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Abstract 

The increasing number of commercial flights, e.g. a scheduled passenger flight 

operated by an airline, requires that all air aviation operations must follow the airspace 

rules and procedures in order to enhance safety. Since commercial flights comprise the 

majority of civilian flights, most of a country’s airspace is designed to meet its needs.  As a 

consequence, airspace design and procedures primarily meet the needs of such flights. For 

example, controlled airspace is under the jurisdiction of the Airspace Navigation Service 

Provider (ANSP) and thus, the Air Traffic Controller (ATCO) is responsible for the 

management of flights within the airspace including authorisation for entry and exit.  

There are, however, situations in which aircraft enter controlled airspace without 

authorisation of the ATCO. When this happens, a safety incident known as an airspace 

infringement (AI) is recorded. Such incidents can cause safety as well as other air traffic 

management problems, such as delays, with the worst case being a mid-air collision. 

According to European statistics, approximately 5% of reported AIs in European airspace 

led to a loss of separation between 2010 and 2014.  

A distinctive characteristic of AIs is that they mostly involve general aviation (GA) 

flights that significantly differ from commercial flights. An immediate consequence of this 

is that current reporting, investigation and analysis schemes are designed for commercial 

aviation and thus, incidents involving GA are inadequately reported in the safety database 

of ANSPs and national aviation authorities. This unsurprising given that on average 

approximately 20% of reported AIs in Europe were not analysed between 2010 and 2014. 

Furthermore, not all GA aircraft are adequately detected by the air traffic service 

infrastructure and thus, AIs might be underreported. GA in itself represents a diverse 

group of airspace users and has unique relationships with aviation stakeholders at the 

national and European level which are not well described in the literature.  

Two seminal studies of AIs that focused on GA were conducted in the last decade by 

the European Organisation for the Safety of Air Navigation (EUROCONTROL) and Civil 

Aviation Authority of United Kingdom (UK CAA). These studies provided a relatively good 

overview of the context in which AIs occurred in European airspace in the period 2003-

2008. Whilst important contributory factors to AIs were determined, they did not relate to 

a GA pilot’s decision making, the flying style of each GA aircraft or the use of emerging 

technologies. Such factors can be found in the literature relating to human factors and 
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aviation psychology. Nonetheless, the factors of these AI studies were not found in 

reported AI incidents, which are the key data for any safety analysis.  

Despite efforts to mitigate their occurrence at both national and European level, AIs 

continue to occur both in controlled and restricted airspace. Although a small proportion 

of AIs results in a loss of prescribed separation between aircraft, in the absence of 

evidence to the contrary, AIs pose the risk of a mid-air collision in controlled and 

restricted airspace. GA remains the key contributor to these incidents whilst it faces 

technological and regulatory changes that can affect their operations and subsequently, 

the occurrence of AIs. Significant improvements have also been made to the safety 

databases of aviation stakeholders. However, according to recent European safety reports, 

there is a need for both a systematic reporting and safety analysis to meet the increasing 

size of the safety databases. 

Therefore, this thesis addresses these current limitations and proposes a holistic 

framework to analyse AIs at the national level to enhance safety. This framework utilises 

both the developed taxonomy of contributory factors for GA and the developed framework 

that systematically analyses reported AIs. This thesis also reviews the GA flying activity 

including the operations and a pilot’s performance. The developments of this thesis are 

summarised below. 

GA is extensively described from a review of various documents and interviews with 

the GA pilots conducted in this thesis. The latter reveals the manner by which recreational 

GA pilots currently plan and navigate as well as the information they need to do so. This 

description can also be used by the stakeholders to identify the needs of the GA pilots and 

to review airspace rules and procedures to meet these needs.   

With respect to AIs, this thesis develops and validates a novel and bespoke 

taxonomy of contributory factors of AIs, referred to as GA-Contributory factors to AIs (GA-

Saf(ArI)) for GA flights. The taxonomy is derived from an extensive literature review of GA 

pilots’ performance, past studies of AIs and the rigorous analysis of reported AIs and semi-

structured interviews with GA pilots. The taxonomy consists of 145 contributory factors 

and 52% of these factors were derived solely from the interviews, highlighting the 

importance of collecting data directly from GA pilots. Amongst the findings is that the 

flight-route decision of GA pilots to fly very close to controlled airspace, mostly over 

capital cities, increases the likelihood of an AI. In such flights, the aircraft can stray into 
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controlled airspace when the pilot fails to notice the change of the aircraft’s heading due to 

the wind. The taxonomy GA-Saf(ArI) can be used by the stakeholders to analyse AIs as well 

as other incidents involving GA flights. 

