust. The strategy will 
avoid these situations. 

Capacity 

Effect Negligible 

Explanation 
If no strategy is applied, the aircraft could (temporarily) 

deviate from its planned trajectory but it is estimated that this 

does not affect sector or runway capacity. 
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Environment 

Effect 
Negligible 

Explanation 

If no strategy is applied, the aircraft could (temporarily) 

deviate from its planned trajectory but it is estimated that this 

does not affect the environment. Large deviations near the 
airport are considered unlikely. 

Costs 

Effect Negligible 

Explanation 
As can be concluded from the previous three effects on safety, 
capacity and environment, it is estimated that overall there is a 

Negligible effect on costs.  

 

Disturbance 

Description 
Powerplant 

 Degradation of engines. 

Frequency 

Category Occasionally 

Explanation 
Single engine failures are estimated to occur Occasionally [NE]. 

Strategy 

Description 

The flight crew will first detect the engine failure, supported by system alerts. 

After detection of the single engine failure, it depends on the magnitude of the 
problem, the number of engines, and the flight phase which strategy is best. For 

example, a single engine failure during take-off can result in a rejected take-off, or a 

return to the airport shortly after take-off. Often, the flight can be continued after a 
single engine failure [Workshop]. 

Characteristics 

First detection of 
disturbance 

Pilot 
System notification/alert 

Establish common 
ground 

Local-Air 

Global-Air 

Strategy 
coordination 

Local-Ground 
Local-Air 

Ground-Air 
Other 

Level of human 
flexibility in strategy 

Medium 

Strategy 
acquirement ATCo  

Training 

Strategy 
acquirement  

pilot 

Training 

Explanation  

Key elements 
Ground Extra monitoring of aircraft. 
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Air 
Reduce weight before landing. 
Reject take-off 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 
The strategy positively affects the safety of a single flight, by 
making sure that the flight can proceed in a safe way. 

Capacity 

Effect Negligible 

Explanation 

Most of the times, the aircraft can proceed the flight after a 

single engine failure. The strategy affects one single flight and 

therefore has no impact on overall capacity. If the strategy 
prevents a runway from being blocked after an engine failure 

during take-off or landing, this has a positive effect on 
capacity. 

Environment 

Effect 
Negligible 

Explanation 

Most of the times, the aircraft can proceed the flight after a 
single engine failure. The strategy affects one single flight and 

therefore has no impact on the environment. If the strategy 
prevents a runway from being blocked after an engine failure 

during take-off or landing, this has a positive effect on 

environment. 

Costs 

Effect Negligible 

Explanation 

Most of the times, the aircraft can proceed the flight after a 

single engine failure. The strategy affects one single flight and 
therefore has no impact on the costs. If the strategy prevents a 

runway from being blocked after an engine failure during take-
off or landing, this has a positive effect on costs. 

C.2 Airport infrastructure & operations 

Disturbance 

Description 

Aircraft ground movement 
 Pilot taxies too fast 

 Aircraft crossing a red stopbar. 

 Taxiing movements between runways 

 Aircraft may enter wrong runway exit, runway crossing or runway holding 

Frequency 

Category Rare 

Explanation 

The probability of an aircraft runway incursion is estimated to be Rare, which includes 
crossing a red stopbar or entering a wrong runway exit, crossing or holding. A pilot 

taxiing too fast is estimated to occur more frequently. Here it is assumed that the 

various disturbances are related to runway incursions [NE]. 

Strategy 
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Description 

Regarding pilots taxiing too fast, interviewed pilots replied that taxi speeds are limited 
by the airline or, more exceptionally, by ATC. Airlines may pose such limits to avoid the 

tires getting too hot, or in case of slippery taxiways or runways. ATC might have 

planned another aircraft to go first. The impact may be interference with ATC 
expectations. ATC could tell pilots to slow down [MAREA]. 

 
Here, the strategy is focused on those disturbances that result in a runway incursion. A 

runway incursion can be detected by the flight crew, by ATC or by a system 

notification. 
 

Depending on the geometry of the runway incursion, the potential conflict with an 
aircraft landing or an aircraft in take-off, the moment of detection of the incursion and 

the person who detects the incursion, potential strategies are stopping the taxiing 
aircraft, stopping the take-off, instructing the landing aircraft to go-around, or taxiing 

off the runway [NE].  

Characteristics 

First detection of 
disturbance 

Controller 
Pilot 

System notification/alert 

Establish common 
ground 

Local-Air 
Local-Ground 

Strategy 
coordination 

Local-Air 

Local-Ground 
Ground-Air 

Level of human 
flexibility in strategy 

Medium 

Strategy 
acquirement ATCo  

Training 

Strategy 
acquirement  

pilot 

Training 

Explanation  

Key elements 

Ground 
Stop taxiing aircraft. 

Warn for runway incursion. 

Instruct to go around. 

Air 
See and avoid. 

Reject take-off. 
Missed approach. 

Effects of strategy on key performance areas 

Safety 

Effect Large positive 

Explanation 

The probability of an accident after a runway incursion reduces 
when it is detected and an avoidance manoeuvre is instructed 

and performed. An accident or serious incident may be 
avoided, depending on the timing of detection and the 

geometry of the conflict situation. 

Capacity 

Effect Small negative 

Explanation 

Part of the strategy could be to instruct aircraft to go around or 

to reject the take-off, which means a temporary capacity loss 
of a few aircraft movements. No effect if the taxiing aircraft 

can be stopped in time. 

Environment 
Effect 

Small negative 

Explanation Part of the strategy could be to instruct aircraft to go around or 
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to reject the take-off, resulting in additional fuel consumption, 
for a few aircraft only. No effect if the taxiing aircraft can be 

stopped in time. 

Costs 

Effect Small negative 

Explanation 

Part of the strategy could be to instruct aircraft to go around or 

to reject the take-off, resulting in additional fuel costs and 

delays, for a few aircraft only. No effect if the taxiing aircraft 
can be stopped in time. 

 

Disturbance 

Description 

Airport configuration 
 Airport closure 

 Runway closed 

 Wrong runway closed 

 Airport configuration change 

Frequency 

Category Rare - Occasionally 

Explanation 
A runway configuration change may occur quite often, an airport configuration change 
not. For the other examples, the frequency is estimated to be Rare [Workshop].  

Strategy 

Description 

The controller would be the first to detect the disturbance. This is trained in normal 

procedures. [Workshop] 
 

The strategy is also according to normal procedures: if all the runways are closed or if 
the whole airport is closed, the controller informs a related unit to send a NOTAM and 

divert the aircraft. If the disturbance affects airport capacity then the ATC 

management would send a message to CFMU to reduce airport capacity. In the night 
time there is low traffic, so then the disturbance usually does not affect capacity. For 

the pilot, the strategy in case of airport closure would start with checking their fuel. 
[Workshop] 

 

Controllers have basic training about runway selection according to wind and useable 
configuration for runways. Also local procedures and the character of the traffic affect 

runway and configuration selection. Tower controllers are responsible for runway 
selection. A sudden runway change causes delays on the ground and in the air. It is 

better to plan to avoid delays. Tower and radar units always need more and good 
coordination. [Workshop] 

Characteristics 

First detection of 
disturbance 

Controller 

Establish common 
ground 

Local-Ground 
Org-Ground 

 

Strategy 
coordination 

Local-Ground 

Ground-Air 
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Local-Air 
Org-Ground 

Other 

Level of human 
flexibility in strategy 

Low 
 

Strategy 
acquirement ATCo  

Training 

Strategy 
acquirement  

pilot 

Training 

Explanation  

Key elements 

Ground 
Publish NOTAM. 

Divert aircraft. 

Air 
Check fuel. 

Adapt flight plan. 

Effects of strategy on key performance areas 

Safety 

Effect Negligible 

Explanation 

The strategy includes diverting aircraft or reducing capacity, 

such that traffic flows are controllable in the same order as 
before the disturbance. This would lead to increase of 

workload, but would not necessarily affect safety. 

Capacity 

Effect Large negative – Negligible 

Explanation 
Magnitude of the effect depends on whether a runway is closed 

(small negative or Negligible in case of low traffic at night time) 
or the airport is closed (large negative). 

Environment 

Effect 
Negligible - Small positive 

Explanation 

At night time, there is no effect. In case there is a reduction of 
the number of flights, this could lead to a positive effect for the 

environment. Diverting flights could lead to longer flight times 
and a small negative effect for the environment. 

Costs 

Effect Small negative – Negligible 

Explanation 
At night time, the effect on costs is Negligible. Diverting flights 
could lead to longer flight times and a negative effect for the 

costs. 

 

Disturbance 

Description 

Airport design 
 Small aircraft parking places 

 No clear definition of manoeuvring area (e.g. leading to vehicles at undesired 

places) 
 Poor airport position 

Frequency 

Category Rare - Occasionally 
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Explanation 

Some airports have small parking spaces or too few spaces. Some airports have little 
space for de-icing queue. Or there are problems with vehicles that drive between 

aircraft. In those airports the problems are very frequent. At airports with better 

design, problems are less frequent. On average, it is estimated that airport design 
disturbances occur Rare-Occasionally [Workshop, NE] 

Strategy 

Description 

If a pilot needs to fly to an airport with infrastructural issues (which he will know from 
own experience, or from information of others), he would look out better, and be 

especially careful. He could ask somebody outside the aircraft to do a visual in case of 
a small parking space. [Workshop] 

 

Airports should be compliant with ICAO Annex 14. It is also up to regulatory oversight 
to check for compliance. [Workshop] 

Characteristics 

First detection of 
disturbance 

Pilot 

Other 

Establish common 
ground 

Local-Air 

Strategy 
coordination 

Local-Ground 
Local-Air 

Other 

Level of human 
flexibility in strategy 

Low 

Strategy trained 
ATCo  

Experience 

Strategy trained  
pilot 

Experience 

Explanation  

Key elements 
Ground 

Extra monitoring of aircraft. 

Air More careful manoeuvring. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 

Applying a strategy to avoid problems due to airport 
configuration problems results in fewer incidents and therefore 

has a positive effect on safety. It is estimated as small because 
of the usually lower severity of ramp incidents. 

Capacity 

Effect Negligible 

Explanation 
The airport design is a given in the traffic situation and 
capacity accounts for this. Tactical strategies to avoid problems 

are estimated to have a Negligible effect on capacity.  

Environment 

Effect 
Negligible  

Explanation 

As estimated above, the capacity will not change. However, it 

could be that there are fewer delays due to ramp issues if 
strategies are applied, and therefore this could have a positive 

effect on the environment (less fuel burnt, less waiting with 

engines running). 

Costs 
Effect Negligible 

Explanation As estimated above, the capacity will not change. However, it 
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could be that there are fewer delays due to ramp issues if 
strategies are applied, and therefore this could have a positive 

effect on costs (less fuel burnt, less waiting with engines 

running) 

 

Disturbance 

Description 

Approach / runway lights 
 Failure of runway lights 

 Approach lights are not visible 

Frequency 

Category Very Rare 

Explanation 

One or two lights might fail, but a complete failure of approach runway lights is 

estimated to be very rare. At a larger European airport, this has never happened 
[Workshop]. Other situations are when ATC forgets to switch on the lights of the 

active runway, or the pilot is not able to see the runway due to a low sun [MAREA]. 

Strategy 

Description 

Normally speaking, the pilots would be the first to detect the disturbance. Detection is 

either visually, or by means of the control panel in the tower. If there would be a 

complete failure, ATC will also notice it. Maintenance may also detect. [Workshop] 
 

The strategy to deal with this disturbance is for ATC to close the runway and send 
technicians to fix the problem. If only a few lights are failing then this could wait until 

a later time. For the pilots, if a certain number of lights is out then there are 
procedures to report that, and use a different runway. [Workshop] 

 

For pilots, this situation would only be relevant at night or in instrument meteorological 
conditions. Detection is obvious. The reaction would be to go-around or continue 

visually, according to procedures. [MAREA]. 

Characteristics 

First detection of 
disturbance 

Controller 
Pilot 

System notification/alert 
Other 

Establish common 
ground 

Ground-Air 

Strategy 
coordination 

Local-Air 

Ground-Air 

Other 

Level of human 
creativity in strategy 

Low 

 

Strategy trained 
ATCo  

Trained 

Strategy trained  
pilot 

Trained 

Explanation  
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Key elements 
Ground 

Close runway. 
Inform technicians. 

Air Land or go-around according to procedure. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 

If only a few lights are out, aircraft can still land safely. They 

could do a visual landing (if possible) or go-around. Only in 

case of a complete failure of runway and approach lights, the 
strategy of closing a runway is necessary to avoid accidents, 

especially in low visibility conditions.  

Capacity 

Effect Small negative 

Explanation 

If only a few lights are out, aircraft can still land. In case of a 

complete failure of runway and approach lights, the strategy of 
closing a runway is necessary and flights have to use another 

runway (if available) or have to divert.  

Environment 

Effect 
Small negative 

Explanation 
In case of necessary diversions to other airport, flight times will 

be longer, resulting in a small negative effect for the 
environment. 

Costs 

Effect Small negative 

Explanation 
In case of necessary diversions to other airport, flight times will 
be longer, resulting in an overall small negative effect for the 

costs. 

 

Disturbance 

Description 

Approach and landing 
 Aircraft landing or rolling out off the side of the prepared runway surface 

 Unstabilised approach 

 Long landing (landing beyond threshold) 

 Long runway occupancy time 

 Aircraft overrunning the prepared runway surface. 

Frequency 

Category Very rare - Occasionally 

Explanation 

Aircraft landing or rolling out of the side of the prepared runway surface, or aircraft 

overrunning the prepared runway surface already are accidents, and occur very rarely. 

Unstabilised approaches are estimated to occur Occasionally. It is estimated that long 
runway occupancy time is of the same order. [NE] 

Strategy 
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Description 

Strategies are considered for long runway occupancy times and unstabilised 
approaches. Long runway occupancy times during landing may be due to missing the 

anticipated turn-off or be the result of an aimed late exit to reduce taxiing times. 

Detection is visually by the ATCo. [MAREA]. To deal with the situation, the ATCo tells 
the aircraft to vacate the runway immediately, or subsequent aircraft on final approach 

may be forced to make a go-around. [MAREA]  

Unstabilised approaches are detected by the flight crew. There are definitions for the 

crew for determining an unstabilised approach and procedures how to deal with them. 

Normally, if an approach is unstable, the aircraft has to call a missed approach [NE]. 
Long landings can be the result of unstabilised approaches. 

Characteristics 

First detection of 
disturbance 

Controller 
Pilot 

Establish common 
ground 

Local-Air 

Ground-Air 

Strategy 
coordination 

Local-Air 
Local-Ground 

Ground-Air 

Level of human 
flexibility in strategy 

Medium 

 

Strategy 
acquirement ATCo  

Training 

Strategy 
acquirement  

pilot 

Training 

Explanation  

Key elements 
Ground 

Instruct to go around. 
Instruct to expedite operation. 

Air Land or go-around according to procedure. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 
The strategies for long landings and long runway occupancy 
times reduce the potential for an accident during landing. The 

effect is estimated to be small. 

Capacity 

Effect Negligible 

Explanation 
The strategies mainly focus on instructing a go-around for the 

aircraft on approach. Since it will usually concern one aircraft 

go-around only, the overall effect is estimated to be Negligible. 

Environment 

Effect 
Small negative 

Explanation 

The strategies mainly focus on instructing a go-around for the 

aircraft on approach. This means additional flight time 
(emissions) and additional noise close to the airport for one 

aircraft. 

Costs 

Effect Small negative 

Explanation 
The strategies mainly focus on instructing a go-around for the 

aircraft on approach. This means additional flight time 
(emissions) and therefore more fuel costs and delays. 
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Disturbance 

Description 
Bird strike 
 Encounter with birds 

Frequency 

Category Occasionally 

Explanation 

Bird strikes are estimated to happen quite often in certain seasons, i.e. multiple times 
a day [Workshop]. A study on the frequency and economic cost of bird strikes 

[Insight] estimate that at large commercial airports, bird strikes occur 2.1 times per 

10000 aircraft movements. Overall, bird strikes are estimated to occur Occasionally 
[NE]  

Strategy 

Description 

The pilots would be the first to detect a bird strike. But runway inspection persons may 
also detect. Detection is visually, or through noise. The strategy is for runway 

inspection to warn ATC, and for ATC to warn pilots. Detection by pilots is trained. For 
controllers it is trained on the job. [Workshop] 

 

For ATC the strategy is to use ATIS to broadcast information on birds, to send runway 
inspection to check the runway, and to scare away the birds. If there is a flock of birds 

you have to delay flights. Also remove garbage that attracts birds, and study where 
birds breed and stay, and try to change that. ATC have local procedures, including AIP 

(Aeronautical Information Publication) announcement. Pilots have to check for damage 

after a bird strike. If there is no damage they still have to report the occurrence, 
including report to ATC. [Workshop] 

 
Bird strikes do not necessarily cause aircraft damage and therefore do not always 

impact flight progress. When a bird strike causes an engine failure, pilots have to apply 
the standard strategy for engine failures.   

Characteristics 

First detection of 
disturbance 

Controller 

Pilot 
Other 

Establish common 
ground 

Local-Air 

Ground-Air 
Other 

Strategy 
coordination 

Local-Air 

Ground-Air 
Other 

Level of human 
flexibility in strategy 

Medium 

 

Strategy 
acquirement ATCo  

Experience 

Strategy 
acquirement 

pilot 

Training 

Explanation  

Key elements 
Ground 

Broadcast information on ATIS. 

Send bird control. 
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Divert aircraft. 

Air 
Inform ATC about the status. 

Check damage. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 

The probability of an accident or incident is only decreased 

slightly if pilots need to apply a strategy to deal with aircraft 
damage or engine failures. In other situations, the flight 

progresses normally and there is no impact on safety. 

Capacity 

Effect Negligible 

Explanation 

A bird strike at one aircraft and the strategy to counter that 

hardly impact airport or airspace capacity. The strategy to 
avoid bird strikes could have a larger impact on airport capacity 

but avoidance strategies are not considered here. 

Environment 

Effect 
Small negative 

Explanation 
In case the bird strike causes an engine failure after take-off, 

the aircraft could be forced to return to the airport, and maybe 
even to dump fuel before landing. 

Costs 

Effect Small negative 

Explanation 

In case the bird strike causes an engine failure after take-off, 
the aircraft could be forced to return to the airport, and maybe 

even to dump fuel before landing, causing additional costs for 
the airline. 

 

Disturbance 

Description 
Fire brigade 
 Alarm / fire brigade activity 

Frequency 

Category Rare 

Explanation 

The example can be interpreted in two ways. The first is alarm / fire brigade activity in 

response to an emergency. In such a case the original disturbance is the emergency 
itself and the frequency is rare. The second is practice activity by the fire brigade that 

interferes with normal operations. This frequency depends on the airport and on the 
location of the activity, but overall it is considered to be rare as well. [NE] 

Strategy 

Description 

Fire brigade activity is initiated by ATC or coordinated with ATC. In case of a vehicle on 
or near the runway, the controller or pilots may detect it visually.  

 

The strategy is for ATC to inform pilots and aircraft may need to abort operation or to 
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divert. ATC can change the active runway. [NE] 

Characteristics 

First detection of 
disturbance 

Controller 
Pilot 

Establish common 
ground 

Local-Air 

Ground-Air 
Other 

Strategy coordination 
Local-Air 
Ground-Air 

Other 

Level of human 
flexibility in strategy 

Medium 

Strategy acquirement 
ATCo  

Training 

Strategy acquirement  
pilot 

Training 

Explanation  

Key elements 

Ground 

Inform fire brigade. 
Inform pilots by R/T. 

Abort operation. 
Close runway. 

Air 
Abort operation. 

Follow ATC route and speed instructions. 
 

Effects of strategy on key performance areas 

Safety 

Effect Large positive 

Explanation 
Every action to make sure that an aircraft does not take off 

from or land on a runway which is not blocked (unexpectedly) 
reduces the probability of an accident or incident 

Capacity 

Effect Small negative 

Explanation 
As long as it is blocked, runway capacity goes down, but 
because it is temporary, it only affects a few aircraft.  

Environment 

Effect 
Small negative 

Explanation 
In case of an RTO or a go-around as part of the strategy, this 
has a negative effect on noise and emissions for only a few 

aircraft for a temporarily blocked runway. 

Costs 

Effect Small negative 

Explanation 

In case of an RTO or a go-around as part of the strategy, this 

has a negative effect on costs for only a few aircraft for a 
temporarily blocked runway, especially because of extra fuel 

needed and delays. 

 

Disturbance 

Description 

Maintenance work / obstacle 
 High object close to runway (e.g. building, crane) 

 Maintenance work in the manoeuvring area of the airport 
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Frequency 

Category Regular 

Explanation 

If we consider all kinds of maintenance work on an airport, it is estimated that this 

occurs Regularly. Some maintenance work will affect all flights for a period of time 

[NE]. Other examples are taxiway closure after rain, ILS maintenance or light 
inspection [Workshop]. 

Strategy 

Description 

The strategy is to inform pilots by publishing a NOTAM (e.g. maintenance at night, 
high objects). In addition R/T and ATIS can be used for information. Other strategies 

are using ‘Follow-me’ after a vehicle around the maintenance, giving radar vector 
altitude changes, using another runway for operations, recalculating take-off 

procedures, executing go-arounds, changing landing trajectories. In case of planned 

maintenance, e.g. on the ILS, there are procedures. Sometimes due to high objects 
close to the runway or around the airport some landing procedures (ILS, straight-in 

approach) can’t be executed or published. In such case, procedures may need to be 
re-designed. [Workshop] 

Characteristics 

First detection of 
disturbance 

Other 

Establish common 
ground 

Local-Ground 

Org-Ground 

Ground-Air 

Strategy 
coordination 

Local-Ground 

Org-Ground 
Ground-Air 

Level of human 
flexibility in strategy 

Low 

Strategy 
acquirement ATCo  

Training 

Strategy 
acquirement  

pilot 

Training 

Explanation  

Key elements 
Ground 

Publish NOTAM. 
Broadcast information on ATIS. 

Inform pilots by R/T. 
Adapt route. 

Air More careful manoeuvring. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive  

Explanation 
Strategies, like informing pilots on (unexpected) obstacles, 

temporary closed taxiways, could result in fewer incidents, but 
ATC is still working normally and control aircraft as usual. [NE] 

Capacity 

Effect Negligible 

Explanation 
The disturbance could cause capacity to go down, e.g. because 
of maintenance work on a runway. The strategy however, is 

directed to informing airport users, and this strategy is unlikely 
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to affect the capacity. 

Environment 

Effect 
Negligible 

Explanation 

The disturbance could affect the environment negatively, e.g. 

because of having to fly other routes which are not preferential 
with respect to environmental issues. The strategy however, is 

directed to informing airport users, and this strategy is unlikely 
to affect the environment. 

Costs 

Effect Negligible 

Explanation 

The disturbance could affect the costs negatively, e.g. because 
of having to fly other routes which are not preferential with 

respect to flight time. The strategy however, is directed to 
informing airport users, and this strategy is unlikely to affect 

the costs. 

 

Disturbance 

Description 
No ATC 

 No ATC on a (small) airport 

Frequency 

Category Occasionally 

Explanation 

This disturbance concerns airports for which there is no ATC support. Typically, this 
concerns small airports that are used for national flights and VFR flights only. The 

frequency of aircraft landing at such airport depends on the country, the weather and 
the time of year. On a European scale, the frequency is estimated to be Occasionally.  

The frequency excludes airports with Remote and Virtual Tower (RVT) system, which 
is based on Air Traffic Controllers being located somewhere other than at the local 

airport tower and still being able to provide ATC services. [NE] 

Strategy 

Description 

For flights that are under ATC control for part of their flight, often, an en-route centre 
or a neighbouring terminal or approach control may vector inbound aircraft to a 

position from where they can land visually on the airport without ATC. For pilots, visual 
flight rules apply. [NE] 

Characteristics 

First detection of 
disturbance 

Pilots 

Establish common 
ground 

Local-Air 

Strategy coordination 
Local-Air 
Ground-Air 

Level of human 
flexibility in strategy 

Medium 

Strategy acquirement 
ATCo  

n.a. 

Strategy acquirement  Training 
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pilot 
Explanation  

Key elements 
Ground N.a. 

Air 
Use visual flight rules. 

Effects of strategy on key performance areas 

Safety 

Effect Negligible 

Explanation 

Normally, this disturbance concerns VFR flights, which are 

trained to land at airports without ATC. There will be no effect 

on safety in such case. In case of emergency landings, the 
effect will be larger, but since this is an exceptional situation, 

the overall effect will be negligible. 

Capacity 
Effect Negligible 

Explanation  

Environment 
Effect 

Negligible 

Explanation  

Costs 
Effect Negligible 

Explanation  

 

Disturbance 

Description 

Runway blocked or contaminated 
 People on the runway 

 All kinds of stuff on the runway, especially at crossings 

 Animals on the runway 

 Vehicle is stuck on the runway (e.g. engine failure, snow) 

Frequency 

Category Occasionally 

Explanation 

Depending on the specific airport and the location there could be animals on the 
runway.  An aircraft stuck on a taxiway due to snow may also happen. An aircraft not 

clearing the runway fast enough, or stopping before being actually clear of the runway 

is estimated to happen more than once a week at a large European airport 
[Workshop]. Considering the various examples of this disturbance, overall it is 

estimated to occur Occasionally [NE] 

Strategy 

Description 

Detection of a blocked runway is done visually or by ground radar. In case of an 

aircraft / vehicle on the runway, the controller or other pilots may detect. [Workshop] 
 

The strategy for the pilot is to inform ATC, and the aircraft may go around, or abort 

the take-off. ATC can change the runway. In case of getting stuck, the pilot also 
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informs ATC. [Workshop] 
In case of an animal at take-off, the pilot would wait until the animal has disappeared. 

During landing, the actions depend on the kind of animal: it is better to hit a bird at 

landing than during a go around; with large mammals (cow, reindeer), a go around is 
preferred [MAREA]. 

Characteristics 

First detection of 
disturbance 

Controller 

Pilot 

Establish common 
ground 

Local-Air 

Local-Ground 
Ground-Air 

Strategy 
coordination 

Local-Air 

Local-Ground 
Ground-Air 

Other 

Level of human 
flexibility in strategy 

Medium 

Strategy 
acquirement ATCo  

Training 

Strategy 
acquirement  

pilot 

Training 

Explanation  

Key elements 

Ground 
Inform pilots by R/T. 

Instruct to reject take-off. 
Instruct to go around. 

Air 
Inform ATC by R/T. 

Reject take-off. 
Missed approach. 

Effects of strategy on key performance areas 

Safety 

Effect Large positive 

Explanation 

Every action to make sure that an aircraft does not take off 

from or land on a runway which is blocked (unexpectedly) by 
an aircraft, vehicle or animal, reduces the probability of an 

accident or incident 

Capacity 

Effect Small negative 

Explanation 
The examples that are given focus on a temporarily blocked 

runway. As long as it is blocked, runway capacity goes down, 

but because it is temporary, it only affects a few aircraft.  

Environment 

Effect 
Small negative 

Explanation 
In case of an RTO or a go-around as part of the strategy, this 
has a negative effect on noise and emissions for only a few 

aircraft for a temporarily blocked runway. 

Costs 

Effect Small negative 

Explanation 

In case of an RTO or a go-around as part of the strategy, this 

has a negative effect on costs for only a few aircraft for a 

temporarily blocked runway, especially because of extra fuel 
needed and delays. 
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Disturbance 

Description 

Vehicle movement 
 Vehicle passes red light/ holding point/enters runway. 

 Vehicle towing an aircraft fails to follow ATC instructions and taxies through 

holding point and crosses runway. 

 Vehicles without R/T contact with runway controller cross runway. 

Frequency 

Category Rare 

Explanation 

Authorised vehicles without coordination enter the runway rarely, but airport 

construction vehicles are typically not trained as well as other vehicles [Workshop]. 

Incorrect presence of aircraft or vehicle is estimated to be Rare. For a vehicle, 
therefore, this is estimated to occur Rarely at most [NE]. 

Strategy 

Description 

In principle, everybody could detect the disturbance, e.g. visually, using ground radar, 
or A-SMGCS. The tower controller needs to check the runway visually as a basic rule. 

For controllers and pilots, detection is part of basic procedures and training. 
[Workshop] 

 

For controllers, the strategy is as follows: If a vehicle is on the runway you cannot land 
an aircraft, and if there is a vehicle without authorization you stop operations. There is 

also coordination during hand-over to the next tower controller, the previous controller 
should tell about vehicles. Auditors should check if signs before entering the runway 

are still up. There is also regular training of vehicle drivers. For pilots there are hot-

spots on charts, which alert to dangerous spots. [Workshop] 

Characteristics 

First detection of 
disturbance 

Controller 

Pilot 
System notification/alert 

Establish common 
ground 

Local-Ground 

Local-Air 
Ground-Air 

Other 

Strategy coordination 

Local-Ground 
Local-Air 

Ground-Air 
Other 

Level of human 
flexibility in strategy 

Medium 

Strategy acquirement 
ATCo  

Training 

Strategy acquirement  
pilot 

Training 

Explanation  

Key elements 

Ground 
Inform pilots by R/T. 

Inform vehicle drivers by R/T. 
Abort operation. 

Air 
Missed approach. 

Reject take-off. 
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Effects of strategy on key performance areas 

Safety 

Effect Large positive 

Explanation 
Stopping operations or stopping an aircraft from landing 

reduces the probability of an accident with a vehicle on the 
runway. 

Capacity 

Effect Small negative 

Explanation 

It is estimated that the vehicle will only be on the runway 
for a limited amount of time and therefore will only affect 

runway capacity for a few aircraft. If the vehicle can be 
stopped in time, there is no effect on capacity.  

Environment 

Effect 
Small negative 

Explanation 

It is estimated that the vehicle will only be on the runway 
for a limited amount of time and therefore will only affect a 

few aircraft that may have to make a go-around. These go-

arounds have a negative effect on the environment. If the 
vehicle can be stopped in time, there is no effect on 

capacity. 

Costs 

Effect Small negative 

Explanation 

It is estimated that the vehicle will only be on the runway 

for a limited amount of time and therefore will only affect a 
few aircraft that may have to make a go-around. These go-

arounds cause delays and have a negative effect on fuel 
and therefore costs. If the vehicle can be stopped in time, 

there is no effect on capacity. 

C.3 Airspace 

Disturbance 

Description 

Airspace availability 
 Mountains 

 Restricted airspace 

Frequency 

Category Rare - Occasionally 

Explanation 

Estimating disturbances as “mountains” or “restricted airspace” per flight is rather 
difficult. If there are mountains near an airport, every landing or take-off is in the 

neighbourhood of mountains and then the frequency is Regular. The other way 
around, the frequency at an airport without mountains in the area is Very Rare. On a 

worldwide scale, the frequency is estimated as Rare – Occasionally [NE]. 

Strategy 

Description 

Dealing with mountains is no different from dealing with ground. There is no impact on 

pilot behaviour. A pilot has to adhere to minimum altitudes and anticipate proximity of 

terrain. Mountains should not be a problem if a pilot has prepared well, by preparing 
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the route and being aware of the alternative options, e.g. in case of engine failure 
[MAREA]. 

Characteristics 

First detection of 
disturbance 

Pilot 

Establish common 
ground 

Local-Air 
Ground-Air 

Strategy 
coordination 

Local-Air 
Ground-Air 

Level of human 
flexibility in strategy 

Medium 

Strategy 
acquirement ATCo  

Experience 

Strategy 
acquirement  

pilot 

Training 

Explanation  

Key elements 
Ground Publish NOTAM. 

Air 
Normal flight planning. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 

Nominally, there is a flight plan that accounts for the existence 
of airspace availability. Tactical strategies to avoid mountains 

are relevant in case an aircraft deviates from the flight plan for 
whatever reason. In that case, the strategy to prepare well is 

important in avoiding controlled flight into terrain. 

Capacity 

Effect Negligible 

Explanation 
Strategies are focused on not flying towards terrain or into 

restricted airspace. This does not affect the capacity of the 
airspace, which accounts for airspace availability. 

Environment 

Effect 
Negligible 

Explanation 

Nominally, there is a flight plan that accounts for the existence 
of airspace availability. Tactical strategies to avoid mountains 

are relevant in case an aircraft deviates from the flight plan for 

whatever reason. The strategies for avoiding problems are 
estimated to have a negligible effect on the environment. 

Costs 

Effect Negligible 

Explanation 

Nominally, there is a flight plan that accounts for the existence 
of airspace availability. Tactical strategies to avoid mountains 

are relevant in case an aircraft deviates from the flight plan for 
whatever reason. The strategies for avoiding problems are 

estimated to have a negligible effect on costs. 

 

Disturbance 

Description 

Airspace design 

 Airspace sectors poorly designed, much overlap 

 Wrong or complex design of route structure in TMA (e.g. SID and STAR too close) 
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Frequency 

Category Regular 

Explanation 
Airspace design is typically not optimal, especially in Europe, due to country 

boundaries, military airspace, and restricted airspace. [NE] 

Strategy 

Description 

The controller will be the first to detect this disturbance, but since nothing will remove 
it unless the airspace is re-designed, dealing with it will become part of normal 

operations. The controller will try to be creative and develop ways of working to cope. 

If the airspace design leads to incidents, the controller will report this to his supervisor, 
who can initiate steps to change the design. 

 
The pilots may also detect the disturbance if it concerns complex route structures, 

such as SIDs or STARs, that force them to fly close to their performance limits. In such 

case they may report this to ATC. 
 

At a European and Regional level, many activities are ongoing to re-organise the 
airspace structure and design, e.g. as part of the Single European Sky ATM Research 

(SESAR) and the Flexible Airspace Blocks (FAB). [NE] 

Characteristics 

First detection of 
disturbance 

Controller 
Pilot 

Establish common 
ground 

Local-Ground 

Global-Ground 
Ground-Air 

Org-Ground 

Strategy coordination 

Local-Ground 

Global-Ground 

Ground-Air 
Org-Ground 

Level of human 
flexibility in strategy 

Medium 

Strategy acquirement 
ATCo  

Experience 

Creativity 

Strategy acquirement  
pilot 

Experience 

Explanation  

Key elements 
Ground 

Develop ways of working to deal with non-optimal design. 
Report design problems to the management. 

Air n.a. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 

The efforts of the controller to use their creativity to deal with 

a poorly designed airspace will have a continued positive effect 
on safety. In case of a very bad airspace design steps will 

immediately be initiated to change it. Overall, the disturbance 
and the strategy to deal with it are not expected to have a 
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large effect. 

Capacity 

Effect Small negative 

Explanation 
The disturbance has potential to affect many aircraft; therefore 

the strategy has potential to have a non-negligible effect on 
capacity. 

Environment 

Effect 
Small negative 

Explanation 
The disturbance has potential to affect many aircraft; therefore 
the strategy has potential to have a non-negligible effect on 

environment. 

Costs 

Effect Small negative 

Explanation 
The disturbance has potential to affect many aircraft; therefore 

the strategy has potential to have a non-negligible effect on 
costs. 

 

Disturbance 

Description 

Change in airspace availability 
 Volcanic eruption 

 Closure of airspace (e.g. due to emergency, volcanic eruption) 

Frequency 

Category Rare 

Explanation 

The operational experts indicate that this disturbance is rare but it happens, recall the 
Iceland Eyjafjallajökull volcanic ash situation a few years back. On a world scale it is 

estimated to happen every day somewhere. At continental scale it is estimated to 
happen once per 10 years [Workshop]. This is a wide range of estimates. An estimate 

of Rare is considered here because this disturbance is not only about volcanic 

eruptions, but also considers airspace availability changes for other, less dramatic 
reasons [NE]. 

Strategy 

Description 

Detection is obvious. The problem is bigger than only one controller’s airspace. 
Strategy for the pilots is to divert in case of a sudden closure of airspace, but the 

options are limited due to fuel. For the controllers, the strategy in case of a sudden 
closure of airspace is to re-route the traffic and to coordinate with other units. The re-

routing can also include level changes instead of lateral changes. There will be more 

delays. If the closure is expected then a NOTAM (Notice to Airmen) is issued. 
Maintaining close coordination with Eurocontrol CFMU (Central Flow Management Unit) 

trying to solve the problem is important. If the closure is in neighbouring countries or 
sectors, there is also close coordination by phone and email. At the airport there is also 

an ‘airport urgent action plan’, which is published every year. Crisis management is 

also involved, who can negotiate with various parties. [Workshop] 

Characteristics 

First detection of 
disturbance 

Controller 

Other 

Establish common 
ground 

Local-Ground 
Global-Ground 
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Global-Air 
Ground-Air 

Other 

Strategy 
coordination 

Local-Air 
Local-Ground 

Global-Ground 

Ground-Air 
Other 

Level of human 
flexibility in strategy 

High 

Strategy 
acquirement ATCo  

Experience 

Creativity 

Strategy 
acquirement  

pilot 

Training 

Explanation  

Key elements 

Ground 
Publish NOTAM. 

Coordinate with CFMU. 
Divert aircraft. 

Air 
Check fuel. 

Adapt flight plan. 

Effects of strategy on key performance areas 

Safety 

Effect Negligible 

Explanation 

Airspace availability has changed (temporarily). The strategy is 
to reroute aircraft. This is done in a coordinated way and is not 

much different than nominal air traffic control. Safety should 

not be impacted.  

Capacity 

Effect Large negative 

Explanation 
Closing airspace and rerouting reduces the capacity 
considerably for a significant time.  

Environment 

Effect 
Large negative 

Explanation 
Rerouting many aircraft is estimated to have a large impact on 
emissions. 

Costs 

Effect Large negative 

Explanation 
Rerouting many aircraft is estimated to have a large impact on 
costs in terms of delays and additional fuel. 

C.4 ATC coordination 

Disturbance 

Description 
Conflict / emergency 
 Controller does not inform other controllers about a conflict, incident or emergency 

situation 

Frequency 
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Category Rare 

Explanation 

Forgetting to inform other controllers about conflicts or incidents depends on the 
sector team and the workload. But in busy periods and due to misunderstandings, you 

could pass traffic to the next ATCo and forget to advise them about a conflict. Conflicts 
or emergencies always get full attention, but if workload is high, there is less time to 

coordinate, or you may easier forget to coordinate. [MAREA] 

Overall, this disturbance is estimated to occur Rarely [NE] 

Strategy 

Description 

Not informing other controllers can be detected by other controllers, possibly with the 

help of radar. Also, pilots may notice that a situation has not been communicated with 
the next controller.  

 
In case of an emergency, ATCo colleagues will take over coordination tasks. Each 

ATCo is considered responsible for his own sector. If an ATCo detects a conflict, he will 

take responsibility and solve it, or, if he is under large workload, he will make sure 
another ATCo will solve it. In general, it is assumed that the responsible ATCo is in 

control of the situation. But controllers could look at the screen display of colleagues to 
check if the controller is already aware of a conflict.  If not, the other controller is 

informed, and this can be within a sector but also between different sectors and 
centres. 

Characteristics 

First detection of 
disturbance 

Controller 

Pilot 
System notification/alert 

Establish common 
ground 

Local-Ground 

Global-Ground 

Strategy 
coordination 

Local-Ground 

Global-Ground 

Ground-Air 

Level of human 
flexibility in strategy 

Low 

Strategy 
acquirement ATCo  

Training 

Strategy 
acquirement  

pilot 

n.a. 

Explanation  

Key elements 
Ground 

Coordinate with other controllers. 

Air Inform ATC about the status. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 

The strategy is to communicate and coordinate the situation 

with other controllers. There is always one controller 

responsible for an aircraft. Even if a controller is not informed 
about a conflict, he could notice the conflict himself because 

that is a basic part of his job. Additional coordination can 
obviously provide a positive support for controlling traffic. 

Capacity 
Effect Negligible 
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Explanation 
Additional coordination supports handling one or two aircraft 
that are in a conflict situation, but the effect on capacity is 

estimated to be Negligible. 

Environment 

Effect 
Negligible 

Explanation 
Additional coordination supports handling one or two aircraft 

that are in a conflict situation, but the effect on environment is 

estimated to be Negligible. 

Costs 

Effect Negligible 

Explanation 
Additional coordination supports handling one or two aircraft 
that are in a conflict situation, but the effect on costs is 

estimated to be Negligible. 

 

Disturbance 

Description 

Coordination military operations 
 Poor coordination between civil and military ATC 

 Military aircraft 

 Military aircraft does not realise they are in controlled airspace 

 Military aircraft not VHF equipped 

 Military use of airspace is not planned accurately 

 Military not willing to share information with civil ATC 

 Interception of a civil aircraft by a military aircraft 

 Military aircraft shoots a civil aircraft down 

Frequency 

Category Occasionally 

Explanation 

Obviously, this generic disturbance covers a wide range of examples that occur with 

different frequencies. The example “military aircraft shoots a civil aircraft down” is very 

much different from “poor coordination between civil and military ATC”. Because of the 
way this is discussed during the workshop, the focus here is on the latter example. 

Regarding the coordination issue, it is estimated that this is a common problem that 
occurs throughout the world, but the situation is improving [Workshop]. It is estimated 

as Occasionally [NE]. 

Strategy 

Description 

The problem will be first detected by the radar controller or the assistant controller. 
 

The military do have their own airspace, but if they want to cross civil airspace, they 
have to listen to civil ATC. If the military have a flight plan they are allowed to fly in 

civil airspace and the controller will issue a clearance, e.g. a flight level. Sometimes 
there are airspace infringements both ways, but these are handled. If a military 

aircraft does not follow a clearance the controller will contact military ATC and 

coordinate, or just inform the military aircraft. Sometimes you move away civil aircraft. 
If the military flight plan is not acceptable, you coordinate with military ATC to change 

the flight plan. There is a lateral agreement and there are clear procedures. 
Coordination is important. [Workshop] 

Characteristics 
First detection of Controller 
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disturbance 
Establish common 

ground 
Local-Ground 
Other (military ATC) 

Strategy 
coordination 

Local-Ground 

Other (military ATC) 

Level of human 
flexibility in strategy 

Low 

Strategy 
acquirement ATCo  

Training 

Strategy 
acquirement  

pilot 

n.a. 

Explanation  

Key elements 
Ground 

Coordinate with military ATC. 
Divert aircraft. 

Air n.a. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 

A potential conflict between civil and military aircraft due to a 

lack of coordination (e.g. airspace infringements, no agreed 
flight plan) are handled by the controller, e.g. by additional 

coordination or moving away the civil aircraft. These actions 

will positively affect safety. 

Capacity 

Effect Negligible 

Explanation 

A potential conflict between civil and military aircraft due to a 
lack of coordination (e.g. airspace infringements, no agreed 

flight plan) are handled by the controller, e.g. by additional 

coordination or moving away the civil aircraft. These strategies 
are estimated to affect only a few aircraft, but this will not 

affect airspace capacity. 

Environment 

Effect 
Negligible 

Explanation 

Additional civil-military coordination reduces the number of 

surprises for civil ATC. Solving conflicts between a civil and a 
military aircraft is estimated to have a negligible effect on the 

environment. 

Costs 

Effect Negligible 

Explanation 

Additional civil-military coordination reduces the number of 

surprises for civil ATC. Solving conflicts between a civil and a 
military aircraft is estimated to have a negligible effect on 

costs. 

 

Disturbance 

Description 
Coordination overload 
 Controller is overloaded with coordination messages 
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Frequency 

Category Occasionally 

Explanation 

This is actually more of a problem with new systems where everything is automated 

than in current operations, since in such cases, several coordination messages could 

arrive at the same time [MAREA]. It is estimated that coordination overload occurs 
Occasionally. 

Strategy 

Description 

The amount of coordination depends on the load of traffic and on the type of sector; 
for example, on the number of neighbouring sectors. If a lot of coordination is 

necessary, then the planner controller may take over the coordination tasks, or the 
supervisor who often stands behind the various controller positions, or there is 

automatic coordination through the label. The main task of the radar controller is to 

talk to the pilots and only little coordination should be done by him/her (for example 
he/she takes agreements with another radar controller on how to apply a separation 

between two aircraft when one of them is not yet in contact with him/her). An 
increased number of traffic means more coordination to do, which may get stressful. 

Telephone calls nearby could be distracting, or prevent you from hearing call signs of 
pilots calling in, such that precious time is lost and work becomes less efficient. New 

fuel planning procedures may lead to systemic problems, i.e. if several aircraft fly at 

low fuel at the same time. ATC can only handle a limited number of such low-fuel 
cases at the same time. [MAREA] 

Characteristics 

First detection of 
disturbance 

Controller 

Establish common 
ground 

Local-Ground 

Global-Ground 

Strategy 
coordination 

Local-Ground 
Global-Ground 

Level of human 
flexibility in strategy 

Low 

Strategy 
acquirement ATCo  

Training 

Strategy 
acquirement  

pilot 

n.a. 

Explanation  

Key elements 
Ground Workload management. 

Air 
n.a. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 

Every action that is directed to reducing an overload of the 

controller, e.g. by handing over tasks to other controllers, has 

a positive effect on safety. The tactical controller focuses on 
handling traffic, and is not the one that is mainly doing the 

coordination tasks. Therefore, the effect is estimated to be 
small. 
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Capacity 

Effect Negligible 

Explanation 
Distributing coordination tasks amongst the controllers 

prevents an overload, but the effect on capacity is estimated to 

be negligible. 

Environment 

Effect 
Negligible 

Explanation 

Distributing coordination tasks amongst the controllers 

prevents an overload, but this does not necessarily directly 
affect flight progress, such that the effect on environment is 

estimated to be negligible. 

Costs 

Effect Negligible 

Explanation 

Distributing coordination tasks amongst the controllers 

prevents an overload, but the effect on costs is estimated to be 
negligible, as long as the increase in coordination does not lead 

to a requirement for extra controllers. 

 

Disturbance 

Description 

Different procedures/algorithms at ATC centres 
 Adjacent centres use different standards for procedures or data formats 

 Different algorithms used at different ATC centres 

 Differences in trajectory prediction systems between coordinating ATC centres 

Frequency 

Category Regular 

Explanation 
Variations in procedures and some differences in data formats and algorithms exist 

between ATC centres. 

Strategy 

Description 

Protocols for automatic coordination only apply to the basics, the lowest common 
denominators. They have not been designed to serve ATCo needs in detail. Impact is 

that you work to the rules. You don’t help other sectors but stick to the Letter of 

Agreement between ATC centres. Sometimes in case of a difference, a system may not 
recognise a flight plan. Or if you sent data automatically, an interface may not be able 

to deal with the data. However, these problems are usually not noticed in normal 
work. The same kind of data is exchanged, e.g. transponder codes are always the 

same. Hence this would not be something that creates problems. But if problems 
occur, the controller would call the other sector and give them what they need. 

[MAREA] 

Characteristics 

First detection of 
disturbance 

Controller 

Establish common 
ground 

Local-Ground 

Global-Ground 

Strategy 
coordination 

Local-Ground 

Global-Ground 

Level of human Low 
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flexibility in strategy 
Strategy 

acquirement ATCo  
Training 

Strategy 
acquirement  

pilot 

N.a. 

Explanation  

Key elements 
Ground 

Coordinate with other controllers. 

Air n.a. 

Effects of strategy on key performance areas 

Safety 

Effect Negligible 

Explanation 

The strategy mainly works on a strategic level, e.g. by 

developing a Letter of Agreement. On a tactical level, the 

strategy mainly is to provide additional information to another 
ATC centre for specific situations. Although this is a good thing, 

it is estimated that it has a negligible direct effect on safety.   

Capacity 

Effect Negligible 

Explanation 

The strategy mainly works on a strategic level, e.g. by 

developing a Letter of Agreement. On a tactical level, the 
strategy mainly is to provide additional information to another 

ATC centre for specific situations. It is estimated that this does 
not result in large changes in flights or routes, such that the 

effect on capacity is estimated to be Negligible. 

Environment 

Effect 
Negligible 

Explanation 

The strategy mainly works on a strategic level, e.g. by 

developing a Letter of Agreement. On a tactical level, the 
strategy mainly is to provide additional information to another 

ATC centre for specific situations. It is estimated that this does 

not result in large changes in flights or routes, such that the 
effect on the environment is estimated to be Negligible. 