This thesis also develops, tests and validates a framework, referred to as Proactive 

Safety Analysis of Reported AIs (Pro-Saf(Ari)). This framework overcomes current 

limitations through a systematic and speedy analysis of reported incidents. It assesses the 

quality of the data, extensively studies the incident’s contextual and contributory factors 

and applies statistical analysis. Given the current database’s structures, the success of the 

analysis depends on the narrative. The more detail the narrative is, the more likely the 

contextual and contributory factors to be determined. The uniqueness of AIs is that most 

AIs are reported by the ATCO than the infringing pilot. Whilst their detailed narrative is 

useful, it fails to report information on what happened inside the aircraft, such as the 

flight-route decision making of pilots. The framework is applicable to databases of 

different quality, size and origin, i.e. ATCO’s and pilot’s reports, and thus, it can be used by 

the stakeholders. 

Finally, this thesis develops a holistic framework, referred to as Safety analysis of AIs 

at the national level (Pro-Saf(ArI)N). The Pro-Saf(ArI)N framework offers a systematic 

approach to collect, investigate and analyse the AIs reported by both the ATCO and GA 

pilot. It utilises the taxonomy GA-Saf(ArI) to investigate the reported incidents and the 

framework Pro-Saf(Ari) to statistically analyse the contextual and contributory factors. 

Such a holistic framework allows the stakeholders to monitor AIs, assess the safety risk of 

a mid-air collision caused by an AI and design a mitigation action plan to prevent AIs from 

occurring at national level. A quantitative method is applied to measure the efficacy of a 

mitigation action. From the application of the framework, a series of mitigation actions are 

proposed. Furthermore, improvements of the Safety Management System of the ANSP are 

proposed including the improvement of the reporting scheme.  
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Chapter 1  

Introduction 

1 Chapter 1 Introduction 

This chapter presents the context of the research in this thesis by examining the 

need to manage aviation safety. It presents the research problem and discusses the 

rationale, objectives, methodology and contribution. The chapter concludes with a 

summary of each chapter and an outline of the structure of this thesis. 

 Background 1.1

The popularity of air travel has resulted in rising traffic volumes during recent 

decades. The increasing number of departures and arrivals of commercial flights requires 

that all aviation operations must be operated as designed in order to provide the required 

level of service. Commercial flights, e.g. a scheduled passenger flight operated by an 

airline, are a particular category of civilian flights. The other major category of civilian 

flights is general aviation (GA). According to the International Civil Aviation Organisation 

(ICAO), which is the highest level of regulatory authority in the world, GA can be defined 

as all non-commercial flights and aerial work (AW) (International Civil Aviation 

Organization, 2009a). Since commercial flights comprise the majority of civilian flights, 

most of a country’s airspace is designed to meet its needs. Hence, the rise in air traffic has 

been accompanied by the dedication of increasing amounts of airspace to commercial 

flights.  

The design of a country’s airspace is such that different types and classes of airspace 

are subject to different rules of flight within them. Airspace that is controlled by the Air 

Traffic Controller (ATCO) is known as controlled airspace that can be of class A, B, C or D. 

Their key difference is this separation between traffic regarding the pilot’s and the ATCO’s 

responsibilities and the separation differs between Instrument Flight Rules (IFR) and 

Visual Flight Rules (VFR) (International Civil Aviation Organization, 2001). For example, in 
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airspace class C, VFR flights are separated from IFR flights and receive traffic information 

about other VFR flights. On the other hand, in airspace class D, VFR pilots receive traffic 

information but they are responsible for their separation from all the traffic in the area. 

Therefore, any unauthorised entry does not allow the ATCO to separate both IFR and VFR 

traffic efficiently and safely due to the lack of information concerning the infringing 

aircraft. 