Costs 

Effect Negligible 

Explanation 

The strategy mainly works on a strategic level, e.g. by 
developing a Letter of Agreement. On a tactical level, the 

strategy mainly is to provide additional information to another 
ATC centre for specific situations. It is estimated that this does 

not result in large changes in flights or routes, such that the 

effect on costs is estimated to be Negligible. 

 

Disturbance 

Description 

Error / delay 
 Miscommunication between controllers 

 Coordination between ATC centres / sectors / controllers leading to delays / errors 

in flight 

Frequency 
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Category Occasionally 

Explanation 

This is rare, though it may happen [Workshop]. In a study of controller-pilot voice 
communications is was found that less than 1% of the clearances resulted in 

communication errors (Cardosi, 1993). On the basis of such human factors data it is 
estimated that miscommunication between controllers may happen Occasionally (i.e. 

between once in every 100 and 10,000 flights).  

Strategy 

Description 

There is electronic coordination between sectors, e.g. for aircraft levels, if the 

information is entered into the system (controllers have to do this, but sometimes 

there may be a delay). If there is a deviation from route there is need for manual 
coordination. Telephone coordination is still very much required. [Workshop] 

Characteristics 

First detection of 
disturbance 

Controller 

Establish common 
ground 

Local-Ground 

Global-Ground 

Strategy 
coordination 

Local-Ground 
Global-Ground 

Level of human 
flexibility in strategy 

Medium 

Strategy 
acquirement ATCo  

Training 

Strategy 
acquirement  

pilot 

n.a. 

Explanation  

Key elements 
Ground Correction by other controllers. 

Air 
n.a. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 

A miscommunication between controllers can lead to 

misunderstandings regarding a flight, e.g. about the route or 

an expected time of arrival, and in that case even to potential 
conflict situations. Misunderstandings are never good for 

safety, so strategies that are used to get rid of 
misunderstandings will have a positive effect on safety. 

Because these misunderstandings are estimated to be more 

relevant for planning ATC than for tactical ATC, the effect is 
estimated as small. 

Capacity 

Effect Small positive 

Explanation 

One of the examples shows that misunderstandings can lead to 

delays in flight and therefore a temporary reduction in 

capacity. Strategies that resolve misunderstandings therefore 
will have a positive effect on capacity, but because it only 

affects a few aircraft temporarily, the effect is estimated to be 
small.  

Environment 
Effect 

Negligible 
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Explanation 

From the examples it is not clear whether the 
miscommunication and misunderstandings have any effect on 

the routes that actually will be flown by aircraft, if they have to 

fly additional miles or not. It is estimated therefore that 
resolving misunderstandings hardly has any effect on the 

environment. 

Costs 

Effect Negligible 

Explanation 

From the examples it is not clear whether the 

miscommunication and misunderstandings have any effect on 
the routes that actually will be flown by aircraft, if they have to 

fly additional miles or not. It is estimated therefore that 
resolving misunderstandings hardly has any effect on costs. 

 

Disturbance 

Description 

Language & cultural differences at ATC centres 
 Different languages used at coordinating ATC centres 

 Different cultures at coordinating ATC centres 

Frequency 

Category Regular 

Explanation 

It is difficult to estimate the frequency of this disturbance. It is not something that 

occurs once in so many flights. ATC centres each have their own culture, which is not 
necessarily much different from the culture at neighbouring centres. The frequency 

reflects the number of occasions that flights are coordinated between ATC centres with 
different nationalities. 

Strategy 

Description 

All ATCos, by ICAO requirement, are trained to English level 4. All ATC-pilot 
communication is in standard ATC English. There are Letters of Agreement that 

prescribe the communication format on how to transfer traffic between ATCos. 

Communication between ATC centres may be in the language they have in common; 
otherwise it is in English. Using the common language could sometimes lead to some 

delay or need for repetition in case e.g. the neighbouring controller does not appear to 
speak the language that the ATCo assumed to be common. It may only be a problem 

if the other party does not understand the request but does not admit it. [MAREA] 
 

There is a difference (at detail level) in dealing with different centres. Some cultures 

are more on following the rules. With others, you might be more easily tempted to do 
a proposition that deviates from the official agreements. Either way, you adapt your 

behaviour. Controllers estimate that the cultural differences are not a problem; the 
ATC centres work in similar ways, even though people may have different 

backgrounds. There are no great differences. Controllers only talk with other ATC 

centres for coordination, and this is generally understood. [MAREA] 

Characteristics 

First detection of 
disturbance 

Controller 

Establish common 
ground 

Local-Ground 
Global-Ground 
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Strategy 
coordination 

Local-Ground 
Global-Ground 

Level of human 
flexibility in strategy 

Low 

Strategy 
acquirement ATCo  

Experience 

Strategy 
acquirement  

pilot 

n.a. 

Explanation  

Key elements 
Ground Adapt to cultural differences. 

Air 
n.a. 

Effects of strategy on key performance areas 

Safety 

Effect Negligible 

Explanation 

This is about coordination between different centres that could 
have different languages and cultures. This could not be a 

surprise, and is the context for the way a centre operates. 
Controllers will find a way to deal with this, e.g. by using 

English as a standard language and following Letters of 

Agreement. It is estimated that the strategy is part of normal 
operation and therefore only has a negligible impact on safety. 

Capacity 

Effect Negligible 

Explanation 

This is about coordination between different centres that could 

have different languages and cultures. This could not be a 

surprise, and is the context for the way a centre operates. 
Controllers will find a way to deal with this, e.g. by using 

English following Letters of Agreement. It is estimated that 
capacity is not impacted by the strategy because it is normal 

operation. 

Environment 

Effect 
Negligible 

Explanation 

This is about coordination between different centres that could 

have different languages and cultures. This could not be a 
surprise, and is the context for the way a centre operates. 

Controllers will find a way to deal with this, e.g. by using 

English following Letters of Agreement. It is estimated that 
normal operation is not impacted by the strategy and therefore 

the impact on the environment is considered to be Negligible. 

Costs 

Effect Negligible 

Explanation 

This is about coordination between different centres that could 

have different languages and cultures. This could not be a 
surprise, and is the context for the way a centre operates. 

Controllers will find a way to deal with this, e.g. by using 

English following Letters of Agreement. It is estimated that 
normal operation is not impacted by the strategy and therefore 

the impact on costs is considered to be Negligible. 
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Disturbance 

Description 

Planning and tactical 
 Erroneous coordination between planning and tactical controller 

 Demarcation of responsibilities between planning and tactical controllers is not 

clear 

 Tactical controller does not trust solution of planning controller 

Frequency 

Category Rare 

Explanation 

The roles of the tactical controller (usually referred to as Executive Controller) and the 

Planner Controller are clearly defined through national and international approved 

procedures. The main role of the Executive Controller is to control the traffic, speak 
with pilots, and separate aircraft. The Planner Controller inputs necessary data into the 

HMI (Human Machine Interface), and plans, coordinates, and alerts the Executive 
Controller to issues such as loss of separation, military traffic affecting the sector, RWY 

changes, go around information. The Planner Controller also coordinates all the 

necessary information related to his area of responsibility with the Executive 
Controller, or with adjacent units or sectors (vice-versa) where necessary. Any duty 

which is failed results in unwanted situations. However, the frequency is usually very 
rare [DHMI]. 

Strategy 

Description 

Several examples could be given as part of this disturbance, such as: coordination is 
made but it is not clear; coordination/duty is not made at all, forgotten; coordination is 

made but not with all sectors, units, related persons; coordination/duty is made but 

information may be wrong, too little or too much; coordination/duty is made but late 
or not on time. Another example is if the Executive Controller requests information to 

be relayed to another party, or another party’s status related closely to the Executive 
Controller, but the Planner Controller does not coordinate due to various reasons. 

[DHMI] 
 

This disturbance may be detected by anybody affected by the situation, e.g. the 

Executive Controller, the pilot, other units, the Planner Controller. [DHMI] To deal with 
this, the controller would make contact with his colleague and try to solve the problem 

through better coordination. If the problem is persistent he could involve the 
supervisor. [NE] 

 

As working positions become more automatic with technological support, the Executive 
Controller is more able to do his task alone; at least, in non-emergency conditions and 

with optimum traffic volume. This leads to the Planner Controller getting a more 
“monitoring” task. [DHMI] 

Characteristics 

First detection of 
disturbance 

Controller 

Pilot 
Other 

Establish common 
ground 

Local-Ground 

Strategy coordination 
Local-Ground 

Global-Ground 

Level of human 
flexibility in strategy 

Medium 
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Strategy acquirement 
ATCo  

Training 
Experience 

Strategy acquirement  
pilot 

n.a. 

Explanation  

Key elements 
Ground Coordinate with other controllers 

Air 
n.a. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 
If the coordination error is a separation issue, the strategy to 

resolve the issue may have a positive safety effect. 

Capacity 

Effect Negligible 

Explanation 
If the coordination error is a route planning issue, the strategy 

to resolve the issue may have a positive capacity effect. The 
average effect will be Negligible, however,  

Environment 

Effect 
Negligible 

Explanation 
If the coordination error is a route planning issue, the strategy 
to resolve the issue may have a positive environment effect. 

The average effect will be Negligible, however, 

Costs 

Effect Negligible 

Explanation 
If the coordination error is a route planning issue, the strategy 

to resolve the issue may have a positive cost effect. The 
average effect will be Negligible, however, 

 

Disturbance 

Description 
Shift change 
 Incorrect information transfer during shift change 

Frequency 

Category Occasionally 

Explanation 

During a shift change the new controller typically sits for about 5 to 10 minutes aside 

to the previous controller to familiarize with the traffic situation. It is expected that 
during such shift change typical human error rates apply, leading to incorrect or 

incomplete information transfer occurring Occasionally.  

Strategy 

Description 

The incorrect information transfer leads to an affected situation awareness by the 

controller of the traffic situation. As part of the normal work a controller is 
continuously updating the situation awareness by observation of the traffic, 

communication to pilots and other controllers, and by reasoning about the traffic 

situation. In these processes the controller may recognize inconsistencies which have 
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rooted in the incorrect information transfer, and then try to correct the situation 
awareness by verifying information. Pilots may contribute to this by their 

communication with the controller.     

Characteristics 

First detection of 
disturbance 

Controller 
Pilot 

Establish common 
ground 

 

Local-Ground 
Global-Ground 

Ground-Air 

Strategy coordination 

 
Local-Ground 

Global-Ground 
Ground-Air 

Level of human 
flexibility in strategy 

Medium 

Strategy acquirement 
ATCo  

Training 

Strategy acquirement  
pilot 

Training 
 

Explanation  

Key elements 
Ground Continuous evaluation of information from various sources. 

Air 
Inform ATC by R/T. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 
A proper situation awareness by the controller of the traffic 

situation is important to maintain safety. 

Capacity 

Effect Negligible 

Explanation 
A problem with the situation awareness mostly considers one 
or a few aircraft, and in general is not expected to have an 

important effect on capacity. 

Environment 

Effect 
Negligible 

Explanation 
A problem with the situation awareness mostly considers one 

or a few aircraft, and in general is not expected to have an 

important effect on environment. 

Costs 

Effect Negligible 

Explanation 
A problem with the situation awareness mostly considers one 

or a few aircraft, and in general is not expected to have an 
important effect on costs. 

 

Disturbance 

Description 

Traffic handover 
 Wrong handover of traffic between controllers 

 Confusion about who has control 

 Failure to understand requirements of adjacent sector 

 Lack of awareness by employees at an ATC centre (e.g. controllers, maintenance) 

about which centre is in control over a particular airspace 
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 A controller still feeling responsible for an airspace sector of which the control is 

transferred to an adjacent centre. 

Frequency 

Category Rare - Occasionally 

Explanation 

An ATCo may call the next sector for a handover, but the next sector does not have 

the flight plan yet. An ATCo could also hit a wrong button, changing something that 
belongs to another sector, or could forget to crosscheck the data [MAREA]. It is 

estimated that this occurs Rare – Occasionally [NE]. 

Strategy 

Description 

The situation may be detected by the ATCo if the aircraft does not call in, or the wrong 

one does. The ATCo may also detect it on basis of the information he has received 

about an aircraft and the information that is in the system.  [MAREA] 
 

Handovers are complicated and coordination must be very clear between centres. You 
need to check the proper estimate and proper level. Aircraft must be flying at the 

same level as stated. A controller would usually verify and correct a potential mistake. 
If the information is not right, the next sector is called and informed to pay attention. 

Otherwise, the controller would need to make a few phone calls to get the correct data 

and then do the hand over. [MAREA] 

Characteristics 

First detection of 
disturbance 

Controller 

Establish common 
ground 

Local-Ground 
Global-Ground 

Strategy 
coordination 

Local-Ground 

Global-Ground 

Level of human 
flexibility in strategy 

Low 

Strategy 
acquirement ATCo  

Training 

Strategy 
acquirement  

pilot 

n.a. 

Explanation  

Key elements 
Ground 

Coordinate with other controllers. 
Continuous evaluation of information from various sources. 

Air n.a. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 

A wrong handover could lead to lead to a conflict with another 

aircraft in the next sector. Every strategy that tries to resolve 
misunderstandings or wrong information for a handover could 

make sure that such a conflict is not occurring. Therefore, it is 

estimated that the strategy has a small positive effect on 
safety. 

Capacity 
Effect Negligible 

Explanation Misunderstanding about the handover of traffic is mainly about 
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the time and position of transfer and affects usually a single 
aircraft. Therefore, the strategy is estimated to have a 

negligible effect on capacity. 

Environment 

Effect 
Negligible 

Explanation 
The strategy focuses on checking information and additional 

coordination. This is estimated to have a negligible effect on 

the environment. 

Costs 

Effect Negligible 

Explanation 
The strategy focuses on checking information and additional 
coordination. This is estimated to have a negligible effect on 

the environment. 

 

Disturbance 

Description 

Traffic level 
 Levels of traffic flow through sector is not understood by neighbouring sector, 

causing high ATC workload 
 Traffic overload at sector boundary 

Frequency 

Category Rare 

Explanation 

This is rare but it may happen. There are capacity limits, but due to wind or the 

issuance of direct-to’s, traffic load at a point may be higher. It may also happen that 
the aircraft does not comply with the ATC estimates. [Workshop] 

Strategy 

Description 

Detection of the problem will be by the controller. Controllers can also see into the 
next sector. [Workshop] 

 

The strategy is to split sectors, or ask for assistance from another controller. 
Sometimes traffic can be taken in by a neighbouring sector. A controller would not 

send traffic to the next sector that they cannot handle. They would send traffic to the 
next sector one by one and nicely separated, by fine-tuning, giving direct-to’s etc. 

[Workshop] 

Characteristics 

First detection of 
disturbance 

Controller 

Establish common 
ground 

Local-Ground 

Global-Ground 

Strategy 
coordination 

Local-Ground 

Global-Ground 

Level of human 
flexibility in strategy 

High 

Strategy 
acquirement ATCo  

Training 

Strategy 
acquirement  

pilot 

N.a. 
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Explanation  

Key elements 
Ground 

Split sectors. 
Redistribute traffic. 

Air N.a. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 

If there is traffic overload in a sector, or at a certain point in a 

sector, the accident probability is likely to go up, especially if 
the controller is not able anymore to handle the traffic. 

Strategy elements like splitting a sector or asking assistance 
focus on obtaining a traffic situation that can be handled.  

Capacity 

Effect Small positive 

Explanation 
By means of the strategy, the (temporary) overload of traffic 
can be handled. This means that there is a (temporary) 

increase in capacity. 

Environment 

Effect 
Small positive 

Explanation 

By means of the strategy, the (temporary) overload of traffic 

can be handled according to their original plan. This means 
that there is no need for aircraft to fly additional miles before 

they can enter a next sector, or that they can still fly the direct-

to’s. 

Costs 

Effect Small positive 

Explanation 

By means of the strategy, the (temporary) overload of traffic 
can be handled according to their original plan. This means 

that there is no need for aircraft to fly additional miles before 

they can enter a next sector, or that they can still fly the direct-
to’s. This also has a positive effect on airline costs.  

C.5 ATC system 

Disturbance 

Description 

Aircraft identification 
 Misidentification of aircraft 

 Mislabelled identity 

 Loss of a label or an error just when the controller needs to call the aircraft 

Frequency 

Category Occasionally 

Explanation 

This occurs quite often. Misidentification (wrong code) happens the most. Labels may 
overlap, may swap. The traffic may also drop from display. There are also instances of 

double use of transponder codes due to running out of codes. Misidentification can 

also happen during transfer between tower and approach. [Workshop] 
 

It is estimated that this disturbance occurs Occasionally. [NE] 
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Strategy 

Description 

The controller would be the first to detect the disturbance. They can also detect it 
during coordination between tower and approach. Detection would be by means of 

radar, where the controller checks flight level and call sign [Workshop]. The controller 
may also detect the disturbance through a wrong squawk code [MAREA]. 

 

The impact would be confusion. To deal with it, he would contact the pilot [MAREA]. 
The controller can also ask the previous sector about the identity of a certain aircraft 

on their display [Workshop] 
 

Inserting traffic into the system is trained. Aircraft identification is part of the basic 
training. If the controller knows the callsign and knows the radar code, there is no 

problem. If you don’t have the callsign you ask the pilot when they contact you 

[Workshop]. 

Characteristics 

First detection of 
disturbance 

Controller 

Establish common 
ground 

Local-Ground 
Global-Ground 

Ground-Air 

Strategy 
coordination 

Local-Ground 
Global-Ground 

Ground-Air 

Level of human 
flexibility in strategy 

Low 

Strategy 
acquirement ATCo  

Training 

Strategy 
acquirement  

pilot 

n.a. 

Explanation  

Key elements 
Ground 

Coordinate with other controllers.  
Continuous evaluation of information from various sources. 

Air N.a. 

 

Safety 

Effect Small positive 

Explanation 

As described, the strategy mainly is to contact pilot or other 

controllers to check and correct the identity of the aircraft. This 

is estimated to have a small effect on safety, as such 
misunderstandings may be trigger points for conflicts. 

Capacity 

Effect Negligible 

Explanation 

As described, the strategy mainly is to contact pilot or other 

controllers to check and correct the identity of the aircraft. The 

route of the aircraft is not changed. Therefore, the effect on 
capacity is estimated to be Negligible. 

Environment 

Effect 
Negligible 

Explanation 

As described, the strategy mainly is to contact pilot or other 
controllers to check and correct the identity of the aircraft. The 

route of the aircraft is not changed. Therefore, the effect on 
the environment is estimated to be Negligible. 
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Costs 

Effect Negligible 

Explanation 

As described, the strategy mainly is to contact pilot or other 

controllers to check and correct the identity of the aircraft. The 

route of the aircraft is not changed. Therefore, the effect on 
capacity is estimated to be Negligible. 

 

Disturbance 

Description 

Alert not properly provided 
 Display does not show alert 

 System warning may be suppressed by other warnings 

 False negative alert (alert is not specified while it should have been specified) 

 Delay in alert specification 

Frequency 

Category Rare 

Explanation 

In [MAREA], it is estimated that conflict alerting is very reliable. It could happen that 
an STCA alert is triggered based on wrong aircraft performance; in such case, the 

STCA alert may be false. [NE] estimates that technical problems with the ATC system 
occur Rarely. 

Strategy 

Description 

The description of the strategy relates to the example of a false negative alert. In 

[MAREA], controllers stated that in such situation, the system would show 
unpredictable behaviour. In case of false negative alert, controllers have to pay 

attention to something that should not be there. In this case, and in the case where 
you expect an alert and it is not there, you start mistrusting the system. ATCo would 

respond by informing technical services, but not respond otherwise.  

Characteristics 

First detection of 
disturbance 

Controller 

Establish common 
ground 

Local-Ground 

Strategy 
coordination 

Local-Ground 

Other 

Level of human 
flexibility in strategy 

Low 

Strategy 
acquirement ATCo  

Training 

Strategy 
acquirement  

pilot 

n.a. 

Explanation  

Key elements 
Ground Inform technicians. 

Air 
N.a. 
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Safety 

Effect Negligible 

Explanation 
The strategy is focused on understanding the technical problem 

and to contact technical services. This does not impact directly 

the progress of air traffic, and also not the accident probability.  

Capacity 

Effect Negligible 

Explanation 
The strategy is focused on understanding the technical problem 

and to contact technical services. This does not impact directly 
the progress of air traffic, and also not capacity.  

Environment 

Effect 
Negligible 

Explanation 
The strategy is focused on understanding the technical problem 

and to contact technical services. This does not impact directly 

the progress of air traffic, and also not the environment.  

Costs 

Effect Negligible 

Explanation 
The strategy is focused on understanding the technical problem 

and to contact technical services. This does not impact directly 
the progress of air traffic, and also not the environment.  

 

Disturbance 

Description 

ATIS 
 ATIS does not provide correct information to pilot 

 ATIS does not provide correct information to controller 

 Wrong or inaccurate ATIS data (e.g. not updated) 

Frequency 

Category Regular 

Explanation 

According to [Workshop], this occurs often, daily. ATIS is updated every 30 minutes. If 
the MET office does not send weather info, and does not update ATIS (this is done 

manually), the system stops. ATIS info could also be outdated; for example, snow 
situations change more frequently than every 30 minutes. 

Strategy 

Description 

The pilot could detect that the ATIS info is older than 30 minutes, because a time 
stamp is added to the information. If the pilot knows the information is wrong, he 

would ask ATC for the correct info, otherwise the pilot assumes the information is 

correct. The controllers can update ATIS manually; the MET office can do that too. The 
controller can also call the MET office. 

Characteristics 

First detection of 
disturbance 

Controller 

Pilot 
Other 

Establish common 
ground 

Local-Ground 
Local-Air 

Ground-Air 

Strategy 
coordination 

Local-Ground 
Local-Air 

Ground-Air 
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Other 

Level of human 
flexibility in strategy 

Low 

Strategy 
acquirement ATCo  

Training 

Strategy 
acquirement  

pilot 

Training 

Explanation  

Key elements 
Ground Update ATIS. 

Air 
Cross-check with ATC. 

 

Safety 

Effect Small positive 

Explanation 

The strategy aims at getting the ATIS data up-to-date. Because 
it is well known by pilots and ATC that information can be 

wrong, checking the ATIS info can be considered as normal 
operation. Although working with the right information always 

is better than working with incorrect information, the effect of 

the strategy on conflict situations is estimated to be Negligible. 
For the pilot, however, preparation for landing and knowing the 

right conditions is important. For this situation, the accident 
probability is estimated to reduce because of the strategy.   

Capacity 

Effect Negligible 

Explanation 

The strategy aims at getting the ATIS data up-to-date. Because 
it is well known by pilots and ATC that information can be 

wrong, checking the ATIS info can be considered as normal 
operation. Although working with the right information always 

is better than working with incorrect information, the effect of 

the strategy on capacity is estimated to be Negligible 

Environment 

Effect 
Negligible 

Explanation 

The strategy aims at getting the ATIS data up-to-date. Because 

it is well known by pilots and ATC that information can be 
wrong, checking the ATIS info can be considered as normal 

operation. Although working with the right information always 
is better than working with incorrect information, the effect of 

the strategy on the environment is estimated to be Negligible 

Costs 

Effect Negligible 

Explanation 

The strategy aims at getting the ATIS data up-to-date. Because 

it is well known by pilots and ATC that information can be 
wrong, checking the ATIS info can be considered as normal 

operation. Although working with the right information always 

is better than working with incorrect information, the effect of 
the strategy on costs is estimated to be Negligible 

 

Disturbance 
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Description 

False/nuisance alert 
 False alert 

 Alert interrupts task scheduling of controller 

 Nuisance alert 

Frequency 

Category Rare - Occasionally 

Explanation 

In the experience of the controllers at the workshop, false STCA (Short Term Conflict 

Alert) alerts or false runway incursion alerts are very rare. More in general it is 
expected that false alerts occur Rarely and nuisance alerts occur Occasionally.   
 

Strategy 

Description 

False alerts would be detected by the controller, through cross-checking with the 

actual traffic situation, but detection is not trained. The controller would first verify if 

the alert is really false. Next, they would write the occurrence in the log and report to 
the technical department plus management. If there is a problem with STCA and it 

needs to be switched off, there may be a need to reduce capacity [Workshop] 

Characteristics 

First detection of 
disturbance 

Controller 

Establish common 
ground 

Local-Ground 

Strategy 
coordination 

Local-Ground 

Org-Ground 
Other 

Level of human 
flexibility in strategy 

Low 

Strategy 
acquirement ATCo  

Experience 

Strategy 
acquirement  

pilot 

n.a. 

Explanation  

Key elements 
Ground 

Inform technicians.  

Report design problems to the management. 

Air n.a. 

 

Safety 

Effect Negligible 

Explanation 

Checking alerts does not change the actual flights progress. It 
could provide some additional controller workload. Since the 

alerts are false, potential conflicts are non-existent. The 

strategy does not change that. 

Capacity 

Effect Negligible 

Explanation 

Checking alerts does not change the actual flights progress. It 
could provide some additional controller workload. Although 

controllers mentioned during the workshop that capacity needs 

to be reduced if there is a problem with STCA it is estimated 
that this is unlikely the case. Therefore the effect of the 
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strategy on capacity is estimated to be Negligible. 

Environment 

Effect 
Negligible 

Explanation 
Checking alerts does not change the actual flights progress. It 

could provide some additional controller workload. Effect on 
the environment is estimated to be Negligible. 

Costs 

Effect Negligible 

Explanation 
Checking alerts does not change the actual flights progress. It 
could provide some additional controller workload. Effect on 

costs is estimated to be Negligible. 

 

Disturbance 

Description 

Flight plan 
 Aircraft trajectory plan disappears from ground database 

 Flight plans of ATC system and FMS differ 

 Mislabelled weight classification (heavy/medium/light) 

 ATC centres have different versions of aircraft trajectory plans 
 An accurate up-to-date plan is not received due to companies submitting several 

plans which are slightly different 

 Flight plans held by ATC do not match company plans (summer and winter plans 

might not correspond) 

 Expected time of arrival not correctly predicted 

Frequency 

Category Occasionally 

Explanation 

The pilot stated during the workshop [Workshop] that he has not seen any of the 

above examples, except maybe the last one. The controllers at the workshop noted 
that there may be a missing flight plan. This may occur for approach or for ACC (Area 

Control Centre) (not for Tower), due to e.g. AFTN (Aeronautical Fixed 

Telecommunication Network) failures, or FDPS (Flight Data Processes System) failures. 
It may also happen that an aircraft changes a flight plan while airborne. Also a part of 

the flight plan may be wrong. In total, experts at the workshop estimate the 
disturbance to happen on average five times per day for an airport or unit. 

Strategy 

Description 

The controller would be the first to detect the disturbance if an aircraft makes contact 

and ATC does not have a flight plan [Workshop]. Detection is also by sudden pop-up 
of a flight on radar display. Or a flight that is expected but does not arrive. The 

controller would also detect if an aircraft deviates from expectations (e.g. makes a 
sudden turn) or if the pilot asks for something that is not on the plan, such as a 

different point on the route. [MAREA]. 
 

If ATC does not have a flight plan, the controller calls the AIS (Automatic Identification 

System) office. If AIS don’t know, the controller calls the airline, which then sends the 
flight plan to them. The controller can also ask the previous sector. If part of the flight 

plan is wrong then the controller asks the pilot about his intentions. There is an AIS 
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procedure agreement letter. The AIM department will solve flight plan problems. 
[Workshop] 

 

The problems are mainly related to changes in flight plan during a flight. If a plan is 
sent to Eurocontrol systems, it also gets to ATC and then normally everyone should 

have the same flight plan available. But during a flight, the trajectory may be rerouted 
due to technical or weather reasons, and then ATC centres could have different 

trajectory plans, or missing plans. It could also happen in winter, if an airport closes. 

In such cases you need to help out other sectors, and coordinate. In case of change to 
one flight plan there is no particular impact. [MAREA] 

 
In case of flight plan problems, the controller would have to call the flight plan office 

to confirm the right route, or ask the pilot. The ATCo would ask the pilot to contact the 
airline company, and let them reconfirm. If there would be a huge diversion, he would 

ask a new flight plan via the airline company [MAREA]. 

Characteristics 

First detection of 
disturbance 

Controller 

Establish common 
ground 

Local-Ground 

Ground-Air 
Global-Ground 

Other 

Strategy 
coordination 

Local-Ground 
Ground-Air 

Global-Ground 
Other 

Level of human 
flexibility in strategy 

Low 

Strategy 
acquirement ATCo  

Training 

Strategy 
acquirement  

pilot 

n.a. 

Explanation  

Key elements 
Ground 

Coordinate with AIS. 
Coordinate with airline. 

Coordinate with other controllers.  
Coordinate with pilots. 

Air Inform ATC by R/T. 

 

Safety 

Effect Small positive 

Explanation 

The strategy focuses on clarifying differences in flight plan and 

making sure that ATC and the pilot work with the same flight 
plan. Reducing uncertainties regarding aircraft intentions is 

estimated to have a positive effect on safety.  

Capacity 

Effect Negligible 

Explanation 

The strategy focuses on clarifying differences in flight plan and 

making sure that ATC and the pilot work with the same flight 
plan. This normally does not lead to a change in airspace 

capacity.  

Environment 
Effect 

Negligible 

Explanation The strategy focuses on clarifying differences in flight plan and 
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making sure that ATC and the pilot work with the same flight 
plan. This normally does not lead to different routes for aircraft 

and therefore, the effect on the environment is estimated as 

Negligible. 

Costs 

Effect Negligible 

Explanation 

The strategy focuses on clarifying differences in flight plan and 

making sure that ATC and the pilot work with the same flight 
plan. This normally does not lead to different routes for aircraft 

and therefore, the effect on costs is estimated as Negligible. 

 

Disturbance 

Description 
General system outage 
 Power or system outages (e.g. radar) affecting several ATC centres 

Frequency 

Category Very Rare 

Explanation 
This disturbance is very rare [Workshop]. 
 

Strategy 

Description 

ATC would be the first to detect [Workshop]. 
 

The strategy is to inform the supervisor and management and to apply non-radar 
procedures. All departures are stopped. Aircraft separations are increased. CFMU is 

informed to reduce capacity. Neighbouring units are informed to not send more traffic. 

When the controller has more info about the failure they can start landings again, but 
with low capacity. If the problem persists, the airspace can be closed. There are 

coordination procedures with neighbouring sectors; coordination increases. The 
procedures are part of basic training, but mostly there is need to improvise, and to rely 

on the experience of the supervisor [Workshop] 

Characteristics 

First detection of 
disturbance 

Controller 

Establish common 
ground 

Local-Ground 

Org-Ground 

Strategy 
coordination 

Local-Ground 

Global-Ground 

Ground-Air 
Org-Ground 

Level of human 
flexibility in strategy 

High 

Strategy 
acquirement ATCo  

Experience 

Strategy 
acquirement  

pilot 

n.a. 
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Explanation  

Key elements 
Ground 

Close airspace. 
Coordinate with CFMU. 

Apply non-radar procedures. 

Air n.a. 

 

Safety 

Effect Negligible 

Explanation 

The strategy is directed to reducing the capacity, such that 
aircraft can still be safely handled. In that way, it is estimated 

that the “target safety” in the new situation is the same as in 
the old situation before the outage, and the effect of the 

strategy is therefore considered to be Negligible. 

Capacity 

Effect Large negative 

Explanation 
The strategy is directed to reducing the capacity, such that 

aircraft can still be safely handled. This affects more than a few 
aircraft for a longer period of time. 

Environment 

Effect 
Large negative 

Explanation 

The strategy is directed to reducing the capacity, such that 
aircraft can still be safely handled. Reducing the capacity leads 

to a negative effect on costs. Flights are diverted to other 

airports, leading to additional flight time, fuel consumption and 
emissions. 

Costs 

Effect Large negative 

Explanation 

The strategy is directed to reducing the capacity, such that 

aircraft can still be safely handled. Reducing the capacity leads 

to a negative effect on costs. Flights are diverted to other 
airports, flights will be delayed etc. This affects more than a 

few aircraft for a longer period of time. 

 

Disturbance 

Description 

Human machine interface 

 Controller display is cluttered 

 Waypoints are not shown on the radar screen 

 Bad design of HMI (e.g. leading to boredom) 

 HMI screens not well visible due to sunshine 

Frequency 

Category Regular 

Explanation 

Clutter of controller displays is a quite common phenomenon, depending on the 

controller position. The visualisation of waypoints on the radar screen is typically a 
system setting, which may be controlled by the user. Bad design of HMI is very generic 

issue, which may exist or not. In general, there may be issues with the human 

machine interface that the controller has to cope with quite regularly. [NE] 
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Strategy 

Description 

The strategy depends on the type of problem of the human machine interface. In 
some cases, controllers have found ways to deal with the problem by changing system 

settings or some manual adjustment of the representation on the screen (e.g. 
adjusting flight labels). In other cases, problems with a human machine interface may 

be reported in the ATC organisation, as a way towards improvement.  

Characteristics 

First detection of 
disturbance 

Controller 

Establish common 
ground 

Local-Ground 

Strategy coordination Org-Ground 

Level of human 
flexibility in strategy 

Medium 

Strategy acquirement 
ATCo  

Experience 

Strategy acquirement  
pilot 

n.a. 

Explanation  

Key elements 
Ground 

Adjust system setting. 
Report problem in the ATC organisation. 

Air n.a. 

Effects of strategy on key performance areas 

Safety 

Effect Negligible 

Explanation 
The disturbance or the strategy is not expected to induce 

aircraft deviations. 

Capacity 
Effect Negligible 

Explanation  

Environment 
Effect 

Negligible 

Explanation  

Costs 
Effect Negligible 

Explanation  

 

Disturbance 

Description 

Non-adaptable system mode 
 Because of a technical malfunctioning, controller cannot switch a system mode 

(e.g. turn stopbar off) 

Frequency 

Category Occasionally 
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Explanation 

During the workshop it is estimated that this occurs rarely (e.g. for the lighting 
system), and at some airports it may occur very often (e.g. controllers need to call a 

technician to switch the ILS). It is estimated that this disturbance occurs Occasionally. 

[Workshop] 

Strategy 

Description 

Detection of a problem with the stopbar is usually first detected by the pilots. 

Detection of a problem with the ILS switch is usually first detected by the controller. In 
case of a stopbar failure, the controller needs to tell the pilots they can cross the red 

stopbar. However, some pilots won’t do that, or they do it and then send a report. In 
case of problem with ILS switch, there is a delay [Workshop]. 

Characteristics 

First detection of 
disturbance 

Controller 

Pilot 

Establish common 
ground 

Local-Ground 
Ground-Air 

Strategy 
coordination 

Local-Ground 
Ground-Air 

Other 

Level of human 
flexibility in strategy 

Low 

Strategy 
acquirement ATCo  

Training 

Strategy 
acquirement  

pilot 

Training 

Explanation  

Key elements 
Ground 

Inform technicians. 

Apply contingency procedures. 
Coordinate with pilots. 

Air Coordinate with ATC about deviation from normal procedure. 

 

Safety 

Effect Negligible 

Explanation 

The strategy is to correct a technical malfunction. Workarounds 

are e.g. to tell aircraft to cross a red stopbar. The accident 
probability does not have to be affected by that if it is a 

controlled situation. 

Capacity 

Effect Small negative 

Explanation 
When the ILS switch does not function, it could be that it is 

temporarily impossible to land. It is estimated that this affects 
only a few aircraft. 

Environment 

Effect 
Small negative 

Explanation 

When the ILS switch does not function, it could be that it is 
temporarily impossible to land. Aircraft have to fly a circuit or 

fly a different approach. In case aircraft are told to cross a red 

stopbar, pilots will hesitate and it will take longer before they 
actually cross it, if at all. It is estimated that this affects the 

environment negatively, for only a few aircraft. 

Costs 

Effect Small negative 

Explanation 
When the ILS switch does not function, it could be that it is 

temporarily impossible to land, causing some delays. Also, 
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aircraft might spend extra fuel (see environment). It is 
estimated that this affects costs negatively, for only a few 

aircraft. 

 

Disturbance 

Description 

Radar 
 Radar is not functioning well (degradation) 

 Radar is not working (failure) 

 Blind spots in radar coverage 

 A large aircraft may cover a small aircraft for radar when they cross 

simultaneously. 
 An area without MLAT coverage, without radar coverage, or without surveillance 

coverage, either on the ground or in the in air 

 Radar coverage problems when merging or splitting ATC sectors 

Frequency 

Category Very Rare 

Explanation 

Controllers estimate a failure of radar system as very rare. Occurrence of blind spots is 
also very rare. Temporary degradation is very rare, maybe once per 20 years for a 

controller. If it happens, it lasts 3-5 minutes, maybe 20 minutes. [Workshop] 
One controller replied that this is very very rare. False targets could occur, but 

dropped tracks don’t. Any reduction in performance is barely noticeable. There are 

different radar sources, different tracking systems, back-up consoles, etc. [MAREA] 
Summarized, this disturbance is estimated to occur Very Rare [NE]. 

Strategy 

Description 

Detection is by the controller, sometimes by a technician. If a technician notices, he 
will call the controller. If the controller notices, they will call everybody. There is also 

an alert indicator on controller Working Positions. [Workshop] 
 

The impact of this situation would be that the ATCo is not totally aware of the traffic. 

If the ATCo relies on radar a lot then the impact could be even a conflict. The strategy 
is for the controller to call the pilot and tell them that radar contact is lost. The 

assistant controller will call the technician to solve the problem. If the problem persists 
then the controller switches to non-radar procedures and coordinates with 

neighbouring sectors. Main task is to provide necessary separation. To deal with the 

situation, you would ask pilots to confirm position. Or you could ask colleague whether 
they see a particular aircraft. [MAREA] 

Characteristics 

First detection of 
disturbance 

Controller 
Other (Technician) 

Establish common 
ground 

Local-Ground 

Other 

Strategy 
coordination 

Local-Ground 
Global-Ground 

Ground-Air 
Other 

Level of human High 
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flexibility in strategy 
Strategy 

acquirement ATCo  
Training 
Experience 

Strategy 
acquirement  

pilot 

n.a. 

Explanation  

Key elements 
Ground 

Apply non-radar procedures. 
Coordinate with other controllers. 

Air n.a. 

 

Safety 

Effect Large positive 

Explanation 

The strategy is directed to maintaining safety. Safety is 

reduced when there is no radar information anymore. This 
means that the strategy has a positive effect on safety. 

Considering a complete radar failure and no overview of traffic 
anymore, the strategy is estimated to have a large positive 

effect. 

Capacity 

Effect Large negative 

Explanation 

If controllers have to revert to procedural control, this means 

that they have to reduce the capacity to be able to handle 
traffic. This can impact more than a few aircraft for a longer 

time. 

Environment 

Effect 
Large negative 

Explanation 

If capacity is reduced, some aircraft have to divert or have to 

fly additional miles before they are allowed in the considered 

radar-less sector. This has a negative impact on the 
environment. 

Costs 

Effect Large negative 

Explanation 

If capacity is reduced, some aircraft have to divert or have to 

fly additional miles before they are allowed in the considered 

radar-less sector. Also, delays are very likely. This has a 
negative impact on costs. 

 

Disturbance 

Description 

Strips 
 A missing strip may jeopardise the sequence planning, it may cause the controller 

to call for a wrong aircraft or it may confuse the controller 

 If a strip is not available and a pilot contacts ATC, it takes time to realise which 

aircraft is calling, and where it is 
 Failure of strip printing system (e.g. no paper) 

Frequency 

Category Occasionally 
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Explanation 
It is estimated that a missing strip occurs Occasionally [NE] 

Strategy 

Description 

If a paper strip is lost it can be printed immediately. Next, the controller maintains 

situation awareness using A-SMGCS (Advanced Surface Movement Guidance and 

Control System), if it is available. In non-radar procedures, strips are important. A 
missing strip would be a problem then. If you remember the callsign you could call the 

aircraft, or the aircraft could call you. In non-radar procedures, usually 5 strips are 
made, so there are back-ups [Workshop]. 

Characteristics 

First detection of 
disturbance 

Controller 

Establish common 
ground 

Local-Ground 

Strategy 
coordination 

Local-Ground 
Ground-Air 

Level of human 
flexibility in strategy 

Medium 

Strategy 
acquirement ATCo  

Training 

Strategy 
acquirement  

pilot 

n.a. 

Explanation  

Key elements 
Ground Use back-up strips. 

Air 
n.a. 

 

Safety 

Effect Negligible 

Explanation 

The strategy focuses on increasing the controller’s situation 

awareness, although in a radar environment, he can rely on 

radar information, and in a non-radar environment, he can use 
back-ups of strips. Therefore, the effect on safety is estimated 

as Negligible. 

Capacity 

Effect Negligible 

Explanation 
The strategy focuses on increasing the controller’s situation 

awareness, not on replanning or instructing aircraft. Therefore, 
the effect on capacity is estimated to be Negligible. 

Environment 

Effect 
Negligible. 

Explanation 
The strategy focuses on increasing the controller’s situation 
awareness, not on replanning or instructing aircraft. Therefore, 

the effect on the environment is estimated to be Negligible. 

Costs 

Effect Negligible. 

Explanation 
The strategy focuses on increasing the controller’s situation 

awareness, not on replanning or instructing aircraft. Therefore, 
the effect on costs is estimated to be Negligible. 

 



 
D1.2 The human contribution 

 

Page 144 of 302 

 

Disturbance 

Description 

Surveillance data distortion & delays 
 Noise in aircraft speed vectors 

 Delay in received data 

 Delay in surveillance data due to radar sweep 

 Variance in delays of surveillance data 

 Multipath effects (signal is shattered by reflection) 

 Jamming of surveillance signals by military or radio pirates 

 Variation of down-linked data (e.g. due to turbulence) 

 Delay due to transponder update rate 

Frequency 

Category Occasionally 

Explanation 
Due to the variety of examples, and the large number of examples, it is estimated that 
this disturbance occurs Occasionally [NE]. 

Strategy 

Description 

According to the controllers during the workshop, this is not an issue for operations 

[Workshop]. In their experience, the disturbance is hardly noticed during operations.  
If surveillance data distortion and delays would be detected and they would be 

considered a problem, it is expected that the problem would be reported to relevant 

technicians. 

Characteristics 

First detection of 
disturbance 

Controller 

Other 

Establish common 
ground 

Local-Ground 

Strategy 
coordination 

Local-Ground 

Org-Ground 
Other 

Level of human 
flexibility in strategy 

Low 

Strategy 
acquirement ATCo  

Training 

Strategy 
acquirement  

pilot 

n.a. 

Explanation  

Key elements 
Ground Inform technicians. 

Air 
n.a. 

 

Safety 

Effect Negligible 

Explanation 

According to the controllers at the workshop, the disturbance is 

not an issue for operations. If distortion or delays in 

surveillance data would be detected and considered to be a 
problem, technicians would be informed to fix the problem. 
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Capacity 

Effect Negligible 

Explanation 
According to the controllers, the disturbance is not an issue for 

operations [Workshop]. 

Environment 

Effect 
Negligible 

Explanation 
According to the controllers, the disturbance is not an issue for 

operations [Workshop]. 

Costs 

Effect Negligible 

Explanation 
According to the controllers, the disturbance is not an issue for 

operations [Workshop]. 

 

Disturbance 

Description 

System controller interaction 

 Automation makes controller task more complex 

 The way tools work is not transparent for the controller 
 Controller does not like the planning of the Departure/Arrival Manager systems. He 

has little time to think about it and understand it. He finds it difficult to change the 
planning. 

 Capabilities of a controller are not in line with new system developments (e.g. 

controller has dyslexia) 
 Working with mouses and electronic pencils leads to exhausted eyes, headaches 

and painful wrists and fingers 

Frequency 

Category Regular 

Explanation 

If this disturbance happens, it lasts during a longer period and may affect all flights in 

a sector or in multiple sectors. Therefore, on average it may be rather frequent. On 
average, it may also affect older controllers more often than younger controllers. [NE] 

Strategy 

Description 

The first to detect this disturbance is the controller, or maybe a colleague or 
supervisor. A pilot may ultimately also detect it through R/T communications if the 

disturbance affects controller workload and anxiety. The effect of the disturbance may 
also be a higher frequency of error and higher reaction times. 

 

The controller will deal with the disturbance through better preparation, concentration, 
and asking for additional training courses. He may also ask for change of shift or 

change of controller working position. In the example of the controller not liking the 
planning of the departure/arrival manager systems, he may involve his supervisor.  

 
The pilot, if he notices that a controller has a higher level of anxiety, he will try to 

reduce communication to necessary communication only, and use standard 

phraseology. [NE] 

Characteristics 

First detection of 
disturbance 

Controller 

Establish common Local-Ground 
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ground Org-Ground 

Strategy coordination 
Local-Ground 
Local-Air 

Org-Ground 

Level of human 
flexibility in strategy 

High 

Strategy acquirement 
ATCo  

Creativity 

Strategy acquirement  
pilot 

Experience 

Explanation  

Key elements 
Ground 

Additional training. 

Report design problems to the management. 

Air Use necessary R/T only. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 
The disturbance may lead to a slightly higher frequency of 
controller error. Therefore, overall, the strategy is expected to 

have a small positive effect. 

Capacity 

Effect Negligible 

Explanation 
The disturbance or the strategy is not expected to lead to 

many aircraft deviations; therefore the overall effect on 
capacity is expected to be negligible. 

Environment 

Effect 
Negligible 

Explanation 
The disturbance or the strategy is not expected to lead to 
many aircraft deviations; therefore the overall effect on 

environment is expected to be negligible. 

Costs 

Effect Negligible 

Explanation 
The disturbance or the strategy is not expected to lead to 

many aircraft deviations; therefore the overall effect on costs is 
expected to be negligible. 

 

Disturbance 

Description 

Track problem 
 Track swap 

 Track drop 

 False plot on screen 

 Fusion of all radar info does not work well 

 Wrong wiring in the aircraft could be a cause of aircraft on the ground appearing 

on the air radar when they start to taxi. 

 The height filter on the radar may filter too much or too few 

Frequency 
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Category Rare 

Explanation 
All above examples are rare; according to [Workshop] they occur maybe once or twice 
a year, according to [MAREA] it happens once every five years. Overall, the estimate is 

Rare [NE]. 

Strategy 

Description 

These disturbances are detected by the controller, not by technicians. Track drops may 

be called in by other sectors. Detection is visually, by following track labels 
[Workshop]. Track drop is immediately detected; the aircraft label also disappears 

[MAREA]. 

 
If a plot disappears from the screen, the controller would call the aircraft to ask him 

about his position but if they don’t reply the controller doesn’t know the situation. After 
ten minutes, the plot could come back, and then the next sector calls the controller 

asking why the controller did not transfer this aircraft? You maintain separation using 

estimates on different waypoints, and call the aircraft. If they reply you tell them there 
may be a problem with the transponder. If they don’t, you use procedural control and 

separate at least 1000 ft. [MAREA]. 
 

Sometimes you give a clearance to an aircraft, and then another one reacts or you get 
an unexpected read back. Controllers are trained for any unusual situation, and also 

rely on experience. Controllers know that labels can swap and drop and they know 

what to do [Workshop]. 

Characteristics 

First detection of 
disturbance 

Controller 

Establish common 
ground 

Local-Ground 
Ground-Air 

Strategy 
coordination 

Local-Ground 

Global-Ground 
Ground-Air 

Level of human 
flexibility in strategy 

Medium 

Strategy 
acquirement ATCo  

Training 

Experience 

Strategy 
acquirement  

pilot 

n.a. 

Explanation  

Key elements 
Ground 

Ask pilots to report position. 

Apply non-radar procedures.  

Air n.a. 

 

Safety 

Effect Small positive 

Explanation 

The controller knows the position of the aircraft before the 
track disappeared from radar. The strategy is directed to 

maintaining situation awareness about the aircraft. This 

reduces the accident probability when compared to doing 
nothing. The controller still tries to avoid traffic conflicts, e.g. 

by reverting to procedural control.  
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Capacity 

Effect Small negative 

Explanation 

The controller knows the position of the aircraft before the 

track disappeared from radar. The strategy is directed to 

maintaining situation awareness about the aircraft. The 
controller tries to avoid traffic conflicts, e.g. by reverting to 

procedural control. In this latter case, capacity could be 
reduced for a few aircraft for the small period of time that the 

track is not available. 

Environment 

Effect 
Negligible 

Explanation 

The controller knows the position of the aircraft before the 

track disappeared from radar. The strategy is directed to 
maintaining situation awareness about the aircraft. The 

controller tries to avoid traffic conflicts, e.g. by reverting to 

procedural control. It is not expected that other aircraft have to 
make big route changes to avoid the “track drop aircraft”. The 

effect on the environment is estimated to be Negligible. 

Costs 

Effect Small negative 

Explanation 

The controller knows the position of the aircraft before the 

track disappeared from radar. The strategy is directed to 
maintaining situation awareness about the aircraft. The 

controller tries to avoid traffic conflicts, e.g. by reverting to 
procedural control. This could lead to some small delays for a 

few aircraft. The effect on costs is estimated to be small 

negative. 

 

Disturbance 

Description 

Transponder problem 
 Transponder is not functioning well (degradation, overload) 

 Transponder sends wrong call-sign 

 Pilots forget to put the MLAT transponder on 

Frequency 

Category Occasionally 

Explanation 

According to the controllers, this happens occasionally, more than once per month. 

According to the pilots, the frequency is rare [Workshop]. Overall, it is estimated as 
Occasionally [NE]. 

Strategy 

Description 

The pilot would be the first to detect the disturbance: if a transponder fails, the pilot 
gets an alert. If there is a missing code then the controller will tell them. [Workshop] 

 

The strategy will start with communication with the pilot: ask them to check their 
transponders. If the pilots find a solution then normal procedures are followed. If 

Mode-C is wrong then the controller asks the pilot to stop their Mode-C. If Mode-A is 
wrong then the controller will coordinate with all sectors. If this is not possible then 
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the aircraft is landed at the nearest airport. There are procedures for all this. 
[Workshop].  

If a transponder is switched off, radars are still capable of maintaining the traffic 

situation. The plot is still there with a label, and primary radar is still there. Only if the 
correlation is wrong, you get a label to a wrong plot. If the transponder sends a wrong 

call sign you ask them to switch off Mode-S. If you have double codes or wrong codes 
you also ask the pilot to switch off the transponder. 

Characteristics 

First detection of 
disturbance 

Pilot 

Controller 

Establish common 
ground 

Local-Air 

Local-Ground 

Ground-Air 

Strategy 
coordination 

Local-Air 

Local-Ground 

Ground-Air 

Level of human 
flexibility in strategy 

Low 

Strategy 
acquirement ATCo  

Training 

Strategy 
acquirement  

pilot 

Training 

Explanation  

Key elements 
Ground 

Ask pilot to check transponder. 
Coordinate with other controllers.  

Follow emergency procedures. 

Air Inform ATC about the status. 

 

Safety 

Effect Small positive 

Explanation 

The strategy is directed to get the right transponder 
information, or at least to reduce confusion regarding aircraft 

identity and position. This has at least some positive effect on 
safety. 

Capacity 

Effect Negligible 

Explanation 

It is estimated that capacity is not impacted by the strategy, 
which is directed to get the right transponder information, or at 

least to reduce confusion regarding aircraft identity and 

position. The strategy is directed to one aircraft. 

Environment 

Effect 
Negligible 

Explanation 

It is estimated that environment is not impacted by the 
strategy, which is directed to get the right transponder 

information, or at least to reduce confusion regarding aircraft 

identity and position. The strategy is directed to one aircraft. 

Costs 

Effect Negligible 

Explanation 

It is estimated that costs are not impacted by the strategy, 

which is directed to get the right transponder information, or at 
least to reduce confusion regarding aircraft identity and 

position. The strategy is directed to one aircraft. 

C.6 Controller performance 
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Disturbance 

Description 

Allowance to deviate from normal procedure 
 ATC give initial OK to aircraft to proceed on flight even though they have not yet 

got flight plan 

 Runway controller allows a nonstandard crossing, e.g. via an exit 

Frequency 

Category Regular 

Explanation 

At the workshop, the pilots note that in Europe, controllers may deviate from 

procedures to expedite the traffic. They allow flying below separation if this can be 

done in a controlled way. The controllers add that at ILS approaches, a pilot could 
request for a VOR/DME (Distance Measuring Equipment) approach; this is not 

according to procedures, but the controller could allow it. Also, it may happen that a 
controller does not have a flight plan in their system, but gives initial OK to start the 

engine if the related ATC unit promises to send the flightplans as soon as they have it. 

Or the controller tells a pilot to drive to one side of the centre of the taxiway because 
of construction work, or they allow an aircraft to taxi on the runway. But these 

situations are done under control of all parties, and are not really considered a 
disturbance. Sometimes, controllers deviate from procedures in order to avoid an 

actual disturbance. Therefore, in summary, these deviations happen maybe quite 
often, but they are under control [Workshop]. 

The mentioned frequency is interpreted as Regular [NE]. 

Strategy 

Description 
Controllers who deviate from standard procedures coordinate the situation and find out 
a way. The most important part for ATC is to maintain safety and separation and 

inform all related parties [Workshop]. 

Characteristics 

First detection of 
disturbance 

Controller 

Establish common 
ground 

Local-Ground 

Strategy 
coordination 

Local-Ground 

Ground-Air 

Level of human 
flexibility in strategy 

Low 

Strategy 
acquirement ATCo 

Experience 

Strategy 
acquirement 

pilot 

Experience 

Explanation  

Key elements 
Ground 

Coordinate with pilots. 
Coordinate with other controllers. 

Air Coordinate with ATC about deviation from normal procedure. 

Effects of strategy on key performance areas 

Safety Effect Negligible 



 
D1.2 The human contribution 

 

Page 151 of 302 

 

Explanation 

Allowance to deviate from normal procedures is intended to 
work around potential problems or to increase efficiency. It is 

allowed only when safety is not considered to be compromised. 

The strategy includes informing all parties, such that potential 
confusion is minimized 

Capacity 

Effect Small positive 

Explanation 
Allowance to deviate from normal procedures is intended to 
work around potential problems or to temporarily increase 

capacity.  

Environment 

Effect 
Negligible 

Explanation 

Allowance to deviate from normal procedures is intended to 

work around potential problems or increase efficiency by 
means of shortcuts. It is estimated the strategy itself has a 

Negligible effect on the environment. 

Costs 

Effect Small positive 

Explanation 

Allowance to deviate from normal procedures is intended to 

work around potential problems or increase efficiency. It is 
estimated the strategy itself may have a Small Positive effect 

on costs. 

 

Disturbance 

Description 

Erroneous data entry 

 Controller switches wrong stopbar off 

 Controller does not update system or enters incorrect information 

 Controller selects wrong taxiing route via pop-up in HMI 

Frequency 

Category Occasionally 

Explanation It is estimated that this disturbance happens Occasionally. [NE] 

Strategy 

Description 

Contributing factors in switching off the wrong stopbar are heavy workload, tiredness, 
non-normal operations (low visibility procedures), poor touch-screens. For the main 

stopbars there are dedicated pushbuttons. This should have no impact since a 

switched off stopbar does not imply a clearance to cross. During low visibility, there is 
a rule that all stopbars should be switched on, in order to avoid runway incursions. 

There is a button at the ATCo working position to light all stopbars. [MAREA] 
 

Detection of the disturbance may be by the ATCo through his control panel, or a pilot 

complaining that the stopbar is still on. Pilot detection may be by: 1) Stopbar stays 
illuminated while aircraft is waiting for red stopbar. 2). Stopbar extinguishes while 

aircraft is waiting for red stopbar. In case of 1) above, the pilot would maintain 
position. In case of 2) above, the pilot may continue taxiing, even though he has no 

clearance to do so. In both cases, the pilot should ask for confirmation. The procedure 
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about stopbars is clear: an ATC clearance + stopbar being dimmed are both required 
to continue taxiing. [MAREA] 

Characteristics 

First detection of 
disturbance 

Controller 

Pilot 

Establish common 
ground 

Local-Ground 
Local-Air 

Ground-Air 

Strategy 
coordination 

Local-Ground 

Local-Air 

Ground-Air 

Level of human 
flexibility in strategy 

Low 

Strategy 
acquirement ATCo 

Training 

Strategy 
acquirement 

pilot 

Training 

Explanation 
The strategy is discussed by means of the specific example 

“Controller switches wrong stopbar off” 
 

Key elements 
Ground Continuous evaluation of information from various sources. 

Air Ask controller for confirmation. 

Effects of strategy on key performance areas 

Safety 

Effect Large positive 

Explanation 

Erroneous data entry, such as switching off a wrong stopbar is 
a contributing factor to a safety-critical situation, e.g. a runway 

incursion. The procedure-based strategy that the pilot should 
await a clearance before proceeding is assessed to have a 

large positive safety effect.  

Capacity 

Effect Negligible 

Explanation 
The strategy to await the clearance in addition to the system 

switch has a negligible effect on capacity. 

Environment 

Effect 
Negligible 

Explanation 
The strategy to await the clearance in addition to the system 

switch has a negligible effect on environment. 

Costs 

Effect Negligible 

Explanation 
The strategy to await the clearance in addition to the system 

switch has a negligible effect on costs. 

 

Disturbance 

Description 

Improper system use 

 Controller misuses equipment 

 Improper use of flight progress strips 

Frequency 
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Category Very rare 

Explanation 

Controllers are typically professional and have high safety standards; therefore, they 
would not normally misuse equipment, except if this would improve the safety of the 

operations. The use of flight progress strips is part of basic training; therefore, the 
frequency of their improper use will be very rare. [NE] 

Strategy 

Description 

Detection of this disturbance will be by colleague controllers or the supervisor. The 
supervisor will react by sending the controller to training. 

 

Pilots would not normally detect the misuse of equipment by the controller. [NE] 

Characteristics 

First detection of 
disturbance 

Controller 

Other 

Establish common 
ground 

Local-Ground 
Org-Ground 

Strategy coordination 
Local-Ground 

Org-Ground 

Level of human 
flexibility in strategy 

Medium 

Strategy acquirement 
ATCo  

Training 

Strategy acquirement  
pilot 

n.a. 

Explanation  

Key elements 
Ground Additional training. 

Air 
n.a. 

Effects of strategy on key performance areas 

Safety 

Effect Negligible 

Explanation 
The strategy has a positive effect on safety, but the effect of 

the disturbance is expected to be negligible in general. 

Capacity 
Effect Negligible 

Explanation  

Environment 
Effect 

Negligible 

Explanation  

Costs 
Effect Negligible 

Explanation  

 

Disturbance 

Description 
Mode selection 
 Wrong mode selected by the supervisor (e.g. visibility condition) 
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Frequency 

Category Rare 

Explanation 
This may happen, e.g. when the supervisor is overloaded. The supervisor selects a 

mode based on hard criteria. There is no interpretation issue. [MAREA] The frequency 

is estimated to be Rare [NE] 

Strategy 

Description 

If a display for a different sector is selected, detection could be difficult, e.g. if the 

sector is on top of another. The controller then asks the supervisor to solve the 
problem as soon as possible. [MAREA] 

 
If a wrong mode is selected, e.g. regarding visibility range, then more separation is 

needed. The supervisor could be overloaded, e.g. due to an overloaded sector because 

of having to use larger separations. The controller could think that conditions are 
standard whereas they are not. The impact would be misunderstanding, confusion, 

more workload. Detection may be through a report or a complaint by a pilot, or advice 
from a colleague, or from the airport office or other people listening in on the 

frequency; they may call you. [MAREA] 

Characteristics 

First detection of 
disturbance 

Controller 
Pilot 

Other 

Establish common 
ground 

Local-Ground 
Ground-Air 

Other 

Strategy 
coordination 

Local-Ground 

Level of human 
flexibility in strategy 

Medium 

Strategy 
acquirement ATCo 

Experience 

Strategy 
acquirement 

pilot 

n.a. 

Explanation  

Key elements 
Ground Coordination between controller and supervisor. 

Air Cross-check with ATC. 

Effects of strategy on key performance areas 

Safety 

Effect Negligible – Small positive 

Explanation 

The strategy is directed to correcting the error, so that the 

right mode is selected. Whether this has an effect on safety 
depends on the specific wrong mode, e.g. reduced visibility 

selected while the visibility is ok, or the other way around. In 
the former situation, the level of safety is not affected, and in 

the latter situation, the level of safety could be worse. 

Depending on the situation, the strategy leads to a Negligible 
or Small Positive effect. 

Capacity Effect Small negative – Small positive 
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Explanation 

The strategy is directed to correcting the error, so that the 
right mode is selected. Whether this has an effect on capacity 

depends on the specific wrong mode, e.g. reduced visibility 

selected while the visibility is ok, or the other way around. In 
the former situation, the capacity could be worse than normal, 

and in the latter situation, the capacity could be better.  

Environment 

Effect 
Negligible 

Explanation 

The strategy is directed to correcting the error, so that the 

right mode is selected. In all situations, it is not expected that 
aircraft have to fly other routes with additional miles. 

Therefore, the effect on the environment is estimated to be 
Negligible. 

Costs 

Effect Small positive 

Explanation 

The strategy is directed to correcting the error, so that the 
right mode is selected. Whether this has an effect on costs 

(delays, additional fuel) depends on the specific wrong mode, 

e.g. reduced visibility selected while the visibility is ok, or the 
other way around. In the former situation, there could be 

delays, and in the latter situation, delays are not expected. 
Therefore, the overall effect of the strategy on costs is 

estimated as small positive, because potential delays are 
avoided. 

 

Disturbance 

Description 

Monitoring 
 Controller spends too much time monitoring 

 A tower controller working too much head-down instead of looking outside 

Frequency 

Category Occasionally 

Explanation 

Examples are given in the direction of too much monitoring, but the monitoring 

disturbance could also be interpreted as the controller not spending enough time on 
monitoring. In the latter case, during low workload situations and distractions, the 

controller could miss something that he should have seen through monitoring. In the 
first case, it is not logical to assume that the controller has missed something because 

he didn’t see it because he is monitoring traffic well. In that case, it could 
(theoretically) be that the controller “forgets to act” to solve a certain situation. The 

tower controller is an exception on this because if he is working head down, he does 

not check this radar information with the actual situation outside. Overall, it is 
estimated that monitoring too much or too little happens Occasionally. 

Strategy 

Description 

Detection of a controller who has monitoring problems may be by self-awareness of 
the controller, by other controllers or the supervisor in the centre, or by an increased 

frequency of system alerts. [NE] 
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The strategy to deal with the monitoring problems may be to offer additional training 
to a controller. If the monitoring problem affects the performance of multiple 

controllers, it may be related to the design of the ATC systems and procedures, and 

the design may need to be re-evaluated. [NE] 

Characteristics 

First detection of 
disturbance 

Controller 

System notification/alert 

Establish common 
ground 

Local-Ground 
Org-Ground 

 

Strategy coordination 
Local-Ground 
Org-Ground 

Level of human 
flexibility in strategy 

Medium 

Strategy acquirement 
ATCo  

Training 

 

Strategy acquirement  
pilot 

n.a. 

Explanation  

Key elements 
Ground 

Additional training. 
Report design problems to the management. 

Air n.a. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 

In general, proper monitoring techniques are important to 

maintain a good level of situation awareness, and efforts, such 
as training, to improve the monitoring may have a considerable 

effect on safety, depending on the context. 

Capacity 

Effect Small positive 

Explanation 

It is estimated that in most situations, aircraft can continue 

their flight without having to change their trajectories. This 
could be the case when a conflict has to be solved for one or 

two aircraft. Overall the effect on capacity is estimated to be 
Small positive.  

Environment 

Effect 
Small positive 

Explanation 

It is estimated that in most situations, aircraft can continue 
their flight without having to change their trajectories. This 

could be the case when a conflict has to be solved for one or 

two aircraft. Overall the effect on the environment is estimated 
to be Small positive.  

Costs 

Effect Small positive 

Explanation 

It is estimated that in most situations, aircraft can continue 

their flight without having to change their trajectories. This 

could be the case when a conflict has to be solved for one or 
two aircraft. Overall the effect on costs is estimated to be Small 

positive.  
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Disturbance 

Description 
No checking 
 The supervisor, responsible for ATIS, usually does not really check it 

Frequency 

Category Regular 

Explanation 

The formulation of the example disturbance already suggests that this disturbance 
happens regularly. However, overall, the frequency will be dependent on the way of 

working and the workload of the supervisor, on the update rate of ATIS information 

(e.g. in stable weather environments, the update rate could be lower), and also on the 
experienced frequency of errors in ATIS (if ATIS is usually correct, the supervisor will 

trust it and check less frequently). Also, some (smaller) airports do not support ATIS. 
[NE] 

Strategy 

Description 
First detection will be by colleagues of the supervisor’s, who may notice the lack of 
checking. But actual errors in ATIS information will more typically be detected by 

pilots. If such error is detected, the pilots will notify the controller. [NE] 

Characteristics 

First detection of 
disturbance 

Controller 
Pilot 

 

Establish common 
ground 

Local-Air 
Local-Ground 

Ground-Air 

Strategy coordination 
Local-Ground 
Ground-Air 

 

Level of human 
flexibility in strategy 

Low 

Strategy acquirement 
ATCo  

Training 

Strategy acquirement  
pilot 

Training 

Explanation  

Key elements 

Ground Coordination between controller and supervisor. 

Air 
Cross-check status with independent sources.  
Inform ATC about the status. 
 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 

The strategy aims at getting the ATIS data up-to-date. 

Although working with the right information always is better 

than working with incorrect information, the effect of the 
strategy on conflict situations is estimated to be Negligible. For 

the pilot, however, preparation for landing and knowing the 
right conditions is important. For this situation, the accident 
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probability is estimated to reduce because of the strategy.   

Capacity 

Effect Negligible 

Explanation 

The strategy aims at getting the ATIS data up-to-date. 

Although working with the right information always is better 
than working with incorrect information, the effect of the 

strategy on capacity is estimated to be Negligible 

Environment 

Effect 
Negligible 

Explanation 

The strategy aims at getting the ATIS data up-to-date. 

Although working with the right information always is better 
than working with incorrect information, the effect of the 

strategy on the environment is estimated to be Negligible 

Costs 

Effect Negligible 

Explanation 

The strategy aims at getting the ATIS data up-to-date. 

Although working with the right information always is better 
than working with incorrect information, the effect of the 

strategy on costs is estimated to be Negligible 

 

Disturbance 

Description 

Professional attitude 

 Complacency of controller 

 Controller behaves in a non-professional way (e.g. sadistic) 
 Controller is watching television / reading newspaper and does not notice traffic 
 Intentional errors in data 

Frequency 

Category Very rare - Rare 

Explanation 

Air traffic controllers are usually very professional, and would not intentionally 

introduce errors in data. Therefore, the second and fourth example disturbance above 
are assessed as very rare. At night and at airports with very low traffic, it may happen 

that a controller is distracted by e.g. a newspaper, but when traffic arrives, he will be 
alert again. [NE] 

Strategy 

Description 

The first to detect this disturbance will be a colleague controller or the supervisor. A 

pilot may also detect the disturbance, especially in the case of the example of the 
sadistic controller, but also if it takes a while for a controller to respond to a call.  

 
In case of gross negligence, the controller will be suspended. In case of minor issues, 

the supervisor may have a chat with the controller or send them to training. Pilots may 

also report an occurrence. Eroding professional attitude may be a sign of diminished 
safety culture at an ANSP, and the management may decide to set up a safety culture 

improvement programme. [NE] 

Characteristics 
First detection of 

disturbance 

Controller 

Pilot 

Other 
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Establish common 
ground 

Local-Ground 
Ground-Air 

Org-Ground 

Strategy coordination 
Local-Ground 
Org-Ground 

Level of human 
flexibility in strategy 

High 

Strategy acquirement 
ATCo  

Experience 

Strategy acquirement  
pilot 

Training 
Experience 

Explanation  

Key elements 
Ground 

Additional training. 
Safety culture improvement programme. 

Air Report incident 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 
Generic improvement of the professional attitude of controllers 

is expected to have a positive effect on safety. 

Capacity 
Effect Negligible 

Explanation  

Environment 
Effect 

Negligible 

Explanation  

Costs 
Effect Negligible 

Explanation  

 

Disturbance 

Description 

System not effectively used 

 Controller does not use alert system 

 In decreasing visibility ATC has to do many things and may not have time for ATIS 

and related problems/ alarms. 

Frequency 

Category Rare – Occasionally 

Explanation 
The controller will normally make use of alert systems, except if there are a lot of 
nuisance alerts and he does not really trust the system anymore. The second example 

disturbance may happen in decreased visibility. [NE] 

Strategy 
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Description 

Detection of the first example disturbance will be by colleague controllers or the 
supervisor. Detection of the second example will be by pilots. 

 

In case of high workload, a controller may ask an assistant or the supervisor to help 
out with updating ATIS. If pilots note that ATIS information is outdated, they may 

inform the controller and ask for updated information. [NE] 

Characteristics 

First detection of 
disturbance 

Controller 
Pilot 

 

Establish common 
ground 

Local-Air 

Local-Ground 

Ground-Air 
Org-Ground 

Strategy coordination 
Local-Ground 

Ground-Air 
Org-Ground 

Level of human 
flexibility in strategy 

Medium 

Strategy acquirement 
ATCo  

Experience 

Strategy acquirement  
pilot 

Experience 

Explanation  

Key elements 
Ground 

Coordination between controller and supervisor. 
Coordinate with other controllers. 

Report problem in the ATC organisation. 
Workload management. 

Air Ask controller for confirmation. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 
Improving workload management and system interaction is in 

general expected to have a positive effect on safety. 

Capacity 

Effect Negligible 

Explanation 
The strategy is not expected to lead to deviations of multiple 

aircraft, hence the effect is expected to be negligible. 

Environment 
Effect 

Negligible 

Explanation  

Costs 
Effect Negligible 

Explanation  

 

Disturbance 

Description 

Wrong / late decision 

 Controller makes wrong decision while interpretation of information is correct 

 Controller assigns a (parallel) runway at a late stage 
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Frequency 

Category Occasionally 

Explanation 

During operating hours, many decisions need to be made in a split second. Errors and 

mistakes are always possible. Most errors are noticed and mitigated before they lead 

to incidents, though. [NE] 

Strategy 

Description 

Wrong decisions can be detected by the controller himself, by colleagues, assistant 

controllers or the supervisor. They can also be detected by the pilots, particularly in 
the case of the second example disturbance above.  

 
The strategy to deal with it is for the controller to make a new plan and resolve the 

mistake. Sometimes, coordination with other controllers, including those in the next 

sector, may be required. For pilots, the strategy is to ask the controller in case of 
doubt, or in case of clearances expected but not received yet. [NE] 

Characteristics 

First detection of 
disturbance 

Controller 
Pilot 

Establish common 
ground 

Local-Air 

Local-Ground 
Global-Ground 

Ground-Air 

Strategy coordination 
Local-Ground 
Global-Ground 

Ground-Air 

Level of human 
flexibility in strategy 

Medium 

Strategy acquirement 
ATCo  

Training 

Experience 
 

Strategy acquirement  
pilot 

Experience 

Explanation  

Key elements 
Ground 

Correct mistake. 

Coordinate with other controllers. 
Inform pilots by R/T. 

Air Ask controller for confirmation. 

Effects of strategy on key performance areas 

Safety 

Effect Large positive 

Explanation 
Depending on the circumstances, the disturbance and the 
strategy have potential to have a large effect. 

Capacity 

Effect Negligible 

Explanation 
The effect on capacity is dependent on the circumstances. The 
average overall effect is assessed as Negligible. 

Environment 

Effect 
Negligible 

Explanation 
The effect on the environment is dependent on the 
circumstances. The average overall effect is assessed as 
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Negligible. 

Costs 

Effect Negligible 

Explanation 
The effect on costs is dependent on the circumstances. The 

average overall effect is assessed as Negligible. 

 

Disturbance 

Description 

Wrong or missing message 
 Controller provides wrong message while decision is correct 

 Controller does not give an instruction to initiate a particular procedure (e.g. 

continuous descent approach) 

 Controller makes error in typing a message 

 Predeparture clearance is mis-read 

Frequency 

Category Occasionally – Regular 

Explanation 

This disturbance could occur in case of ‘assembly line’ work, during high workload, 
when the sector is almost empty, when the controller is focusing on potential conflict 

situations, or e.g. because of chatting with or by colleagues. In these cases, the 
controller could forget about aircraft. [MAREA] Overall, the disturbance is estimated to 

be Occasionally – Regular. 

Strategy 

Description 

Detection is by the controller when he notices a deviation from expected aircraft 
behaviour, or by an alert by a colleague. Another ATCo (e.g. planning) may help to 

remind you of the instruction. Pilots can also detect when controller instructions are 
not received or are different from expectations. Then pilots will contact ATC to verify, 

to ask for an amended clearance, or re-confirm obtained clearance. [MAREA] 
 

The situation will have impact on ATCo behaviour; after an event he will be more alert. 

It may also create confusion to pilots. The effect may be between minor and severe. 
Sometimes the pilot will just continue their flight plan. If you forget an instruction, 

traffic may be tempted to go anyway. If there is no conflict then this would have no 
impact. [MAREA] 

 

Regarding written procedures, controllers stated that there are none, or that there 
may be procedures that the ATCos don’t think are useful; so these are ignored. Pilots 

indicated that there are no written procedures that address this situation. [MAREA] 

Characteristics 

First detection of 
disturbance 

Controller 

Pilot 

Establish common 
ground 

Local-Air 
Local-Ground 

Ground-Air 

Strategy 
coordination 

Local-Ground 
Ground-Air 

Level of human 
flexibility in strategy 

Low 
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Strategy 
acquirement ATCo 

Experience 

Strategy 
acquirement 

pilot 

Experience 

Explanation 
The strategy is discussed through the example “Controller does 

not give an instruction to initiate a particular procedure (e.g. 
continuous descent approach)”. 

Key elements 
Ground 

Correct mistake. 

Coordinate with other controllers. 
Inform pilots by R/T. 

Air Ask controller for confirmation. 

Effects of strategy on key performance areas 

Safety 

Effect Large positive 

Explanation 

Forgetting instructions or clearances can lead to 

misunderstandings, and in certain traffic situations could lead 
to an increasing accident probability. The strategy to clarify 

misunderstandings and make sure that all aircraft are well 
instructed is estimated to reduce accident probability. 

Capacity 

Effect Negligible 

Explanation 

Forgetting instructions or clearances can lead to 
misunderstandings, and in aircraft behaviour that is not 

expected by the controller. It is estimated that the deviations 
do not affect capacity, so that the effect of the strategy also is 

estimated to have a Negligible effect on capacity. Deviations 

mainly related to one or a few aircraft and are not necessarily 
large. 

Environment 

Effect 
Negligible 

Explanation 

Forgetting instructions or clearances can lead to 
misunderstandings, and in aircraft behaviour that is not 

expected by the controller. Deviations are estimated to be 
small and both the controller and the pilot are on top of the 

traffic situation. The strategy to clarify misunderstandings 
therefore is estimated to have a Negligible effect on 

environment. 

Costs 

Effect Negligible 

Explanation 

Forgetting instructions or clearances can lead to 

misunderstandings, and in aircraft behaviour that is not 

expected by the controller. Deviations are estimated to be 
small and both the controller and the pilot are on top of the 

traffic situation. The strategy to clarify misunderstandings 
therefore is estimated to have a Negligible effect on costs. 

C.7 Controller pilot communication 

Disturbance 
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Description 

Aircraft identity 
 Pilots accept a clearance for another aircraft 

 Controller mixes up company names 

 Callsign confusion: callsigns look alike too much; gives restlessness in cockpit (pilot 

wonders if call is for him all the time) 

 Pilot does not use callsign 

 Wishful thinking leads to the pilots assuming that a clearance is for them 

 Controller mixes up call-signs 

 Controller corrects the wrong aircraft 

Frequency 

Category Regular 

Explanation 

The pilot estimates this to occur very often, especially when callsigns are similar. 
Wishful thinking and misunderstanding happens a lot as well. [Workshop] 

 
Call signs may sound alike. In addition, pilots might hear a clearance that makes sense 

to them, and accept it to be theirs. Fortunately, some airlines have changed their call 

signs to mitigate the problem. Inexperienced pilots are not very accustomed to the 
‘lingo’ yet, and may mishear call signs. Another contributing factor is hearing what you 

were expecting to hear. What could also happen is that two messages are sent at the 
same time. In such case, the weaker one is usually suppressed. [MAREA] 

 
Mixing up company names may happen in case of change of company name, or after 

having just talked to another airline. This problem is often due to a speaking lapse or a 

short term memory lapse. It may also happen that a pilot does not know their own 
company name in its abbreviated form. Both names and numbers may be confused. It 

is noted that more often there are mistakes in the numbers-part of the call sign rather 
than the airline or company name part. [MAREA] 

 

Overall, it is estimated that this disturbance occurs with a Regular frequency [NE]. 

Strategy 

Description 

First detection is sometimes by pilots, sometimes by controllers, sometimes by other 

aircraft, or other controllers, or the assistant controller. A callsign mix-up can be 
detected if a different aircraft reads back, or a different aircraft executes a clearance. 

Detection of mixed-up callsigns is part of basic training. [Workshop] 

The pilot would not typically detect this error himself. However, other crewmembers 

on the flight deck might detect it. And ATC may hear the erroneous read back. 

Detection of the situation can be by ATC, or by other pilots. Another pilot might hear 
an instruction on the R/T, and hear a pilot read back whose voice or accent does not 

match the intended recipient. In such case, the pilot would get into contact with ATC.  

Pilots and ATCos are usually alert to this problem. You pay a lot of attention to read 

back, so normally you notice a mix-up, especially if another aircraft replies. You still 

need to focus since during the instruction and the read back you are already thinking 
about the next instruction. And then things may happen. Also another ATCo or the 

planner controller may notice. [MAREA] 

A strategy for avoiding callsign mix-up is as follows: if the controller knows about two 

similar callsigns in their sector, they warn aircraft about that. They can also give an 
aircraft another callsign. Controllers must listen to readbacks very carefully and to 
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achieve this, controllers’ workload must not be heavy. [Workshop] 
 

Regarding written procedures, one controller replied that the procedure is to use 

standard ICAO terms. Another controller replied that there is a form to fill in if there 
are similar call signs. This form is sent to the appropriate company and call signs are 

usually changed then. One pilot indicated that there are no written procedures that 
address this situation. [MAREA] 

Characteristics 

First detection of 
disturbance 

Controller 

Pilot 

Establish common 
ground 

Local-Ground 

Local-Air 

Ground-Air 

Strategy 
coordination 

Local-Ground 

Local-Air 

Ground-Air 

Level of human 
flexibility in strategy 

Low 

Strategy 
acquirement ATCo 

Training 

Strategy 
acquirement 

pilot 

Experience 

Training 

Explanation  

Key elements 

Ground 
Effective use of readback. 
Correct mistake. 

Air 
Effective use of readback. 

Ask controller for confirmation. 

Effects of strategy on key performance areas 

Safety 

Effect Large positive 

Explanation 

Using a wrong aircraft identity in an instruction or clearance 
could lead to unexpected aircraft behaviour and potential 

conflict situations. The strategy is aimed at correcting the 
errors and therefore at re-establishing a safe traffic situation. 

Capacity 

Effect Negligible 

Explanation 

Using a wrong aircraft identity in an instruction or clearance 
could lead to unexpected aircraft behaviour. The strategy is 

aimed at correcting the errors and therefore at re-establishing 

a clear traffic situation. It is estimated that capacity is not 
impacted by either the disturbance or the strategy.  

Environment 

Effect 
Negligible 

Explanation 

Using a wrong aircraft identity in an instruction or clearance 

could lead to unexpected aircraft behaviour. The strategy is 

aimed at correcting the errors and therefore at re-establishing 
a clear traffic situation. It is estimated that environment is not 

impacted by either the disturbance or the strategy. Route 
deviations are estimated to be small. Instructions for large 

route changes, aimed at another aircraft, are unlikely to be 

followed-up without confirmation by pilots. 

Costs 

Effect Negligible 

Explanation 
Using a wrong aircraft identity in an instruction or clearance 
could lead to unexpected aircraft behaviour. The strategy is 
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aimed at correcting the errors and therefore at re-establishing 
a clear traffic situation. It is estimated that costs are not 

impacted by either the disturbance or the strategy. Route 

deviations are estimated to be small. Instructions for large 
route changes, aimed at another aircraft, are unlikely to be 

followed-up without confirmation by pilots. Also, delays are not 
expected. 

 

Disturbance 

Description 

Communication system 
 Interference of VHF R/T 

 Jamming of VHF-R/T (by military/ radio pirates) 

 VHF R/T communication is affected due to limited VHF bandwidth 

 VHF R/T frequency is blocked 

 Failure of ATC component of communication system 

 Communication system fails due to a stuck microphone 

 Airborne component of communication system is not working (failure) 

 Volume turned down on headset/speakers (aircraft/ATC) 

Frequency 

Category Regular 

Explanation 
The pilot estimates that radio failure and the other examples occur pretty often. 
Sometimes there may be frequency congestion. Sometimes a pilot cannot contact ATC 

due to the aircraft’s low altitude. Stuck microphone also happens [Workshop]. 

Strategy 

Description 

To deal with this disturbance, ATC would call the technician, and change the 

frequency, or use the emergency frequency. There are also back-up transmitters and 

there is satellite redundancy. One controller notes that there has been work at 
European level (Eurocontrol) to solve frequency problems (e.g. frequency blockage). 

Four out of five problems have been solved that way. Sometimes it happens that a 
controller uses two particular frequencies at the same time and then there is 

interference. Sometimes you know that in one controller position one frequency is 

often blocked. Then you go to another position. A controller can also ask aircraft 
coming into the next sector to call in with “callsign only”, to reduce communication. 

The pilot adds that there are procedures for loss of communication. If there is 
momentary loss of communication the pilot just keeps trying, or asks other aircraft to 

give the message to ATC. To avoid blocking each other you use common sense and 

train to “listen before you talk”. The quality of the headset, microphone and speakers 
is important, sometimes they cause bad communication. To avoid noise, controllers 

must use headsets in big ATC units. [Workshop] 
 

The controller will have difficulty to reach the pilots. Or the pilots themselves may 
complain about noise or static. The controller may switch to another frequency (e.g. 

spare frequency), coordinate with neighbouring controllers, and call technical services. 

Having to repeat everything several times increases workload. In case of frequency 
problems controllers speak slowly and clearly. They could change the antenna, which 

takes about 1 or 2 seconds. In case of background noise controllers could ask for 
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another frequency (usually there are 2 to 3 frequencies per sector). They need to tell 
the pilots to change the frequency. Controllers also can start calling pilots before they 

contact him, so they don’t take up the time on the frequency. ATC should be in charge 

of the frequency. [MAREA] 
 

In case of frequency congestion, the pilot may detect this event by noticing it is busy 
on the frequency, and it is hard to get hold of the controller. In addition, messages 

may be blocked. This can become an issue if descent or climb clearances are not 

obtained in time. A pilot cannot resolve this event, he just has to wait. Perhaps he can 
fly at a slower speed if in-flight. One pilot states that he would never do anything for 

which he has no permission. Another one states that would use his TCAS display to get 
a picture of nearby aircraft, and try to fly around the CB. In case of bad 

communication he would use pilot-to-pilot frequency or the emergency frequency. 
[MAREA] 

 

The controllers agree that there are no written procedures that cover this situation 
they would have to use common sense. Also pilots indicated that there are no written 

procedures that address the case when ATC is too busy to reach. One pilot added that 
the main general procedure is to follow the flight plan, particularly in isolated areas. An 

unwritten procedure is to use TCAS to obtain situation awareness. TCAS is even used 

on the ground, to get a picture of when he can expect to depart. Another unwritten 
procedure is to use the 1269 frequency to report intent information. All aircraft do 

that, and this helps other aircraft to get situation awareness. [MAREA] 

Characteristics 

First detection of 
disturbance 

Controller 

Pilot 

Establish common 
ground 

Local-Ground 
Local-Air 

Ground-Air 

Org-Ground 

Strategy 
coordination 

Local-Ground 

Local-Air 
Ground-Air 

Org-Ground 

Level of human 
flexibility in strategy 

Medium 

Strategy 
acquirement ATCo 

Training 

Experience 

Strategy 
acquirement 

pilot 

Training 
Experience 

Explanation 
The MAREA answers are related to Limited Bandwidth 

problems. 

Key elements 

Ground 
Change R/T frequency. 
Inform technicians. 

Use necessary R/T only. 

Air 
Change R/T frequency. 
Use necessary R/T only. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 

Controller-pilot communication problems due to technical 

failures could negatively impact safety. Before the loss of 

communication, traffic is under control and there should be no 
conflict situations. Doing nothing about the loss of 



 
D1.2 The human contribution 

 

Page 168 of 302 

 

communication could lead to higher incident probabilities, 
although this is estimated to be temporary. Communication 

loss will be detected quickly and solutions will also be 

implemented quickly. Therefore the effect of the strategy is 
estimated to be Small positive. 

Capacity 

Effect Small positive 

Explanation 

Before the loss of communication, traffic is under control. 
Doing nothing about the loss of communication could lead to a 

reduction of capacity, especially if the loss is taking very long. 
However, it is estimated that communication loss is temporary. 

It will be detected quickly and a strategy will also be 
implemented quickly.  

Environment 

Effect 
Negligible 

Explanation 

When there is a temporary loss of communication, aircraft will 
likely continue their flight plan and the strategy is focused on 

re-establishing communications, not on changing aircraft 

routes. Therefore, the impact on the environment is estimated 
to be Negligible. 

Costs 

Effect Negligible 

Explanation 

When there is a temporary loss of communication, aircraft will 

likely continue their flight plan and the strategy is focused on 

re-establishing communications, not on changing aircraft 
routes. Therefore, the impact on costs is estimated to be 

Negligible. 

 

Disturbance 

Description 
No suitable phraseology  

 Lack of suitable R/T phraseology 

Frequency 

Category Very rare 

Explanation 

R/T phraseology is available for all standard communication, which covers most 

circumstances. Situations where suitable phraseology is lacking are exceptional 
circumstances for which no emergency procedures have been designed. The overall 

frequency is estimated to be very rare. [NE] 

Strategy 

Description 

The first to detect this disturbance will be the pilot or the controller. In case of missing 
phraseology the normal English language will be used. In case of communication 

between controllers and pilots of the same nationality, the national language could be 
used. Disadvantage of using the national language is that other foreign pilots may not 

be able to understand it, which has an effect on their situation awareness. [NE] 

Characteristics 
First detection of 

disturbance 
Pilot 
Controller 
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Establish common 
ground 

Ground-Air 

Strategy coordination Ground-Air 

Level of human 
flexibility in strategy 

High 

Strategy acquirement 
ATCo  

Creativity 

Strategy acquirement  
pilot 

Creativity 

Explanation  

Key elements 
Ground Communicate in ordinary English. 

Air 
Communicate in ordinary English. 

Effects of strategy on key performance areas 

Safety 

Effect Negligible 

Explanation 
If the communication can be expressed in standard English, 
the effect of this disturbance and the strategy are assessed as 

negligible. 

Capacity 
Effect Negligible 

Explanation  

Environment 
Effect 

Negligible 

Explanation  

Costs 
Effect Negligible 

Explanation  

 

Disturbance 

Description 

Non-standard / poor R/T 
 Too long R/T to identify transition. 

 A jolly atmosphere on the frequency (e.g. at night) 

 Poor R/T ability or poor knowledge of English (e.g. leading to different 

interpretations) 

 Standard R/T not adhered to 

 Controller and pilot communicate in a foreign language rather than English 

 Pilot complains to controller about sequence 

Frequency 

Category Regular 

Explanation 
The operational experts estimate that this disturbance happens often. For example, 
VFR flights may keep the frequency busy. Non-standard phraseology happens pretty 

often. Non-standard R/T may also happen if a pilot is in hurry; for example, they may 
then give incomplete readback. [Workshop] 
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Strategy 

Description 

The receiver of the communication would be the first to detect this. [Workshop] 
 

An example is use of poor English. Many companies try to improve the English of their 
pilots, though. Especially in non-standard phraseology there is poor English; this 

frequently happens in emergency situations. It can also happen that native English 

pilots talk too fast. Other pilots may also talk too fast or in poor English. The strategy 
to deal with it is to use standard phraseology yourself and correct the mistake, 

because it could have big consequences. Confirm in case of doubt. A controller may 
also split the clearance into several shorter ones, and carefully listen to readback.  

[Workshop] 
 

According to controllers, using non-standard R/T usually is not much of a problem, as 

long as the understanding is clear. For example, American pilots do not generally use 
standard R/T, but they do speak good English so there is good understanding. And 

some countries use standard R/T but their language skills are poor. It is interesting in 
case of safety critical clearances, e.g. altitude clearances. Most important is that you 

understand the pilot and they understand you. A controller could deal with the 

situation by informing the other aircraft and pay more attention to this aircraft. If the 
aircraft does not use standard R/T and you think they do not understand you, you call 

them and speak louder. Then they would get the message that they are doing 
something wrong. In any case, the controller will verify with the pilot using standard 

R/T. [MAREA] 
 

According to pilots, some occurrences, e.g. saying “Good morning” at check-in, will not 

have impact, except for a little more time on the frequency. You might also hear 
someone speaking in their own language. These occurrences might change the 

atmosphere in the cockpit. There may also be more opportunities for read back errors 
or confusion. However, if the content of the message is clear then there should be no 

real impact. The impact of not using standard R/T is that you need to think harder 

about the intent of the message; this takes more time. However, using non-standard 
R/T may also help out if the original (standard) message is not being understood. For 

example, if a pilot says “say again?” four times in a row, this may take up a lot of R/T 
time. In such case, an explanation in non-standard terms or in a different timbre, e.g. 

by a colleague, may help. [MAREA] 

 
Pilots might complain about delays, or might think that they have sufficient time to 

depart prior to an arriving aircraft. But if the ATCo explains that that would not be safe 
then it is alright. It may be part of the company policy to push ATC so to not waste 

fuel. Pilots added that it could happen that if an aircraft is sent to an intersection early, 
the pilot may believe that he may also take off early, but then he sometimes gets 

disappointed. A pilot may also complain if he hears he is number 17 in line, if he is low 

on fuel, or if he is delayed (take-off or landing). The impact will be anxiety, and a 
result may be unnecessary R/T load. Irritation levels may get higher in case of shorter 

flights, where every minute counts. [MAREA] 
 

Regarding written procedures, most controllers responded that there are none. One 

controller added that ICAO R/T is specified. But some examples in the book are not 
realistic and rather cause work load. A pilot indicated that standard R/T is the 

procedure [MAREA]. 

Characteristics 

First detection of 
disturbance 

Controller 

Pilot 

Establish common 
ground 

Local-Air 
Ground-Air 
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Strategy 
coordination 

Ground-Air 

Level of human 
flexibility in strategy 

Low 

Strategy 
acquirement ATCo 

Training 

Strategy 
acquirement 

pilot 

Training 

Explanation 
MAREA answers are related to the examples “Standard R/T not 
adhered to” and “Pilot complains to controller about sequence”. 

Key elements 

Ground 
Effective use of readback. 

Ask pilot for confirmation. 
Split up clearance. 

Air 
Effective use of readback. 

Ask controller for confirmation. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 

As stated in the workshop, not understanding each other could 
have big consequences. It is essential that pilot and controller 

understand each other about the instructions and clearances. 
Therefore, any strategy to support mutual understanding is 

estimated to have a positive effect on safety. On average, the 

effect is estimated to be small.  

Capacity 

Effect Negligible 

Explanation 

Misunderstandings between pilot and controller usually will not 

directly influence capacity. Only in case a conflict situation 
arises between two aircraft or even an accident, e.g. on a 

runway, the capacity could be impacted. On average, this is 
not very likely. Therefore, the effect of the strategy on capacity 

is estimated to be Negligible. 

Environment 

Effect 
Negligible 

Explanation 

Misunderstandings between pilot and controller usually will not 

directly influence capacity. Only in case a conflict situation 
arises between two aircraft or even an accident, e.g. on a 

runway, the routes of many aircraft could be impacted, and 

even diversions maybe necessary. On average, this is not very 
likely. Therefore, the effect of the strategy on environment is 

estimated to be Negligible. 

Costs 

Effect Negligible 

Explanation 

Misunderstandings between pilot and controller usually will not 

directly influence capacity. Only in case a conflict situation 
arises between two aircraft or even an accident, e.g. on a 

runway, the costs could be impacted due to diversions or 
delays. On average, this is not very likely. Therefore, the effect 

of the strategy on costs is estimated to be Negligible. 
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Disturbance 

Description 

R/T misunderstanding 
 Pilot reads back erroneously 

 Pilot does not query controller until instruction is understood 

 Controller does not notice lack of read-back or erroneous read-back 

 Misunderstanding in communication between controller and pilot 

Frequency 

Category Regular 

Explanation 

If the frequency is busy, ATCos tend to speak quicker and combine instructions. And 
then you get a lot of wrong read backs. It could also happen if there are similar 

sounding names or numbers, for example, you get a clearance to go to a particular 

point that sounds similar to another point. Pilot expectation could also be a factor. 
[MAREA]. The frequency is estimated to be Regular [NE] 

Strategy 

Description 

Detection by the controller of a wrong read back is by listening, by maintaining an 
active hearing. This is demanding. All the time you tell the same things; the work may 

get monotonous or boring. So paying attention gets hard. Neighbouring ATCos may 
also detect, as well as other crewmembers. A controller detects if a pilot does 

something differently than what you expect. If you suspect something, you ask “say 

again?” You pay particular attention when there is a situation where you don’t want 
any mistakes, e.g. in case of climb or descent. After a wrong readback, the controller 

would respond by verifying with the pilot to repeat, correct the situation and ask the 
pilot to read back again. Or the controller says “Negative” and repeats the correct 

instruction. Or he only says “Negative”, and the pilot will correct himself. The only 

impact is losing time or frequency saturation. [MAREA] 
 

A controller will be alerted to pilot misunderstanding if the pilot starts to stammer, 
confuse things, say “say again?”, through his intonation, or if there is no immediate 

read back. Contributing factors are pilot expectation or a very complex clearance. For 
example, if a compound clearance consists of several separate clearances. The impact 

is that he needs more energy to get the message across, and you need more time. His 

response would be to give the instruction in better digestible chunks and by letting the 
pilot understand the bigger picture, i.e. the main aim of the instruction. And tell them 

the instruction step by step. [MAREA] 
 

Getting a wrong read back is a standard situation. The procedure is to correct the 

instruction and ask for read back according to standard R/T. A pilot indicated that 
there are no written procedures that address this situation. [MAREA] 

Characteristics 

First detection of 
disturbance 

Controller 
Pilot 

Establish common 
ground 

Local-Air 

Local-Ground 
Ground-Air 

Strategy 
coordination 

Local-Air 

Local-Ground 
Ground-Air 

Level of human 
flexibility in strategy 

Low 
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Strategy 
acquirement ATCo 

Training 

Strategy 
acquirement 

pilot 

Training 

Explanation 
MAREA results relate to the examples “Pilot reads back 

erroneously” and “Pilot does not query controller until 
instruction is understood”. 

Key elements 

Ground 
Effective use of readback. 

Ask pilot for confirmation. 
Continuous evaluation of information from various sources. 

Air 
Effective use of readback. 

Ask controller for confirmation. 
Continuous evaluation of information from various sources. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 

The consequences are estimated to be losing time and 

frequency saturation. It is essential that pilot and controller 
understand each other about the instructions and clearances. 

Therefore, any strategy to support mutual understanding is 

estimated to have a positive effect on safety. On average, the 
effect is estimated to be small.  

Capacity 

Effect Negligible 

Explanation 

Misunderstandings between pilot and controller usually will not 

directly influence capacity. Only in case a conflict situation 

arises between two aircraft or even an accident, e.g. on a 
runway, the capacity could be impacted. On average, this is 

not very likely. Therefore, the effect of the strategy on capacity 
is estimated to be Negligible. 

Environment 

Effect 
Negligible 

Explanation 

Misunderstandings between pilot and controller usually will not 
directly influence capacity. Only in case a conflict situation 

arises between two aircraft or even an accident, e.g. on a 
runway, the routes of many aircraft could be impacted, and 

even diversions maybe necessary. On average, this is not very 

likely. Therefore, the effect of the strategy on environment is 
estimated to be Negligible. 