Aviation constitutes a complex system that consists of several components and 

stakeholders that must cooperate in order to ensure the efficiency and safety of 

operations. A distinctive feature of aviation is that emphasis is not solely on the efficiency 

but also safety. The priority placed upon safety means that practices implemented in 

aviation are used as examples of excellence in other safety critical fields, e.g. energy. With 

the aim of minimising the loss of human life during air transport, safety has been 

incorporated into the system. Emphasis has been placed on the management of air traffic 

and in particular pilot and ATCO performance. Whilst the latter is complex given the 

differences observed between human beings, significant research has been conducted on 

the former. Airspace Navigation Service Providers (ANSPs), who are responsible for 

managing the air traffic under their jurisdiction, have incorporated a systematic approach 

to managing safety through the well-known “Safety Management System” (SMS). 

SMSs are counted to be among the major advances of aviation safety and can be 

described as the outcome of the overall need to offer a safe service based on a well-

designed strategy. They require a continuous effort by the stakeholders and thus, SMSs 

mature to different levels amongst stakeholders. Among the contributions of the SMSs is 

the development of the safety databases of the ANSPs and the aviation regulators. 

Whilst a good overall safety record has accompanied the increase in air travel, one 

persistent concern remains particularly in Europe. There are aircraft that fly into 

controlled airspace without receiving permission to do so from the ATCO, who is 

responsible for the management of traffic in this area. When this happens, a safety 

incident known as an airspace infringement (AI) is recorded. Such incidents can cause 

safety and other air traffic management problems (ATM), e.g. delays, with the worst case 

being a mid-air collision. In particular, approximately 5% of reported AIs led to a loss of 

the prescribed separation with another aircraft or obstacle between 2010 and 2014. At a 

national level, the annual number of AIs differs between countries, e.g. there were 628 and 



Chapter 1 Introduction 

24 

 

147 reported AIs in United Kingdom and Norway respectively in 2015 (General Aviation 

Safety Committee, 2016; Civil Aviation Authority Norway, 2016). Despite national and 

European efforts to mitigate these incidents, AIs continue to occur.  

AIs mostly involve GA flights and such AIs can reduce the control that ATCOs have 

over the management of the traffic in their airspace area of jurisdiction. An example of an 

AI in the controlled zone of a busy commercial airport can explain this by means of the 

diagram in Figure 1. A GA aircraft enters the airspace area from point 1 without 

permission from the ATCO. Assuming that the GA aircraft is not fitted with a transponder 

and the pilot cannot be contacted by radio, the ATCO does not know either the infringing 

aircraft’s position or its trajectory. Among his/her hypothesis is that the aircraft might fly 

towards the centre of the area or straight towards point 2. 

 

Figure 1 Example of an airspace infringement of a busy controlled zone 

Meanwhile, commercial flights land and take off at the airport. For simplicity, a 

commercial aircraft A approaches the runway from point 3 towards point 4, based on a 

route instruction by the ATCO. This aircraft flies at a critical phase of flight in which it is 

difficult for the pilot to deviate from the allocated route. However, this allocated route 

interferes with one estimate of the possible flight routes of the infringing aircraft. 

Therefore, the ATCO can instruct the commercial pilot to abort the landing. Should this 
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happen, this action will affect subsequent landings and take-offs at the airport until the 

ATCO recovers from loss of traffic awareness. Landings and take-offs would stop and 

approaching aircraft would be diverted. If the ATCO’s resolution action is successful, the 

worst safety event, i.e. an accident, would have been prevented.  

Due to their impact on ATM, information on AIs is collected by both the ANSP and 

the National Aviation Authority (NAA). However, the incident data regarding AIs suffers 

from poorly collected information because, in contrast to other safety incidents in aviation, 

GA is the key contributor to such incidents. The currently required reporting and 

investigation schemes are primarily designed for commercial aviation and thus, incidents 

involving GA are not well reflected in the safety database. This is not surprising given that 

annually on average, approximately 20% of reported AIs in Europe were not analysed 

between 2010 and 2014 (Safety Regulation Commission, 2015). Hence, it can be concluded 

that the decisions of aviation stakeholders regarding AI safety are based on vague results. 

The poor quality of such data severely limits the level of detail of the analysis and thus, the 

incidents and their consequences are poorly understood leading to ineffective mitigation 

measures.  

GA represents a unique group of airspace users with a diverse fleet of aircraft often 

ill-equipped to fly in controlled airspace. Typically, most GA pilots fly for recreation 

purposes at the weekends and when the weather conditions offer good visibility. 