Costs 

Effect Negligible 

Explanation 

Misunderstandings between pilot and controller usually will not 
directly influence capacity. Only in case a conflict situation 

arises between two aircraft or even an accident, e.g. on a 
runway, the costs could be impacted due to diversions or 

delays. On average, this is not very likely. Therefore, the effect 

of the strategy on costs is estimated to be Negligible. 

 

Disturbance 
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Description 

R/T overload 
 Complex procedure causes VHF R/T overload 

 Error in R/T due to R/T overload 

 Clutter of audio messages 

Frequency 

Category Occasionally - Regular 

Explanation 

Clutter of audio messages may happen over the ocean, where you need to use HF 

communication for position reporting. Sometimes, you hear whistling, or sounds from 
very far away. It may also happen over Africa. [MAREA] 

R/T overload could be caused by complex procedures, requiring much R/T, or in very 
busy sectors. This is estimated to occur Occasionally – Regular [NE]. 

Strategy 

Description 

One interviewed pilot assumes this situation to refer to a cluttering of aural messages 

and R/T. The impact of clutter on the pilot would be overload. And he could miss audio 
alerts. Aural alerts could be silenced. Or the pilot could ask ATC to reconfirm the R/T 

message. There are no written procedures to address this situation [MAREA]. 
 

R/T overload has the effect that pilot and controller are (temporarily) not able to 
communicate. The characteristics of a strategy and the effects on disturbances are 

estimated to be similar to the disturbance “Communication system” [NE]. 

Characteristics 

First detection of 
disturbance 

Controller 
Pilot 

Establish common 
ground 

Ground-Air 

Strategy 
coordination 

Ground-Air 

Level of human 
flexibility in strategy 

Medium 

Strategy 
acquirement ATCo 

Training 

Experience 

Strategy 
acquirement 

pilot 

Training 

Experience 

Explanation The MAREA answers relate to “Clutter of audio messages” 

Key elements 

Ground 
Use necessary R/T only 

Continuous evaluation of information from various sources. 

Air 
Use necessary R/T only 

Continuous evaluation of information from various sources. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 

Controller-pilot communication problems due to R/T overload 

could negatively impact safety. Before the loss of 
communication, traffic is under control and there should be no 

conflict situations. Doing nothing about the loss of 

communication could lead to higher incident probabilities, 
although this is estimated to be temporary. Communication 

loss will be detected quickly and solutions will also be 
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implemented quickly. Therefore the effect of the strategy is 
estimated to be Small positive at most. 

Capacity 

Effect Negligible 

Explanation 

Before the loss of communication due to R/T overload, traffic is 
under control. Doing nothing about the loss of communication 

could lead to a reduction of capacity, especially if the loss is 

taking very long. However, it is estimated that communications 
loss is temporary. It will be detected quickly and a strategy will 

also be implemented quickly. Therefore, it is estimated that the 
strategy has a Negligible impact on capacity. 

Environment 

Effect 
Negligible 

Explanation 

When there is a temporary loss of communication due to R/T 
overload, aircraft will likely continue their flight plan and the 

strategy is focused on re-establishing communications, not on 
changing aircraft routes. Therefore, the impact on the 

environment is estimated to be Negligible. 

Costs 

Effect Negligible 

Explanation 

When there is a temporary loss of communication due to R/T 

overload, aircraft will likely continue their flight plan and the 
strategy is focused on re-establishing communications, not on 

changing aircraft routes. Therefore, the impact on costs is 

estimated to be Negligible. 

 

Disturbance 

Description 

VHF frequency selection 
 Wrong VHF R/T frequency selected 

 VHF R/T frequency selected too late or too early, leading to a wrong frequency 

 Failure in frequency changes between subsequent air traffic controllers 

 In case of a conditional handover pilots may switch frequency immediately. 

 Pilot is given wrong frequency or the frequency of a wrong sector, on sector 

handover, 

 Pilot uses incorrect R/T frequency and eventually acts independently 

Frequency 

Category Regular 

Explanation 

The operational experts estimate that this happens often; it is a problem across the 
world [Workshop]. Forgetting to change frequency is often due to distractions in the 

cockpit, or, in extreme cases, the pilots being asleep. But it may also happen that you 
mishear the frequency or select the wrong frequency. There may also be a technical 

failure, or the ATCo can forget the instruction to change [MAREA]. This frequency is 

estimated to be Regular [NE]. 

Strategy 



 
D1.2 The human contribution 

 

Page 176 of 302 

 

Description 

First detection depends on the situation. If the controller gives a wrong frequency and 
the pilot tries to contact him it does not work. If another sector gives a wrong 

frequency, the controller of the next sector may detect the problem. Sometimes a 

controller gives a wrong frequency and then the pilot is out of contact, so the 
controller cannot correct it. In case of conditional handover it may also happen. 

[Workshop] The ATCo will detect the failure if a pilot does not call in while he is 
expected to. Or a pilot could come back and ask: what was the frequency again? 

Detection is by listening to read back. Other ATCos may also inform you that they got 

an aircraft by mistake. The pilot would detect that he is on a wrong frequency if he 
gets no reply on the new frequency or if the controller on the new (wrong) frequency 

asks what he is doing there [MAREA]. 

If there is no nearby traffic, the ATCo will wait it out a while. In case of nearby traffic, 

ATCo will try to contact the pilot on the frequency of the previous sector, or try 
alternative frequencies. The transferring and accepting sectors will need to coordinate. 

You need to instruct the pilot again to switch over. There is also an emergency 

frequency. Also another sector may ask you to send a pilot the correct frequency 
again. You call the other sector or call the pilot. If the pilot believes he is overdue 

getting to the next frequency, he would contact ATC. What may happen is that there is 
a failure in frequency change, and the pilot is already out of reach of the previous 

frequency. In such cases, there is always the emergency frequency, or the pilot can 

ask neighbouring aircraft for the correct frequency. There are also maps with 
frequencies, but these are not always up-to-date, and sometimes there is a list of up 

to eight frequencies for one sector. [MAREA] 

A lot of time is wasted determining which frequency the pilot is on. Especially in case 

of nearby traffic this can be dangerous. If the situation is not solved, then the 
controller contacts traffic close to the aircraft to relay. The impact is between minor 

and severe. The impact is a delay in communication and increase in workload. 

[MAREA] 

For pilots, there is general training for using R/T. But if a problem occurs, pilots try to 

solve it based on common sense. For controllers, this issue is part of on the job 
training. The strategy to deal with it is simply trying to correct the problem. 

[Workshop] 

 
Regarding written procedures, a controller replied that there are none, but the 

situation is part of the mode of operation taught during training. He also noted that 
generally, beyond the written procedures, 75% of the modes of operation are taught 

during training, 25% arise during operations. Pilots indicated that there are no written 

procedures that address this situation, but it would be common sense to ask for 
confirmation at the previous frequency, to ask ATC, or if that does not work, use the 

emergency frequency or ask neighbouring aircraft. [MAREA] 

Characteristics 

First detection of 
disturbance 

Controller 

Pilot 

Establish common 
ground 

Local-Ground 
Local-Air 

Strategy 
coordination 

Local-Ground 

Global-Ground 
Ground-Air 

Local-Air 

Level of human 
flexibility in strategy 

Low 

Strategy 
acquirement ATCo 

Training 

Experience 

Strategy Training 
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acquirement 
pilot 

Experience 

Explanation MAREA answers relate to “Failure in frequency change” 

Key elements 

Ground 
Use alternative R/T frequency. 

Ask other controller to contact aircraft. 

Air 
Use alternative R/T frequency. 

Ask other aircraft for the correct frequency. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 

As mentioned during MAREA interviews, the impact is between 

minor and severe, depending on the presence of nearby traffic. 
The strategy could solve dangerous situations, but in itself 

increases controller and pilot workload. Overall, the accident 
probability is estimated to become smaller. 

Capacity 

Effect Negligible 

Explanation 

The strategy focuses on re-establishing contact with one 
aircraft, and not necessarily induces rerouting, delays, 

additional fuel burnt etc. Therefore, the effect on capacity is 
estimated to be Negligible. 

Environment 

Effect 
Negligible 

Explanation 

The strategy focuses on re-establishing contact with one 
aircraft, and not necessarily induces rerouting, delays, 

additional fuel burnt etc. Therefore, the effect on the 
environment is estimated to be Negligible. 

Costs 

Effect Negligible 

Explanation 

The strategy focuses on re-establishing contact with one 
aircraft, and not necessarily induces rerouting, delays, 

additional fuel burnt etc. Therefore, the effect on costs is 

estimated to be Negligible. 

C.8 Controller situation awareness 

Disturbance 

Description 

Aircraft capability 

 Aircraft has different navigation capabilities than controller thinks 

 Controller does not know whether an aircraft can fly a procedure 
 Controller has no time to check computer codes identifying aircraft capability 

Frequency 

Category Occasionally 

Explanation 

Knowledge of aircraft capabilities per aircraft type are normally part of controller 

training or on the job experience. It may happen that an aircraft has an unexpectedly 
large weight, reducing its manoeuvrability. The last example will be more likely in case 

of high workload. [NE] 
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Strategy 

Description 

The first to detect the disturbance will be the controller, who will use radar display to 
detect an aircraft not following the expected manoeuvres. The pilots may also detect it 

if they get an instruction that is beyond their performance limits.  
 

The strategy for the controller is to make a new plan, give new instructions if 

necessary, and coordinate with other controllers and neighbouring sectors. [NE]  

Characteristics 

First detection of 
disturbance 

Controller 

Pilot 

Establish common 
ground 

Local-Air 
Ground-Air 

Strategy coordination 
Ground-Air 

Global-Ground 

Level of human 
flexibility in strategy 

Medium 

Strategy acquirement 
ATCo  

Experience 

Strategy acquirement  
pilot 

Training 

Explanation  

Key elements 
Ground Continuous evaluation of information from various sources. 

Air 
Inform ATC about the inconsistency. 

Effects of strategy on key performance areas 

Safety 

Effect Negligible 

Explanation 
The disturbance is not likely to lead to large deviations, hence 

the effect on safety of the disturbance and of its strategy is 
assessed as Negligible. 

Capacity 
Effect Negligible 

Explanation  

Environment 
Effect 

Negligible 

Explanation  

Costs 
Effect Negligible 

Explanation  

 

Disturbance 

Description 

Aircraft identity 

 Controller misidentifies an aircraft 

 Controller forgets aircraft 

 Controller confuses numbers 1 and 2 in a departure sequence 

Frequency 
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Category Rare 

Explanation 

The situation of controller misidentifying an aircraft is rare with IFR traffic. The main 
system is quite reliable, and a lot of tools are reliable as well. It may happen that a 

controller sends a squawk code to an aircraft, and the aircraft chooses a squawk code 
that belongs to another aircraft. Two labels could also be switched. In case of Mode-S, 

a wrong call sign could be given. There is one tool that links the aircraft position with 

its intent (flight plan). If this does not match, the controller cannot identify the aircraft: 
he would only see the transponder code, but no label.  

 
Misidentification could also happen if the controller is busy, and a lot of aircraft are 

coming in at the same point. In such case they may be confused. [MAREA] 

Strategy 

Description 

Misidentification could lead to instructions to a wrong aircraft. The controller could 

detect this himself, by noticing an aircraft behaving unexpectedly on radar display. The 

situation could be detected through inconsistencies when using ‘mark-lines’, through 
readback, if another aircraft reacts than the one instructed, or through a system alert 

(e.g. STCA). A colleague controller or a controller from a neighbouring sector could 
also detect; adjacent sectors may recognise a wrong identification in an aircraft label. 

They would compare the aircraft with their inbound list and could see a code that 
belongs to another aircraft. In addition, the pilots could detect the disturbance if they 

get an instruction that is unexpected, or that is not feasible or inconsistent. Pilots of 

other aircraft who listen in on the R/T could also detect. However, sometimes these 
situations cannot be detected, and then the pilot just follows the instruction. [MAREA] 

 
If a pilot detects, he would contact ATC and ask for confirmation. If the controller 

detects himself he would correct the mistake and provide another instruction. 

Additional coordination with other aircraft or with other ATC centres may be necessary. 
[NE] 

 
After detection, ATCo would be more alert. According to procedure, it is not allowed to 

give instructions to an aircraft that has not been identified. The effect on pilots would 
be that they could become triggered to verifying correctness of Mode-S information. 

[MAREA] 

Characteristics 

First detection of 
disturbance 

Controller 
Pilot 

Establish common 
ground 

Local-Air 

Ground-Air 
Local-Ground 

Strategy coordination 
Ground-Air 

Local-Ground 

Level of human 
flexibility in strategy 

Medium 

Strategy acquirement 
ATCo  

Training 
Experience 

Strategy acquirement  
pilot 

Training 

Experience 

Explanation  

Key elements 
Ground 

Correct mistake. 

Coordinate with other controllers. 
Inform pilots by R/T. 

Air Inform ATC about the inconsistency. 
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Ask controller for confirmation. 

Effects of strategy on key performance areas 

Safety 

Effect Large positive 

Explanation 
If the disturbance happens during high traffic load, the effect 
of the disturbance and its strategy on safety has potential to be 

high. 

Capacity 

Effect Negligible 

Explanation 
The strategy will usually involve only one aircraft; deviations 

are not expected to be large.  

Environment 

Effect 
Negligible 

Explanation 
The strategy will usually involve only one aircraft; deviations 

are not expected to be large.  

Costs 

Effect Negligible 

Explanation 
The strategy will usually involve only one aircraft; deviations 

are not expected to be large.  

 

Disturbance 

Description 

Aircraft intent 

 Controller does not know intent of an aircraft 

 Controller has a wrong awareness about the intent of aircraft 

 Controller does not know flight plan of aircraft 

Frequency 

Category Occasionally 

Explanation 

Aircraft intent is now mostly based on the flight plan. The system makes automatic 

links, and the aircraft position and label are quite clear on your display. Reporting 
points are automated on strips and on screen. You have all updated data on the labels. 

Intent issues are relevant with special flights, such as test flights, parachute flights, 

military flights in civil airspace. CBs could be a big problem. Some pilots are very 
conservative and take big margins; other pilots fly closer to CBs. It could also happen 

that an aircraft/airline has selected a wrong destination, but in that case, both ATCo 
and pilots are wrong about intent. One controller replied that factors or conditions are 

tiredness, high workload, or a very low workload. In low workload there is no rhythm 
in communications, and lots of distractions; you may chat with a colleague, and lose 

the bigger picture. You may start taking some things for granted, think that a pilot is 

telling you something before he has finished the sentence, and not put enough 
attention to communication. [MAREA]  

Strategy 

Description 

Detection of a problem regarding aircraft intent is when pilots and ATCo disagree on 
something. If the controller has a different flight plan than the one in the aircraft; the 

aircraft would deviate unexpectedly. There may also be a mistake, e.g. if the controller 
asks the wrong aircraft (e.g. an aircraft crossing en-route) to descend to land. In such 
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case, the pilot will usually call in and verify, but sometimes, the pilot may not argue 
and just follow the instruction. Also, a colleague may advise a controller of a problem. 

[MAREA] 

 
If there is uncertainty about the aircraft flight plan, the controller first asks the pilot 

about his flight plan, and asks the supervisor and flow control for the correct flight 
plan, and next tells the pilot what the problem was. [MAREA] 

 

Regarding written procedures, one controller indicated there were none; there are only 
procedures about general planning. [MAREA] 

Characteristics 

First detection of 
disturbance 

Controller 
Pilot 

Establish common 
ground 

Local-Air 

Local-Ground 
Ground-Air 

Global-Ground 

Strategy 
coordination 

Local-Ground 
Ground-Air 

Level of human 
flexibility in strategy 

Medium 

Strategy 
acquirement ATCo 

Experience 

Strategy 
acquirement 

pilot 

Experience 

Explanation 
MAREA answers relate to “Controller has a wrong awareness 
about the intent of aircraft” 

Key elements 

Ground 
Ask pilot to confirm flight plan. 

Coordination between controller and supervisor. 
Continuous evaluation of information from various sources. 

Air 
Inform ATC about the inconsistency.  
Continuous evaluation of information from various sources. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 

In case there is confusion regarding the flight plan of an 
aircraft, the aircraft could deviate from controller’s 

expectations, and this could have an effect on the separation 
between aircraft. The strategy to avoid or correct the 

misunderstanding will have a positive effect on the controller’s 

picture of the traffic situation, and therefore is estimated to 
reduce the accident probability. 

Capacity 

Effect Negligible 

Explanation 

In case there is confusion regarding the flight plan of an 

aircraft, the aircraft could deviate from controller’s 

expectations, and this could have an effect on the separation 
between aircraft. The strategy to correct the misunderstanding 

will only affect the situation awareness of the controller and 
therefore has no effect on capacity. 

Environment 

Effect 
Negligible 

Explanation 
In case there is confusion regarding the flight plan of an 
aircraft, the aircraft could deviate from controller’s 
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expectations, and this could have an effect on the separation 
between aircraft. The strategy to correct the misunderstanding 

will only affect the situation awareness of the controller and 

therefore has no effect on the environment. 

Costs 

Effect Negligible 

Explanation 

In case there is confusion regarding the flight plan of an 

aircraft, the aircraft could deviate from controller’s 
expectations, and this could have an effect on the separation 

between aircraft. The strategy to correct the misunderstanding 
will only affect the situation awareness of the controller and 

therefore has no effect on costs. 

 

Disturbance 

Description 

Aircraft mode 

 Visual detection by the Controller of Missed Approach is a problem. 

 Controller is confused about whether aircraft is on own navigation or on radar 

vector 

Frequency 

Category Occasionally 

Explanation 

A problematic visual detection of a missed approach may happen if there is low 

visibility, or if the position of the controller tower is less than optimal, or if there is a 
very late missed approach. [NE] 

Strategy 

Description 

The controller may detect the confusion himself through continuous monitoring and 
updating his situational awareness, or colleagues can detect it when they notice an 

unexpected and/or an unfavourable aircraft movement. The pilot can detect it when he 
receives instructions that are not in line with the actual flight progress and his 

situational awareness. [NE] 

 
Pilots, when they initiate a missed approach, are to inform ATC as soon as possible. 

However, since executing the missed approach will also keep them occupied, there 
may be some delay. This could lead to a conflict situation, e.g. when another runway 

is used dependently, and the controller starts another take-off on that runway. The 
strategy for the controller is to correct his situational awareness and to act accordingly. 

In more severe situations, this means solving a conflict, and in minor situations, it 

could be just monitoring flight progress as usual. [NE] 

Characteristics 

First detection of 
disturbance 

Controller 

Pilot 

Establish common 
ground 

Local-Air 
Local-Ground 

Ground-Air 

Strategy coordination 
Local-Ground 
Ground-Air 

Level of human 
flexibility in strategy 

High 
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Strategy acquirement 
ATCo  

Training 

Strategy acquirement  
pilot 

Training 

Explanation  

Key elements 
Ground 

Ask pilot to report condition. 

Frequent monitoring.  

Air Inform ATC about the status. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 

In case there is confusion regarding the mode of an aircraft, 
the aircraft could deviate from controller’s expectations, and 

this could have an effect on the separation between aircraft. 
The strategy to avoid or correct the misunderstanding will have 

a positive effect on the controller’s picture of the traffic 
situation, and therefore is estimated to reduce the accident 

probability. 

Capacity 

Effect Negligible 

Explanation 

It is estimated that in most situations, aircraft can continue 

their flight without having to change their trajectories. This 

could be the case when a conflict has to be solved for one or 
two aircraft. Overall the effect on capacity is estimated to be 

Negligible.  

Environment 

Effect 
Negligible 

Explanation 

It is estimated that in most situations, aircraft can continue 

their flight without having to change their trajectories. This 
could be the case when a conflict has to be solved for one or 

two aircraft. Overall the effect on the environment is estimated 
to be Negligible.  

Costs 

Effect Negligible 

Explanation 

It is estimated that in most situations, aircraft can continue 
their flight without having to change their trajectories. This 

could be the case when a conflict has to be solved for one or 
two aircraft. Overall the effect on costs is estimated to be 

Negligible.  

 

Disturbance 

Description 

Aircraft state 

 Controller is confused about position as communicated by pilot 

 Misinterpretation of the radar display: controller thinks the aircraft has just crossed 

from e.g. west to east, while in reality it is about to cross from the east to the 
west 

 The controller overestimates the landing interval and gives a crossing clearance, 

but the landing aircraft is already too close 

 Controller realises at last minute that aircraft will not make flight level 

 Controller misinterprets speed data 
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Frequency 

Category Occasionally 

Explanation 

The controllers note that the first example above can happen with military traffic, who 

may change a transponder without informing civil ATC. Also VFR traffic can report a 

wrong position. The frequency is estimated to be rare for a large European airport; for 
non-radar airports it may happen [Workshop]. The second example (misinterpretation 

of direction) is very rare; according to one controller it would be bad radar HMI. But it 
may happen when two aircraft are very close and their labels overlap, or their 

squawks. Transponders may garble. The computer does not correlate squawks with 
aircraft. All that is based on numbers could be misread. [MAREA] The overall 

frequency is estimated to be Occasionally [NE].  

Strategy 

Description 

The controller themselves would be the first to detect this disturbance. The strategy is 
to confirm position by contacting the pilot. If there is heavy traffic the controller gives 

departing aircraft lower flight levels; only when they reached that level the controller 
lets them climb further. Controllers must know aircraft performance. If it happens 

frequently you can report it to management. [Workshop] In case of overlapping tracks 
en route, the controller would let one aircraft deviate for 2 NM and then let them fly 

parallel. [MAREA] 

Characteristics 

First detection of 
disturbance 

Controller 

Establish common 
ground 

Local-Ground 

Ground-Air 

Strategy 
coordination 

Local-Ground 

Ground-Air 

Level of human 
flexibility in strategy 

Medium 

Strategy 
acquirement ATCo 

Training 

Strategy 
acquirement 

pilot 

n.a. 

Explanation  

Key elements 
Ground 

Ask pilot to report position. 

Provide additional route and speed instructions. 
Adapt route. 

Air n.a. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 

In case of a radar environment, confusion is likely to be 

temporary and surprises are unlikely to be big. This could be 
different in a non-radar environment, where a wrong aircraft 

position report could lead to incidents. Strategies to correct this 

are estimated to have a positive effect on safety. 

Capacity 
Effect Negligible 

Explanation Because confusion regarding an aircraft position is likely for 
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only one aircraft at the time, it is estimated that the strategy to 
correct this has a Negligible effect on capacity. 

Environment 

Effect 
Negligible 

Explanation 

Strategies to correct confusion about an aircraft state mainly 
result in increased controller situation awareness, and rerouting 

of aircraft, and additional fuel are considered unnecessary. 

Therefore, the effect on the environment is estimated as 
Negligible. 

Costs 

Effect Negligible 

Explanation 

Strategies to correct confusion about an aircraft state mainly 

result in increased controller situation awareness, and rerouting 

of aircraft, delays, and additional fuel are considered 
unnecessary. Therefore, the effect on the costs is estimated as 

Negligible. 

 

Disturbance 

Description 

Airspace / separation mode 

 Controllers might get used to reduced separations and apply them when they are 

not appropriate 

Frequency 

Category Rare 

Explanation 

RVSM refers to reduced vertical separation minima above FL 290. Since 2005, it has 
been implemented on the Western hemisphere and on most of the Eastern hemisphere 

as well. Only aircraft with specially certified altimeters and autopilots and with specific 

approval may fly in RVSM airspace.  

Strategy 

Description 

Detection of this disturbance may be by colleague controllers or the supervisor, or by 

controllers of neighbouring sectors. A separation infringement may also be detected by 
the Short Term Conflict Alert (STCA) system. Pilots will not usually be aware of the 

applicable separation minima.  
 

After detection, the controller will immediately start to separate the traffic. [NE] 

Characteristics 

First detection of 
disturbance 

Controller 
System notification/alert 

Other 

Establish common 
ground 

Global-Ground 
Org-Ground 

Strategy coordination Ground-Air 

Level of human 
flexibility in strategy 

High 

Strategy acquirement 
ATCo  

Training 

Strategy acquirement  
pilot 

n.a. 
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Explanation  

Key elements 
Ground 

Correction by other controllers. 
Coordinate with other controllers. 

Provide additional route and speed instructions. 

Air n.a. 

Effects of strategy on key performance areas 

Safety 

Effect Large positive 

Explanation 

Separation minima are larger where reduced separation would 

compromise safety. Therefore, the strategy to maintain the 

traffic appropriately separated is expected to have a large 
positive effect on safety. 

Capacity 

Effect Large negative 

Explanation 

The job to increase separation between aircraft that are flying 
at reduced separation is quite disruptive for the sector, and 

usually takes some time. Several aircraft will need to go into 
holding patterns. Overall, the effect on capacity will be large. 

Environment 
Effect 

Large negative 

Explanation See at capacity 

Costs 
Effect Large negative 

Explanation See at capacity 

 

Disturbance 

Description 

Alert interpretation 
 Controller ignores an alert (no evaluation) 

 Controller wrongly evaluates traffic situation after an alert 

 Controller is distracted by an alert 

 Alert causes attention tunnelling 

 Low confidence in validity of system alerts 

 Controller regularly allows alerts for efficiency reasons. “Real” alerts are then 

recognised less well. 

Frequency 

Category Very rare - Regular 

Explanation 

According to the controllers, Short term or Medium term Conflict Alerts (STCA, MTCA) 
are never ignored and will always be evaluated. With other types of alert it may 

happen that they are ignored, e.g. an off-route warning, ATIS alerts, an alert on radar 
screen of a wrong squawk code. Contributing factor is confidence in the system, or a 

lack thereof, too many nuisance / false alerts, high workload, visual clutter of radar 

screen with various windows. The sound of an alert is rather disturbing, so cannot 
easily be ignored; it attracts attention, therefore the third example disturbance occurs 

frequently. And there are also visual displays of an alert. [MAREA] Overall, the 
frequency of this disturbance is judged to be anywhere between Very rare and 

Regular, depending on the example disturbance, the type of alert and the 
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circumstances. [NE] 

Strategy 

Description 

Regarding the example disturbance of controller ignoring an alert, it was noted that a 

system is usually set up for the most conservative, which may lead to nuisance alerts. 

A problem is if systems are being introduced with too little testing. Hence in the 
beginning there are a lot of nuisance alerts; later, the situation improves. As a result, 

controllers are often sceptical about the functioning of new systems. However, the 
ATCo will never ignore an STCA or an MTCA alert; these are always right and are the 

real thing. If you ignore them you are too late. In case of other types of alerts, 
technical services are called in to deal with them. But normally, technical services 

would notice these alerts first. In case of an emergency you get anxious. The impact 

would be higher workload. 
 

The behaviour to alerts may be (subconsciously) copied by colleagues. But colleagues 
could also correct each other. Eventually, the system could be adjusted to the 

behaviour, especially if there is lack of confidence in it. If there is an event, the 

behaviour may change, e.g. self-reflection. An incident will lead to detection. Also, 
technical services may detect if an alert is consistently switched off immediately after 

occurrence. Nuisance alerts can be reported by filing a safety improvement report. 
[MAREA] 

 
Regarding the example disturbance of controller wrongly evaluating the traffic 

situation after an alert, the controllers replied that an STCA alert is always actively 

evaluated. Contributing factors to wrongly evaluating the situation are work load, 
distractions, and current level of confidence. Someone else may detect the problem, 

e.g. a colleague, or an ATCo of another sector. After an event, the ATCo would regard 
alerts more seriously; an event pushes him in “alert mode”, wakes him up. Also the 

relationship with colleagues may become different. Colleagues may also become more 

alert. A wrong evaluation or resolution may lead to new alerts. The best you can do is 
ask to be relieved.  

 
Another controller replied that in case of an alert to 5NM separation, you only have 

seconds to react, so you act on instinct. For example, you let one of the aircraft in 

conflict turn right immediately. Usually there is no time for broad evaluation. You may 
not select the optimal solution, but you act. Such instruction may lead to a secondary 

conflict that you did not notice; then an alert would come out of the blue. Such 
situations would lead to loss of confidence in yourself. You act slower and more 

carefully, take larger margins and pay more attention. The planning controller may 
help in detection. However, it may happen that the planning controller is busy with 

coordination tasks and does not see the secondary conflict either.  

 
Regarding the example disturbance of alert causing attention tunnelling (for 

controller), contributing factors depend on the type of conflict: is it serious, and does it 
ask for more attention. HMI is also a factor. Another factor is shock reaction: did you 

see the alert coming. Generally, 4 NM separations that are under control are perceived 

as less of a problem than 8 NM separations that are not under control. Impact may be 
shock, reduced reachability. But the shock will wear off. The situation is difficult to 

detect, by yourself and others. If there is a surprise alert, the ATCo will realise that an 
error has been made and he feels the situation may still be saved. As a last resort, 

TCAS may save it. This could be a severe case. In case of a previously detected 
conflict the ATCo is already aware of, there would be less tunnelling; the alert would 

be just a reminder. Training is important. There could be secondary problems. In case 

of very high workload, the ATCo would work in a reactive mode rather than a planning 
mode. At a totally reactive mode, the ATCo would need to be replaced and get some 
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rest. A problem is that there is usually a lack of staff. Not every alert causes tunnelling; 
only the severe cases. Tunnelling is not depending on an alert; it is more dependent 

on training. You are trained to not lose too much time on a single problem. 

 
Attention tunnelling may happen even without an alert, e.g. in case of a lot of traffic 

and less experienced controllers. You need to focus on the whole screen, but instead 
you focus on a small area. It does not happen often, but you must be aware of it. The 

situation is difficult to detect. Best is to use the four-eyes principle: ask a colleague. 

But still, you do not want the four eyes focused on one spot. You need to be self-
aware. 

Characteristics 

First detection of 
disturbance 

Controller 
System notification/alert 

Establish common 
ground 

Local-Ground 

Global-Ground 

Strategy coordination 
Local-Ground 
 

Level of human 
flexibility in strategy 

Medium 

Strategy acquirement 
ATCo  

Training 

Strategy acquirement  
pilot 

n.a. 

Explanation  

Key elements 
Ground 

Additional training. 
Report design problems to the management. 

Air n.a. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 

Impact of ignoring alerts may be severe, as safety-critical 
situations may thereby be ignored. The strategy to optimize 

alert interpretation is assessed to have some positive effect on 

alert interpretation. 

Capacity 

Effect Negligible 

Explanation 
A conflict resolution usually does not lead to deviations by 

multiple aircraft, hence the effect on capacity is negligible. 

Environment 

Effect 
Negligible 

Explanation 
A conflict resolution usually does not lead to deviations by 

multiple aircraft, hence the effect on environment is negligible. 

Costs 

Effect Negligible 

Explanation 
A conflict resolution usually does not lead to deviations by 
multiple aircraft, hence the effect on costs is negligible. 

 

Disturbance 

Description 
Contradictory information 
 Controller receives contradictory information 
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Frequency 

Category Occasionally 

Explanation 

This may happen, for example due to systems not being updated, weather reports 

being inconsistent or becoming outdated. Overall, the frequency is estimated to be 

Occasionally. 

Strategy 

Description 

In case of receiving contradictory information the controller will try to get a second or 

third opinion of an independent source in order to determine which information is 
correct. Flightplans could be obtained from the aircraft or the airline. Weather 

information could be obtained from pilots. Information can also be obtained from a 
planner controller, the supervisor, an assistant controller, colleague controllers, or 

controllers from other sectors. The effort taken to get the correct data depends on the 

urgency of the matter. [NE] 

Characteristics 

First detection of 
disturbance 

Controller 

Establish common 
ground 

Local-Ground 
Global-Ground 

Ground-Air 
Org-Ground 

Other 

Strategy coordination 

Local-Ground 
Global-Ground 

Ground-Air 
Org-Ground 

Other 

Level of human 
flexibility in strategy 

Medium 

Strategy acquirement 
ATCo  

Training 

Experience 
Creativity 

Strategy acquirement  
pilot 

n.a. 

Explanation  

Key elements 
Ground 

Continuous evaluation of information from various sources. 
Coordinate with other controllers. 
Ask pilot to report condition.  
Coordination between controller and supervisor. 

Air Inform ATC about the status. 

Effects of strategy on key performance areas 

Safety 

Effect Negligible - Small positive 

Explanation 
The effect on safety is dependent on the type of information, 
but it would not normally lead to actual separation 

infringements. Therefore the effect will be negligible to small. 

Capacity 

Effect Negligible  

Explanation 
The effect on capacity is dependent on the type of information, 

but it would not normally lead to major deviations for multiple 
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aircraft. Therefore the effect will be negligible to small. 

Environment 
Effect 

Negligible  

Explanation See at capacity 

Costs 
Effect Negligible  

Explanation See at capacity 

 

Disturbance 

Description 

Detection & interpretation of traffic situation 

 Identification of a non-existent conflict 

 Risk of a conflict is underestimated 

 Controller does not detect a deviation from a clearance 

 Controller interprets information or traffic situation wrongly 

Frequency 

Category Rare 

Explanation 

The list of conditions that affect this situation is broad, including psychological aspects. 

Factors may be vacation, huge workload, attention to other traffic, distractions, head-

ache, troubles at home, issues at earlier shifts, fatigue, lack of rest, etc. At times, the 
ATCo may feel more confident or more insecure; this comes and goes with waves. If 

the ATCo is very confident, he will underestimate risks more often. However, conflict 
detection is the ATCo’s job. A conflict may go undetected or not, but underestimation 

does not usually occur. Completely forgetting a conflict is also rare. [MAREA] A 

controller not detecting a deviation from a clearance may happen, but also rarely. [NE] 

Strategy 

Description 

Detection of an alert being ignored is by the controller himself, next by STCA or a 

runway incursion monitoring and conflict alert system, next by TCAS. TCAS is only 
needed when a conflict is not detected at all. Also neighbouring colleagues may detect. 

Or pilots could advise a controller that an aircraft is coming their way. The supervisor 
could also detect an event, but this is dependent on the country and organisation. For 

example, in the USA, the supervisor would pay close attention if an ATCo would get an 

STCA alert.  
 

If a conflict is detected 5 to 6 minutes in advance you have different options, e.g. 
descend, climb, heading, direct-to. If the risk of a conflict is underestimated, you may 

believe you can do something else first. But if then traffic starts to avoid weather or 

has problems, or if there is a high traffic load, and you waited to solve a conflict, then 
you get into trouble fast. It is therefore important to act in the right time. If you wait 

too long you will have to intervene in a more drastic way. But fortunately, you do not 
work a sector alone, there is always a second pair of eyes. 

 
If an incident occurs, ATCo will resolve the situation and will start paying closer 

attention or be less confident. If he is insecure, he will use larger safety margins. If 

several events happen in a row, the level of confidence from colleagues will reduce. At 
organisations with a good safety culture, colleagues are more open and tolerant to 
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each other’s mistakes. The ATCo or other ATCos may file a report. Also pilots could file 
a complaint. [MAREA] 

Characteristics 

First detection of 
disturbance 

Controller 

Pilot 
System notification/alert 

Establish common 
ground 

Local-Ground 

Strategy coordination Ground-Air 

Level of human 
flexibility in strategy 

Medium 

Strategy acquirement 
ATCo  

Training 
Experience 

Strategy acquirement  
pilot 

Training 

Explanation  

Key elements 
Ground 

Additional training. 

Coordinate with other controllers. 

Air Coordinate with ATC about traffic conflict 

Effects of strategy on key performance areas 

Safety 

Effect Large positive 

Explanation 

In problems with detection and interpretation of the traffic 

situations, the strategy of other controllers and pilots to inform 

the controller may have a positive safety effect. In case of a 
strategy to recover from a conflict that was underestimated, 

the effect on safety could be large.   

Capacity 

Effect Negligible 

Explanation 
The strategy does not usually have a disruptive effect on 

capacity. 

Environment 
Effect 

Negligible 

Explanation See capacity 

Costs 
Effect Negligible 

Explanation See capacity 

 

Disturbance 

Description 

Infrastructure & system functionality 

 Controller is not aware of the failure of malfunctioning of a technical system 

 Controller does not know the availability of infrastructure 

 Controller does not know whether a system is working well 

 Controller does not know what radar range of neighbouring sector is 

 A controller not aware of work in progress 

 Controllers not being aware of capabilities and weaknesses of the system 

 The controller may not be aware of the consequences of failures, e.g., of one 

radar being down 
 Controller is confused due to sector configuration changes 

 Controller does not know airspace configuration 
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Frequency 

Category Rare 

Explanation 

If the system is new and the user is adapting to the system, this may happen, 

although it is rare. It depends on the controller; experienced controllers can cope 

better. For well used functions controllers can adapt easier. Another example is 
regarding different colour usage for system malfunctions [Workshop].  

 
One controller experienced a situation in which he expected STCA to go off, but it 

didn’t. Also the service station that supported the mark-lines could be unavailable. 
Some supervisors warn their ATCos about the unavailability of services, but others do 

not always want to bother them if it is not necessary. Generally, ATCos lack the 

technical background and knowledge, so this disturbance could be is a common issue. 
An ATCo cannot shut down a system (like a pilot can in some cases). So there is no 

real need to have the technical background. He just needs to know how to work with it 
[MAREA]. 

 

Overall, it is estimated that this occurs Rarely [NE]. 

Strategy 

Description 

At the beginning of a shift, the ATCo gets a briefing during which availability of 

infrastructure (e.g. radar in maintenance, flight processing, radio aids) is 
communicated. He needs to read the paperwork to understand the situation; briefing 

is mandatory. A most common situation would be activation of a military airspace; i.e. 
an airspace becoming restricted. The controller should know about this. It may also be 

a VOR/NDB being down. This would be important for VFR traffic, so the ATCo needs to 

know if VOR/NDB is functioning. If an ATCo skips his briefing he will work in a bad 
way, e.g. treat radar information wrongly, or select tools that do not work. This may 

be dangerous. [MAREA] 
 

The first to detect this is other controllers and the supervisor. Detection is through 
visual observation. Or a colleague notes that a controller acts confused or is uncertain, 

or asks a lot of questions. Also examinations may reveal the issue [Workshop]. The 

situation is detected by observing unpredictable behaviour. Other ATCos may notice 
that an instruction is being given into a restricted area, and they may call the 

controller. Military ATCos may call him too. Pilots will not usually detect this 
disturbance. [MAREA] 

 

The strategy to deal with it is refreshment training, and to help colleagues. For new 
controllers/assistants system function knowledge is a part of On-the-Job Training. 

[Workshop]. To deal with the situation, an ATCo could request his supervisor to let 
him know about services going into maintenance. If a controller does not know about 

the infrastructure then something has gone wrong in training. The effect is poor 

performance. Refreshment training in simulators is a good way to solve this. If an 
ATCo is not aware of the condition of a radar failure, he will not be able to deal with 

the condition. But if he becomes aware, he will not take these risks the next time. In 
general, tower controllers do not fully trust the radar system, and use the windows to 

make sure of positions. In training radar is often switched off. Controllers indicate that 
there are written procedures that address potential consequences of a failure. There a 

Quick Reference Handbook that explains what is possible and what is not possible in 

case of particular failures, but it deals with typical situations only. [MAREA] 
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Nowadays there is more knowledge on systems being in maintenance. For planned 
maintenance, there are papers about implications of the work and how they affect 

operations. This covers only the scheduled ones [MAREA]. 

Characteristics 

First detection of 
disturbance 

Controller 

Establish common 
ground 

Local-Ground 

Strategy 
coordination 

Local-Ground 

Org-Ground 

Level of human 
flexibility in strategy 

Low 

Strategy 
acquirement ATCo 

Training 

Strategy 
acquirement 

pilot 

n.a. 

Explanation 

The MAREA answer relates to the examples “Controller does 

not know the availability of infrastructure” and “The controller 

may not be aware of the consequences of failures, e.g., of one 
radar being down” 

Key elements 
Ground 

Briefing at the start of a shift. 
Additional training. 

Air n.a. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 

Controllers being not completely aware of infrastructure and 

technical system issues is never good for safety. Therefore, 
refreshment training or supporting colleagues is estimated to 

have a small positive effect on safety. 

Capacity 

Effect Small positive 

Explanation 

Refreshment training will make the controller more aware of 

the capacity of the airspace or airport, given the system and 

configuration. This could have the effect that the target 
capacity actually can be met, such that the strategy is 

estimated to have a small positive effect. 

Environment 

Effect 
Negligible 

Explanation 
Refreshment training regarding infrastructure is not targeted at 

tactical reroutings of aircraft in case of disturbances. Therefore, 
the effect on the environment is estimated as Negligible. 

Costs 

Effect Negligible 

Explanation 
Refreshment training regarding infrastructure is not targeted at 
tactical reroutings of aircraft in case of disturbances. Therefore, 

the effect on costs is estimated as Negligible. 

 

Disturbance 
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Description 
Reading error 
 Controller makes a reading error 

Frequency 

Category Occasionally 

Explanation 

Reading errors could occur in call sign in label, or an airspace being restricted rather 

than active, or a reading error in altitude. Contributing factor is HMI. Airspace 
restrictions could be confusing if these change a lot. Other contributing factors are 

light reflections in the tower, dyslexia, being sleepy due to night shift or being tired, 
distractions, lack of concentration, personal problems, excess workload during a long 

period of time. It could also be an expectation error (e.g. mistake a 2 for a 3 because 

you expected 130 to appear). A different font could also be a contributing factor, but 
this is also a matter of taste. An error could also be in letters (e.g. airline, waypoint). 

One controller noted that radar labels are not usually misread, but things outside the 
radar display may be misread, for example, if a pilot asks for the latest weather at an 

airport. If you do things quickly, then you run the risk of reading error. [MAREA] 

Strategy 

Description 

Detection of a reading error could be through a pilot asking if instruction is meant for 

him. Other means are alerting systems, colleagues. Detection of the situation is by 

radar display: monitoring the labels. Normally a reading error is detected by the 
planning controller; he may correct it or point it out. Pilots may ask a controller to 

please confirm this instruction, and may add, say: we normally use this other exit. Or 
colleagues could inform that, say, a particular gate is closed. Often, a wrong reading is 

corrected 5 seconds later. 

 
Impact is that the planning may suffer. If the controller makes a mistake, he loses 

some confidence. This is not good since he needs to trust himself. As a result he will 
focus better on the job. But he may also make even more mistakes. The impact may 

also be a confusing situation for pilots. [MAREA] 

Characteristics 

First detection of 
disturbance 

Controller 
Pilot 

System notification/alert 

Establish common 
ground 

Local-Air 
Local-Ground 

Global-Ground 
Ground-Air 

Strategy coordination Ground-Air 

Level of human 
flexibility in strategy 

Low 

Strategy acquirement 
ATCo  

Training 

Strategy acquirement  
pilot 

Training 
Experience 

Explanation  

Key elements 

Ground 
Continuous evaluation of information from various sources. 
Correction by other controllers. 

Air 
Continuous evaluation of information from various sources. 
Ask controller for confirmation. 
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Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 

The strategy by involved actors (controller, other controllers, 

pilots) to continuously evaluate information and correct or ask 
for confirmation mitigates the effects of reading errors to a 

considerable extent. 

Capacity 

Effect Negligible 

Explanation 
Usually, the strategy does not lead to significant aircraft 

deviations hence the effect on capacity is negligible. 

Environment 
Effect 

Negligible 

Explanation See capacity 

Costs 
Effect Negligible 

Explanation See capacity 

 

Disturbance 

Description 

System trust 

 Over-reliance on system data (by controller) 

 Delay in detection or resolution by controller due to lack of trust in a technical 

system 

Frequency 

Category Rare 

Explanation 

In the interviews, controllers noted that the definition of the term over-reliance is 

difficult; it is a subjective notion. But if a system is trustworthy, the ATCo will become 
more reliant. Another factor is own experience; e.g. if your computer at home breaks 

down all the time, you become less confident. One controller noted that ATCos quite 

rely on system data; nowadays everything is with computers, otherwise the work is 
not possible. You have to rely on the system data since there is no alternative. Another 

controller noted that this situation is more likely to happen at area control rather than 
tower control. At the tower controllers are in constant visual contact with the traffic, so 

there are not so many situations of overreliance on system data. [MAREA]  

 
Overall, trust in the ATC system by controllers seems to be quite good and problems 

with system trust are assessed as Rare [NE]. 

Strategy 

Description 

The impact of over-reliance may be that the ATCo might take more risks than he 

should. Or, in case of an event, lose confidence and use larger margins. Training 
includes dealing with emergency situations such as system degradation, but this is 

never the same as the real thing. The matter is rather subjective so not always easily 

detectable. You need to experience an event yourself before your behaviour will 
change. An example is that a flight plan may have an error. If this happens you 
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crosscheck all data. This can be by calling the airport and saying “according to my 
system, the runway is ...” 

 

One controller believes that over-reliance is not a problem: On the pilot side you may 
distinguish between flying on auto and flying manual. But at ATC side there is no such 

choice; there is no fully automatic conflict detection and resolution; there is no other 
option for radar. If the system is down then you close the airspace. Detection is only 

during contingency, system failure. Normally, all systems are doubled, or an alternative 

system is in stand-by mode. This redundancy in systems prevents problems. What 
could happen is that something is unclear. This would not count as a failure of the 

system, but as a change of data from the system. For example, a direct-to given by a 
neighbouring system, or a change in military flight plan. In case of a problem with 

system data, detection can be by technical services. They have switches that provide 
visual effects to your display, to let you know something is unreliable. [MAREA] 

Characteristics 

First detection of 
disturbance 

Controller 

Establish common 
ground 

Local-Ground 
Ground-Air 

Org-Ground 

Strategy coordination Org-Ground 

Level of human 
flexibility in strategy 

Low 

Strategy acquirement 
ATCo  

Training 
Experience 

Strategy acquirement  
pilot 

n.a. 

Explanation  

Key elements 
Ground Training of contingency situations. 

Air 
n.a. 

Effects of strategy on key performance areas 

Safety 

Effect Negligible 

Explanation 
Overall, the controllers believe that this disturbance is not 

really a problem. 

Capacity 
Effect Negligible 

Explanation  

Environment 
Effect 

Negligible 

Explanation  

Costs 
Effect Negligible 

Explanation  

C.9 Controller working context 

Disturbance 
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Description 

Aircraft identity 
 Duplicate callsigns 

 Aircraft rented by other company: colour does not match with call sign. 

Frequency 

Category Very rare – Rare 

Explanation 

Duplicate callsigns may happen, but rarely. [NE] 

This frequency is excluding the case of callsign confusion, which is treated at another 
disturbance (see at Aircraft identity in Appendix C.7). 

Strategy 

Description 

Duplicate callsigns could be detected by the controller, through the radar display. It 
can also be detected if a different aircraft reads back, or a different aircraft executes a 

clearance, or if two aircraft try to read back. It could also be detected by a pilot, who 

may hear a conflicting instruction for his callsign, or may hear two conflicting 
instructions for another aircraft’s callsign. It may also be detected by other controllers, 

a controller assistant, or a controller of a neighbouring sector.  
 

The controllers add that there will be a new system for allocating callsigns, which may 
mitigate the problem a bit. According to the pilot, tests of this system were not very 

hopeful yet. The controllers note that there was a project to change callsigns to avoid 

misunderstanding; this has also improved the situation a bit. 
 

A strategy for avoiding callsign mix-up is as follows: if the controller knows about two 
similar or duplicate callsigns in their sector, they warn aircraft about that. They can 

also give an aircraft another callsign. [Workshop] 

Characteristics 

First detection of 
disturbance 

Controller 
Pilot 

Establish common 
ground 

Local-Ground 

Local-Air 
Ground-Air 

Strategy coordination 
Local-Ground 

Local-Air 
Ground-Air 

Level of human 
flexibility in strategy 

Low 

Strategy acquirement 
ATCo  

Training 

Strategy acquirement  
pilot 

Experience 

Explanation  

Key elements 
Ground 

Continuous evaluation of information from various sources. 
Inform pilots by R/T. 

Air Continuous evaluation of information from various sources. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 
Using a wrong aircraft identity in an instruction or clearance 

could lead to unexpected aircraft behaviour and potential 
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conflict situations. The strategy is aimed at correcting the 
errors and therefore at re-establishing a safe traffic situation. 

Capacity 

Effect Negligible 

Explanation 

Using a wrong aircraft identity in an instruction or clearance 
could lead to unexpected aircraft behaviour. The strategy is 

aimed at correcting the errors and therefore at re-establishing 

a clear traffic situation. It is estimated that capacity is not 
impacted by either the disturbance or the strategy.  

Environment 

Effect 
Negligible 

Explanation 

Using a wrong aircraft identity in an instruction or clearance 

could lead to unexpected aircraft behaviour. The strategy is 

aimed at correcting the errors and therefore at re-establishing 
a clear traffic situation. It is estimated that environment is not 

impacted by either the disturbance or the strategy. Route 
deviations are estimated to be small. Instructions for large 

route changes, aimed at another aircraft, are unlikely to be 

followed-up without confirmation by pilots. 

Costs 

Effect Negligible 

Explanation 

Using a wrong aircraft identity in an instruction or clearance 
could lead to unexpected aircraft behaviour. The strategy is 

aimed at correcting the errors and therefore at re-establishing 

a clear traffic situation. It is estimated that costs are not 
impacted by either the disturbance or the strategy. Route 

deviations are estimated to be small. Instructions for large 
route changes, aimed at another aircraft, are unlikely to be 

followed-up without confirmation by pilots. Also, delays are not 

expected. 

 

Disturbance 

Description 

Automation 
 Loss of monitoring skills (due to automation) 

 Controller role changes from controlling to monitoring. 

 Controllers getting very much used to new systems, such that it becomes hard to 

do without 

Frequency 

Category Regular 

Explanation 
The controllers work with automation and are used to those systems, every day [NE]. 

Strategy 

Description 

This may not be such a problem, it is a global issue that people become more reliant 

on automation. It is true and also very welcomed. New systems create more capacity. 
Without automation controllers would not be able to handle the current traffic loads. 
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Systems now are quite reliable and make your work easier. They are also necessary 
since the working environment is busier. 

 

An effect of automation is that there are fewer other skills to fall back on. Impact is 
that in case of system failures you may have to ask flow control to decrease the 

capacity. Safety will not be impacted since larger margins will be used. There are also 
contingency scenarios such as clear the sky. All you can do is train, and only then 

introduce a new system when it is ready. 

 
Regarding written procedures, one controller notes that there are fall-back procedures, 

but those do not touch upon the issue of getting used to new systems [MAREA]. 

Characteristics 

First detection of 
disturbance 

Controller 

Establish common 
ground 

Local-Ground 
Org-Ground 

Strategy 
coordination 

Local-Ground 

Org-Ground 

Level of human 
flexibility in strategy 

Low 

Strategy 
acquirement ATCo 

Training 

Strategy 
acquirement 

pilot 

n.a. 

Explanation 
MAREA answers are related to “Controllers getting very much 

used to new systems, such that it becomes hard to do without” 

Key elements 
Ground Additional training. 

Air n.a. 

Effects of strategy on key performance areas 

Safety 

Effect Negligible 

Explanation 

The disturbance is not “ATC system goes down” but is more on 

a strategic level: how do you prepare for it. Being aware of the 
possibility of automation failures and training of controllers is 

the strategy. This strategy does not directly impact the actual 

level of safety of an operation. 

Capacity 

Effect Negligible 

Explanation 

The disturbance is not “ATC system goes down” but is more on 

a strategic level: how do you prepare for it. Being aware of the 
possibility of automation failures and training of controllers is 

the strategy. This strategy does not directly impact airspace or 
airport capacity. 

Environment 

Effect 
Negligible 

Explanation 

The disturbance is not “ATC system goes down” but is more on 
a strategic level: how do you prepare for it. Being aware of the 

possibility of automation failures and training of controllers is 
the strategy. This strategy does not directly impact the 

environment. 

Costs 

Effect Negligible 

Explanation 
The disturbance is not “ATC system goes down” but is more on 

a strategic level: how do you prepare for it. Being aware of the 
possibility of automation failures and training of controllers is 
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the strategy. This strategy does not directly impact costs. 

 

Disturbance 

Description 

Controller incapacitation 

 Controller performance is affected due to alcohol, drugs or medication 

 Controller is fatigued and sleepy (e.g. due to short breaks, small workforce, long 
hours) 

Frequency 

Category Very rare - Occasionally 

Explanation 
Affected performance due to alcohol and drugs is estimated to be Very Rare. 
Controllers being fatigued and sleepy is quite more common, and the frequency is 

estimated to be Occasionally.  

Strategy 

Description 

Some ATCos need medication, e.g. for hay fever, but most don’t take them when on 

duty. Awareness about medication is high. An ATCo knows for himself if he is fit to 

work or not, e.g. if he has the flu, has a cold, has been up late due to children being 
up late. In such cases, the ATCo may tell a colleague to change positions to an easier 

control position, such as delivery. And he would contact colleagues on stand-by. There 
is an aviation doctor to talk to about effects of medication. It may happen that you are 

not fit to work but are pressured by management to come anyway. Alcohol abuse 

would add to workload for the team; you would be removed, there are medical checks 
on alcohol and drugs, once a year and by surprise. [MAREA] 

 
Controllers mention that fatigue is a bigger a problem than alcohol and drugs. Factors 

could be issues at home, a new-born baby, irregular shifts, minimum rest time 
between shifts. Minimum rest times are regulated through contracts, but they 

generally lead to irregular hours. The situation has the biggest impact during low 

workload. If there is suddenly a lot of traffic then you are alert at once. Traffic works 
as a cup of coffee, but it works only for a limited time. Burnout is a strategic issue to 

ATCos. Longer term fatigue is more of a problem, since people adapt, and cannot call 
in sick every day. Detection is if there are many absences due to illness. Calling in sick 

is culture dependent. [MAREA] 

 
The first to detect this would be another controller. The executive and the planning 

controller sit together, so they would be able to detect immediately if there is a 
problem with their colleague. The data coordinator/supervisor may also detect stress 

more easily than you would yourself: if a controller’s voice is getting louder that is a 
sign of stress [Workshop]. Abnormal behaviour will be detected at once by colleagues 

and peer pressure. All controllers have regular competency assessments by colleagues. 

The supervisor also plays a role in detection. A confidant will be contacted. [MAREA] 
 

When rush hour lasts very long, the executive and the planner controller may change 
positions to deal with fatigue. There is also a team planner to change positions with. 

At certain ATC centres the controllers can also shift working times in a flexible way; 

the supervisor decides on this, and takes into account the level of experience of the 
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controllers in planning their shifts. Splitting sectors can also help, or longer breaks 
during nights, another sector configuration. And controllers have to get medical check-

up yearly. [Workshop] Close colleagues will be the typical safety net for fatigue or 

medication, there is a rather good social net, but it is not always detectable. At some 
companies, the supervisor does not make a strict planning; the ATCos have their own 

responsibility to take sufficient breaks. This also makes the system more resilient in 
case of sudden need of more controllers. At other organisations, there is always a 

problem with work force. There are many changes, many hours, many days in a row. 

You work more to earn more. Effect of fatigue that you do your job less well, that you 
would be less confident in your work. For example, have a lot of doubts, double-check 

a lot. This is less easily detectable than alcohol or drugs. [MAREA] 
 

Regarding written procedures for medication, there is a limit to blood alcohol level, and 
medication is highly regulated (although one controller indicated that he once asked 

for a list of forbidden medication, but did not get it). Regarding fatigue, there are no 

written procedures, and this could be improved. For example, in some countries it is 
established to have a day off (paid) after a night shift. A debate going on about rest 

time regulations. [MAREA] 

Characteristics 

First detection of 
disturbance 

Controller 

Establish common 
ground 

Local-Ground 

Strategy 
coordination 

Local-Ground 

Org-Ground 

Level of human 
flexibility in strategy 

Medium 

Strategy 
acquirement ATCo 

Experience 

Strategy 
acquirement 

pilot 

n.a. 

Explanation  

Key elements 
Ground 

Fatigue risk management programme. 

Assessment of operator functional state by controllers or 
supervisor. 

Air n.a. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 

The strategy for fatigued controllers is on a tactical level to 

replace them or help them during large workload and on a 
strategic level by making sure that shifts are not too long, and 

by making a good planning. This avoids mistakes during the 
shifts, and this reduces the probability of an accident or 

incident. 

Capacity 

Effect Negligible 

Explanation 

Controllers, whether they are fatigued or not, have to deal with 

a certain capacity. It is not likely that the capacity is 
downgraded because a controller is fatigued. Therefore it is 

estimated that the strategy has a Negligible effect on capacity. 

Environment 
Effect 

Small positive 

Explanation Controllers, whether they are fatigued or not, have to deal with 
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a certain traffic situation. It could be that fatigued controllers 
are less alert and that they handle traffic less efficiently, which 

could result in a negative effect on the environment. The 

strategy then aims at resolving this, such that the strategy is 
estimated to have a small positive effect on the environment. 

Costs 

Effect Small positive 

Explanation 

Controllers, whether they are fatigued or not, have to deal with 
a certain traffic situation. It could be that fatigued controllers 

are less alert and that they handle traffic less efficiently. The 
strategy then aims at resolving this, such that the strategy is 

estimated to have a small positive effect on costs. 

 

Disturbance 

Description 
Distraction 

 Controller is distracted by visitors in ATC centre 

Frequency 

Category Rare 

Explanation 
This disturbance may happen, especially at low-density airports, or if VIPs come and 

take a visit. However, it is not a common situation and the frequency is rare. 

Strategy 

Description 
If there are visitors that are distracting, the controller may ask them to keep the noise 
down, or leave. Point out that safety is at risk. In the case of VIPs he could ask this in 

a polite way. 

Characteristics 

First detection of 
disturbance 

Controller 

Establish common 
ground 

Local-Ground 

Strategy coordination 
Local-Ground 

Org-Ground 

Level of human 
flexibility in strategy 

Low 

Strategy acquirement 
ATCo  

Creativity 

Strategy acquirement  
pilot 

n.a. 

Explanation  

Key elements 
Ground Try to reduce the source of distraction. 

Air 
n.a. 

Effects of strategy on key performance areas 
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Safety 

Effect Negligible 

Explanation 
Distracting visitors are not expected to actually induce 

deviations or incidents, and the effect of the strategy is 

therefore assessed as Negligible. 

Capacity 
Effect Negligible 

Explanation  

Environment 
Effect 

Negligible 

Explanation  

Costs 
Effect Negligible 

Explanation  

 

Disturbance 

Description 
Evacuation 

 Evacuation of ATC centre (e.g. fire alarm) 

Frequency 

Category Very rare 

Explanation 
At some locations, the frequency of an earthquake occurring is once in ten years 
[Workshop]. At most other locations, it is even less. Fire alarms may happen more 

often, but overall, this disturbance is estimated to occur very rarely. [NE] 

Strategy 

Description 

The strategy is to use the contingency plan. However, due to the low frequency of 

occurrence of the disturbance, it has never been tested in real life, hence it remains a 
theoretical plan. If the runways or ATC centre are harmed by an earthquake 

everything stops. [Workshop] The traffic will have to be diverted to other sectors and 

airports. [NE]  

Characteristics 

First detection of 
disturbance 

Controller 

Other 

Establish common 
ground 

Local-Ground 

Strategy coordination 

Local-ground 

Global-Ground 
Ground-Air 

Other 

Level of human 
flexibility in strategy 

High 

Strategy acquirement 
ATCo  

Training  
Creativity 

Strategy acquirement  
pilot 

Training 

Explanation  
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Key elements 
Ground 

Close airspace. 
Divert aircraft. 

Air n.a. 

Effects of strategy on key performance areas 

Safety 

Effect Large positive 

Explanation 
Since ATC can be no longer effectively provided, diverting 

flights may be essential for their safety. 

Capacity 

Effect Large negative 

Explanation 
In case of an evacuation, all traffic will need to be diverted to 

other sectors, which will have a large effect on capacity 

Environment 

Effect 
Large negative 

Explanation 
In case of an evacuation, all traffic will need to be diverted to 

other sectors, which will have a large effect on environment 

Costs 

Effect Large negative 

Explanation 
In case of an evacuation, all traffic will need to be diverted to 
other sectors, which will have a large effect on costs 

 

Disturbance 

Description 
False failure report 
 A failure is reported which is actually not a failure 

Frequency 

Category Very rare 

Explanation 

False impressions of system malfunctioning may be caused by misunderstanding of the 

system. It is expected that mostly such misunderstandings are solved by interaction 
with other controllers before a report is filed, such that false failure reports are very 

rare. [NE] 

Strategy 

Description 

A false failure report may be detected at a second stage by the controller who 

specified the report, by other controllers, or by a technician who has become involved.  
 

A strategy to avoid false failure reports is additional training for the system involved, 

such that misunderstandings about its functioning are avoided. [NE] 

Characteristics 

First detection of 
disturbance 

Controller 

Other 

Establish common 
ground 

Local-Ground 
Org-Ground 

Strategy coordination Org-Ground 

Level of human 
flexibility in strategy 

Medium 
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Strategy acquirement 
ATCo  

Experience 

Strategy acquirement  
pilot 

n.a. 

Explanation  

Key elements 
Ground Additional training. 

Air 
n.a. 

Effects of strategy on key performance areas 

Safety 
Effect Negligible 

Explanation  

Capacity 
Effect Negligible 

Explanation  

Environment 
Effect 

Negligible 

Explanation  

Costs 
Effect Negligible 

Explanation  

 

Disturbance 

Description 

Organisation & workforce 

 High controller workload due to shortage of controllers 

 Reorganisation at an ATC centre (e.g. removing assistant) leads to problems, e.g. 

higher workload of controller 
 Controller is frustrated with employer 

 Capacity of older controllers is lower (e.g. more affected by changing shifts) 

 Controller not happy with working side by side with another controller and having 

to split up the work he used to do alone in old situation 

 Strikes 

 Insufficient capacity of an ATC centre due to strike or illness 

Frequency 

Category Very Rare - Regular 

Explanation 

The frequency of occurrence of this disturbance depends on the example. For 

example, controller not happy with other controller occurs regularly. At some 
organisations, working teams are fixed in number. Changes, e.g. a controller being 

away on training, will therefore affect the workload, but there are no spare controllers 

to fill in gaps [Workshop]. Reorganisations and strikes are estimated to occur 
occasionally to regularly, depending on the organisation [NE]. 

Strategy 
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Description 

A strategy to deal with this disturbance is to change shifts. In case of a controller not 
being happy with other controller, the strategy is to talk with the supervisor and with 

each other, and try to work it out. If a controller has too few experienced colleagues 

then he can ask the unit chief to change their shift. In case of high workload due to 
shortage of controllers/staff, you could also reduce capacity if necessary. Or request to 

add an extra controller to the team or change the configuration of the sector, or 
shorter breaks. There are also coordination meetings to discuss and deal with regular 

problems such as team shifts and sector sizes. The supervisor plays an important role 

here. Annual holidays are planned by supervisors and ATC management according to 
traffic demand and number of available controllers [Workshop]. 

 
Illness can be handled on short notice, by using slot restrictions and capacity 

restrictions. If 2 or 3 persons are ill then all ATCos on stand-by need to come to work. 
It is noted that a sector is never flagged red due to illness. Insufficient controller 

capacity is always a bit of a problem, it may even be dangerous. For example when 

there is a thunderstorm in the sector. Controllers can suddenly be faced with a lot of 
aircraft, which can not land as scheduled. Holding patterns can get full, which is a 

tense situation. Strike and illness situations may also occur, and the effect is similar. 
Someone in flow management with a strong character needs to decide that we need 

to decrease capacity, and start keeping aircraft on the ground. With strikes there are 

no real solutions, except restrict the airspace. Flow management procedures are stated 
throughout Europe, i.e. manage capacity to avoid overload. [MAREA] 

Characteristics 

First detection of 
disturbance 

Controller 
Other 

Establish common 
ground 

Local-Ground 

Global-Ground 
Org-Ground 

Strategy 
coordination 

Local-Ground 

Global-Ground 
Org-Ground 

Level of human 
flexibility in strategy 

Large 

Strategy 
acquirement ATCo 

Training 

Strategy 
acquirement 

pilot 

n.a. 

Explanation 
The MAREA answer relates to “Insufficient capacity of an ATC 
centre due to strike or illness”. 

Key elements 
Ground 

Restrict air traffic flow. 

Workload management. 

Air n.a. 

Effects of strategy on key performance areas 

Safety 

Effect Negligible 

Explanation 

The strategy focuses on maintaining safety, e.g. by changing 

shifts, or by reducing capacity, such that traffic can be 

controlled safely. It is estimated that this means that the level 
with and without the strategy is similar. 

Capacity 

Effect Large negative 

Explanation 
One of the possible strategies to counter illness, or strikes, or 
an insufficient number of controllers is to reduce capacity. This 

can have consequences for many aircraft for a larger period of 
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time. 

Environment 

Effect 
Large negative 

Explanation 

One of the possible strategies to counter illness, or strikes, or 

an insufficient number of controllers is to reduce capacity. This 
could mean that aircraft have to hold and fly additional miles. 

This can have consequences for many aircraft for a larger 
period of time. 

Costs 

Effect Large negative 

Explanation 

One of the possible strategies to counter illness, or strikes, or 
an insufficient number of controllers is to reduce capacity. This 

could mean that aircraft have to hold and fly additional miles, 
resulting also in delays. This can have consequences for many 

aircraft for a larger period of time. 

 

Disturbance 

Description 

Training & experience 
 Controller has little experience with fall-back options in ATC procedures (e.g. in 

case of bad weather, system failure) 
 Controller insufficiently trained for new concept / procedures 
 Controller is not well trained 
 Controller has little experience in degraded modes (when technical systems fail) 
 Contingency procedures have not been trained by controller 

Frequency 

Category Rare 

Explanation 

A frequency estimate is difficult to give: all controllers are trained. But sometimes they 

are good during training and may be disappointing in real life. New colleagues need 
time to be trained, also on the job, say 5 years. Controlling traffic is more a skill than 

something that can be trained. You need experience [Workshop]. 

The frequency is estimated as Rare, because controllers are trained, also on the job. 

Training could be “insufficient”, or there is a lack of experience, in case there are 
extraordinary operational situations, or new concepts or procedures [NE]. 

Strategy 

Description 

The situation of not being trained enough is detected during additional training 

[MAREA]. 
 

There are rules only for the extreme cases of system failures, e.g. radar out, then clear 
the sky. Effects of technical failures are not always clear. If something fails you may 

not always know to what level you can still work. New systems, e.g. 4D trajectory 
operations, will get controllers to a point where fall back options are very hard to even 

think of. Dealing with degradations and some emergencies are part of training, but 

reality is always different due to the added tension and emotions. Since real 
emergencies never happen, nobody has experience with them. You just do your best 
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and hope for luck. During a non-normal situation, a controller reacts slower than 
normal, is more nervous, gets anxious. The normal work gets harder. Unexpected 

things may happen and therefore, a controller has to put more attention to all 

communications, and not expect to get something for granted. Therefore, controllers 
have to work on instinct, and coordinate a lot and performance decreases. [MAREA] 

 
A strategy would be to have inexperienced controllers work together with experienced 

controllers/OJTI (On-the-Job-Training Instructor) /Supervisor. Controllers can also be 

trained for stress situations. The Unit Training Plan must be followed and executed 
[Workshop]. Controllers have no time to check a procedure manually. In case of 

system failure, the supervisor will tell everyone how to work in this case. Crisis-training 
partially helps.  [MAREA]. 

 
For extreme cases there are procedures (clear the sky). For minor failures there are no 

procedures. And there are few written procedures on how system failures affect your 

work [MAREA]. 

Characteristics 

First detection of 
disturbance 

Controller 

Establish common 
ground 

Local-Ground 
Org-Ground 

Strategy 
coordination 

Local-Ground 
Org-Ground 

Level of human 
flexibility in strategy 

Medium 

Strategy 
acquirement ATCo 

Experience 

Strategy 
acquirement 

pilot 

Experience 

Explanation 
MAREA answer relates to the example “Controller has little 

experience with fall-back options in ATC procedures (e.g. in 
case of bad weather, system failure)”. 

Key elements 
Ground Additional training. 

Air n.a. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 

Additional training will help a controller in dealing with non-
nominal situations. These situations are never good for safety 

so additional training will support improving the level of safety 

at that moment. Because controllers already are trained, the 
effect is estimated as small positive. 

Capacity 

Effect Small positive 

Explanation 

The strategy of additional training supports the controller in 

better handling traffic in non-nominal situations. This also 

means that they are able to better handle traffic in those 
situations and that they are more able to maintain capacity as 

long as possible. Because controllers already are trained, the 
effect is estimated as small. 

Environment 
Effect Small positive 

Explanation 
The strategy of additional training supports the controller in 
better handling traffic in non-nominal situations. This also 
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means that they are able to better handle traffic and that they 
will require less reroutings, delays, holdings etc. Because 

controllers already are trained, the effect on the environment is 

estimated as small. 

Costs 

Effect Small positive 

Explanation 

The strategy of additional training supports the controller in 

better handling traffic in non-nominal situations. This also 
means that they are able to better handle traffic and that they 

will require less reroutings, delays, holdings etc. Because 
controllers already are trained, the effect on costs is estimated 

as small. 

 

Disturbance 

Description 

Workload 
 Controller is overloaded with information 
 Increase in communication load 
 Large workload of controller 
 Controller is bored and has low vigilance due to low workload 
 Large variation in workload 

Frequency 

Category Occasionally - Regular 

Explanation 

One controller replied that this situation happens more often than he would like. 

Another one added that quite often, weather is an important factor, particularly CBs 
are a big variable in the system. In 90% of cases, CBs are the problem, and many 

headings need to be given, traffic flow is unpredictable, so there are conflicts. 

Everybody has great respect for CB sessions. Flight plan non-adherences (RFL) can 
also lead to overload [MAREA]. 

It depends on the airport and on the type of traffic that is handled by controllers how 
often an overload occurs. If there are peak hours during the day, this could be daily. 

Therefore, the frequency is estimated to be Occasionally – Regular [NE]. 

Strategy 

Description 

Controllers should be able to recognize a high workload. It is hard to detect precisely; 

some controllers have better self-judgement than others. But self-judgement is 

trained: you need to be aware of it. Pilots could detect a high controller workload 
through the controller talking fast, or having anxiety in his voice. Also a high R/T load 

is an indicator of large workload of controller. [MAREA] 

In case of large workload, the ATCo will be more alert, and have lower tolerance for 

things that don’t go right (such as a pilot who does not respond immediately). 
Keenness increases. The ATCo is able to block out distractions such as colleagues who 

are chatting. This would grow into a bit of a tunnel vision. The ATCo will be harder to 

reach by colleagues. The impact will be that the ATCo will fall back to known 
securities, and build in additional margins. There will be more focus on safety, less on 
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efficiency and environment. Events will typically happen not during, but after a period 
of large workload. The ATCo work style shifts from planning to reactive mode. In case 

of frequency saturation during high workload, you give simple instructions, not 

complex ones; you prioritize. And you don’t do e.g. ATIS calls, MET info and 
paperwork. In case of flight plan non-adherences, you try to give less convenience 

service. [MAREA] 

The controller needs a great concentration, and that works for only a limited time in a 

row (e.g. after 20-30 minutes of high concentration you need a rest). The impact is 

that you ask for help. Otherwise it goes wrong. [MAREA] 

The controller constructs barriers to protect yourself. For example, by working as safe 

as possible, increase separation to 8 or 9 NM. This would give you more time to act if 
anything goes wrong. You would coordinate this with other sectors. For example, 

arrange to skip flights through your sector, by making them fly direct-to’s or at other 
altitudes through neighbouring sectors. If a pilot asks for a weather report, you ask 

the next sector to provide it. You do what you can, and do things as fast as possible. 

You do take care not to miss communications with pilots. If you miss such 
communication then everybody, including other sectors, gets into trouble. [MAREA] 

Regarding written procedures, one controller replied that there are no specific 
procedures. Another controller replied that the ATCo sector team has a system 

function that enables them to flag a sector as yellow or red, which represent different 

states of sector overload. In case of red, colleagues help each other out; the 
supervisor may also help out. Red should not happen and is only given in special 

cases. Yellow happens a lot. Flagging as yellow helps to reduce the traffic. If a sector 
is flagged yellow, controllers will stop sending additional traffic or “write up” requested 

cruising levels. If a sector is red for long time, a saturation report is made. Flight plan 
inadherences are also analysed in these cases. It has also been noted that if you 

expect heavy traffic you use “level capping”: traffic is asked to stay at a lower level. 

This is not really a procedure, but it is a useful tool. The supervisor or flow 
management will deal with this. There are also standing agreements with other ACCs, 

e.g. certain traffic has to remain below a certain flight level otherwise we get 
overloaded. If you are not sure, then you ask another sector if they accept additional 

flights on their flight level. [MAREA] 

Pilots deal with a high controller workload by focusing on proper R/T, only give 
essential information, skip the “Good morning!”. The pilot would try to operate in a 

way that is as standard as possible. What would help is clear procedures that do not 
change a lot. An example of a procedure that is not clear is if you get an approach 

clearance up to a certain point, but with no indication of which runway to land on. If 

there is a choice of multiple runways, this is annoying. For pilots, there are no written 
procedures that address this situation. [MAREA] 

Characteristics 

First detection of 
disturbance 

Controller 
Pilot 

Establish common 
ground 

Local-Air 

Local-Ground 
Strategy 

coordination 
Local-Ground 

Level of human 
flexibility in strategy 

Medium 

Strategy 
acquirement ATCo 

Training 

Strategy 
acquirement 

pilot 

Experience 
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Explanation 
MAREA answers are related to the example “Large workload of 
controller”. 

Key elements 
Ground 

Coordinate with other controllers. 

Workload management. 

Air Use necessary R/T only. 

Effects of strategy on key performance areas 

Safety 

Effect Negligible 

Explanation 

As stated by controllers, if the workload is high, the focus is 
even more on safety. However, safety always is and should be 

the focus of air traffic control. Therefore, the strategy is 
estimated to have a Negligible impact. 

Capacity 

Effect Small negative 

Explanation 

As stated by controllers, if the workload is high, the focus is 
even more on safety and less on efficiency and environment, 

and larger margins are built in. This means that this has a 
negative impact on capacity. The effect is estimated to be 

small because this high workload does not take very long 

period of time. 

Environment 

Effect Small negative 

Explanation 

As stated by controllers, if the workload is high, the focus is 

even more on safety and less on efficiency and environment, 
and larger margins are built in. This means that this has a 

negative impact on the environment. The effect is estimated to 
be small because this high workload does not take very long 

period of time. 

Costs 

Effect Small negative 

Explanation 

As stated by controllers, if the workload is high, the focus is 

even more on safety and less on efficiency and environment, 
and larger margins are built in. This means that this has a 

negative impact on costs. The effect is estimated to be small 

because this high workload does not take very long period of 
time. 

C.10 Delay 

Disturbance 

Description 

Delay 
 Delays lead to last minute re-routeing and no up-to-date flight plan 

 Cabin ready not received from cabin crew 

 Missing passenger, aircraft has to wait or return to the gate 

Frequency 

Category Regular 
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Explanation 

Delays regularly occur, and tend to propagate through the system. Reasons for delays 
include bad weather (thunderstorms, CBs), delayed connecting flights, air traffic 

control problems, aircraft maintenance issues, airlines scheduling more arrivals into an 

airport than can be physically handled, delays elsewhere causing groups of aircraft 
that would otherwise be separated in time to arrive simultaneously, and passengers 

being late. Often there is a common cause, e.g. a weather situation that requires de-
icing, that results in multiple aircraft being delayed. In such case, it may take several 

hours or the whole day to get back to undelayed operations. [NE] 

Strategy 

Description 

Delays can be quite disruptive. Aircraft may need to be delayed in the air by holding 

over specified locations until they may be safely sequenced to the runway. Other 

aircraft could be given direct-to’s. If possible, aircraft are kept on the ground at their 
departure airport in order to avoid airborne delays at their destination, or may reduce 

speed in flight and proceed more slowly thus significantly reducing the amount of 
holding. Usually, a lot of coordination between controllers is required. Delays increase 

ATC workload. 

 
For pilots, the strategy is to follow ATC instructions, and to restrict the communication 

with ATC to necessary communication only. [NE] 

Characteristics 

First detection of 
disturbance 

Controller 

Pilot 

Establish common 
ground 

Local-Ground 
Ground-Air 

Strategy coordination 

Local-Ground 

Global-Ground 
Ground-Air 

Org-Air 

Level of human 
flexibility in strategy 

Medium 

Strategy acquirement 
ATCo  

Training 

Experience 
 

Strategy acquirement  
pilot 

Training 

Explanation  

Key elements 

Ground 
Adapt route. 

Hold aircraft. 

Air 
Follow ATC route and speed instructions. 

Use necessary R/T only. 

Effects of strategy on key performance areas 

Safety 

Effect Negligible 

Explanation 
The strategy is to try to reduce further delay while maintaining 

safety. Therefore the effect on safety of this strategy is 

negligible. 

Capacity 

Effect Small positive 

Explanation 

The strategy is to try to reduce delays and try to avoid the 

further propagation of delays through the system. This will 
have a positive effect on capacity, but there is only so much 

that ATC can do. 



 
D1.2 The human contribution 

 

Page 213 of 302 

 

Environment 

Effect 
Small positive 

Explanation 
The overall strategy to reduce delays will have a positive effect 

on environment. 

Costs 

Effect Small positive 

Explanation 
The overall strategy to reduce delays will have a positive effect 

on costs. 

C.11 Flight performance 

Disturbance 

Description 

Aircraft performance limitation 
 Aircraft cannot perform requested manoeuvre, since it is over its performance 

limits 
 Aircraft flies near its envelope extremes 
 Aircraft is in a wrong mode for a particular action 

Frequency 

Category Regular 

Explanation 

According to the pilot, the frequency of occurrence of this disturbance is occasional to 
often, e.g. once every 10 flights, dependent on weight and airplane type. It may also 

occur that some procedure designs are outside airplane performance limits, e.g. some 

STARs (Standard Arrival Routes) [Workshop]. 
The frequency is estimated to be Regular [NE]. 

Strategy 

Description 

Detection of the disturbance is by controller and pilots. For both, this is part of basic 
training and on the job training (experience). [Workshop] 
To deal with the disturbance, the pilot would inform ATC if they cannot comply. If ATC 
requests a manoeuvre that the pilots can comply, they would comply, even if it costs 

more fuel. If an aircraft cannot comply with an ATC manoeuvre, the controller would 

change the plan, e.g. change the sequence. The last decision is always the pilot’s. If a 
controller’s clearance is not possible or not suitable, the pilot requests a new clearance 

from ATC. This is a basic rule of air traffic. Controllers must have good knowledge 
about aircraft performances and some basic knowledge about flying. Before giving an 

unusual or compulsory clearance, the controller can inform the pilot in advance about 

the plan, sequence or expected action. [Workshop] 
 

Normally, the controller should be aware of what he can ask an aircraft to do. It is 
even mandatory for a controller to know the performance limits of aircraft. Especially 

in case of separation issues, the controller needs to make sure of the performance of 
an aircraft beforehand by asking the pilot. But if the controller asks the pilot for a 

manoeuvre outside performance limits, the pilot will tell the controller, or the controller 

will see on the radar display if the aircraft does not meet the instruction. Usually this 
situation is not a problem since he sees how the aircraft reacts. It just needs good 

timing, anticipation, planning. Usually, there are several alternative solutions like 
modifying a sequence or changing priorities. The controller would give new 
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instructions and would never force the pilots to do something they cannot do. There 
will be additional workload for the controller. [MAREA] 

 
A pilot could detect this in advance of the manoeuvre, or in hindsight, by observing 
that the aircraft performance is insufficient. The pilot would either accept the deviation 

(especially if the deviation is small), or notify ATC of the performance limit. Requests 
that could be a problem include a request to maintain a particular approach speed to 

provide separation with a follower aircraft; this could lead to a too high speed on 

approach. Other problematic requests include tight turns for heavy aircraft, too steep 
climbs to high altitude, and too rapid deceleration or acceleration. [MAREA] 

 
Regarding written procedures, controllers mention that there are no procedures for 

specific situations, but dealing with this is part of the normal modes of operation. A 

pilot indicated that in principle, the procedure is to “adhere to ATC clearance, unless...” 
[MAREA]. 

Characteristics 

First detection of 
disturbance 

Controller 
Pilot 

Establish common 
ground 

Local-Air 

Ground-Air 
Strategy 

coordination 
Local-Ground 
Ground-Air 

Level of human 
flexibility in strategy 

Low 

Strategy 
acquirement ATCo 

Training 

Strategy 
acquirement pilot 

Training 

Explanation 
The MAREA answers are related to the example “Aircraft 

cannot perform requested manoeuvre, since it is over its 
performance limits”. 

Key elements 
Ground Adapt instruction following feedback from pilots. 

Air 
Inform ATC about the status. 
Inform ATC about the inconsistency. 

Effects of strategy on key performance areas 

Safety 

Effect Negligible 

Explanation 

The disturbance can be easily detected by both pilot and 

controller, and the strategy is mainly additional communication 

between controller and pilot and giving alternative controller 
instructions. It is estimated that the accident probability will 

not change much because of the strategy because the 
controller already accounts for aircraft performance in his initial 

instructions. 

Capacity 

Effect Negligible 

Explanation 

The strategy could be to correct a deviation by giving 

alternative instructions. This normally is for one aircraft only 
and corrections are estimated to be relative small. Therefore 

the effect on capacity is estimated to be negligible. 

Environment 

Effect Negligible 

Explanation 
The strategy could be to correct a deviation by giving 

alternative instructions. This normally is for one aircraft only 
and corrections are estimated to be relative small. Therefore 
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the effect on the environment is estimated to be negligible. 

Costs 

Effect Negligible 

Explanation 

The strategy could be to correct a deviation by giving 

alternative instructions. This normally is for one aircraft only 
and corrections are estimated to be relative small. Therefore 

the effect on costs is estimated to be negligible. 

 

Disturbance 

Description 
Extreme movements 

 Passenger comfort during flight (e.g. aircraft turns, speed variations, turbulence) 

Frequency 

Category Regular 

Explanation 

Even though some passengers would say to be never comfortable during any flight, 

reduced comfort due to extreme movements such as turbulence or hard landings still 
happens more often than once in 100 flights, i.e. regularly. [NE] 

Strategy 

Description 

This disturbance is detected first by pilots, cabin crew and passengers. Controllers 

would not detect extreme movements first.  
 

Controllers can avoid extreme movements by giving instructions well in advance, and 
by giving current weather information. Pilots can avoid extreme movements by taking 

easy turns, making soft landings, and avoiding CBs where possible. Pilots can also give 
information to passengers if extreme movements are expected. [NE] 

Characteristics 

First detection of 
disturbance 

Pilot 

Other 

Establish common 
ground 

Local-Air 
Ground-Air 

Other 

Strategy coordination 
Local-Air 

Ground-Air 

Other 

Level of human 
flexibility in strategy 

Low 

Strategy acquirement 
ATCo  

Training 

Strategy acquirement  
pilot 

Training 

Explanation  

Key elements 

Ground Avoid instructions for sudden movements. 

Air 
Avoid extreme movements. 

Inform passengers about extreme movements. 
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Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 
The strategy to avoid passenger discomfort usually also has a 

positive impact on safety. 

Capacity 

Effect Small negative 

Explanation 
Avoiding CBs could have a large negative effect on capacity, 

but other parts of this strategy have a minor effect. 

Environment 

Effect 
Small negative 

Explanation 
Avoiding CBs could have a large negative effect on 

environment, but other parts of this strategy have a minor 
effect. 

Costs 

Effect Small negative 

Explanation 
Avoiding CBs could have a large negative effect on costs, but 
other parts of this strategy have a minor effect. 

 

Disturbance 

Description 
Fuel shortage 
 Fuel shortage 

Frequency 

Category Rare 

Explanation 

One pilot estimates that being ‘uncomfortably short on fuel’ does happen occasionally; 
however, this would not be an issue for ATC, so they won’t know about it. The 

controllers estimate the occurrence at once per day. The pilot estimates being 
‘emergency short on fuel’ as very low; he never experienced it himself. The controllers 

estimate the occurrence at once a year at a large European airport. This also depends 

on weather [Workshop]. 
Considering the occurrence of an aircraft being ‘emergency short on fuel’, the 

frequency is estimated to be Rare [NE]. 

Strategy 

Description 

The pilots would be the first to detect. There are fixed procedures for this. The pilot 

has set rules for doing certain things in case of diversion-low, 10-minute-low, etc. He 
would also inform ATC, and ATC would then inform other units if necessary. The 

controllers note that ATC have procedures, but not enough, because pilot and ATC 

procedures are not compatible. There is no procedural coordination, and they don’t 
use the same language. The pilot also notes that at some airports, an airline may ask 

ATC to give priority to their aircraft in order to save fuel. However, this is not a formal 
procedure. [Workshop] 

Characteristics 
First detection of 

disturbance 
Pilot 

Establish common Local-Air 
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ground 

Strategy 
coordination 

Local-Air 
Ground-Air 
Local-Ground 
Global-Ground 

Org-Air 
Level of human 

flexibility in strategy 
Medium 

Strategy 
acquirement ATCo 

Training 

Strategy 
acquirement 

pilot 

Training 

Explanation  

Key elements 
Ground 

Follow emergency procedures. 
Give priority to flight. 

Air 
Declare emergency short on fuel. 

Ask for priority. 

Effects of strategy on key performance areas 

Safety 

Effect Large positive 

Explanation 

If an aircraft is low on fuel (emergency), it has to get priority 
to make sure that it is able to land safely. The strategy will be 

focused on that. This means that the accident probability is 
reduced by the strategy. 

Capacity 

Effect Negligible 

Explanation 
One aircraft will get priority. This could lead to resequencing of 
other aircraft and potentially minor delays. However, it is 

estimated that the capacity will not be affected. 

Environment 

Effect Small negative 

Explanation 
One aircraft will get priority. This could lead to resequencing of 

other aircraft and potentially minor delays. It is estimated that 
this has a small negative effect on the environment. 

Costs 

Effect Small negative 

Explanation 
One aircraft will get priority. This could lead to resequencing of 
other aircraft and potentially minor delays. It is estimated that 

this has a small negative effect on costs. 

 

Disturbance 

Description 

Uncommanded movements 
 Uncommanded roll occurrences 
 Uncontrolled aircraft 

Frequency 



 
D1.2 The human contribution 

 

Page 218 of 302 

 

Category Very Rare - Rare 

Explanation 

One controller mentioned that he has not seen this, but knows about an occurrence in 
a neighbouring sector. Another controller estimated this to happen rarely. Uncontrolled 

aircraft does not occur, except in acts of terrorism, or contingency; but terrorism does 
not occur [Workshop]. 
 

In case an uncontrolled aircraft is interpreted as a situation in which the pilot still could 
regain control, the frequency is estimated to be Rare. 

Strategy 

Description 

The controller would detect by visual view or by radar that the aircraft performs 
differently than expected. The impact would be anxiety. You wonder what the problem 

is, or what the intentions are. He would ask the pilot for his intentions. And he would 
inform other pilots about the intentions of the aircraft. The ATCo would try to make it 

easier for the pilot in trouble. Otherwise, for a controller there is not much that can be 

done for an uncontrolled aircraft.[MAREA] 

 
In case of loss of control, the aircraft is not under control of the crew. The obvious 
solution would be to regain control. This situation might be due to engine failure, or by 

de-icing fluid reaching the steering wheel cables, which are subsequently frozen over 

[MAREA]. 

 
For controllers there are no written procedures that address this situation. For pilots, in 
the case of loss of control, there are ‘upset recovery procedures’ [MAREA]. 

Characteristics 

First detection of 
disturbance 

Pilot 

Establish common 
ground 

Local-Air 
Ground-Air 

Strategy 
coordination 

Local-Air 
Local-Ground 
Ground-Air 

Level of human 
flexibility in strategy 

High 

Strategy 
acquirement ATCo 

Training 

Creativity 
Strategy 

acquirement pilot 
Training 

Creativity 

Explanation 
MAREA answers are related to the example “Uncontrolled 
aircraft”. 

Key elements 
Ground Give priority to flight. 

Air 
Follow upset recovery procedures.  
Follow procedures for system failures. 

Effects of strategy on key performance areas 

Safety 

Effect Large positive 

Explanation 
Every recovery strategy that aims to avoid an uncontrolled 
aircraft of having an accident will have a large positive effect 

on safety.  

Capacity Effect Negligible 
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Explanation 
Assuming that the strategy mainly is to bring an uncontrolled 
aircraft under control again is a very “local activity”. Therefore 

it is estimated to have no effect on capacity. 

Environment 

Effect Negligible 

Explanation 

Whether regaining control of an uncontrolled aircraft has an 

impact on the environment depends on the specific situation, 

where it happens and if rerouting is necessary, or if additional 
miles are required or even fewer than planned. Therefore, on 

average it is estimated that the strategy has a negligible effect 
on the environment. 

Costs 

Effect Negligible 

Explanation 

Whether regaining control of an uncontrolled aircraft has an 
impact on the environment depends on the specific situation, 

where it happens and if rerouting is necessary, or if additional 
miles are required or even fewer than planned. Therefore, on 

average it is estimated that the strategy has a negligible effect 

on costs. 

 

Disturbance 

Description 
Wrong direction 
 Pilot flies in wrong direction in hold pattern on dual track route 

Frequency 

Category Very rare 

Explanation 
The frequency of this event occurring is estimated to be very rare. [NE] 

Strategy 

Description 

This disturbance would be first detected by the controller, through radar display. He 
would then contact the pilot and give a new instruction. The situation is potentially 

very dangerous since in holding typically there is other traffic in the neighbourhood. 
 

Pilots can avoid this situation by good flight preparation and closely listening to ATC 
instructions. [NE] 

Characteristics 

First detection of 
disturbance 

Controller 

Establish common 
ground 

Ground-Air 

Strategy coordination Ground-Air 

Level of human 
flexibility in strategy 

Medium 

Strategy acquirement 
ATCo  

Training 

Experience 

Strategy acquirement  Training 
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pilot 
Explanation  

Key elements 
Ground Provide additional route and speed instructions. 

Air 
Follow ATC route and speed instructions. 

Effects of strategy on key performance areas 

Safety 

Effect Large positive 

Explanation 
This disturbance has a potentially large effect on safety, hence 

the strategy to reduce this effect has a large positive impact. 

Capacity 

Effect Negligible 

Explanation 
In most cases, the strategy concerns giving new instructions to 

one aircraft, who was in holding already. Therefore, the impact 

on capacity will be Negligible. 

Environment 

Effect 
Small negative 

Explanation 

The aircraft concerned may have to be given additional 
deviation instructions in order to resolve the situation; this may 

have a small negative effect on the environment due to 

additional fuel burnt. 

Costs 

Effect Small negative 

Explanation 

 The aircraft concerned may have to be given additional 

deviation instructions in order to resolve the situation; this may 
have a small negative effect on the costs due to additional fuel 

burnt. 

C.12 Maintenance 

Disturbance 

Description 

No proper repair 

 Detected failures / irregularities of components of aircraft not properly repaired 

 Detected failure / irregularities of ground components not properly repaired 

 Technicians cannot fix a failure quickly 

Frequency 

Category Very rare - Rare  

Explanation 

It may happen that, due to maintenance workload and economic pressure, detected 

failures are not completely repaired, but lacking repair that would affect the safety of 
flight or air traffic operations is assessed to be very rare. [NE] 

Strategy 

Description 

A technical system failure may be detected by a pilot, a controller, technicians, or 

maintenance personnel. Failures are reported to technicians and to the supervisor. If 
possible, an alternative system is used. If the failure leads to an emergency situation, 

emergency procedures are initiated. 
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Aircraft maintenance is regulated. At the completion of any maintenance task a person 
authorized by the national airworthiness authority signs a release stating that 

maintenance has been performed in accordance with the applicable airworthiness 

requirements. [NE] 

Characteristics 

First detection of 
disturbance 

Pilot 

Controller  

System notification/alert 
Other 

Establish common 
ground 

Local-Ground 
Global-Ground 

Local-Air 

Global-Air 
Ground-Air 

Org-Ground 
Org-Air 

Other 

Strategy coordination 

Local-Ground 
Global-Ground 

Local-Air 
Global-Air 

Ground-Air 

Org-Ground 
Org-Air 

Other 

Level of human 
flexibility in strategy 

Medium 

Strategy acquirement 
ATCo  

Training 
Experience 

Creativity 

Strategy acquirement  
pilot 

Training 
Experience 

Creativity 

Explanation  

Key elements 

Ground 
Use alternative system. 
Follow emergency procedures. 

Report system failure. 

Air 
Use alternative system. 

Follow procedures for system failures. 

Report system failure. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 
Failures could have a large impact on safety, but the 
effectiveness of a controller or pilot to reduce the impact is 

limited. 

Capacity 

Effect Negligible 

Explanation 
Usually, the strategy does not lead to aircraft deviations, hence 

the effect on capacity is negligible. 

Environment 
Effect 

Negligible 

Explanation See at capacity 

Costs 
Effect Negligible 
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Explanation See at capacity 

 

Disturbance 

Description 

No regular check 

 Components of aircraft systems not regularly checked for near failures / 

irregularities 
 Components of ground systems not regularly checked for near 

failures/irregularities 

Frequency 

Category Rare 

Explanation 

It may happen that, due to maintenance workload and economic pressure, the 

frequency of checking system components for near failures/irregularities is reduced, 

but aircraft maintenance is highly regulated. [NE] 

Strategy 

Description 

Aircraft maintenance is regulated. At the completion of any maintenance task a person 

authorized by the national airworthiness authority signs a release stating that 
maintenance has been performed in accordance with the applicable airworthiness 

requirements. First detection of this disturbance will therefore be this authorized 
person. But other maintenance technicians can detect it as well. 

 

Pilots or controllers would not usually detect this disturbance, but they could detect 
any resulting technical failures and report them to the technician or their supervisor. In 

case the failure leads to an emergency, emergency procedures are initiated. [NE] 

Characteristics 

First detection of 
disturbance 

Other 

Establish common 
ground 

Org-Ground 
Org-Air 

Other 

Strategy coordination 
Org-Ground 
Org-Air 

Other 

Level of human 
flexibility in strategy 

Medium 

Strategy acquirement 
ATCo  

Training 

Strategy acquirement  
pilot 

Training 

Explanation  

Key elements 
Ground Report system failure. 

Air 
Report system failure. 

Effects of strategy on key performance areas 
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Safety 

Effect Negligible 

Explanation 
The link between reports from controllers and pilots and the 

effect on safety is weak. 

Capacity 

Effect Negligible 

Explanation 
Usually, the strategy does not lead to aircraft deviations, hence 

the effect on capacity is negligible. 

Environment 
Effect 

Negligible 

Explanation See at capacity 

Costs 
Effect Negligible 

Explanation See at capacity 

C.13 Pilot performance 

Disturbance 

Description 

ATC instruction / clearance 
 Pilots do not perform clearance straightforwardly 
 Pilots feel reduced in their freedom for implementing a clearance 
 Pilots cannot anticipate a clearance 
 Pilots do not follow controller instruction 
 Pilot mixes up different types of ATC clearances 
 Pilots perform manoeuvre to avoid a perceived conflict without a clearance 
 Pilots have difficulty with switching between following RNAV procedures and radar 

vectors provided by ATC 
 After a conditional crossing clearance the aircraft crosses behind another aircraft 

than indicated in the conditional clearance. 
 Pilot fails to obtain ATC authorisation 
 Pilots perform operation without clearance due to unfamiliarity with local 

procedures 
 Pilot forgets clearance 
 Pilot performs an expected instruction rather than the actual instruction 
 Pilot follows another taxiing aircraft and lines up without a clearance 
 Pilot is not following the clearance because he tries to solve a problem 
 Pilots are irritated by pre-tactical clearances of which the intention is not clear 
 Pilot misinterprets clearance of ground controller and crosses runway without 

contacting runway controller 

Frequency 

Category Regular 

Explanation 

The operational experts agree that this disturbance occurs very often [Workshop]. 

Some controllers replied that a pilot not following an ATC instruction never happens, 
though in emergencies or in bad weather anything is possible [MAREA]. 
Overall, the frequency is estimated to be Regular [NE]. 
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Strategy 

Description 

Causes of pilots not following instructions could be confusion or misunderstanding. A 
pilot would normally inform ATC if he finds an ATC clearance being unacceptable. But 

he might decide not to inform them, or decide to inform them later if he considers the 
deviation to be ‘small’ (e.g. small heading change, or small speed deviation) [MAREA]. 
The controller would be the first to detect an instruction not being followed, visually or 

by radar. Detection is part of basic training, but gets better with experience. Following 
up is part of basic training [Workshop]. Detection and reaction depends on the type of 

deviation. Detection through radar generally requires a few radar updates hence has 
delay, say 20 – 30 seconds, after which the controller needs time to resolve the 

situation. In case of deviation in course, the event is usually immediately detected 
through radar display. An altitude change is less immediately detected, and in case of 

level bust controllers may easily be too late. In case of speed change, this will be 

detectable through the indication of ground speed in the aircraft label on the radar 
display. A controller can also detect from pilot read back [MAREA]. 

 
Controllers try to avoid instructions not being followed by giving information. If the 

ATCo wants an aircraft to reduce speed, he tells them why he wants that; e.g. to allow 

another aircraft to pass [MAREA]. Controllers deal with a disturbance by giving an 
alternative clearance, i.e. change the plan. They also ask for the reason of the 

deviation; maybe the pilot is unaware of something. The controller also coordinates 
with other controllers, especially if the deviation affects other units. Controllers can 

report to pilots and pilots can get a warning from the civil aviation authority and/or 

from their airline company.[Workshop] 

 
The impact differs per type of deviation: course / altitude / speed, and can be anything 
between minor and severe. In case of altitude deviation, the impact is large. The 

deviation needs to be corrected. In case of other traffic in the neighbourhood, the 

reaction is more urgent. The ATCo will contact the pilots and have them confirm (read 
back) the instruction. If that does not work, then he will work with surrounding traffic 

and treat the aircraft as an ‘unguided missile’. He may also warn other sectors 
[MAREA]. 

 
The example disturbance of a pilot mixing up different types of ATC clearances may 
happen if a controller gives too many instructions in one communication, containing 

many numbers. This should be avoided. There could be a mix-up between flight level, 
heading and speed, especially in case of complex clearances with level, heading and/or 

speed instructions. A wrong read back is the first indicator of this event. However, a 

pilot could also read back right, but do something different. Final means of detection is 
radar. The ATCo then needs to correct the situation. The impact depends; it can be 

anything between minor and severe. Controllers and pilots agree that there are no 
specific procedures that address this situation; just common sense. [MAREA] 
For the example disturbance of pilot failing to obtain ATC authorisation, one pilot 
replied that the impact on the pilots would be anxiety. Normally, a clearance is 

required to proceed. To deal with the situation, the pilot may ask for a clearance, e.g. 

a landing clearance. He may also proceed without clearance (not likely) or execute an 
alternative plan (e.g. missed approach). Proceeding without clearance could occur in 

situations of e.g. low fuel, a very busy frequency, combined with good visibility. The 
pilots indicate that they would never take off without authorisation. In principle, they 

would also never land without authorisation, except perhaps if they have a visual of 

the whole runway, and are not able to reach ATC, e.g. due to a sticking mike. If he 
would have no contact with ATC at all, e.g. above Africa, he would just follow his flight 

plan. [MAREA] 
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For the example disturbance of pilot following another taxiing aircraft and lining up 
without a clearance, one pilot replied that this could occur if a pilot assumes that a 

line-up-behind clearance was obtained, or if there was an expectation pattern. The 
situation would be more likely in good visibility. The impact would be an erroneous 

line-up, which would be a runway incursion. The situation may be detected by ATC, by 
other aircraft, or by the other crewmember. [MAREA] 

Characteristics 

First detection of 
disturbance 

Controller 

Pilot 
Establish common 

ground 
Local-Air 
Ground-Air 

Strategy 
coordination 

Local-Ground 
Ground-Air 

Level of human 
flexibility in strategy 

Medium 

Strategy 
acquirement ATCo 

Training 

Strategy 
acquirement pilot 

Training 

Explanation  

Key elements 
Ground 

Explain traffic context. 

Extra monitoring of aircraft. 
Split up clearances. 

Provide additional route and speed instructions. 

Air 
Inform ATC about the status.  
Follow ATC route and speed instructions. 

Effects of strategy on key performance areas 

Safety 

Effect Large positive 

Explanation 
Pilots not following ATC instructions could have a large safety 

impact. The strategy to avoid a subsequent accident will have a 
large effect on safety as well. 

Capacity 
Effect Negligible 

Explanation 
The strategy typically is focused on a single aircraft and it is 
not expected to have impact on capacity. 

Environment 
Effect Negligible 

Explanation 
The strategy typically is focused on a single aircraft and it is 
not expected to have impact on environment. 

Costs 
Effect Negligible 

Explanation 
The strategy typically is focused on a single aircraft and it is 
not expected to have impact on costs. 

 

Disturbance 

Description 

Cockpit crew coordination 

 Crew disagreement 

 Disagreement between crew members on how to solve conflict. 

 Pilot not flying punches buttons on FMC without telling the flying pilot 
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Frequency 

Category Regular 

Explanation 
It is expected that minor issues in cockpit crew coordination occur regularly, but that 

more severe cases are rarer.  [NE] 

Strategy 

Description 

Problems in cockpit crew coordination can be detected by the pilots themselves. 
Strategies to support effective cockpit crew coordination are part of crew resource 

management (CRM). CRM encompasses knowledge, skills and attitudes, including 

communication, problem solving and teamwork, which are needed to manage flights 
safely. CRM is part of the basic training of airline pilots. Problems in CRM may be 

reported at the airline organisation and may be a reason for recurrence training. Pilot 
schedules could be adapted to avoid particular crews with noncooperative members. 

[NE] 

Characteristics 

First detection of 
disturbance 

Pilot 
 

Establish common 
ground 

Local-Air 

Strategy coordination 
Local-Air 

Global-Air 

Org-Air 

Level of human 
flexibility in strategy 

Medium 

Strategy acquirement 
ATCo  

n.a. 

Strategy acquirement  
pilot 

Training 

Experience 
 

Explanation  

Key elements 

Ground n.a. 

Air 
Crew resource management training. 

Schedule effectively coordinating crews. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 
Crew resource management training is expected to have a 

positive effect on flight safety. 

Capacity 
Effect Negligible 

Explanation  

Environment 
Effect 

Negligible 

Explanation  

Costs 
Effect Negligible 

Explanation  
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Disturbance 

Description 

Data entry 
 Pilot selects wrong route in flight management system 
 Pilot makes error in typing a message 
 Pilot enters wrong squawk code causing same code allocated to two aircraft, codes 

are swapped around or loss of identification by …. 
 Pilot insists on giving a command that is not understood by the HMI 

Frequency 

Category Occasionally 

Explanation 

The first example could happen, e.g. if the company flight plan differs from the ATC 

clearance, if the wrong flight plan is loaded from the database, or if a re-clearance is 
not amended in the FMS, or in case of various turns being in use right after departure. 

[MAREA] The other data entry issues are assessed to also happen occasionally. [NE] 

Strategy 

Description 

If the situation of pilot selecting wrong route in flight management system is noticed 
by the flight crew, they would correct it. If the situation is unnoticed, the flight might 

be executed according to the wrong route. ATC could detect, or the flight crew 
themselves. 
 
One pilot gave the example for a particular airport, where right after take-off, 

sometimes aircraft need to make a left hand turn, and sometimes they need to make a 

right hand turn, depending on the landing runway in use at that time. Since there have 
been a few mistakes in this, ATC now usually tell the pilots which turn to make when 

giving the take-off clearance. [MAREA] 

Characteristics 

First detection of 
disturbance 

Pilot 
Controller 

Establish common 
ground 

Local-Air 
Ground-Air 

Strategy 
coordination 

Local-Air 
Ground-Air 

Level of human 
flexibility in strategy 

Medium 

Strategy 
acquirement ATCo 

Experience 

Strategy 
acquirement 

pilot 

Training 
Experience 

Explanation  

Key elements 
Ground 

Monitor route conformance of flights. 

Provide additional route and speed instructions. 

Air 
Correct setting. 

Continuous evaluation of information from various sources. 

Effects of strategy on key performance areas 
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Safety 
Effect Large positive 

Explanation 
Since the disturbance could lead to a deviation from route, the 

strategy to resolve it will have a positive effect on safety. 

Capacity 

Effect Negligible 

Explanation 

A deviation normally affects one aircraft only, hence the effect 

on capacity will be small only. The direction of the strategy 

could be either negative or positive for capacity. Overall, the 
effect is judged Negligible. 

Environment 
Effect Negligible 

Explanation  

Costs 
Effect Negligible 

Explanation  

 

Disturbance 

Description 

Deviation from normal procedures 
 Pilots may be tempted to bend the rules 
 Pilots want to deviate from flight plan for economical benefits: shorter flying time, 

shorter taxi time etc. Requests could congest the system. 
 Pilots ‘fool’ the system to attain particular (e.g. economic) gains 
 Poor stopbar discipline of pilots. A clearance may be sufficient for them to ignore a 

red stopbar. 
 Checklist procedures not yet finished 
 Pilots disconnect FMS 
 Cowboy mentality of pilots: stretching the rules. 

Frequency 

Category Rare - Occasionally – Regular 

Explanation 

The second example above occurs regularly. The other examples are estimated to 

occur occasionally or rarely. A contributing factor may be pressure of some airlines on 
its pilots, to bend some rules for economic reasons (see also the strategy description 

below). 

Strategy 

Description 

The controllers replied that the situation of bending the rules depends on which rules 

are concerned. But most attempts of bending rules (by pilots / airlines) are done at a 
strategic level of flight planning. Usually, pilots and airlines want to fly as high as 

possible, to save fuel. Therefore, a pilot could file a different flight plan to anticipate a 

higher flight level. Or he could report turbulence and report wanting to fly higher. But 
this would be impossible to check by the ATCo. Another example is during reduced 

visibility, and the pilot requests the ATCo to give him another visibility range that will 
still allow him to land. This would lead to slight irritation with the controller, and the 

request will normally be denied. 
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One pilot replied that he can only imagine occurrences of taxiing faster. Another pilot 
replied that this could happen if he wants to recover a delay, if the rules lead to an 

inefficient flight path, if the rules make no sense (e.g. if you are required to read a 

checklist before a particular moment, but that is not possible), or if there are 
conflicting rules (e.g. if two things have failed at the same time). The pilot will use 

common sense to deal with the situation. This may lead to intentional deviation from 
the rules. Detection could be by ATC, if there is an effect on the flight path. The other 

crewmember may also see it. [MAREA] 
 
Some of the examples of rule bending cannot be detected, such as taking an early turn 

just inside the limits, or changing altitude for a short while to avoid turbulence. 
Deviations inside the limits will be allowed; in case of deviations outside limits, the 

controller will intervene. Level busts will always be corrected. Lateral deviations may 
not always be a problem. A good safety culture is also important to avoid problems. In 

case of a deviation, coordination with the next sector may be necessary; deviations are 

a real disturbance. Dealing with mandatory deviations (e.g. to avoid CBs) is trained. 
For other deviations, training is on the job. Big deviations are reported to the controller 

supervisor, and are coordinated with other sectors. [Workshop] 
 

In the example of the poor stopbar discipline of pilots, one controller replied that if a 

stopbar violation happens with a particular airline, then he would become suspicious 
with other aircraft from this airline for a while. Detection is supported by a runway 

incursion monitoring and conflict alert system. 
 

Regarding the example disturbance of pilots disconnecting the FMS, one pilot replied 
that this situation is impossible. The FMS is always ‘on’. The same holds for autopilot, 

which is switched on after take-off, and switched off before landing. However, another 

pilot noted that he believes in only using the FMS if it is of use. If FMS programming 
takes too much time, he would rather fly manually. [MAREA] 

 
If deviations from normal procedures happen a lot and these are considered as a 

potential threat to flight safety, a safety culture improvement programme can be 

implemented. 

Characteristics 

First detection of 
disturbance 

Pilot 
Controller 
System notification/alert 

Establish common 
ground 

Ground-Air 

Strategy 
coordination 

Ground-Air 

Level of human 
flexibility in strategy 

Medium 

Strategy 
acquirement ATCo 

Experience 
 

Strategy 
acquirement pilot 

Training 
Experience 

Explanation  

Key elements 
Ground 

Correct pilots in case of large deviations. 
Allow deviations within limits. 

Air 
Safety culture improvement programme. 

Additional training. 

Effects of strategy on key performance areas 

Safety Effect Small positive 
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Explanation 
The strategies to control deviations from normal procedures 
are assessed to have a small positive effect on safety. 

Capacity 
Effect Small negative 

Explanation 
Stricter adherence to procedures may lead to some reduction 
of the capacity. 

Environment 
Effect Negligible 

Explanation 
Overall the strategies are not expected to have impact on the 
environment. 

Costs 
Effect Small negative 

Explanation 
Stricter adherence to procedures may lead to some increase in 
costs. 

 

Disturbance 

Description 

Late reaction 

 Late reaction of pilot 

 Pilot does not know when to take action 

Frequency 

Category Occasionally 

Explanation 
In situations of high workload, a pilot could react late to a particular situation. [NE] 

Strategy 

Description 

This disturbance may be detected by the other pilot. It could also be detected by the 

controller, through R/T if he does not get an appropriate readback, or through radar 
display or visually if he notices a late manoeuvre. In such case, the controller would 

monitor the situation, to make sure that the late response does not lead to separation 

infringement or loss of a smooth traffic flow. If necessary, he would give additional 
instructions, or move away other traffic. This would lead to increase of workload. If 

the problem is persistent, the controller could warn other controllers to keep an eye 
out for this aircraft. [NE] 

Characteristics 

First detection of 
disturbance 

Pilot 

Controller 

Establish common 
ground 

Local-Air 

Ground-Air 

Local-Ground 

Strategy coordination 
Local-Air 

Ground-Air 
Local-Ground 

Level of human 
flexibility in strategy 

Medium 

Strategy acquirement 
ATCo  

Training 

Strategy acquirement  Training 
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pilot Experience 

Explanation  

Key elements 
Ground 

Monitor route conformance of flights. 

Correct pilots in case of large deviations. 

Air Workload management. 

Effects of strategy on key performance areas 

Safety 
Effect Small positive 

Explanation The strategy will have a positive effect on safety. 

Capacity 

Effect Negligible 

Explanation 
The strategy is not expected to lead to aircraft deviations, 
hence the effect on capacity is expected to be negligible. 

Environment 
Effect 

Negligible 

Explanation  

Costs 
Effect Negligible 

Explanation  

 

Disturbance 

Description 

Monitoring 
 Pilots do not monitor R/T indicated presence of other aircraft 
 In an emergency procedure, aircraft may have to descend quickly and not have 

time to look out for other traffic. 

Frequency 

Category Rare - Regular 

Explanation 

The pilots indicated that the disturbance of not monitoring R/T indicated presence of 
other aircraft may occur in either low workload or high workload. This is assessed to 

occur regularly. In emergency situations, pilots expect that ATC controls nearby traffic; 

emergencies are rare. 

Strategy 

Description 

In case of low workload there are more distractions and less vigilant monitoring. But if 

you hear your company’s name, you are immediately alert, since the message could be 
yours. One the other hand, if it is not busy, the pilot has more time to be aware of the 

position of other aircraft. If it is busier, the pilots do not have time to monitor 

everything, but would still monitor what is important for them. In such cases, the pilot 
uses this information to anticipate to his surroundings. At an airport the pilots are 

more alert anyway. And if they are in familiar areas, they better recognise position 
reports, e.g. names of beacons. 

The disturbance will have little impact. Perhaps the pilot is less anticipative to the 
possible effects of other aircraft behaviour on their own flight path. The other 
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crewmember may be a little bit more vigilant and detect the situation. [MAREA] 

Characteristics 

First detection of 
disturbance 

Pilot 
 

Establish common 
ground 

Local-Air 

Strategy 
coordination 

Local-Air 

Level of human 
flexibility in strategy 

Low 

Strategy 
acquirement ATCo 

n.a. 

Strategy 
acquirement pilot 

Training 

Explanation  

Key elements 
Ground n.a. 

Air 
Workload management. 

Additional training. 

Effects of strategy on key performance areas 

Safety 
Effect Negligible 

Explanation 
The strategy is assessed to have a negligible safety effect with 
regard to the monitoring performance. 

Capacity 
Effect Negligible 

Explanation  

Environment 
Effect Negligible 

Explanation  

Costs 
Effect Negligible 

Explanation  

 

Disturbance 

Description 

Position and intent reporting 
 Pilots report wrong position 
 Pilots do not report position 
 Pilots report partial position information (e.g. only altitude) 
 Pilots do not report intent information 

Frequency 

Category Regular 

Explanation 

Pilots of airborne IFR flights in radar environment do not do give position reports 
anymore, except at entry and exit points. FIR (Flight Information Region) are still 

reported, this is mandatory. It seldomly occurs that they don’t report, though it may 
happen that pilots report many unnecessary things, and skip the position report. 
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Another rare example in which IFR flights may provide wrong position reports is if 
ground navigation support is changed (e.g. a VOR beacon is re-located) and FMSs 

have not been updated for this change. 

On the ground, it may happen that pilots of IFR flights prematurely report to have 
vacated the runway, e.g. 10 seconds in advance; this occurs very often. Pilots can also 

be at a wrong taxiway, or can get lost. Fatigue and darkness are contributing factors, 
especially if the taxiway system is complex. 

In situations when there is no radar, or in non-radar units, position reporting and 

wrong position reporting occurs quite often. Also for VFR flights, the frequency is 
regular. 

Strategy 

Description 

In radar environments and on IFR (Instrument Flight Rules) level the disturbance is 
not really relevant. There is surveillance radar, and there are flight plans gate-to-gate. 

In a radar environment, when a pilot checks in at a frequency, he is to report his 
current altitude, not his position, and this procedure is also not referred to as ‘position 

reporting’.  If a pilot is not completely certain about his clearance, he could report his 

position and ask for confirmation. If an IFR pilot gives position reports (without asking 
for confirmation) these are generally ignored if there is no doubt of radar position. 

Radar would only be questioned if it concerns a flight that was not previously 
identified. [MAREA] 

If the disturbance is detected, and the controller can contact the pilot, then they call 
the pilot to verify. If the controller cannot contact the pilot, there are procedures to 

follow. Impact on the controller is that identification of the aircraft, and R/T with the 

aircraft, adds to workload and frequency saturation. If the deviation is less than 5NM 
then he will not react, unless there is other traffic nearby. In case of complete radar 

failure, the controller would fall back to procedural control, but the chance of this 
occurring is almost zero nowadays. 

On the ground, the tower controller can detect if an aircraft has indeed vacated the 

runway, visually (in the daytime) or by using ground radar. A pilot could wrongly 
report being on a taxiway; the situation might be a contributing factor towards a 

runway incursion. Detection would be by ATC, who may recognize the error in case of 
radar control or good visibility. The other crewmember may also detect the error. On 

the ground there are signs, e.g. indicating name of runway or taxiway. The impact of 

the situation will be confusion and anxiety. The reaction of the ATCo will be to let all 
pilots on a frequency know what is going on, and stop all traffic. 

The pilots would anticipate the possibility of being on a wrong taxiway or getting lost, 
by studying the taxiway system in advance, and concentrate. Or they would calculate 

the landing distance in advance, in order to be able to know which exit they will be 
taking, thus making sure where they are. Some airports have a taxiway monitoring 

system. At Heathrow, aircraft follow a series of lights to their gate. Overall, the 

common sense procedure is to seek confirmation of aircraft position if unsure. 

For VFR (Visual Flight Rules) traffic, wrong position reporting could be more of a 

problem. VFR flights are not always on radar and are normally all squawking the same 
code. In case of VFR flights not reporting, the controller would ask them to confirm 

their position. If pilots are lost, the controller identifies them through the squawk code, 

and then gives them headings. Normally they are brought to the nearest airport. 
[MAREA] 
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Regarding the example of pilots not reporting intent information, it was noted that in 
principle, pilots do not need to report intent information. What might happen is that a 

pilot refuses an ATC clearance if the clearance is perceived to be unacceptable; for 

example, if the ATC clearance is into a CB, or if the ground clearance on an apron or 
taxiway is close to other aircraft. If a clearance is not acceptable, the pilot requests a 

new clearance. In extreme cases he would notify ATC of the intended flight path. 
Normally, intent information is only given if a clearance is unacceptable. 

Characteristics 

First detection of 
disturbance 

Controller 
Pilot 

Establish common 
ground 

Ground-Air 
 

Strategy 
coordination 

Ground-Air 
 

Level of human 
flexibility in strategy 

Low 

Strategy 
acquirement ATCo 

Training 

Strategy 
acquirement 

pilot 

Training 

Explanation  

Key elements 

Ground 
Ask pilots to report position. 

Monitor route conformance of flights. 

Air 

Inform ATC about the inconsistency. 
Follow ATC route and speed instructions. 

Inform ATC about position and intent. 

Correct information provided to ATC. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 

The strategy to improve the information exchange on position 
and intent, and route conformance monitoring has a positive 

effect on safety. Typically, for IFR flights such information is 
available by radar.  

Capacity 
Effect Negligible 

Explanation  

Environment 
Effect Negligible 

Explanation  

Costs 
Effect Negligible 

Explanation  

 

Disturbance 

Description 
Wake vortex reaction 

 Pilot may overreact to a wake vortex encounter 
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Frequency 

Category Rare 

Explanation 
The combination of a wake vortex encounter and overreacting on it is estimated to be 

Rare [NE]. 

Strategy 

Description 

The reaction to a wake vortex encounter is obviously detected first by the pilot. [NE] 
 

In a wake vortex encounter the pilot tries to maintain control of the aircraft. In case of 

a lack of stability due to the reaction, the pilot will try to regain control of the aircraft 
in any possible way [NE]. At the level of the airline, additional training may be 

provided for appropriately dealing with wake vortex encounters.  

Characteristics 

First detection of 
disturbance 

Pilot 

Establish common 
ground 

Local-Air 
 

Strategy coordination 
Local-Air 

Org-Air 

Level of human 
flexibility in strategy 

High 

Strategy acquirement 
ATCo  

n.a. 

Strategy acquirement  
pilot 

Training 

Experience 

Explanation  

Key elements 
Ground n.a. 

Air 
Additional training. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 
It is expected that additional training to improve the 

performance of pilots in wake vortex encounters has a small 

positive effect on flight safety. 

Capacity 

Effect Negligible 

Explanation 
The pilot tries to regain control of the aircraft to resume his 
original planned flight. This means that the effect on capacity is 

Negligible. 

Environment 

Effect 
Negligible 

Explanation 
The pilot tries to regain control of the aircraft to resume his 

original planned flight. This means that the effect on the 

environment is Negligible. 

Costs 
Effect Negligible 

Explanation There are limited additional costs for training. 
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Disturbance 

Description 

Wrong / uncertain decision 
 Pilot validates without actually checking 
 Pilot makes an error in the calculation of the aircraft performance (e.g. wet 

runway, tail wind, weight) 
 Failure reporting is complex for complex systems 

Frequency 

Category Occasionally – Regular 

Explanation 
This disturbance may occur. The interviewed pilots indicate it could happen in high or 
low workload. One pilot judged that the frequency will be lower than unexpected 

aircraft performance being due to wrong data, e.g. wrong weather report. [MAREA] 

Strategy 

Description 

Contributing factors to the occurrence of pilot validating without checking are 

complacency, experience leading to expectation (e.g. if the situation has already 

occurred 1000 times), forgetting due to high workload, cockpit discipline (the 
atmosphere should not be too jolly). The checking of e.g. FMS setting should be done 

by the other pilot. 

In the extreme case, the pilot continues the flight with a wrong setting. The pilot could 

detect his error later on, or the other crewmember can react. Detection, by pilots or by 
ATC, is only when the aircraft follows a different route than expected. If the flight path 

is affected, ATC may intervene. Or the aircraft may generate an alert. 

Contributing factors to the occurrence of pilot making an error in calculation of aircraft 
performance may be that conditions may have changed since the performance was 

calculated. The consequence is that the calculation needs to be redone. The other 
crewmember may detect. The calculations are always done by two persons since they 

have large impact. What helps to avoid errors is being accustomed with the numbers, 

e.g. you need to become familiar with a certain weight corresponding to a certain 
speed. This helps you to detect inconsistencies. In addition, you use conservative 

estimates, e.g. if there are uncertainties in weather data. [MAREA] 

Characteristics 

First detection of 
disturbance 

Pilot 
Controller 
System notification/alert 

Establish common 
ground 

Local-Air 
Ground-Air 

Strategy 
coordination 

Local-Air 
Ground-Air 

Level of human 
flexibility in strategy 

Medium 

Strategy 
acquirement ATCo 

Training 

Strategy 
acquirement 

pilot 

Training 
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Explanation  

Key elements 
Ground 

Monitor route conformance of flights. 
Correct pilots in case of large deviations. 

Air 
Continuous evaluation of information from various sources. 

Crew resource management. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 
The disturbance has potential to affect the aircraft route, hence 
the strategy to mitigate it will have a positive effect on safety. 

The size of the effect depends on the circumstances. 

Capacity 

Effect Negligible 

Explanation 
Even though the disturbance has potential to affect the aircraft 

route, the strategy is not expected to have a measurable effect 
on capacity. 

Environment 

Effect Negligible 

Explanation 
Even though the disturbance has potential to affect the aircraft 
route, the strategy is not expected to have a measurable effect 

on environment. 

Costs 

Effect Negligible 

Explanation 
Even though the disturbance has potential to affect the aircraft 

route, the strategy is not expected to have a measurable effect 
on costs. 

C.14 Pilot situation awareness 

Disturbance 

Description 

Alert interpretation 
 Pilot does not acknowledge conflict resolution proposal of technical system 

 Alert causes attention tunnelling 

 Pilots making own judgement on relevance of (reported, alerted) failures and 

acting only on failures judged relevant; misjudgement may lead to not reacting to 

an important alert. 
 Pilot may overreact to an alert 

Frequency 

Category Occasionally 

Explanation 
Regarding the example of attention tunnelling, the pilots agreed that this could 

happen, especially if it gets stressful. However, alerts do not happen with every flight, 
and the frequency of stressful situations is even less.  [MAREA] 

Strategy 

Description 
Regarding the example of attention tunnelling, the pilots noted that this could happen, 
but it would not necessarily be a wrong thing. It may be the objective of the warning; 

e.g., wind shear or stall warning should lead to major focus on the alert. Other 
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warnings may be less important, leading to unwanted distractions. The impact will be 
too much attention towards the alert, leading to negligence of other parameters. After 

detection, the pilot would try to take a step back; be aware of the attention tunnelling. 

This is also taught during training: as soon as a busy period is over, you are taught to 
take a moment to look around you, and think about what happened, and what is to be 

done next. Other means to mitigate the stress is turning to autopilot, and delegating 
certain tasks. 

Detection may be either by self-detection or by the other crewmember. ATC may 

detect deviations from flight path. 

There are no written procedures that address this situation. [MAREA] 

Characteristics 

First detection of 
disturbance 

Pilot 
Controller 

Establish common 
ground 

Local-Air 

Ground-Air 

Strategy 
coordination 

Local-Air 
Ground-Air 

Level of human 
flexibility in strategy 

Medium 

Strategy 
acquirement ATCo 

Experience 

Strategy 
acquirement 

pilot 

Training 

Explanation  

Key elements 

Ground 
Monitor route conformance of flights. 

Correct pilots in case of large deviations. 

Air 
Continuous evaluation of information from various sources. 
Crew resource management. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 
Attention tunnelling could lead to ignoring other issues; the 

strategy to deal with it will lead to getting the complete picture 
again, which will have a positive effect on safety 

Capacity 
Effect Negligible 

Explanation  

Environment 
Effect 

Negligible 

Explanation  

Costs 
Effect Negligible 

Explanation  

 

Disturbance 
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Description 

Controller situation 
 Pilot does not know the information available to the controller 

 Pilot does not know the level of stress of a controller 

Frequency 

Category Regular 

Explanation 

This occurs very often, especially the first example above: the pilot normally does not 

know the information available to the controller. [NE] 
 

Strategy 

Description 

Pilots do not normally know what information is available to the controller. They are 
able to get a picture of the stress level of the controller, by listening to the R/T. The 

controller can detect this pilot ignorance if he gets questions or requests that do not 

make sense or that are not important. 
 

When pilots believe that the controller is in high workload, they would do what the 
controller tells them to do and would not communicate unless necessary. Controllers 

can give pilots more information, such as information about nearby aircraft, to increase 
their situation awareness. The positions on the TCAS display may be different from 

radar positions, which may create problems. If pilots call in a lot unnecessarily this 

ruins the controller’s concentration. [Workshop] 

Characteristics 

First detection of 
disturbance 

Controller 

Pilot 

Establish common 
ground 

Local-Air 
Ground-Air 

Strategy coordination 
Local-Air 

Ground-Air 

Level of human 
flexibility in strategy 

Low 

Strategy acquirement 
ATCo  

Experience 

Strategy acquirement  
pilot 

Experience 

Explanation  

Key elements 
Ground Explain traffic context. 

Air 
Use necessary R/T only. 

Effects of strategy on key performance areas 

Safety 

Effect Negligible 

Explanation 
The strategy of the controller to increase the pilots’ situation 

awareness will have a general positive effect on safety, which 
is considered to be negligible 

Capacity 
Effect Negligible 

Explanation  

Environment 
Effect 

Negligible 
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Explanation  

Costs 
Effect Negligible 

Explanation  

 

Disturbance 

Description 
Crew difference 

 Difference in situation awareness of Pilot Flying and Pilot Not Flying 

Frequency 

Category Regular 

Explanation 

Temporary differences in the situation awareness of cockpit crew members may exist 

regularly. Due to normal crew resource management procedures these differences are 

typically solved at an early stage (see strategy below). 

Strategy 

Description 

It is part of normal crew resource management to appropriately share information and 

coordinate between crew members. This strategy supports avoiding differences in 
situation awareness between crew members. 

Characteristics 

First detection of 
disturbance 

Pilot 

Establish common 
ground 

Local-Air 

Strategy coordination Local-Air 

Level of human 
flexibility in strategy 

Medium 

Strategy acquirement 
ATCo  

n.a. 

Strategy acquirement  
pilot 

Training 

Experience 

Explanation  

Key elements 

Ground n.a. 

Air 
Continuous evaluation of information from various sources. 
Crew resource management. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 
Avoiding differences in situation awareness between crew 
members has a positive effect on flight safety. 

Capacity 
Effect Negligible 

Explanation  

Environment 
Effect 

Negligible 
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Explanation  

Costs 
Effect Negligible 

Explanation  

 

Disturbance 

Description 

Detection & interpretation of traffic situation 

 Risk of a conflict is underestimated by pilots 

 Pilot does not know the complexity of the traffic situation 

 Pilots do not know the performance or intent of other aircraft 

 Pilots receive wrong information about conflicting traffic 

Frequency 

Category Regular 

Explanation 

According to the pilot, this occurs very often, especially the second and third example 

above: the pilot never knows, except when he has been on the frequency for a long 
time to form a mental picture of the traffic situation around him. [Workshop] The 

controllers also judge this disturbance to be quite usual; the TCAS display helps but 

only shows a part of the situation; pilots don’t have the complete picture. It is noted 
that the frequency is higher for VFR pilots than for airline pilots.[MAREA]  

Strategy 

Description 

Regarding the last example above, i.e. pilots receive wrong information about 
conflicting traffic, detection of this situation may be through TCAS (in case of in-flight 

conflicts), or visually (in case of on-ground conflicts). The impact would be that the 

pilot has no visual on conflicting aircraft, or would be looking at the wrong aircraft. 
Another effect would be less anticipation of possible conflicts in the future. It is noted 

that information does not equal a clearance, so there should be no other effects. To 
deal with the situation, the pilot would ask for confirmation with ATC. [MAREA] 

Regarding the second example, i.e. pilot does not know the complexity of the traffic 
situation, for pilots the strategy is to listen to the R/T, and do what the controller tells 

them to do; ATC have a reason for their communications. A pilot is typically not 

informed about the reason for an instruction. If the pilot gets an instruction to reduce 
speed 90 minutes ahead of time, they will start wondering why, but will agree to such 

instruction if it seems acceptable. The impact may only be an inefficient flight path. In 
addition, a pilot asking for clarification could result in unnecessary R/T load. [MAREA] 

The pilots maintain situation awareness for their own safety. If the pilot listens and 

hears that the frequency is very congested, he does not communicate unless 
necessary. [Workshop] 

In case of weather problems, a pilot may ask for direct-to’s or short cuts, if he thinks 
the frequency is not busy. In such case, the ATCo may just deny the request. Usually, 

the pilot would say thank you and no problem. But if the pilot would then ask for 
short-cuts on another frequency, the ATCo would be annoyed. Personal circumstances 

may be a contributing factor to getting irritated sooner. If pilots call in a lot 

unnecessarily this ruins the controller’s concentration. To avoid these situations, the 



 
D1.2 The human contribution 

 

Page 242 of 302 

 

ATCo would give short-cuts whenever he can. In case of VFR pilots who get lost, the 
impact on the ATCo is that he may become more anxious. To deal with the situation, 

the ATCo will give more information to the pilot, such as information about nearby 

aircraft, to increase their situation awareness. The more knowledge the pilot has, the 
better. [MAREA] 

Pilots do know that the ATCo is the sole responsible for solving conflicts, and are 
aware that their behaviour may add to the ATCo’s stress level. Hence most controllers 

almost never have to argue for a decision. The ATCo has to strike a balance between 

giving sufficient information, and giving too much information. ATCos try to give basic 
information, thus keeping down their own workload. If the pilot is still complaining for 

no reason or asking unnecessary questions while the ATCo is very busy, this will lead 
to irritation. The controller will probably not do something ‘extra’ for this pilot. 

[MAREA] 

It is noted that this may be more of an issue in approach than en-route; in approach a 

pilot may request a more favourable sequence. It is possible that a pilot asks for 

something, e.g. a higher flight level, that the ATCo cannot grant him. This would only 
lead to increase of workload, but would not be a problem otherwise. 

All experts added that there are no written procedures to cover this situation. 
However, when he can, the ATCo would just give instructions that are favourable to 

pilots, in order to avoid problems. 

Characteristics 

First detection of 
disturbance 

Pilot 
Controller 

Establish common 
ground 

Local-Air 

Ground-Air 

Strategy 
coordination 

Ground-Air 

Level of human 
flexibility in strategy 

Medium 

Strategy 
acquirement ATCo 

Training 

Experience 

Strategy 
acquirement 

pilot 

Training 

Experience 

Explanation  

Key elements 
Ground 

Explain traffic context. 

Inform pilots in order to increase their situation awareness. 
Workload management. 

Air Follow ATC route and speed instructions. 

Effects of strategy on key performance areas 

Safety 

Effect Negligible 

Explanation 

The strategy for pilots to basically follow ATC route instructions 

and for controllers to explain reasons for a clearance, if 
workload allows are regarded as normal work with a negligible 

effect on safety.  

Capacity 
Effect Negligible 

Explanation The strategy is not expected to lead to deviations. 

Environment Effect 
Negligible 
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Explanation The strategy is not expected to lead to deviations. 

Costs 
Effect Negligible 

Explanation The strategy is not expected to lead to deviations. 

 

Disturbance 

Description 
Event detection 

 Pilot does not detect an event 

Frequency 

Category Very rare - Rare – Occasionally 

Explanation 

This may happen, with a frequency depending on the type of event. Events that are 

related to own aircraft systems and that are announced by audio and visual system 

alerts are normally detected by the pilots. Events for which no system alerts go off 
may occasionally be missed, especially during high workload situations or other 

distractions. 
 

This frequency is assumed to not include events concerning other aircraft and 
separations, which are normally detected by ATC only. [NE] 

Strategy 

Description 

For pilots it is important to maintain good situation awareness and to be alert for 

events that may affect the safety of the flight. Many events that are initially missed will 
be detected by them eventually. A second pair of eyes in the cockpit helps. 

 
After detection, the pilots will try to solve the problem and mitigate the effects of the 

event themselves, or report it and make sure that technicians solve the problem. The 
pilots may also contact their technical department during flight to verify something, 

e.g. why is this happening. If the event affects the safety of the flight they will report 

it to ATC and emergency procedures may be initiated. Pilots are highly trained to deal 
with many events that may occur. Continuous evaluation of information from various 

sources and effective crew resource management are important ways to support 
detection of events at a second stage. [NE] 

Characteristics 

First detection of 
disturbance 

Pilot 

Establish common 
ground 

Local-Air 

Strategy coordination 

Local-Air 
Ground-Air 

Org-Air 

Other 

Level of human 
flexibility in strategy 

Medium 

Strategy acquirement 
ATCo  

Training 
Experience  

Creativity 
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Strategy acquirement  
pilot 

Training 
Experience  

Creativity 

Explanation  

Key elements 

Ground n.a. 

Air 
Continuous evaluation of information from various sources. 

Crew resource management. 

Effects of strategy on key performance areas 

Safety 

Effect Negligible - Large positive 

Explanation 
Detection of events at a second stage may have a negligible to 

large positive effect on safety, depending on the event. 

Capacity 

Effect Negligible 

Explanation 
Assuming that the event concerns one aircraft only, this 
disturbance does not normally have a large impact on capacity, 

except maybe in case of a major emergency.  

Environment 
Effect 

Negligible 

Explanation See at capacity 

Costs 
Effect Negligible 

Explanation See at capacity 

 

Disturbance 

Description 

Routing 
 Pilot uses wrong waypoint with the same identifier 

 Overfamiliarity with route 

 Pilot confuses radar heading with a flight level 

 Pilot misinterprets moving map 

 Pilots are flying to wrong airport 

Frequency 

Category Very rare – Rare – Occasionally – Regular 

Explanation 

Overall, this disturbance happens occasionally. However, flying to a wrong airport is 
very rare. Landing on a wrong runway is also very rare (say, once per 20 years for one 

controller), though more frequent than landing at a wrong airport. Confusion of flight 

level and heading occurs often. Selecting a direct-to in the FMS could be mistyped if 
the aircraft is close to a waypoint. Foreign pilots may misunderstand waypoints 

pronounced in the national language. [Workshop] 

Strategy 

Description 

First detection can be by the controller or the pilots. The strategy to deal with it would 

include communication and changing the plans. Waypoints are now named by 
Eurocontrol instead of by the national ATC; this should mitigate pronunciation 

problems. [Workshop] 
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Characteristics 

First detection of 
disturbance 

Controller 
Pilot 

Establish common 
ground 

Local-Air 

Ground-Air 

Strategy 
coordination 

Ground-Air 
Local-Ground 

Global-Ground 

Level of human 
flexibility in strategy 

Medium 

Strategy 
acquirement ATCo 

Training 

Strategy 
acquirement 

pilot 

Training 

Explanation  

Key elements 
Ground 

Adapt route. 
Inform pilots by R/T. 

Air Follow ATC route and speed instructions. 

Effects of strategy on key performance areas 

Safety 

Effect Large positive 

Explanation 
The strategy will have a positive effect on safety. Depending 

on the aircraft deviation due to the disturbance, the impact can 
be large. 

Capacity 

Effect Small positive 

Explanation 
The strategy will lead back to smoother traffic, hence will be 
positive for capacity 

Environment 

Effect 
Negligible 

Explanation 
The strategy will not increase deviations hence the impact on 
environment will be negligible. 

Costs 

Effect Negligible 

Explanation 
The strategy will not increase deviations hence the impact on 
costs will be negligible. 

 

Disturbance 

Description 

Rules and procedures 

 Procedures and routes in TMA or at airport are not well known by pilots (e.g. 

because pilots enter it seldomly) 

 Pilots do not know what separation standards are used 

 Pilots might get used to reduced separations and apply them when they are not 

appropriate 
 Pilot does not know airspace configuration 

Frequency 

Category Regular 
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Explanation 

The frequency depends on the example. Regarding separation standards used, for 
many pilots this situation is almost always true; all sectors have their own standards; a 

pilot cannot keep track of them. But other pilots will generally know which separation 

standards are used, though there may be some confusion, especially above control 
zones. [MAREA] 

Strategy 

Description 

Regarding the example of pilots not knowing what separation standards are used, one 
pilot noted that he would only need to be aware of separation standards if, e.g., he 

wants to climb and he sees other traffic on the TCAS display. A factor that may 
contribute to the behaviour of a pilot is anticipation on possible clearances. For 

example, a turn or climb instruction is delayed but the crew does not know until when. 

The pilot would ask for clarification on when the turn or climb can be expected.  

Another pilot noted that knowing separation standards is relevant to avoid wake 

turbulence encounters, and is also useful if you want to play with your speed a bit. If 
the pilot is flying a smaller aircraft behind a heavier aircraft, he would try to fly a bit 

above the glide path to avoid the wake vortex. This would sometimes confuse ATC. 

Regarding written procedures, some airspaces (e.g. oceanic, or RVSM (reduced vertical 
separation minima)) have published separation criteria. Radar environment has its own 

criteria, depending on airspace classification. [MAREA] 

Characteristics 

First detection of 
disturbance 

Pilot 

Controller 

Establish common 
ground 

Local-Air 
Ground-Air 

Strategy 
coordination 

Ground-Air 

Level of human 
flexibility in strategy 

Medium 

Strategy 
acquirement ATCo 

Experience 

Strategy 
acquirement 

pilot 

Experience 

Explanation  

Key elements 

Ground Inform pilots on routes and procedures. 

Air 
Ask controller for clarification on the routing. 
Additional training. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 
Strategies for pilots to get better informed about separation 

standards may have a positive, albeit small, impact on safety. 

Capacity 

Effect Negligible 

Explanation 
The pilots will still have to follow controller instructions, hence 

usually, not knowing separation standards or the strategy to 
getting to know them will not lead to deviations. 

Environment 
Effect 

Negligible 

Explanation See at capacity 
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Costs 
Effect Negligible 

Explanation See at capacity 

 

Disturbance 

Description 

Runway choice 
 Pilots line up on a runway with insufficient declared distance available 

 Pilots (intend to) use wrong runway 

Frequency 

Category Rare 

Explanation 

One pilot replied that lining up on a runway with insufficient declared distance 
available could happen if a wrong intersection was taken, or if the take-off 

performance was calculated for a longer TODA (take off distance available). Another 

pilot replied that this situation could happen in darkness and at unfamiliar airports, 
although he never experienced it. [MAREA] 

Strategy 

Description 

If a pilot would line up on a runway with insufficient declared distance available, and if 
the situation is detected, the pilot would re-calculate for the correct TODA. If the 

situation is unnoticed, the aircraft would take off with the wrong take-off data. During 
take-off roll the pilot could notice that the runway is “short”. The procedure is either to 

abort take-off, or to add thrust and fly, depending on the situation. 

At major airports there are clear TODA signs near the runway which can be used to 
compare the TODA used for calculations with. [MAREA] 

If pilots intend to use the wrong runway, this would be detected by the controller, 
using ground radar or visual. Stopbar violation alerts could also be used for detection. 

[NE] 

Characteristics 

First detection of 
disturbance 

Pilot 
Controller 

System notification/alert 

Establish common 
ground 

Local-Air 
Ground-Air 

Strategy 
coordination 

Local-Air 
Ground-Air 

Level of human 
flexibility in strategy 

Medium 

Strategy 
acquirement ATCo 

Training 
Experience 

Strategy 
acquirement 

pilot 

Training 
Experience 

Explanation  

Key elements Ground 
Warn for runway incursion. 
Adapt route. 
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Air 
Follow ATC route and speed instructions. 
Adapt take-off at second stage. 

Effects of strategy on key performance areas 

Safety 

Effect Large positive 

Explanation 
The strategy could potentially avoid an aircraft crash, hence 
would have a large positive effect on safety 

Capacity 
Effect Negligible 

Explanation The strategy would not usually lead to aircraft deviations 

Environment 
Effect 

Negligible 

Explanation The strategy would not usually lead to aircraft deviations 

Costs 
Effect Negligible 

Explanation The strategy would not usually lead to aircraft deviations 

 

Disturbance 

Description 

System degradation 
 Aircrew unaware of loss of voice communication 

 Pilot does not detect degradation of airborne system 

Frequency 

Category Rare  

Explanation 
This disturbance is expected to happen rarely and especially in case of high workload 

situations. [NE] 

Strategy 

Description 

The controller would normally be the first to detect an aircrew being unaware of loss 
of voice communication, but the pilots could eventually detect it themselves as well. 

The disturbance could first be interpreted for an R/T frequency problem, which occurs 
more often than a communication system degradation problem, especially at sector 

hand-over. If this is the case, the controller and/or the pilot could try to make contact 

using other frequencies, or the emergency frequency. The event could also be due to 
radio being in sleeping mode. If the problem appears to be a communication system 

failure, the pilots and ATC could try to get in contact by other means, e.g. datalink, or 
using a cell-phone. In the meantime, the pilots try to repair the system failure.  

 
The ATCo would respond by repeatedly trying to contact the pilot and moving away 

other traffic. He will not depend on this flight to do anything anymore, but focus on 

keeping away other flights and also anticipate a possible emergency. This would lead 
to additional workload. In case of prolonged unexpected loss of communication, he will 

contact the military to intervene. 
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Degradation of an airborne system will first be detected by the pilots, but if they are 
not aware, and if the degradation affects the flight, the controller may detect it 

through radar. Once detected, the pilots will try to repair the problem, or contact their 

technical department during flight. For the controller, the strategy depends on what 
the pilot tells them the problem is. Sometimes emergency procedures need to be 

initiated. If the failure results in an emergency landing, a lot of coordination is 
required. Also if the aircraft is at a high altitude and needs to descend then lot of 

coordination is required. [NE, MAREA] 

Characteristics 

First detection of 
disturbance 

Controller 
Pilot 

System notification/alert 

Establish common 
ground 

Local-Air 
Ground-Air 

Strategy coordination 

Local-Air 

Ground-Air 
Local-Ground 

Global-Ground 
Org-Ground 

Other 

Level of human 
flexibility in strategy 

Medium 

Strategy acquirement 
ATCo  

Training 

Experience 

Strategy acquirement  
pilot 

Training 

Experience 

Explanation  

Key elements 

Ground 
Use alternative R/T frequency. 

Ask other controller to contact aircraft. 

Give priority to flight. 

Air 

Use alternative R/T frequency. 

Check damage. 
Follow procedures for system failures. 

Continuous evaluation of information from various sources. 

Effects of strategy on key performance areas 

Safety 

Effect Large positive 

Explanation 

Depending on the type of system degradation and its impact 

on the flight, the disturbance could have a potentially large 
impact on safety, hence the strategy to deal with it may have a 

large positive effect. 

Capacity 

Effect Small negative 

Explanation 

Often, the strategy does not have an effect on capacity, but if 

controllers need to move away other traffic, due to a prolonged 
loss of communication with an aircraft that behaves 

unexpectedly, the capacity may be temporarily affected. 

Environment 
Effect 

Small negative 

Explanation See at capacity 

Costs 
Effect Small negative 

Explanation See at capacity 
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Disturbance 

Description 

System mode 

 Pilot does not know whether (s)he has selected the correct localizer frequency of 

the instrument landing system 

Frequency 

Category Rare 

Explanation 
This may happen, but the frequency is rare due to the existence of several ways of 

learning the correct frequency. 

Strategy 

Description 

Localizer frequencies are published on the instrument approach procedure chart. If a 
pilot is uncertain about the correct localizer frequency, he would always ask to make 

sure. He would check with the other pilot, or contact ATC for the correct frequency. In 
addition, the localizer normally periodically transmits a Morse code identification signal 

that lets users know the facility is operating normally and that they are tuned to the 
correct ILS (corresponding to a particular runway). [NE], [[Wikipedia]  

Characteristics 

First detection of 
disturbance 

Pilot 

Establish common 
ground 

Local-Air 
Ground-Air 

Org-Air 

Strategy coordination 
Local-Air 

Ground-Air 

Org-Air 

Level of human 
flexibility in strategy 

Low 

Strategy acquirement 
ATCo  

Training 

Strategy acquirement  
pilot 

Training 

Explanation  

Key elements 
Ground 

Inform pilots on correct mode. 

Air Ask controller for confirmation. 

Effects of strategy on key performance areas 

Safety 

Effect Large positive 

Explanation 
If the pilots make no attempt to verify the correct localizer 
frequency, they could potentially land on a wrong runway, 

which could have large consequences for safety 

Capacity 

Effect Negligible 

Explanation 
The strategy to deal with it is not expected to lead to large 

deviations by other aircraft than the own aircraft; therefore the 
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effect on capacity is very small.   

Environment 
Effect 

Negligible 

Explanation See at capacity 

Costs 
Effect Negligible 

Explanation See at capacity 

 

Disturbance 

Description 

System trust 

 Over-reliance on system data 

 Confusion due to many sources that provide you with information. Which 

information do you rely on in which case? 
 Pilot does no trust flight management system 

 Pilots have (too) much confidence in flight management system 

 Delay into detection of a problem/conflict by pilots due to lack of trust in technical 

system 

 Pilot doesn’t use a (new) technical system because he is frustrated about its 

performance 

Frequency 

Category Occasionally 

Explanation 

The pilots believe that overreliance on system data could be due to less experience, 

and also that it more frequently occurs with younger colleagues, who are trained to 
program and use their FMS a lot, in contrast with older pilots, who would sometimes 

rather dial the heading instructions by hand, especially if there is little time. 

Overreliance could also happen if the data is prominently displayed. [MAREA] 
A problem due to lack of trust in a system, such as delay or frustration due to 

interaction with a system is expected to occur occasionally.  

Strategy 

Description 

The pilots estimate that over-reliance on system data that contains errors (e.g. 

distance to destination) is not usually caught; pilots may continue to use the erroneous 
data. Detection is by cross-checking with other data sources (e.g. DME (distance 

measuring equipment) versus FMC (flight management computer)) for possible 

discrepancies. During flight training, cross-checking is encouraged. 

Some airlines promote using autoland in, say, 70% of landings, but in practice 

autoland is used only 10% of the time. It is also useful to keep practicing manual 
landings. In bad weather autoland cannot be used, and in case of CBs you cannot fly 

CDAs. In such cases it is good to have experience with manual flying. [MAREA] 

Lack of trust due misunderstanding of a system may be diminished by additional 
training about the system considered. 

Characteristics 
First detection of 

disturbance 
Pilot 
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Establish common 
ground 

Local-Air 

Strategy 
coordination 

Local-Air 

Org-Air 

Level of human 
flexibility in strategy 

Medium 

Strategy 
acquirement ATCo 

n.a. 

Strategy 
acquirement 

pilot 

Training 

Experience 

Explanation  

Key elements 

Ground n.a. 

Air 
Continuous evaluation of information from various sources. 
Additional training 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 
The strategy to cross-check data for system errors will have a 

positive impact on safety. 

Capacity 
Effect Negligible 

Explanation The strategy would not usually lead to aircraft deviations 

Environment 
Effect 

Negligible 

Explanation The strategy would not usually lead to aircraft deviations 

Costs 
Effect Negligible 

Explanation The strategy would not usually lead to aircraft deviations 

C.15 Pilot working context 

Disturbance 

Description 

Cultural differences 
 Cultural differences between airlines 

 Differences in national cultural backgrounds 

 Cultural differences impact the performance of crews (e.g. English pilots might 

better follow procedures than Dutch) 

Frequency 

Category Regular 

Explanation Cultural differences between airlines do exist; these differences appear to be more 
evident in departure or in approach, and less so en route.  

Strategy 
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Description 

According to several controllers, there are differences, but they are not very significant. 
Pilots will follow company decisions and policies. But these are procedural, not cultural. 

Professional pilots are usually well behaved; they know what is going on and rely on the 

ATCo’s instructions. En route, pilots typically react in the same way; in approach the 
differences are a bit larger. Pilots from some airlines are often a bit slower to react, 

probably due to different accents when speaking English. In such case, in case of a 
conflict, the ATCo would perhaps choose to give the instructions to the aircraft that he 

expects to react immediately. Some airlines give priority to low cost, low fuel, and for 

this reason try to keep a certain speed or keep a low rate of climb. In such cases you 
instruct them to go faster, especially if they are first in a sequence. Otherwise, you 

anticipate such airline behaviour by giving particular instructions. Pilots of one notorious 
airline are not so experienced, but if the ATCo informs them about the dangers, they 

normally follow the instruction. Language background is another obvious difference. 
The ATCo adapts to the situation; e.g., in case of Chinese or Russian pilots, the ATCo 

would speak slower. U.S. pilots are known for sloppy R/T. Some airlines have the 

tendency to ask for direct-to’s a lot. However, in general, ATC is a reasonably 
standardised environment across the globe. 

One controller, however, replied that cultural differences have a large impact, larger 
than what anybody would admit. It is also a sensitive issue. It affects all areas of 

operation, from flight planning to slot allocations. Some airlines treat flight plans very 

differently than others. It also has impact on the choice of runway; for example, some 
airlines take much larger margins. And departure management systems are not 

consistent. Ready times for departure may also vary a lot. For example American 
Airlines are always ready for departure, since it is part of their ways of working to be so. 

Some other airlines always need one or two extra minutes. This is especially bad if such 
airline is the first in a sequence. Then all aircraft behind them get the same delay. 

Aircraft from some airlines typically are slow on final. This breaks up the normal flow. 

Below minimum sector altitude, some airlines don’t want to fly RNAV (without headings 
or on the approach procedure). The ATCo tries to anticipate these differences in his 

planning. This adds extra workload. He adds that there may be also language problems. 
ICAO has prescribed English proficiency levels. However, some airlines (typically those 

who need it the most) got five years extension to meeting the requirements from their 

regulator. Other airlines, from which you expect language problems such as those from 
Russia or Ukraine, actually have good levels. The controller adds that each culture has 

another area in which they do something different. Some problems can be anticipated, 
such as the delay from particular airlines on final. If airlines are consistently not ready, 

then they could be ‘punished’ by e.g. throwing them back in sequence. 

All ATCos agree that there are no written procedures that cover this situation. 

For pilots, the issue is different, since they would only have to deal with the culture 

within their own airline, so cultural differences would only be noticed when changing 
jobs. One pilot recalled one situation related to cultural differences: At one time, his 

airline contracted a lot of new colleagues, who previously were military pilots. This 
introduced a bit of a macho culture, e.g. taxiing a bit fast. On the other hand, these 

pilots were also like brothers, and were very adjusted to each other, so there was no 

problem. There may also be cultures with higher value for hierarchy. For example, 
many years ago, Japanese or German pilots were less willing to challenge their older 

colleagues. This situation has improved. [MAREA]  

Characteristics 

First detection of 
disturbance 

Controller 
Pilot 

Establish common 
ground 

Local-Air 
Ground-Air 

Local-Ground 

Strategy coordination Local-Air 
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Ground-Air 
Local-Ground 

Level of human 
flexibility in strategy 

Medium 

Strategy acquirement 
ATCo 

Experience 

Strategy acquirement 
pilot 

Experience 

Explanation  

Key elements 
Ground 

Speak slowly in R/T with particular airlines. 

Anticipate differences between airlines. 

Extra control of flights of particular airlines. 

Air Crew resource management. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 
Adapting the interaction between ATC and pilots according to 

cultural background is expected to have a positive effect on 

safety. 

Capacity 

Effect Negligible 

Explanation 
The strategy would not usually lead to aircraft deviations, except 
if a notorious airline is ‘punished’ by throwing them back in 

sequence. This is not expected to happen often. 

Environment 
Effect 

Negligible 

Explanation The strategy would not usually lead to aircraft deviations. 

Costs 
Effect Negligible 

Explanation The strategy would not usually lead to aircraft deviations. 

 

Disturbance 

Description 
Distraction 
 Crew hindrance (insects, etc) 

Frequency 

Category Rare – Occasionally 

Explanation 
This happens, but not very frequently. The frequency of insects depends on the 
location and the outside temperature, and may be lower if the aircraft can stay in a 

hangar overnight. [NE] 

Strategy 
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Description 

Insects can be very annoying and will be easily detected, especially if they are flying 
insects (flies, mosquitos, wasps, bees). All a pilot can do is try to ignore them until 

they can do something about them. If a pilot is allergic, he will make sure to bring an 

antidote. Insects and other creatures are attracted by food, water and heat, so 
keeping the cockpit clean and keeping the doors closed when on the ground helps to 

avoid having these visitors. Rodents or other small animals may also be dangerous 
because they can chew through wiring. After landing, the procedure is to go to 

maintenance immediately and let the aircraft get through a “bombing”, i.e. a treatment 

with insecticides or another toxic gas. 
[NE], [Forum] 

Characteristics 

First detection of 
disturbance 

Pilot 

Establish common 
ground 

Local-Air 

Strategy 
coordination 

Local-Air 
Org-Air 

Other 

Level of human 
flexibility in strategy 

Medium 

Strategy 
acquirement ATCo  

n.a. 

Strategy 
acquirement  

pilot 

Experience 

Creativity 

Explanation  

Key elements 
Ground n.a. 

Air 
Prevent/destroy insects and small animals in the aircraft. 

Effects of strategy on key performance areas 

Safety 

Effect Negligible 

Explanation 
Insects may be very annoying, but normally they do not pose a 
large threat to safety, unless a pilot is allergic and there is a 

high workload situation as it is. 

Capacity 
Effect Negligible 

Explanation  

Environment 
Effect 

Negligible 

Explanation  

Costs 
Effect Negligible 

Explanation  

 

Disturbance 

Description 

Interaction with technical system 
 Lack of situation awareness of pilot due to high level of automation 

 Data entry contributes to high workload 

 System failure leads to increase in pilots’ workload 
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Frequency 

Category Regular 

Explanation 
If this disturbance happens, it lasts during a longer period. Therefore, on average it 

may be rather frequent. [NE] 

Strategy 

Description 

The first to detect this disturbance is the pilot or the other pilot. The controller may 
ultimately also detect it through R/T communications if the disturbance affects pilot 

workload and anxiety. The effect of the disturbance may also be a higher frequency of 

error and higher reaction times. 
 

The pilot will deal with the disturbance through better preparation, concentration, and 
asking for additional training courses. He may also ask the other pilot to switch roles. 

The pilot can report problems with the design of the human-machine interaction to the 

management. The controller, if he notices that a pilot has a higher level of anxiety, he 
will try to reduce communication to necessary communication only, and use standard 

phraseology. [NE] 

Characteristics 

First detection of 
disturbance 

Pilot 

Controller 

Establish common 
ground 

Local-Air 

Strategy 
coordination 

Local-Air 

Ground-Air 
Org-Air 

Level of human 
flexibility in strategy 

Low 

Strategy 
acquirement ATCo  

Training 

Experience 

Strategy 
acquirement  

pilot 

Training 
Experience 

Explanation  

Key elements 

Ground Use necessary R/T only. 

Air 
Additional training. 

Report design problems to the management. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 
The disturbance may lead to a slightly higher frequency of pilot 

error. Overall, the strategy is expected to have a small positive 
effect. 

Capacity 

Effect Negligible 

Explanation 
The disturbance or the strategy is not expected to lead to an 
aircraft deviation; therefore the overall effect on capacity is 

expected to be negligible. 

Environment 
Effect 

Negligible 
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Explanation 
The disturbance or the strategy is not expected to lead to an 
aircraft deviation; therefore the overall effect on environment is 

expected to be negligible. 

Costs 

Effect Negligible 

Explanation 
The disturbance or the strategy is not expected to lead to an 

aircraft deviation; therefore the overall effect on costs is 

expected to be negligible. 

 

Disturbance 

Description 

Pilot incapacitation 
 One or two pilots die during a flight 

 Pilot performance is affected due to alcohol, drugs or medication 

 Pilot is fatigued and sleepy 

 Pilots falling asleep 

Frequency 

Category Very rare - Regular 

Explanation 

Some pilots indicate that being fatigued and sleepy is a very recognisable situation; it 

happens a lot. In Europe, there are many short flights, which make you tired, but 
there is also lots of adrenaline that keeps you awake. On longer flights, the situation is 

worse, especially in case of jet lags. Some flights are also more tiresome than others, 
for example if there are difficult passengers. Other contributing factors to being 

fatigued and sleepy are irregular working hours, jet lags, lack of sleep. The situation is 

expected to be even worse with the upcoming EU regulations, allowing pilots to make 
more hours, and longer and more frequent flights. Also because the situation will be 

less predictable [MAREA]. Many pilots are unhappy about duty times and duty cycle. 
One controller notes to have read a lot of literature about the fatigue problem, so this 

is probably a real issue. Some pilots note however, that even though they may be 
sleepy, that does not often affect the flight. [Workshop] 

 

The second and fourth examples are rare. The first example is very rare. 
[Workshop] 

Strategy 

Description 

Detection of sleepiness would be by the pilot himself, the other pilot or by a cabin 
crew member. Pilots read back and call out everything they do in the cockpit, so the 

other pilot can detect fatigue or another issue. Controllers could detect pilots talking a 
bit slowly, but can only guess for the reason. If ATC contacts a pilot and do not get a 

reply, R/T could be off or the pilots could be on different frequency; the controller 

cannot be sure that pilots are actually asleep [Workshop]. 

The impact is a slower acting speed, e.g. one second longer reaction time, and less 

vigilance. Or the pilot could forget something, e.g. doing a checklist. All they can do to 
mitigate this is be able to recognise it and anticipate on it. For example, if a pilot is 

allowed to sleep during a flight, he needs to wake up more than 75 minutes before 

landing, otherwise he won’t be alert enough to execute the landing. Luckily, if 
something happens, then adrenaline wakes them up immediately. And there are alerts 
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in the cockpit in case both pilots are asleep before approach. [MAREA] 

For pilots there are procedures about taking rest and about flight times. There are also 

procedures for using alcohol, medication, etc. ATC have procedures for the first 

example, i.e. emergency procedures. For the other examples there are also 
procedures. If they suspect something, a controller may also call other sectors to be 

aware of this pilot and that they might make a mistake. [Workshop] 

Characteristics 

First detection of 
disturbance 

Pilot 
Controller 

Other 

Establish common 
ground 

Local-Air 

Strategy 
coordination 

Local-Air 
Org-Air 

Ground-Air 

Level of human 
flexibility in strategy 

Medium 

Strategy 
acquirement ATCo 

Experience 

Training 

Strategy 
acquirement 

pilot 

Experience 

Training 

Explanation  

Key elements 

Ground Follow emergency procedures. 

Air 
Fatigue risk management programme. 
Procedures for alcohol, drugs and medication. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 
The strategy will have a positive effect on safety. Usually, the 

impact will be small, except in emergency situations. 

Capacity 

Effect Negligible 

Explanation 
The strategy would not usually lead to aircraft deviations, 

except in emergency situations 

Environment 
Effect 

Negligible 

Explanation The strategy would not usually lead to aircraft deviations 

Costs 
Effect Negligible 

Explanation The strategy would not usually lead to aircraft deviations 

 

Disturbance 

Description 
Safety culture 
 Airline with poor safety culture 

Frequency 
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Category Regular 

Explanation An airline with a poor safety culture has impact on a large number of flights and it is 
assumed that there are some airlines with a less than optimum safety culture.   

Strategy 

Description 

One pilot indicated that this is a broad question. Impact of poor safety culture may be 
sloppy behaviour, or no reporting of incidents. There is not much you can do, except 

to either follow the culture, or try to change the culture. The latter may result in loss 
of your job at some airlines (one particular airline is notorious). Another pilot noted 

that there may be a tendency to go for ‘sufficient’ marks rather than ‘good’ marks for 

economic reasons. There are no written procedures that address this situation. 
[MAREA] 

 
At an operational level a controller may provide extra and stricter control of flights of 

particular airlines. See also the disturbance “Cultural differences”. [NE] 

Characteristics 

First detection of 
disturbance 

Controller 
Pilot 

Other 

Establish common 
ground 

Ground-Air 
Org-Ground  

Strategy 
coordination 

Org-Air 

Level of human 
flexibility in strategy 

High 

Strategy 
acquirement ATCo 

Experience 

Strategy 
acquirement 

pilot 

Experience 

Explanation  

Key elements 

Ground 
Anticipate differences between airlines. Extra control of flights 
of particular airlines. 

Air 
Crew resource management. 

Safety culture improvement programme. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 
The strategy to improve the safety culture and to provide extra 
control for particular airlines is expected to have a small 

positive effect on safety.  

Capacity 

Effect Negligible 

Explanation 
Ultimately, the effect on capacity of trying to change the safety 

culture will not be very large. 

Environment 
Effect 

Negligible 

Explanation The effect on the environment will be negligible. 

Costs 

Effect Negligible – Small negative 

Explanation 
A poor safety culture is usually due to economic reasons, hence 

any attempt to change that culture could have an effect on 
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costs. 

 

Disturbance 

Description 

Training 

 Wrong or inaccurate information (e.g. AIP) used during training 

 Pilot insufficiently trained for new concept 

Frequency 

Category Occasionally - Regular 

Explanation 

According to controllers of one major airport, this disturbance happens frequently. 

Pilots have no access to AIP (they do have access to EAD (European AIS Database) 
but typically do not use it). Pilots do have a route manual that contains the AIPs of all 

countries, but these are not updated often enough. This is an issue across the world. 

It is a problem since the AIP is everything to the controllers. [Workshop] Two 
interviewed pilots indicate, however, that this disturbance should not happen in case 

of aircraft-related changes; training standards are fixed and approved. What could 
happen is inexperience with a particular situation, e.g., in case of operational 

procedures such as flying continuous descent approaches (CDA), new flight procedures 
above the Himalaya, or RVSM (reduced vertical separation minima). Some of these 

procedures are introduced rather quickly [MAREA]. 

Strategy 

Description 

The controller will be the first to detect it if pilot uses wrong procedure. But a pilot 
may also detect himself if he does not know the procedure [Workshop].  

It takes a lot of discipline and paperwork to keep up with operational changes. These 
new procedures need to be learned in the pilot’s own time. The airline does not test 

pilots regarding new procedures such as CDAs; the pilots just need to study them and 
then fly them. Sometimes, it may take up to a year before all pilots are aware about a 

new procedure, such as a new speed limit in approach for an airport. [MAREA] 

Pilot inexperience with a particular situation could lead to higher workload; the pilot 
would slow down, and if possible revert to previous working methods (e.g. in case of a 

new weather radar: revert back to manual) [MAREA]. Pilots would report the problem 
to the training department. If Part C is not current they can report it to the airline 

company to repair it. If the problem occurs during the flight there is not much they 

can do. For controllers, sometimes it is noted that the problem occurs for pilots of one 
company; then you report to this company. [Workshop]  

Characteristics 

First detection of 
disturbance 

Controller 
Pilot 

Establish common 
ground 

Local-Air  

Ground-Air 
Global-Air 

Org-Air 

Strategy 
coordination 

Ground-Air 
Global-Air 

Org-Air 
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Other (ATCo-Airline) 

Level of human 
flexibility in strategy 

High 

Strategy 
acquirement ATCo 

Experience 

Strategy 
acquirement 

pilot 

Creativity 

Training 

Explanation  

Key elements 

Ground Inform pilots on routes and procedures. 

Air 
Ask controller for clarification on procedures. 

Additional training. 

Report training problems to the training department. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 
The impact may depend on the type of procedure that is 
insufficiently trained, but the strategy will normally have a 

positive effect on safety 

Capacity 

Effect Negligible 

Explanation 
The impact of the strategy will depend on the type of 

procedure that is insufficiently trained, but normally it would 
not lead to aircraft deviations or other effects on capacity. 

Environment 
Effect 

Negligible 

Explanation See at capacity 

Costs 
Effect Negligible 

Explanation See at capacity 

 

Disturbance 

Description 

Workload / information load 
 Large workload of crew 

 Pilots do not react to controller call due to high workload 

 Sudden switch from a low workload to a high workload 

 A pilot may lose interest when flight information updates (e.g. ATIS) are uploaded 

too frequently 

Frequency 

Category Regular 

Explanation 

The experts estimate all of these examples to be very frequent. For example, a change 
of runway during approach creates big workload for the pilots. [Workshop] High 

workload situations happen more often in Europe than elsewhere, due to the shorter 
flights. On the other hand, more routine in flying Europe mitigates the problem. 

[MAREA] 
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Strategy 

Description 

Pilots usually expect workload in certain flight phases, hence learn to deal with it. High 
workload could occur due to non-normal conditions (e.g. a passenger being ill, or a 

technical problem), or in normal phases during take-off or landing. The impact is that 
the pilot would either answer later to a controller’s call (e.g. 30 seconds later), or 

alternatively forget to answer. There is generally time for one of the pilots to react, 

though; sometimes a third pilot is in the cockpit to help out. An indirect impact is that 
ATC could move you lower on their priority list, i.e. communicate with another aircraft 

first, before getting back to you. The situation would mostly be detected by ATC, who 
would not get an answer. But the other crewmember could detect as well. In an 

emergency situation, the pilot would skip the non-essential activities, such as giving his 
talk to the passengers. [MAREA] Pilots may also turn off R/T if there is too much 

communication. During training they are taught to slow down the pace if the ‘aircraft is 

ahead of the pilot’ [Workshop]. Regarding written procedures for pilots, in principle, 
the procedure is that flying the aircraft has priority over ATC communication [MAREA]. 

A controller can detect pilot workload if a pilot does not give a read back, or if a pilot 
says “standby”. You also listen to the sound of the voice to detect if a pilot is nervous. 

A controller may also detect pilot workload if he calls a pilot and gets no response, 

though such event could also be due to radio being in sleeping mode. One controller 
replied that in his experience, one of the two pilots in the aircraft would always 

answer. If the pilot is busy or unsure you would hear that through an uncertain voice, 
or through the lateness of the response, or by pilot responding with “say again?”. If 

you have to repeat instructions while in busy traffic that would be bad, but this does 
not happen often. The situation may happen more often during descent phases. But 

normally, the pilots divide the tasks between them, so one is always ready to respond. 

[MAREA] 

Normally, the ATCo should be aware of what is going on in the cockpit. He knows 

when the pilots are busy, that they have a checklist to follow. When an aircraft pushes 
back, the ATCo knows he can get a request to taxi. The normal operation is to let the 

pilot report in when they are ready, and then give an instruction, so as not to interfere 

with the pilot workload. If necessary, the ATCo can call them slowly at their call sign. 
If the pilots do not answer, he would call them again, talking more slowly. If there is 

still no contact, he would repeatedly try to contact the pilot and move away other 
traffic, even if this would lead to additional workload. ATCo will try the frequency of 

the previous sector, and if that does not work, he will try a number of other 

frequencies including an emergency frequency. In case of prolonged unexpected loss 
of communication, he will contact the military to intervene. [MAREA] 

The impact can range from minor to severe. If the read back is coming at the second 
call, the impact could be a small deviation. In case of an emergency or no read back at 

all, the impact is more severe. The ATCo will not depend on this flight to do anything 
anymore, but focus on keeping away other flights and also anticipate a possible 

emergency. The controller often does not know what the problem is. Did the pilot not 

hear you the first time? Is it a technical system problem? The ATCo would need to 
check in again. And if that does not work, try others to call the aircraft, including other 

sectors. This would add a lot of workload. 

Regarding written procedures, the controller would have to tell his supervisor. And in 

the ultimate case, inform the military to intervene.  

Characteristics 

First detection of 
disturbance 

Pilot 
Controller 

Establish common Local-Air 
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ground Ground-Air 

Strategy 
coordination 

Local-Air 

Ground-Air 
Org-Air 

Other 

Level of human 
flexibility in strategy 

Medium 

Strategy 
acquirement ATCo 

Experience 

Creativity 

Strategy 
acquirement 

pilot 

Training 

Experience 

Creativity 

Explanation  

Key elements 

Ground Use necessary R/T only. 

Air 
Workload management. 
Crew resource management. 

Use necessary R/T only. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 
The safety impact of the strategies for improving workload 

management is expected to have a positive effect on safety. 

Capacity 
Effect Negligible 

Explanation  

Environment 
Effect 

Negligible 

Explanation  

Costs 
Effect Negligible 

Explanation  

C.16 Rules and procedures 

Disturbance 

Description 

Changes in procedures 
 Change in ATC procedures leads to confusion by pilots 

 Change of ATC procedures leads to more errors in controller’s performance 

 Change of ATC procedures affects fluency of controller’s performance 

Frequency 

Category Occasionally 

Explanation 

This occurs occasionally. According to one controller, ‘The only thing that does not 
change is the changes’. Changes may be written in non-standard terminology, radio 

frequencies may change. Some airlines may also have poor change management, for 

example they have the pilots use new charts without telling them what has changed / 
that there was a major change. There is a route manual which is regularly updated, 
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but some things may change in between updates or only temporarily. It could occur 
that there is a change that is not flagged as a change, such that it could go unnoticed. 

Changes are reported in NOTAMs, but these are difficult to read, as they use many 

codes and abbreviations and come without illustrative pictures, so when you do read 
them, you are often still confused. Contributing factors to confusion are experience 

leading to an expectation pattern. Or changes not noticed, such as NOTAMs not read. 
[MAREA] 

Strategy 

Description 

Pilots based on a particular airport know the procedures, such as top of descent, 
holding procedures and arrival routings etc. But they may still be puzzled by new 

procedures as they have to create new mental reference points. The impact of an 

unexpected change is confusion, and the crew not acting according to expectations. 
Radio frequency changes are usually not big a deal for pilots. [MAREA] 

Detection may be by ATC, the other crewmember, or other aircraft, who may notice 
the deviation. An ATCo will detect pilot confusion if the pilot verifies more often, is 

doing something different than expected, or gives a startling read back. But a pilot 

could also give a positive read back and then still do something unexpected; this is 
detected by using radar. However, it is generally hard to trace back that the error is 

because of pilot confusion due to change in ATC procedures. [Workshop]  

For pilots, the strategy is reading NOTAMs about major changes, or the internal Airline 

company memo, and to ask ATC. [Workshop] Pilots are responsible to notify 
themselves on the latest publications. Some airlines have one employee who filters out 

‘unimportant’ NOTAMS, and orders them based on priority. Still, it takes a lot of 

discipline to read them.  

The strategy for ATC to deal with changes is simulations, training, and briefings. Major 

changes must be trained before they are published, but minor changes are trained in 
real time. [Workshop] There is a procedure document that contains all procedures. In 

case of a major change, the controllers will be given a presentation that explains the 

change. In case of a smaller change, they will get a briefing or written material. The 
existence of written procedures depends on the situation. In case of works in progress 

at the airport there may be procedures, but otherwise not. Controller training includes 
awareness of how a pilot may react differently. In case a pilot is doing something 

unexpected, the controller would correct the flight or inform the pilot. He could also 

help out by giving headings and giving waypoints. Frequent changes affect the 
controller’s performance negatively. This would add workload but nothing else. 

[MAREA] 

Change of ATC procedures also affects the fluency of controller’s performance. This 

could be an issue, typically in the tower. In case of high workload you fall back to 
secure known modes of operation. If several procedures change at the same time the 

ATCo will be less confident and more cautious because the fall-back situation has 

changed. Controllers who work part-time also have a decreased ability to flexibly adapt 
to the new situation. To deal with the situation, the ATCo better concentrates and is 

more aware of the situation. He tries to correct and adapt by learning. In case of a 
major procedure change it may take one or two years before the whole system is on 

its old ‘smoothness’ again, i.e. before you know all effects and all minor issues have 

been optimised. You need a lot of experience in practice, and there are many details 
that need to be covered. Several iterations are needed to change an ATCo’s work 

style. [MAREA] 

Characteristics 
First detection of 

disturbance 
Controller 

Pilot 
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Establish common 
ground 

Local-Air 
Local-Ground 

Ground-Air 

Global-Ground 
Org-Ground 

Org-Air 

Strategy 
coordination 

Ground-Air 
Org-Ground 

Org-Air 

Level of human 
flexibility in strategy 

High 

Strategy 
acquirement ATCo 

Experience 
Training 

Strategy 
acquirement 

pilot 

Experience 

Training 

Explanation  

Key elements 

Ground 
Additional training. 
Building up experience for the new situation. 

Inform pilots on routes and procedures. 

Air 
Ask controller for clarification on procedures. 
Read about procedures (NOTAM, airline memos). 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 

Strategies for dealing with changes in procedures are both 

real-time (in case there are deviations) and not real-time 

(training, information, etc.). These are necessary to avoid 
safety issues due to misunderstandings and confusion. 

Strategies therefore will have a positive effect on safety.  

Capacity 

Effect Small negative 

Explanation 
If the controller is uncomfortable with the new concept, one of 

the options is to (slightly) increase his safety margins in certain 
situations, which could have a negative effect on capacity. 

Environment 

Effect 
Small negative 

Explanation 

If the controller is uncomfortable with the new concept, one of 
the options is to (slightly) increase his safety margins in certain 

situations, which could have a negative effect on environment 
due to additional flight time and fuel consumption. 

Costs 

Effect Small negative 

Explanation 

If the controller is uncomfortable with the new concept, one of 
the options is to (slightly) increase his safety margins in certain 

situations, which could have a negative effect on costs, e.g. 
due to delays and extra fuel consumption. 

 

Disturbance 
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Description 

Differences between procedures 
 Differences in procedures in Europe / USA lead to confusion 

 Different companies have different procedures for reacting to TCAS 

 Cargo flights or transatlantic flights get exemptions from following certain routes 

 Difference in missed approach procedures Europe / USA 

Frequency 

Category Regular 

Explanation 

The operational experts note that the first example may also occur between UK and 

Europe or with Russia, or even within a single country.  
The pilot notes that in general, the disturbance occurs often. But this is also very 

location dependent; at some airports or some countries there is no problem. It is also 
noted that USA pilots use different terminology; British pilots as well. Controllers note 

that after the regulations implemented following the Überlingen mid-air collision, the 

second example does not really occur anymore (with regard to following TCAS or 
controller instructions). [Workshop] 

Strategy 

Description The strategies are similar to those of the disturbance “Changes in 
procedures”.[Workshop] 

Characteristics 

First detection of 
disturbance 

Controller 

Pilot 

Establish common 
ground 

Local-Air 

Local-Ground 

Ground-Air 
Global-Ground 

Org-Ground 
Org-Air 

Strategy 
coordination 

Ground-Air 

Org-Ground 
Org-Air 

Level of human 
flexibility in strategy 

Medium 

Strategy 
acquirement ATCo 

Experience 

Training 

Strategy 
acquirement 

pilot 

Experience 
Training 

Explanation  

Key elements 

Ground Inform pilots on routes and procedures. 

Air 
Ask controller for clarification on procedures. 

Read about procedures (NOTAM, airline memos). 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 
Flight preparation regarding applicable procedures and 
clarification via pilot-controller interaction during flight are 

expected to have a positive effect on safety.  
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Capacity 

Effect Negligible 

Explanation 
The strategy will probably not lead to deviations or other 

effects that reduce capacity 

Environment 

Effect 
Negligible 

Explanation 
The strategy will probably not lead to deviations or other 

effects negative for the environment 

Costs 

Effect Negligible 

Explanation 
The strategy will probably not lead to deviations or other 

effects negative for costs 

 

Disturbance 

Description 

No suitable procedure available 

 Occurrence of a situation which is not procedurally covered 

 Lack of well-defined low visibility procedures 

 No well-defined procedures for control of helicopter flights 

Frequency 

Category Rare 

Explanation 

According to the controllers, this disturbance does not occur a lot. Low-visibility 

procedures are well defined [MAREA], [Workshop]. Low-visibility procedures are 

trained and examined. Maybe there are too few VFR (Visual Flight Rules) rules for 
helicopter flights [Workshop]. Some airplanes are not rated, i.e. have no Cat II/III 

capability [MAREA]. 

Strategy 

Description 

The disturbance would be first detected by ATC. The pilots indicate that they would 

never detect missing procedures, not even pilot procedures [Workshop]. One controller 
noted that procedures are well defined, but may be inefficient and can have large 

ripple effects on operations. [MAREA] 

The strategy of dealing with the disturbance would be to use experience, and perhaps 
to search internet or information from other countries. If ATC or pilots detect a 

situation in need of a new procedure then they develop one. [Workshop] 

A pilot noted that visibility procedures take up a large part in the airline handbooks. 

Reading all of it takes a lot of time. What helps is flying a lot of European flights. This 
provides you with experience in all kinds of different situations [MAREA].  

Characteristics 

First detection of 
disturbance 

Controller 

Pilot 

Establish common 
ground 

Local-Air 
Ground-Air 

Org-Ground 
Org-Air 

Strategy 
coordination 

Ground-Air 

Org-Ground 
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Org-Air 

Level of human 
flexibility in strategy 

High 

Strategy 
acquirement ATCo 

Creativity 

Strategy 
acquirement 

pilot 

Creativity 

Explanation  

Key elements 

Ground 
Deal in a flexible and professional way with the situation 
lacking proper procedures. 

Develop new procedure. 

Air 
Deal in a flexible and professional way with the situation 
lacking proper procedures. 

Develop new procedure. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 
Usually, this disturbance does not lead to deviations. But 
human creativity in case of a lack of procedures is expected to 

have a positive safety effect. 

Capacity 

Effect Negligible 

Explanation 
Controllers and pilots will try to manage a situation which is not 

procedurally covered. It is estimated that on average this does 
not affect capacity. 

Environment 

Effect 
Negligible 

Explanation 

Controllers and pilots will try to manage a situation which is not 
procedurally covered. It is estimated that on average this does 

not significantly affect flight progress and therefore will not 

affect the environment. 

Costs 

Effect Negligible 

Explanation 

Controllers and pilots will try to manage a situation which is not 
procedurally covered. It is estimated that on average this does 

not significantly affect flight progress and therefore will not 

affect the costs. 

 

Disturbance 

Description 
Procedure not tested 

 Contingency procedures have not been tested 

Frequency 

Category Rare  

Explanation Some controllers note that in practice, procedures are never properly tested; only by 

training, controllers learn how to do things properly. Often, there is a hurry to 
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implement the change due to ever increasing demand. One controller noted that this 
situation happens a lot, but you only figure this out when the situation occurs (and 

then it is too late). [MAREA]. Other controllers indicate that contingency procedures 

are usually tested, by real time simulations (e.g. at EEC) [Workshop]. Since 
contingency situations are rare, the effect of not testing contingency procedures has 

implications for only a small number of aircraft (category Rare). 

Strategy 

Description 

Contingency procedures need to be very sensible. So they cannot be allowed to be 

introduced without having tested them. However, training has some limitations as 
various situations have numerous variables making reality often different from training. 

For example in reality you have the additional ATCo sensation, ATCo mood and pilot 

mood. 

One controller noted that if a situation is not tested, then he would ask a supervisor or 

the airport office to give information to the aircraft involved and let them know about 
the situation at the airport. The impact would be anxiety. To deal with the situation, 

the controller would have to coordinate, and call to get help. If he is alone, he would 

ask the collateral centre not to send more airborne traffic. He would let the airport 
office know that the tower is going to be closed.  

Regarding written procedures, one controller noted that a lot has been written. But still 
there is a difference with reality. Another controller indicated that there are procedures 

for, e.g., if there is a bomb threat, fire at the tower building, strong winds, or other 
issues with the building. [MAREA] 

Characteristics 

First detection of 
disturbance 

Controller 

Pilot 

Establish common 
ground 

Ground-Air 
Local-Ground 

Org-Ground 

Strategy 
coordination 

Local-Ground 

Global-Ground 

Ground-Air 
Org-Ground 

Level of human 
flexibility in strategy 

High 

Strategy 
acquirement ATCo 

Creativity 

Training 

Strategy 
acquirement pilot 

Creativity 
Training 

Explanation  

Key elements 

Ground 
Deal in a flexible and professional way with the situation 
lacking proper procedures. 

Additional training. 

Air 
Deal in a flexible and professional way with the situation 
lacking proper procedures. 

Additional training. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 
A procedure is not tested during training, but the procedure 

should be safe, otherwise it cannot be implemented in practice. 
Because it has not been tested, the controller has to improvise 
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and build on experience. He will do everything to maintain 
safety. Because the procedure already is aimed to be safe, the 

effect of the strategy is estimated to be small positive. 

Capacity 

Effect Small negative 

Explanation 

To maintain safety, it could be that the controller builds in 

extra safety margins if he feels uncomfortable with the 

procedure, which could have a small negative effect on 
capacity. 

Environment 

Effect 
Small negative 

Explanation 

To maintain safety, it could be that the controller builds in 

extra safety margins if he feels uncomfortable with the 

procedure, which could have a small negative effect on the 
environment. 

Costs 

Effect Small negative 

Explanation 
To maintain safety, it could be that the controller builds in 
extra safety margins if he feels uncomfortable with the 

procedure, which could have a small negative effect on costs. 

 

Disturbance 

Description 

Procedure restricts operational flexibility 

 Air traffic control concept does not provide the controller much room to 

manoeuvre, e.g. to solve conflicts laterally 

Frequency 

Category Rare 

Explanation 
It is estimated that currently, controllers have the possibility to have the flexibility that 
they require to maintain safety. Therefore, the frequency of this disturbance is 

estimated to be Rare [NE]. 

Strategy 

Description 

Whether or not controllers have sufficient flexibility in practice to maintain safety will 

obviously first be detected by the controllers themselves [NE]. 

 
Before new procedures are implemented in an operational environment they will be 

tested on required levels of safety. Controllers will be informed about new procedures 
and these procedures should be trained. Therefore, controllers should be aware of the 

potential flexibility for dealing with non-nominal traffic situations. If in practice they 

feel uncomfortable, they will try to build in additional safety margins to account for a 
loss of flexibility, which will be coordinated with other sectors, if necessary. In any 

case, safety is considered by controllers of utmost importance [NE].   
 

If this is a recurrent problem, they will notify the Supervisor and the ANSP organisation 

to find more strategic solutions for the lack of flexibility [NE]. 

Characteristics 
First detection of 

disturbance 
Controller 
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Establish common 
ground 

Local-Ground 

Strategy coordination 
Local-Ground 

Global-Ground 
Org-Ground 

Level of human 
flexibility in strategy 

High 

Strategy acquirement 
ATCo  

Creativity 

Strategy acquirement  
pilot 

n.a. 

Explanation  

Key elements 
Ground Develop ways of working to deal with non-optimal design. 

Air 
n.a. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 

Every strategy that counters the problem of reduced flexibility 

means a positive effect on safety. Because the procedure 
should already be a safe procedure, the effect is considered 

small. 

Capacity 

Effect Small negative 

Explanation 

If a reduced flexibility to solve conflict situations means that 

safety is at stake, the controller will revert to taking measures 
that could go at the cost of capacity, environment or costs 

because safety is most important for them. 

Environment 

Effect 
Small negative 

Explanation 

If a reduced flexibility to solve conflict situations means that 

safety is at stake, the controller will revert to taking measures 
that could go at the cost of capacity, environment or costs 

because safety is most important for them. 

Costs 

Effect Small negative 

Explanation 

If a reduced flexibility to solve conflict situations means that 

safety is at stake, the controller will revert to taking measures 
that could go at the cost of capacity, environment or costs 

because safety is most important for them. 

 

Disturbance 

Description 

Unclear / difficult procedures 

 Application of rules of flight is unclear to pilot 

 Application of rules of flight is unknown to pilot 

 Pilot is confused by large number of rules and mixes rules up with normal 

operation rules 
 Difficult emergency procedures, leading to incorrect or late crew actions. 

 Unclear and ambiguous standard operating procedures for cockpit crew (e.g. 

checklist, instrument reading, visual monitoring) 

 Working method of the transition between separation modes is not clear. 
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Frequency 

Category Occasionally 

Explanation 

Most interviewed controllers note that the case of application of rules of flight unclear 

to pilot may happen, e.g., in areas where VFR traffic is allowed. Pilots may not know 

whether they fly under IFR or VFR rules. VFR pilots, especially foreign VFR pilots, may 
enter a CTR (Control Region) or a neighbouring IFR airspace without authorisation. 

This does not happen with professional pilots; they know about the rules or at least 
would ask for them. En-route flights are mostly commercial flights; pilots with little 

experience would not fly en-route. For pilots, contribution factors to this disturbance 
may be unclear instructions or unclear rules. What occasionally happens in the U.S. is 

ATC asking a pilot to maintain visual after another flight. 

Strategy 

Description 

This situation is difficult to detect. An ATCo cannot detect if an IFR pilot is looking out 
of the window in VFR airspace. In case of doubt, the ATCo will contact the pilots and 

inform them about the different rules. 

The impact of the disturbance may vary a lot. But as long as aircraft knows how to fly 

the approach, the controller would not necessarily intervene. If an IFR wants to fly 
VFR without leaving IFR airspace, then ATCo has to deny him some manoeuvres. If 

there is a VFR pilot entering IFR airspace without authorisation, the controller would 

react by moving away IFR traffic from the VFR aircraft and hold off departures. If 
there is no contact with the interfering pilot then this would be a problem, and result 

in delays. 

Another example of this disturbance is that pilots may argue about some procedure 

that they do not agree with. The impact on the ATCo will be surprise. One interviewed 

controller noted that he would not argue back; that usually does not help anything. He 
would try to put himself in the pilot’s shoes, and solve the problem. If the ATCo knows 

the reason behind the procedure, he will explain it to the pilot. But if he does not know 
the reason he would take a note and report it to his boss. Even if the ATCo does not 

know the reason he should still stick to the procedures; there may be a reason he is 
not aware about. 

The ATCos agree that there are no written procedures to cover this situation, but there 

are modes of operation (common sense) that are taught during training. An ATCo 
cannot force a pilot to leave IFR for VFR, he may however ask if it would be an option. 

In case of VFR, you would move away IFR traffic. But in case an IFR pilot is unsure, 
they would ask you about the rules, and you would explain.  

The example of unclear and ambiguous standard operating procedures for cockpit 

crew is more likely to occur during training. During operations this is normally already 
made clear, though perhaps there is insufficient time to read it all. To deal with the 

situation, the pilot would seek clarification. And he would choose an option together 
with the other crewmember. If the ambiguity is caused by insufficient knowledge, an 

instructor can explain how things work. Sometimes the procedure is ambiguous, with 

different ways to approach a problem being available. [MAREA] 

Characteristics 

First detection of 
disturbance 

Controller 

Pilot 

Establish common 
ground 

Ground-Air 
Local-Air 
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Strategy 
coordination 

Ground-Air 

Level of human 
flexibility in strategy 

High 

Strategy 
acquirement ATCo 

Experience 

Strategy 
acquirement 

pilot 

Experience 

Explanation  

Key elements 

Ground Inform pilots on routes and procedures. 

Air 
Ask controller for clarification on procedures. 

Read about procedures (NOTAM, airline memos). 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 

Usually, this disturbance does not really impact operations. 

Only if an aircraft enters an airspace without authorisation, 
other traffic needs to be moved out of the way. This strategy 

has a positive effect on safety. 

Capacity 

Effect Small negative 

Explanation 

Usually, this disturbance does not really impact operations. 

Only if an aircraft enters an airspace without authorisation, 
other traffic needs to be moved out of the way. This strategy 

has a small negative effect on capacity. 

Environment 

Effect 
Small negative 

Explanation 

Usually, this disturbance does not really impact operations. 

Only if an aircraft enters an airspace without authorisation, 
other traffic needs to be moved out of the way. This strategy 

has a small negative effect on environment. 

Costs 

Effect Small negative 

Explanation 

Usually, this disturbance does not really impact operations. 

Only if an aircraft enters an airspace without authorisation, 
other traffic needs to be moved out of the way. This strategy 

has a small negative effect on costs. 

 

Disturbance 

Description 
Wrong procedure design 

 Wrong design of procedure 

Frequency 

Category Rare 
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Explanation 

Procedures shall be designed according to ICAO rules. Otherwise, current regulations 
also require ANSPs to assess the level of safety of newly designed or changed 

procedures. Following this, it is considered that wrongly designed procedures will not 

occur very often, estimated as Rare [NE]. 

Strategy 

Description 

If procedures are wrongly designed, this can be detected by people in the Airline or 

ANSP organisations before the procedures are actually implemented, e.g. by means of 
safety assessments or real-time training. If it is unnoticed before implementation in an 

operational environment, detection of a wrongly designed procedure can be done by 
means of both the controller and the pilot if e.g. the pilot notices that required 

performance of the aircraft is outside limits or if the controller notices that the 

procedure causes more than an average number of difficult traffic situations. Also, 
safety performance monitoring by means of collecting of safety occurrences could be a 

way to detect problems with a certain procedure. 
 

The strategy on a tactical level is to find a creative solution for the actual problem with 

the procedure, e.g. by adapting the procedure a bit such that safety can be 
maintained. Additional to that, controllers and pilots will provide feedback to their 

organisations regarding the wrongly designed procedure. 

Characteristics 

First detection of 
disturbance 

Controller 

Pilot 

Other (people in the ANSP or Airline organisation) 

Establish common 
ground 

Local-Ground 

Local-Air 

Ground-Air 

Strategy coordination 

Local-Ground 

Local-Air 
Ground-Air 

Org-Air 

Org-Ground 

Level of human 
flexibility in strategy 

High 

Strategy acquirement 
ATCo  

Creativity 

Strategy acquirement  
pilot 

Creativity 

Explanation  

Key elements 

Ground 
Deal in a flexible and professional way with the situation 

lacking proper procedures. 
Report inappropriate procedure. 

Air 
Deal in a flexible and professional way with the situation 

lacking proper procedures. 
Report inappropriate procedure. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 

Every strategy to avoid or deal with problems due to a wrongly 

designed procedure will have a positive effect on safety. The 

effect is estimated to be small because it is hard to imagine a 
procedure to be implemented that has a large negative effect 

on safety. 
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Capacity 

Effect Negligible 

Explanation 

It is hard to imagine a procedure to be implemented that has a 

large negative effect on safety such that rigorous measures are 

needed to regain a required actual level of safety. Measures to 
counter incidents are usually such that capacity is not at stake 

at first. 

Environment 

Effect 
Negligible 

Explanation 

It is hard to imagine a procedure to be implemented that has a 

large negative effect on safety such that rigorous measures are 
needed to regain a required actual level of safety. Measures to 

counter incidents are usually such that environment is not at 
stake at first. 

Costs 

Effect Negligible 

Explanation 

It is hard to imagine a procedure to be implemented that has a 
large negative effect on safety such that rigorous measures are 

needed to regain a required actual level of safety. Measures to 

counter incidents are usually such that they do not induce 
additional costs. 

C.17 Traffic relations 

Disturbance 

Description 

Aircraft speed differences 

 High vertical speed differences at merging point 

 Speed differences between aircraft in a sequence 

 Differences in performance of different aircraft types, e.g. at a merging point 

 Difference in performance between aircraft of same types (e.g. due to different 

mass, different airline) 

 Departure at low speed (prop) in combination with a go-around at high speed for 

a jet (difference in speed) 

Frequency 

Category Regular 

Explanation 

The controllers note that the frequency of occurrence of this disturbance and the 
strategy to deal with it is dependent on the size of the speed differences. A difference 

of 10 knots in the air is always acceptable, and is not really a disturbance. A difference 

of up to 20 knots in the air, e.g. in the TMA (Terminal Manoeuvring Area), occurs with 
almost every flight. The controllers note that a difference of 50 knots in the air used to 

be regular with some airline companies, but currently, it occurs about every 100 flights 
at their airport. [Workshop] For example, business jets can go very high, but climb 

very slowly. A Boeing 737-800 will climb as a rocket. In case of merging at a lower 

altitude, it may happen that the average speed is not reached by two propeller aircraft. 
But generally, at lower altitudes this is not really a problem, due to the smaller 

differences in speed. At higher altitudes, larger differences in speed may exist. 
[MAREA] 
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Strategy 

Description 

Detection of a speed difference is by the controller, who uses radar to follow the 
ground speed on the label. If radar is MODE-S capable, the controller can follow the 

speed that is set by the pilot. The detection is not explicitly trained, except in 
simulators, and is learned through experience and on-the-job. Related training of 

detection is regarding type of aircraft and performance [Workshop]. According to one 

controller, these differences can be anything; they are part of daily operations. Impact 
can be large, it is hard to quantify or handle that. [MAREA] 

By experience, a controller learns how different aircraft types behave and learn to 
anticipate the differences. The controller needs to pay attention and keep larger 

separations where needed. A rate of climb or decent also depends on the aircraft type, 
so controllers should anticipate on that. [MAREA] If the speed difference is positive 

from the controller’s point of view, e.g. implying a smoother traffic situation, or larger 

separations, then the controller does not intervene. Otherwise, the controller would 
contact the pilot. Speed limitations can be set by the ANSP and can be published in 

charts and have to be obeyed by the pilots; the controller can also tell pilots about 
these published limitations. [Workshop] 

For pilots, in a controlled environment, merging is left up to ATC. In an uncontrolled 

environment, the traffic display (TCAS, ADS-B IN) may help in assessing a situation. 
The impact could be too close proximity. The pilot would clarify the situation with ATC. 

In case a pilot needs to go around, e.g., due to another aircraft still occupying the 
runway, he needs to be aware of fuel issues. Pilots have procedures regarding wake 

vortex separation. The pilot may also contact the controller if they want to reduce or 
increase speed. When the aircraft is close to the airport, the pilot has to prepare flaps 

and may deviate from limitations. Usually, the pilot asks the controller first whether 

they are allowed to deviate. [Workshop] 

Characteristics 

First detection of 
disturbance 

Controller 

Establish common 
ground 

Local-Ground 

Strategy 
coordination 

Ground-Air 

Level of human 
flexibility in strategy 

Low 

Strategy 
acquirement ATCo 

Experience 
Training 

Strategy 
acquirement 

pilot 

Experience 

Explanation  

Key elements 

Ground 
Use margins for variance in performance between aircraft. 
Anticipate on differences in performance between aircraft. 

Air 
Follow ATC route and speed instructions. 

Use TCAS display to monitor nearby aircraft. 

Effects of strategy on key performance areas 

Safety 

Effect Large positive 

Explanation 
Speed differences may affect safety due to reduction of 
separation; this is an important issue, especially regarding 

vertical speed differences. Reduction of speed differences will 
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help smooth the traffic and improve safety as well as other key 
performance areas. 

Capacity 

Effect Small positive 

Explanation 
Reduction of speed differences will help smooth the traffic 
hence will be positive for capacity. 

Environment 

Effect 
Negligible 

Explanation 

On the one hand, reduction of speed differences will help 
smooth the traffic hence will be positive for the environment. 

On the other hand, aircraft may be forced to fly less efficiently 
by maintaining a required speed.  

Costs 

Effect Negligible 

Explanation 

On the one hand, reduction of speed differences will help 
smooth the traffic hence will be positive for costs. On the other 

hand, aircraft may be forced to fly less efficiently by 

maintaining a required speed. 

 

Disturbance 

Description 

Complex operations 
 Solving conflicts with double runway crossings is complex 

 Separation problem between parallel missed approaches 

 Prediction of traffic flows is difficult due to complex reasoning of airlines 

Frequency 

Category Rare 

Explanation 

The missed approach rate is conservatively estimated as Rare. With this, a double 

missed approach is estimated to be Rare. This frequency is estimated to be valid for 
conflict situations with double runway crossings. It is assumed that air traffic flow 

control incorporates the reasoning of the airlines, and although this may be complex, 
the traffic flow that is presented to the tactical controller is workable. Therefore, 

overall the frequency of this disturbance is estimated to be Rare. [NE] 

Strategy 

Description 

Complex traffic operations will first be detected by the controller, both the tactical 

controller (actual conflict situations) and the planning controller (traffic flows). 

 
Complex operations will require more attention and effort of the controller, which will 

increase his workload. The controller must have a good overview of the traffic situation 
and must be very flexible to solve the separation problems and conflict situations that 

do not occur very often. He will focus on the situation and will give priority to safety, 

e.g. by building in additional margins (see also disturbance “Workload”). 

Characteristics 

First detection of 
disturbance 

Controller 

Establish common 
ground 

Local-Ground 

Strategy coordination Local-Ground 
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Ground-Air 

Level of human 
flexibility in strategy 

High 

Strategy acquirement 
ATCo  

Training 

Experience 

Strategy acquirement  
pilot 

Experience 

Explanation  

Key elements 
Ground Use safety margins for complex situations. 

Air 
Follow ATC route and speed instructions. 

Effects of strategy on key performance areas 

Safety 

Effect Large positive 

Explanation 

If the workload is high and operations are complex, the focus 

is even more on safety than in “normal operations”; safety 

always is and should be the focus of air traffic control. 
However, in case of conflict situations, the strategy is aimed at 

solving them and therefore is estimated to have a large 
positive effect. 

Capacity 

Effect Small negative 

Explanation 

If operations are complex and workload is high, the focus is 
even more on safety and less on efficiency and environment, 

and larger margins are built in. This means that this has a 
negative impact on capacity. The effect is estimated to be 

small because complex operations should not take very long 

period of time. 

Environment 

Effect 
Small negative 

Explanation 

If operations are complex and workload is high, the focus is 

even more on safety and less on efficiency and environment, 
and larger margins are built in. This means that this has a 

negative impact on the environment. The effect is estimated to 
be small because complex operations should not take very long 

period of time. 

Costs 

Effect Small negative 

Explanation 

If operations are complex and workload is high, the focus is 

even more on safety and less on efficiency and environment, 
and larger margins are built in. This means that this has a 

negative impact on costs. The effect is estimated to be small 

because complex operations should not take very long period 
of time. 

 

Disturbance 

Description 

Conflict propagation 

 Conflict leads to other conflict(s) 

 Resolution of conflict leads to other conflict(s) 
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Frequency 

Category Occasionally 

Explanation 

One controller noted that conflict resolutions very often lead to secondary conflicts. 

Another controller replied that this does not usually happen in own sector, but a 

conflict resolution in the own sector could lead to a secondary conflict in another 
sector.  [MAREA].  

Strategy 

Description 

Contributing factors to the occurrence of this disturbance are: restrictions of airspace, 
dense traffic, restrictions due to traffic density, heavy workload, bad weather. It may 

happen if a controller works in a reactive mode rather than a planning mode. Also in 
case of CBs this may happen since a controller is unable to really plan ahead enough 

and possible conflicts change quickly. The conflicts pop up if the whole team 

destabilises. If colleagues have big problems in their own sector, these problems will 
get to your sector eventually. One controller replied that this situation is mostly tied to 

problems of coordination between sectors, which could lead to conflicts near borders 
of sectors. If you have many alerts out of the blue and you solve one, you probably 

get another one. 

In case of one of these contributing factor situations occurring, the controller would 

monitor and scan more actively, and will also be paying attention to the next sector. 

Colleagues will be a second pair of eyes. A controller is trained to deal with this 
situation and will try to avoid secondary conflicts. Usually it is not a great problem; the 

next sector usually has enough time to solve the problem, e.g. 10 minutes. 

Detection is by radar display or STCA alert, or colleagues can tell the controller. If the 

conflict is on the ground, a pilot might detect it himself and tell the controller. When 

airborne, the pilot might detect through TCAS display (VFR aircraft and helicopters are 
visible on the TCAS display of IFR aircraft). And at the last stage, TCAS will alert. In 

the TCAS case the controller will be too late to do something to resolve. 
Self/situational awareness is important. If you are pushed in a corner, you take 

counter measures.  

The impact for the controller would be nervousness, anxiety, and workload. There are 

no written procedures that address this situation. General procedures are that the 

controller should control the traffic in a safe and efficient way. In case of bad weather, 
he only has a limited number of feasible solutions. The controller tries to use the best 

one and usually there are no secondary conflicts. The planning controller or the 
supervisor could help you out by taking over coordination tasks.  

The impact for the pilot is that the new conflict needs to be solved. If the resolution of 

the previous conflict is by ATC instruction, the pilot might not act upon the new 
conflict; he might think that ATC will have their reasons for this resolution. He could 

ask for confirmation, but more often he would not, since he does not have the 
complete picture. This pilot notes that situations like this would probably not 

immediately lead to less confidence in ATC. There are no written procedures that 

address this situation. 

One pilot recalled a situation near London in which he was in holding. Another aircraft 

entered the holding area; TCAS alerted to climb, but there was other traffic at the 
higher flight level. The pilot then decided instead to leave the holding area towards an 



 
D1.2 The human contribution 

 

Page 280 of 302 

 

area with no traffic. It appeared that the intruding aircraft was at another frequency. 
[MAREA] 

Characteristics 

First detection of 
disturbance 

System notification/alert 

Controller 
Pilot 

Other 

Establish common 
ground 

Local-Ground 
Global-Ground 

Ground-Air 
Local-Air 

Strategy 
coordination 

Local-Ground 

Global-Ground 
Ground-Air 

Level of human 
flexibility in strategy 

Medium 

Strategy 
acquirement ATCo 

Training 

Experience 

Strategy 
acquirement 

pilot 

Experience 

Explanation  

Key elements 
Ground Use safety margins for complex situations. 

Air Follow ATC route and speed instructions. 

Effects of strategy on key performance areas 

Safety 

Effect Large positive 

Explanation 
The strategy of trying to avoid secondary conflicts, and solving 

them when they do occur, has a large positive effect on safety 

Capacity 

Effect Negligible 

Explanation 
Usually, the secondary conflict is limited to one aircraft only, 

hence the impact on capacity is very small 

Environment 

Effect 
Negligible 

Explanation 
Usually, the secondary conflict is limited to one aircraft only, 

hence the impact on environment is very small 

Costs 

Effect Negligible 

Explanation 
Usually, the secondary conflict is limited to one aircraft only, 

hence the impact on costs is very small 

 

Disturbance 

Description 

Emergencies 

 Rapid descent due to an aircraft system failure 

 Emergency flight 
 Aircraft leaves a sequence (e.g. due to an emergency situation) 

Frequency 
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Category Rare 

Explanation The controllers estimate that declared emergencies occur once per month at a large 
airport, or a little more often. [Workshop] 

Strategy 

Description 

The disturbance would be first detected by the pilots, through their aircraft systems. 
[Workshop] Air traffic controllers may detect it through their radar display, by 

observing a sudden loss of altitude. The pilot may also report it to them. [MAREA] 

Strategy for the pilot is to follow the strict procedures that exist for almost all major 

emergencies, and for most other emergencies. Procedures for this are in the aircraft 

flight manual (AFM), and the pilot would act according to them. [MAREA] In case of 
rapid descent, a pilot would usually leave their airway to the left or right, and then 

start descending. Above the ocean, the tracks are separated by 60 NM, hence there is 
room to deviate up to 30 NM.[MAREA] 

The controllers have emergency procedures, based on ICAO and Eurocontrol rules, 

which they have to follow. There are 16 emergencies that are well described. 
However, since all emergencies are unique, controllers (as well as pilots) typically have 

to improvise a bit. [Workshop] One of the strategies is to move away other traffic. The 
rules of the air are to vacate the area immediately. But aircraft need to be told where 

to go to, and that part is not in the procedures.  Controllers need to make a split 
decision. Especially since solutions provided by TCAS would also not be feasible for an 

aircraft in rapid descent. If there is a lot of traffic around, the situation may get 

complicated. The controller needs to decide which aircraft to give an instruction first: 
the descending aircraft (who is already with his hands on the controls, but may also be 

in an emergency), or the aircraft they are running into. [MAREA] 

Controllers are trained through books, e-learning (for emergencies and for unusual 

situations), simulations, and refreshment training every 2 years (ICAO regulations) 

[Workshop]. Some controllers report that this situation should be trained in a simulator 
more often. And procedures must be made more precise [MAREA]. For pilots, 

emergency manoeuvres are regularly trained in the simulator (at least twice per year).  
[Workshop] 

During an emergency, good coordination is required between pilots and controller. ATC 
(Air Traffic Control) supervisors are also involved. There is also coordination between 

ATC centres. The procedure is to inform everyone. Altitude issues need to be reported 

quickly since sometimes the radar may not pick them up due to problems with the 
transponder, and the altitude indication may disappear for a few seconds. [Workshop], 

[MAREA] 

If the disturbance is not really yet a declared emergency, e.g. an aircraft leaves their 

sequence, then the controller would ask the pilot why they did this. Next, they would 

pay particular attention to this aircraft. Depending on the situation, the impact could 
be anxiety, or nervousness. To deal with it, the controller would give information to 

both aircraft involved, and coordinate. There are no written procedures that address 
this situation. Normally, a pilot would never act on his own, though. [MAREA] 

Characteristics 

First detection of 
disturbance 

System notification/alert 

Pilot 
Controller 

Establish common 
ground 

Local-Air 

Ground-Air 
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Local-Ground 
Global-Ground 

Strategy 
coordination 

Ground-Air 

Local-Ground 
Global-Ground 

Level of human 
flexibility in strategy 

Medium 

Strategy 
acquirement ATCo 

Training 

Creativity 

Strategy 
acquirement 

pilot 

Training 
Creativity 

Explanation  

Key elements 

Ground 
Follow emergency procedures. 

Give priority to flight. 

Air 
Follow procedures for system failures. 
Follow emergency procedures. 

Effects of strategy on key performance areas 

Safety 

Effect Large positive 

Explanation 
The strategy to deal with emergencies has a big influence on 

safety.  

Capacity 
Effect Small negative 

Explanation  

Environment 
Effect 

Small negative 

Explanation  

Costs 
Effect Small negative 

Explanation  

 

Disturbance 

Description 
Other flying objects 
 Unknown flying objects, e.g. weather balloons, leisure balloons, paragliders 

Frequency 

Category Very rare – Occasionally 

Explanation 
At some airports, this disturbance is very rare [Workshop]. At other airports or in other 

airspaces, the occurrence may be more frequent, e.g. due to close vicinity to VFR 
airspace. [NE]  

Strategy 
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Description 

Since such flying objects are not visible on the radar, pilots would be the first to detect 
them. Detection is visually, by scanning the sky. If the flying object forms an 

immediate threat, the pilots would execute an avoidance manoeuvre and inform ATC. 

If it is not an immediate threat, the pilots may inform ATC first. 

There is no related training, except for pilots to look out the windows and maintain 

situation awareness. [Workshop] 

Characteristics 

First detection of 
disturbance 

Pilot 

Establish common 
ground 

Local-Air 
Ground-Air 

Strategy 
coordination 

Local-Air 

Ground-Air 

Level of human 
flexibility in strategy 

Low 

Strategy 
acquirement ATCo 

Experience 

Strategy 
acquirement 

pilot 

Experience 

Explanation  

Key elements 

Ground Warn aircraft about an observed flying object. 

Air 
See and avoid. 
Inform ATC about the status. 

Effects of strategy on key performance areas 

Safety 

Effect Large positive 

Explanation 

If the flying objective forms an immediate threat, the strategy 

to execute an avoidance manoeuvre will have a large positive 
effect on safety. Otherwise, the strategy will have a smaller 

effect.  

Capacity 

Effect Negligible 

Explanation 
In general, the flying object will be disruptive for only one or 

two flights. The overall impact on environment will be 

negligible 

Environment 

Effect 
Negligible 

Explanation 
In general, the flying object will be disruptive for only one or 

two flights. The overall impact on capacity will be negligible 

Costs 

Effect Negligible 

Explanation 
In general, the flying object will be disruptive for only one or 
two flights. The overall impact on costs will be negligible 

 

Disturbance 

Description 

Traffic density 
 Higher stress on pilots due to more traffic in the area 

 Higher stress on controller, because the margins are smaller 

 Avoiding bad weather leads to higher traffic density 

 High traffic density 
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 Too much traffic for operation in a degraded mode (e.g. due to a system failure) 

Frequency 

Category Very Rare - Occasionally 

Explanation 
Too much traffic in a degraded mode due to a system failure is estimated to be Very 
Rare. More traffic in the area (than expected) for various reasons, e.g. due to bad 

weather, is more likely and is estimated to occur Occasionally [NE]. 

Strategy 

Description 

First detection of high traffic density is by the controller, although pilots could hear it 

by means of the many R/T messages on the frequency and by means of the TCAS 
display. 

 

If traffic density is high, the workload of the controller increases (see disturbance 
“Workload”) and operations could be complex (see disturbance “Complex operations”). 

In case safety is at stake, the controller will build in additional margins. He could also 
ask colleagues (by means of the Supervisor) to temporarily take over some of his tasks 

(e.g. coordination). 

Characteristics 

First detection of 
disturbance 

Controller 
Pilot 

Establish common 
ground 

Local-Ground 

Local-Air 

Strategy coordination 
Local-Ground 

Local-Air 

Level of human 
flexibility in strategy 

High 

Strategy acquirement 
ATCo  

Training 

Experience 

Strategy acquirement  
pilot 

Experience 

Explanation  

Key elements 

Ground 
Use necessary R/T only. 

Split sectors. 

Air 
Use necessary R/T only. 
Use TCAS display to monitor nearby aircraft. 

Effects of strategy on key performance areas 

Safety 

Effect Large positive 

Explanation 

If the traffic density is high, the focus is even more on safety 

than in “normal operations”; safety always is and should be the 

focus of air traffic control. However, doing nothing about the 
high traffic density means that the accident probability 

increases. The strategy is aimed at avoiding this and therefore 
is estimated to have a large positive effect. 

Capacity 

Effect Small negative 

Explanation 

If the traffic density is high, the focus is even more on safety 
and less on efficiency and environment, and larger margins are 

built in. This means that this has a negative impact on 
capacity. The effect is estimated to be small because complex 
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operations should not take very long period of time. 

Environment 

Effect 
Small negative 

Explanation 

If the traffic density is high, the focus is even more on safety 

and less on efficiency and environment, and larger margins are 
built in. This means that this has a negative impact on the 

environment. The effect is estimated to be small because 
complex operations should not take very long period of time. 

Costs 

Effect Small negative 

Explanation 

If the traffic density is high, the focus is even more on safety 
and less on efficiency and environment, and larger margins are 

built in. This means that this has a negative impact on costs. 
The effect is estimated to be small because complex operations 

should not take very long period of time. 

 

Disturbance 

Description 
Traffic mix 

 Unfavourable traffic mix leads to higher mean separation distance than expected 

Frequency 

Category Occasionally 

Explanation 

The traffic mix at an airport depends on the type of airport or airspace. For controllers, 
the fact that there could be a certain traffic mix is part of normal operations. It can be 

seen as a disturbance in case separation distances are larger than expected such that 
it can become a complex traffic situation. Although a traffic mix in itself is a Regular 

situation, becoming unfavourable is estimated to be Occasionally at most. [NE] 

Strategy 

Description 

Detection of an unfavourable traffic mix is by the controller. [NE] 

 

A controller will respect the separation standards to maintain the required level of 
safety in his sector. This is regular air traffic control and therefore not really part of a 

strategy. If a certain sequence means that the mean separation in a certain time 
interval is larger than expected, e.g. because many heavy aircraft have to be 

sequenced behind each other, he will make sure that the other aircraft have to “wait”, 
e.g. by putting them in a holding. This could lead to a higher traffic load in a certain 

area and a larger workload for the controller. [NE] 

Characteristics 

First detection of 
disturbance 

Controller 

Establish common 
ground 

Local-Ground 

Strategy coordination 
Local-Ground 
Global-Ground 

Level of human 
flexibility in strategy 

Medium 
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Strategy acquirement 
ATCo  

Training 
Experience 

Strategy acquirement  
pilot 

n.a. 

Explanation  

Key elements 
Ground Use safety margins for complex situations. 

Air 
n.a. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 

“Doing nothing” about the potential complex traffic situation 

due to an unfavourable traffic mix could lead to conflict 

situations. Using safety margins for those situations has a 
positive effect on safety. 

Capacity 

Effect Small negative 

Explanation 

If the mean separation is larger than expected, other aircraft 

have to be delayed before they can be put in a sequence, e.g. 

for landing. It is estimated that this situation will not take very 
long and only affects a few aircraft such that the negative 

effect on capacity is estimated to be small. 

Environment 

Effect 
Small negative 

Explanation 

If the mean separation is larger than expected, other aircraft 

have to be delayed before they can be put in a sequence, e.g. 
for landing, such that the aircraft have to make additional miles 

to cover that delay. It is estimated that this situation will not 
take very long and only affects a few aircraft such that the 

negative effect on the environment is estimated to be small. 

Costs 

Effect Small negative 

Explanation 

If the mean separation is larger than expected, other aircraft 

have to be delayed before they can be put in a sequence, e.g. 

for landing, such that the aircraft have to make additional miles 
to cover that delay. It is estimated that this situation will not 

take very long and only affects a few aircraft such that the 
negative effect on costs is estimated to be small. 

 

Disturbance 

Description 

Wake vortex separation 
 Cross- and tailwind influence wake vortices. 

 In case of parallel approaches, crosswind may blow wake vortices from the upwind 

to the downwind approach. 

 Aircraft encounters a wake vortex generated by another aircraft 

 Jet-blast or prop-wash of aircraft in take-off affects the controllability of a crossing 

aircraft at the crossing area. 

Frequency 
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Category Occasionally - Regular 

Explanation 
The frequency of a wake vortex encounter, leading to noticeable deviations from the 
planned trajectory is estimated to be Occasionally [NE]. Wake vortex separation 

criteria should be maintained for all flights.   

Strategy 

Description 

An aircraft that encounters the wake vortex of another aircraft may undergo variations 

in pitching, rolling and yawing moments and lift. The effect of a wake vortex encounter 
depends on the type of the preceding aircraft, local atmospheric conditions, the way 

the wake is intercepted and the type of aircraft that encounters the wake. The wake is 

detected by the pilot. 
 

The pilot will apply strategies to maintain control over the aircraft. Whether this 
succeeds depends on human factors (training, fatigue, etc), aircraft system 

performance, weather conditions, etc. Pilots typically report wake vortex encounters by 

R/T, such that other aircraft may be warned of wake vortex prone conditions.  
The controller applies wake vortex separation criteria in order to avoid wake vortex 

encounters. 

Characteristics 

First detection of 
disturbance 

Pilot 

Controller 

Establish common 
ground 

Local-Air 
Local-Ground 

Ground-Air 

Strategy coordination 
Local-Air 
Local-Ground 

Ground-Air 

Level of human 
flexibility in strategy 

Medium 

Strategy acquirement 
ATCo  

Training 

Experience 

Strategy acquirement  
pilot 

Training 

Experience 

Explanation  

Key elements 

Ground Apply wake vortex separation criteria. 

Air 
Follow ATC route and speed instructions. 

Use TCAS display to monitor nearby aircraft. 

Effects of strategy on key performance areas 

Safety 

Effect Large positive 

Explanation 
Maintaining sufficient separation to avoid wake vortex 
encounters has a large positive safety effect. 

Capacity 

Effect Large negative 

Explanation 
The restrictions imposed by wake vortex separation criteria 
have a considerable negative effect on capacity. 

Environment 
Effect 

Negligible 

Explanation  

Costs 
Effect Negligible 

Explanation  
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C.18 Weather 

Disturbance 

Description 
Darkness 
 Darkness 

Frequency 

Category Regular 

Explanation 
Every day there is darkness and the percentage of flights that encounter darkness 

during flight is Regular. 

Strategy 

Description 

In darkness, visibility conditions are generally better than in low visibility conditions, 
but worse than during daylight. Procedures are adapted to the conditions to support 

safety, e.g. outside Uniform Daylight Period procedures, or lighting of runways and 
taxiways at airports. 

Characteristics 

First detection of 
disturbance 

Controller 

Pilot 
 

Establish common 
ground 

Local-Air 

Ground-Air 

Strategy coordination 
Org-Ground 

Org-Air 

Level of human 
flexibility in strategy 

Low 

Strategy acquirement 
ATCo  

Training 

Strategy acquirement  
pilot 

Training 

Explanation  

Key elements 
Ground Follow procedures for operations during darkness. 

Air 
Follow procedures for operations during darkness. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive  

Explanation 

Procedures are in place to make sure that traffic can be 
handled safely in darkness. This means that accident 

probability will reduce due to these procedures when compared 
to the situation without the procedures. 

Capacity 
Effect Small negative 

Explanation It is estimated that capacity reduces during darkness, but not 
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with a factor of more than 30% for a large amount of time. 
Therefore the estimate is Small negative 

Environment 
Effect 

Negligible 

Explanation During darkness, aircraft will normally perform as planned. 

Costs 

Effect Negligible 

Explanation 
Darkness does not come as a surprise and aircraft normally will 

perform as planned. This means that there should be no delays 
due to darkness. 

 

Disturbance 

Description 
Icing of wings 

 Icing of the wings 

Frequency 

Category Occasional - Regular 

Explanation 
This frequency depends on the geographical location of the airport, but for airports in 
Southern Europe about twice a year the conditions require de-icing [Workshop]. For 

Northern Europe or in mountainous areas the conditions occur more often. 

Strategy 

Description 

For pilots, detection of icing is by visual observation (if possible). Snow can be easily 

detected by the pilot, but clear ice is difficult to detect. Icing sensors may generate an 

alert. 
 

A consequence of icing is decrease of performance; this is potentially very dangerous 
and the ice has to be removed. In the air, this can be done by using anti- or de-ice 

systems (sending warm bleed air through the engine inlet and/or the wing leading 
edges). Another option is to leave the icing environment (i.e. the cloud or layer). On 

the ground, the pilots simply have to trust the de-icing ground engineers that they 

detect and remove everything. [MAREA] 

For controllers, procedures regarding de-icing are well defined, but may be inefficient 

and can have large ripple effects on operations. Some airplanes are not rated, i.e. 
have no cat II/III capability. [MAREA] 

Characteristics 

First detection of 
disturbance 

Pilot 

System notification/alert 
Other 

Establish common 
ground 

Local-Air 

Other 

Strategy 
coordination 

Local-Air 

Other 

Level of human 
flexibility in strategy 

Low 

Strategy Training 
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acquirement ATCo 
Strategy 

acquirement 
pilot 

Training 

Explanation  

Key elements 
Ground Account for de-icing in the control of flights. 

Air De-icing of the wings. 

Effects of strategy on key performance areas 

Safety 
Effect Large positive 

Explanation De-icing is essential for a safe flight. 

Capacity 
Effect Small negative 

Explanation De-icing may lead to delays. 

Environment 

Effect 
Small negative 

Explanation 
De-icing chemicals or flying around an icing area may have a 

negative effect on environment. 

Costs 
Effect Small negative 

Explanation De-icing may have a negative effect on costs. 

 

Disturbance 

Description 
Lightning 

 Lightning 

Frequency 

Category Occasionally 

Explanation 

Lightning is an atmospheric discharge of electricity. A lightning strike can be very 
distressing to passengers and crew but damage to an aircraft in flight which is 

sufficient to compromise the safety of the aircraft is rare [Skybrary - Lightning]. 
Weather conditions leading to lightning occur occasionally. 

Strategy 

Description 

Lightning is accompanied by a brilliant flash of light and often by the smell of burning, 

as well as noise. Damage is usually confined to aerials, compasses, avionics, and the 
burning of small holes in the fuselage. Cabin crew could see a football sized ball of fire 

move slowly down the length of the cabin before disappearing. The flight crew could 
notice a discrepancy between the standby compass and the flight management 

system. [Skybrary - Lightning] 
 

Strategy first is to avoid cumulonimbus clouds. But if flying in the vicinity of 

cumulonimbus clouds, or lightning is seen close to the aircraft, then the flight crew has 
to review manufacturers’ guidelines for action to be taken in the event of a lightning 
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strike. If the aircraft is equipped with gyro-magnetic compasses, it may be 
recommended that one of the compasses is selected to gyro while there is a risk of 

lightning. [Skybrary - Lightning] 

Characteristics 

First detection of 
disturbance 

Pilot (i.e. flight crew including cabin crew) 

Establish common 
ground 

Local-Air 

Strategy coordination 
Local-Air 

Ground-Air 

Level of human 
flexibility in strategy 

Medium 

Strategy acquirement 
ATCo  

Experience 

Strategy acquirement  
pilot 

Experience 

Training 

Explanation  

Key elements 
Ground Control aircraft around cumulonimbus clouds. 

Air 
Avoid cumulonimbus clouds. 

Effects of strategy on key performance areas 

Safety 

Effect Large positive 

Explanation 

As described above, lightning strikes usually do not affect the 
safety of the flight. However, in case it does, the strategy that 

is applied aims at making sure that the aircraft is able to land 
safely. This means that the strategy is estimated to have a 

large positive effect on safety, because it could avoid an 

accident or serious incident with the particular aircraft. 

Capacity 

Effect Large negative 

Explanation 
The strategy to avoid areas with cumulonimbus clouds, where 
there is a risk of lightning, may reduce the capacity of the 

airspace for a prolonged time. 

Environment 

Effect 
Large negative 

Explanation 
The strategy to avoid areas with cumulonimbus clouds, where 

there is a risk of lightning, leads to additional fuel consumption 

for a series of aircraft.  

Costs 

Effect Large negative 

Explanation 
The strategy to avoid areas with cumulonimbus clouds, where 

there is a risk of lightning, leads to additional fuel consumption 
for a series of aircraft. 

 

Disturbance 

Description 

Low visibility 

 Strong variation in view (e.g. due to snowfall or fog patches) 

 Sudden strong descent of cloud base 

 Reduced visibility 

 Fog patches 

 Tower is in cloud and aircraft is not 
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 Reduced visibility due to smoke from outside airport. 

Frequency 

Category Occasionally - Regular 

Explanation 

The frequency of this disturbance is highly dependent on the geographical location of 
the airport and the time of year or time of day (e.g. at night, in late winter [MAREA]). 

There are also differences within one country. For example, at Istanbul, low visibility 
occurs about 25 days a year, but then not the whole day. At Ankara airport, low 

visibility occurs more often than at Istanbul. [Workshop] 

Strategy 

Description 

First detection is by MET office forecast. The MET office advises Tower control, Tower 

advises all management and technical and approach, and approach advises CFMU 

[Workshop]. Pilot detection of this situation is visually. The controller may also detect 
it himself by looking out the window, or a pilot may tell them that they cannot see the 

runway on approach. There is annual training [Workshop]. 

The consequence of the situation for pilots could be spatial disorientation, a ‘white-out’ 

(e.g. snow), or a ‘brown-out’ (dust or sand). To deal with this situation, the pilot would 
rely on his instruments. Fog or fog patches are no longer a problem for IFR traffic with 

autoland systems. For VFR the situation is different [MAREA]. Both pilots in the aircraft 

need specific training and certifications to fly in low visibility conditions. If there is 
unexpected fog, uncertified pilots cannot land and need to divert. Related technical 

systems are ILS (Instrument Landing System) CAT II or CAT III (Instrument Landing 
System category 2 or 3), which are used in low visibility when the RVR (runway visual 

range) is below 550 metres, and runway lights [Workshop].  

Controllers have low visibility procedures, as well as procedures similar to those related 
to Winter conditions. When low visibility procedures are in progress, the separation 

between landing aircraft is increased. In case of low visibility, the controller needs to 
inform technicians, CFMU, airport management, and ground operations; there are 

checklists for this [Workshop]. The controller would have to give more meteo 
information to aircraft. He would have to pay more attention, and talk more on the 

frequency to let pilots know about the weather and about braking actions. He would 

give more information, be sure that it is accurate, and tell it to more people. [MAREA]  

Characteristics 

First detection of 
disturbance 

Other 

Pilot 

Controller 

Establish common 
ground 

Other 

Ground-Air 

Strategy 
coordination 

Local-Air 
Local-Ground 

Ground-Air 
Other 

Level of human 
flexibility in strategy 

Low 

Strategy 
acquirement ATCo 

Training 

Strategy 
acquirement 

pilot 

Training 
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Explanation  

Key elements 
Ground 

Use low visibility procedures. 
Inform pilots of the weather conditions.  

Explain traffic context. 

Air Use low visibility procedures. 

Effects of strategy on key performance areas 

Safety 

Effect Large positive 

Explanation 
Low visibility procedures are designed to have a positive safety 
effect.  

Capacity 

Effect Large negative 

Explanation 
When low visibility procedures are in progress, the separation 
between landing aircraft is increased and the airport capacity is 

reduced. 

Environment 
Effect 

Negligible 

Explanation Low visibility procedures do not increase noise or fuel burnt. 

Costs 
Effect Large negative 

Explanation The delays due to the capacity reduction lead to extra costs. 

 

Disturbance 

Description 

Pilot performance 

 Avoiding bad weather leads to increase in crew workload 

 Bad weather causes a shift in pilot attention 

Frequency 

Category Regular 

Explanation 
Bad weather conditions happen regularly and mostly these conditions cause a shift in 
pilot attention and potentially an increase in crew workload. 

Strategy 

Description 

Pilot detection of bad weather is through weather radar display, ATIS (automatic 
terminal information service) / METAR (format for reporting weather information) / 

VOLMET (meteorological information for aircraft in flight) / SIGMET (significant 
meteorological information), PIREPs (pilot reports), ATC info. There are procedures on 

weather limitations (visibility, crosswind, tailwind, turbulence, icing). [MAREA] 

 
Showers and storms are the most important causes for this situation. Bad weather 

should cause a shift in pilot attention. The pilots will need to make a plan to stay clear 
of significant weather, especially turbulence. Possibly they would need to divert to 

another airfield. Or delay the approach until the bad weather has passed. [MAREA] 

Characteristics 
First detection of 

disturbance 
Pilot 
Other 
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Controller 

Establish common 
ground 

Local-Air 
Other 

Strategy coordination 
Local-Air 

Ground-Air 

Level of human 
flexibility in strategy 

Medium 

Strategy acquirement 
ATCo 

Training 

Strategy acquirement 
pilot 

Training 

Experience 

Explanation  

Key elements 

Ground Use necessary R/T only. 

Air 

Crew resource management. 
Workload management. 

Use necessary R/T only. 

Continuous evaluation of information from various sources. 

Effects of strategy on key performance areas 

Safety 

Effect Small positive 

Explanation 
Crew resource management actions in adverse weather 
conditions have a positive effect on safety 

Capacity 
Effect Negligible 

Explanation  

Environment 
Effect 

Negligible 

Explanation  

Costs 
Effect Negligible 

Explanation  

 

Disturbance 

Description 
Technical systems 

 Weather influences the functioning of airborne systems 

Frequency 

Category Rare-Occasionally 

Explanation 

One example of weather influencing airborne systems is in case of lightning (see the 

specific disturbance above). Skybrary also mentions the influence of space weather. 
Bad space weather is estimated to occur several times a year [Skybrary - Weather]. It 

is estimated that the disturbance occurs Rare-Occasionally [NE]. 

Strategy 
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Description 

The strategy for this disturbance is similar to the strategy for the disturbance “Generic 
airborne systems”. 

 

The failure would first be detected by the pilots, through their aircraft systems. A 
controller could detect a lateral deviation or a flight level difference through their radar 

display. 
 

For pilots, the strategy is to inform ATC and request guidance. Also controllers have 

training for ‘no-gyro aircraft’, i.e. aircraft for which all or part of the navigation system 
has failed. Ultimately, emergency procedures may have to be initiated. Pilots are 

regularly trained regarding failure of systems. [NE] 

Characteristics 

First detection of 
disturbance 

System notification/alert 

Pilots 

Establish common 
ground 

Local-Air 
Ground-Air 

Strategy coordination 

Local-Air 

Ground-Air 
Local-Ground 

Global-Ground 
Other 

Level of human 
flexibility in strategy 

Medium 

Strategy acquirement 
ATCo  

Training 

Strategy acquirement  
pilot 

Training 

Explanation  

Key elements 

Ground 
Provide additional route and speed instructions. 

Follow emergency procedures. 

Air 
Inform ATC about the status. 

Follow procedures for system failures. 

Effects of strategy on key performance areas 

Safety 

Effect Large positive 

Explanation 
Depending on the type of failure, the strategy may have a 

large impact on the safety of the flight. 

Capacity 

Effect Small negative 

Explanation 
In case of an emergency the strategy might affect several 

neighbouring aircraft, hence this will have a negative effect on 
capacity.  

Environment 

Effect 
Small negative 

Explanation 
In case of an emergency the strategy might affect several 

neighbouring aircraft, hence this will have a negative effect on 

environment.  

Costs 

Effect Small negative 

Explanation 
In case of an emergency the strategy might affect several 

neighbouring aircraft, hence this will have a negative effect on 
costs.  
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Disturbance 

Description 
Turbulence 
 Strong turbulence 

Frequency 

Category Occasionally 

Explanation Turbulence is estimated to occur occasionally. [NE] 

Strategy 

Description 

Strong turbulence may be detected through ATC, PIREPs (pilot reports), SIGMETs 

(significant meteorological information), SWC (significant weather chart), or WxR 

(weather radar) (not for CAT). There are written procedures that address turbulence. 
[MAREA] 

 
In extreme cases, the impact of turbulence is damage to the aircraft or injuries in the 

cabin. Turbulence could lead to stall or overspeed, prominently at high altitude (“coffin 
corner”). The reaction would be to fly at turbulence speed (i.e. slower), and prepare 

the cabin (seat belts). Turbulence is really annoying, since it makes it difficult for the 

pilot to concentrate. It may even be difficult to hit a switch or read a display. And once 
you have landed in strong winds, it may even be impossible to hook on the stairs for 

the passengers to leave the aircraft, and outside there may be pieces of junk flying 
around [MAREA]. 

Characteristics 

First detection of 
disturbance 

Pilot 

Other 
Controller 

Establish common 
ground 

Local-Air 

Other 

Strategy 
coordination 

Local-Air 

Ground-Air 

Level of human 
flexibility in strategy 

Medium 

Strategy 
acquirement ATCo 

Training 

Strategy 
acquirement 

pilot 

Training 

Explanation  

Key elements 

Ground 
Control aircraft around cumulonimbus clouds. 

Inform pilots of the weather conditions. 

Air 
Reduce speed. 

Avoid cumulonimbus clouds. 

Inform passengers about extreme movements. 

Effects of strategy on key performance areas 

Safety Effect Large positive 
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Explanation Avoiding turbulence has a large positive effect on safety. 

Capacity 

Effect Large negative 

Explanation 
Flying around turbulence may have a negative effect on 

capacity for a series of aircraft. 

Environment 

Effect 
Large negative 

Explanation 
Flying around turbulence may have a negative effect on 

environment for a series of aircraft. 

Costs 

Effect Large negative 

Explanation 
Flying around turbulence may have a negative effect on costs 
for a series of aircraft. 

 

Disturbance 

Description 

Weather info 
 Pilot perception of weather areas may differ from info received 

 Weather forecast wrong 

 Sudden weather change disturbs planning 

 Aircraft reacts on meteorological conditions that are not known to ATC 

 Weather info not available 

Frequency 

Category Occasionally - Regular 

Explanation 

The frequency very much depends on the local climate and on the stability of the local 
weather conditions. A pilot noted that only in certain countries you know that it is 

always wrong. Some controllers say that the situation is pretty standard as well. In 

other countries, the MET information is reported to be pretty accurate, so this 
disturbance seldomly occurs there. 

Strategy 

Description 

Detection of wrong forecast is by scanning the current weather and comparing with 
forecasts. At the beginning of a shift, the controller gets briefed on weather 

development, such as wind and CBs. And during the shift, the weather can be 

checked, e.g. every 10 minutes. A more relevant issue is that the movement of 
weather may be strong. Only the pilots have the real state of weather. Weather 

forecast must be updated continuously. 

The strategy to deal with wrong weather forecast depends on the perspective. 

For pilots, detection of wrong weather forecast is by being confronted with different 
weather conditions. Especially in extreme situations, the forecast can be off a lot. For 

example, if the predictions say there are wind speeds of 50 knots, the real speeds can 

be anything between 30 and 70 knots. In case of deterioration, possibly the conditions 
are below minima [MAREA]. If the weather information is wrong, the effect will be 

delay and maybe a fuel problem. There is no special strategy to deal with this, except 
to bring 3-5% contingency fuel and make a new plan. The pilot would reckon with 

uncertainties and maintain larger margins. A pilot noted that he believes that in bad 
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weather, the weather information should be updated more often than is now the case 
(i.e. more often than every 30 minutes) [Workshop].  

For runway controllers the impact of a wrong weather prediction could be large, e.g. 

they would need to switch to another runway. In addition, the ATCo will grow to 
distrust the predictions; he would just use his own predictions and observations. Snow 

predictions and fog predictions may be wrong. The pilot may advise that visibility is 
less than he was told. The controller would have to coordinate with the meteo office, 

and would provide the latest forecast to the pilots. A supervisor can play a useful role 

here [MAREA]. 

For en route controllers the issue of wrong forecast is less important; an ACC ATCo is 

typically occupied with the ‘here and now’. It is relevant for a supervisor, who operates 
three hours in advance. An exception is if there are CBs or a lot of thunderstorms. In 

such cases, deviations of 20 – 30 NM, up to 100 NM in extreme cases, may happen. 
Also an issue is that if traffic deviates, you don’t know exactly their path. There is then 

a need to decrease the capacity of the sector. You separate vertically and give aircraft 

headings.  

Turbulence is difficult to detect and to forecast; it may also occur in clear skies. As a 

result of turbulence, one or two whole flight levels may be lost for use. Turbulence is 
generally reported by pilots. Some pilots may still continue flying through light 

turbulence, others avoid turbulence. There is also a meteo advisor who could be 

contacted or who can make contact. Impact is overload and many aircraft deviations. 
ATCo would respond by keeping traffic away or on the ground until the mess is cleared 

up. Next, build up traffic again [MAREA]. 

The controllers are made aware of wrong weather information through reports from 

pilots. In such case, ATC can then inform other pilots. The radar does not provide 
position information about CB (Cumulonimbus) clouds (which may induce severe 

turbulence, in-flight icing and lightning); controllers must get that information from the 

pilots. This implies that ATC cannot make a plan and have to improvise if a CB cloud 
occurs. One controller notes that coordination with MET office should be improved 

[Workshop]. 

There are no written procedures that address this situation. 

Characteristics 

First detection of 
disturbance 

Pilot 

Controller 
Other 

Establish common 
ground 

Local-Air 

Ground-Air 
Other 

Strategy 
coordination 

Local-Air 

Ground-Air 

Level of human 
flexibility in strategy 

Medium 

Strategy 
acquirement ATCo 

Training 
Experience 

Strategy 
acquirement 

pilot 

Training 

Experience 

Explanation  

Key elements 
Ground 

Update weather information. 
Change in ATC due to sudden weather change. 

Air Adapt flight respecting sudden weather change. 
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Effects of strategy on key performance areas 

Safety 

Effect Large positive 

Explanation 
An aircraft getting into turbulence due to wrong weather 

forecast could get into trouble. Strategies to avoid or mitigate 
this could therefore have a large positive safety effect. 

Capacity 

Effect Large negative 

Explanation 
Deviations or a sudden change of runway could lead to loss of 
capacity. 

Environment 

Effect 
Large negative 

Explanation 
Deviations for a series of aircraft could have a large effect on 
the environment. 

Costs 

Effect Large negative 

Explanation 
Deviations for a series of aircraft could have a large effect on 
the costs. 

 

Disturbance 

Description 

Wind 

 Overshoot of planned route due to wind 

 Wind influences radius of flight curve 

 Wind influences expected time of arrival 

 Different wind speeds at different heights (vertical windshear) 

 Strong variation in wind 

Frequency 

Category Regular 

Explanation 
According to the pilot, this situation occurs fairly often, e.g. strong variation in wind 
when comparing wind at the runway surface with wind higher in air. Wind information 

is not very accurate. The controllers also estimate this disturbance to occur very often. 

Strategy 

Description 

First detection is sometimes by the pilots, but it can also be the MET office. ATC 

cannot see wind changes themselves, though they may detect speed effects on aircraft 
through radar. There are also ground wind sensors, but these do not match the wind 

at, say, 300 ft. 

For the controllers there are procedures which are taught at basic training, and 
through experience. According to the pilot, landings in strong wind are part of specific 

(basic) training. For the approach part of the flight, it is based on experience. 
[Workshop]. 

If the winds are strong then ATC may have to change the active runway, and may 

even have to go to single runway situation. This has a big effect on operations and on 
capacity. Sometimes windshear may cause go-arounds, and the controller’s workload 
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increases. 

There are preparatory runway operations: if the wind speed is X knots then runway Y 

is used; if the runways are wet then runway Z is used, etc. NOTAMs can be issued. For 

controllers, if the wind speeds are different at different altitudes, providing standard 
and stable separation between landing aircraft on final is too difficult. 

Characteristics 

First detection of 
disturbance 

Pilot 

Other 

Establish common 
ground 

Local-Air 

Ground-Air 

Strategy 
coordination 

Local-Air 
Ground-Air 

Level of human 
flexibility in strategy 

Medium 

Strategy 
acquirement ATCo 

Training 

Strategy 
acquirement 

pilot 

Training 

Explanation  

Key elements 
Ground Change of runway configuration. 

Air Adapt flight respecting wind conditions. 

Effects of strategy on key performance areas 

Safety 

Effect Large positive 

Explanation 
The strategy (e.g. single runway operation) has a positive 

effect on safety 

Capacity 

Effect Large negative 

Explanation 
If the winds are strong then ATC may have to change the 

active runway, and may even have to go to single runway 
situation. This has a big effect on operations and on capacity. 

Environment 
Effect 

Large negative 

Explanation Delays and deviations have a negative effect on environment 

Costs 
Effect Large negative 

Explanation Delays and deviations have a negative effect on costs 

 

Disturbance 

Description 

Winter conditions at airport 
 Runway is more slippery due to rain, snow, icing 

 Snow disturbs the ILS signal 

Frequency 

Category Occasionally - Regular 
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Explanation 

This frequency depends on the geographical location of the airport, but for airports in 
Southern Europe winter conditions still occur 20 days per year; about twice a year the 

conditions require de-icing [Workshop]. For Northern Europe or in mountainous areas 

the conditions will occur more often.  

Strategy 

Description 

For controllers, dealing with winter conditions is part of the initial training [Workshop]. 

There are no written procedures that address this situation, except for low visibility 
situations [MAREA]. Pilots are regularly trained about winter conditions and what to do 

[Workshop]. 

Strategy for the pilots is to manage delays, due to having to stay in line for de-icing. 

This also affects fuel requirements. The de-icing facilities differ quite a bit between 

airports, mostly depending on the local climate. For airport management, the strategy 
is to use low visibility procedures, and to remove snow from the area. There is a snow 

management process, which is published yearly. For controllers, procedures for 
increase of separation and for coordination are clearly defined. The action plan is 

standardized and involves all parties so everybody knows what to do. The runway is 

closed to remove snow and to periodically measure the braking action (the frequency 
of these measurements depends on the amount of snow, icing or rain). If the airport 

has an alternate clear runway during this period ATC can use it. Otherwise ATC have 
to stop landings and departures until the runway is cleared and opened. This 

procedure causes delay and to avoid a chaos ATC management usually reduces airport 
capacity (i.e. the number of arrivals and departures in an hour). [Workshop] 

For pilots, if the situation is known beforehand, the runway condition is incorporated in 

performance calculations for take-off or landing (i.e. use a particular friction 
coefficient), hence there should be no problem. If the situation is unanticipated this 

can lead to controllability or deceleration issues, e.g. runway overrun. Hence slippery 
runways have impact on deceleration or steering, not on acceleration. In case of 

controllability issues, the pilot can use less reverse thrust or forward idle. In case of 

performance issues, the pilot can use full reverse or full manual braking. At some 
airports, for example Mexico, there is a lot of rubber on the runway, which gets very 

slippery when wet. In such case, the pilot would make a very hard landing. This breaks 
the film of water and creates more grip. [MAREA] 

Characteristics 

First detection of 
disturbance 

Controller 

Pilot 

Establish common 
ground 

Local-Air 

Ground-Air 

Other 

Strategy 
coordination 

Local-Air 

Ground-Air 

Other 

Level of human 
flexibility in strategy 

Medium 

Strategy 
acquirement ATCo 

Training 

Strategy 
acquirement 

pilot 

Training 

Explanation  

Key elements Ground 
Account for de-icing in the control of flights.  
Use low visibility procedures. 

Reduce airport capacity. 
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Air 
De-icing of the wings. 
Use low visibility procedures. 

Effects of strategy on key performance areas 

Safety 
Effect Large positive 

Explanation The effects of the strategy are aimed to be positive for safety. 

Capacity 

Effect Large negative 

Explanation 
The effects of this disturbance and of the strategy are a 
reduction of the capacity of the airport. But if you don’t remove 

the snow, everything stops: the airport needs to be closed. 

Environment 

Effect 
Small negative 

Explanation 
De-icing and standing in the de-icing queue will have some 

negative effect. 

Costs 

Effect Large negative. 

Explanation 
De-icing and removal of snow will be costly. If flights need to 

be cancelled the effects may even be higher. 

 

 