Therefore, the majority of pilots not only have relatively few hours of flying in comparison 

to their commercial aviation counterparts, they also have long periods of the year when 

they do not fly at all. Consequently their performance may be variable, especially at the 

start of their flying season, typically the beginning of spring in Europe. Furthermore, GA 

pilots have recently started using digital devices in their planning and navigation to aid 

them. As with all such technologies, these devices have the potential to simultaneously 

both improve and degrade the pilot’s performance. Such influences may also contribute to 

AIs. However, they, as well as other factors that can influence a pilot’s performance, were 

not detected in the two milestone studies of AIs conducted by European Organisation for 

the Safety of Air Navigation (EUROCONTROL) and the UK CAA in Europe in the last decade 

(European Air Traffic Management, 2008; European Air Traffic Management, 2007b; 

European Air Traffic Management, 2007a; Safety Regulation Group, 2003).   
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These two studies established a relatively good overview of the context in which AIs 

occurred in European airspace in the period 2003-2008. Both studies determined the GA 

factors that can contribute to AIs; however, these factors do not relate to a GA pilot’s 

performance that can also contribute to the AIs. A literature review of human factors and 

aviation psychology can shed light on the contribution of GA pilots to these incidents. 

Furthermore, the contributory factors found in EUROCONTROL and CAA UK studies were 

determined from surveys of GA pilots; however, these factors could not be determined in 

the reported AIs used in these studies. It is reasonable, therefore, to question the adequacy 

of the incident data, which is typically the key data for any safety analysis.  

Almost a decade after these studies, AIs continue to occur in European airspace 

especially in nations with major GA activity, such as UK, Norway, Finland, Sweden and 

Switzerland. Furthermore, such AIs also occur in other nations with a large GA community, 

e.g. the United States of America, Canada and Australia. Whilst only a small proportion of 

AIs leads to a loss of separation, in the absence of scientific evidence, AIs remain a danger 

to the possibility of a mid-air collision in controlled airspace. Furthermore, AIs can disrupt 

the services offered by the ANSP due to the level of control the ATCO has on the infringing 

GA aircraft. There is a need therefore to understand why these incidents occur in order to 

design appropriate prevention measures to enhance aviation safety.  

 Aim and objectives 1.2

Given the problem stated above, this thesis aims to investigate the reasons underlie 

the occurrence of AI incidents and propose actions to prevent them in order to enhance 

safety. Three European nations that face major problems with AIs involving GA, are 

selected as the basis for this research, i.e. Finland, Norway and United Kingdom. The five 

objectives of this thesis are as follows: 

1. Critically review the literature to identify the key features of air traffic management, 

the safety approaches and the stakeholders relevant to GA and AIs;  

2. Critically review both the literature of previous studies of AIs regarding their data, 

methods and findings and the literature concerning a GA pilot performance in order to 

identify the contribution of such pilot related factors to the occurrence of AIs; 

3. Assess the suitability of reported AI incident data from ANSPs and NAAs for their 

subsequent use in the safety analysis of AIs involving GA; 
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4. Develop a bespoke and novel taxonomy of contributory factors of AIs that relate to a 

GA pilot’s performance. These factors will be primarily derived from carefully 

designed interviews with GA pilots; 

5. Develop a framework of collecting and analysing reported incidents involving GA at 

the national level. Such a framework will enable stakeholders to monitor these 

incidents and to subsequently support their proposals of mitigation actions. This 

framework should utilise the taxonomy of contributory factors of AIs developed in this 

thesis. 

 Outline of thesis 1.3

This thesis is organised into ten chapters. Chapter 2 describes the key elements of 

ATM relevant to this thesis. Furthermore, Chapter 2 defines the manner in which the AI 

incidents develop and how these may eventually result in a mid-air collision in controlled 

airspace. This AI-incident development model is used in the investigation and analysis of 

the AI incident data and frames the proposed mitigation actions to prevent the occurrence 

of AIs. 

Chapter 3 captures the contribution of the national and European aviation 

stakeholders to the analysis of AIs and their mitigation. In particular, it presents the 

responsibilities of each stakeholder and discusses the safety analysis conducted by the 

national ANSPs in Europe including the need for further improvement. Furthermore, 

Chapter 3 reviews the studies of the AIs conducted by EUROCONTROL and the Civil 

Aviation Authority of UK (UK CAA) and discusses their findings whilst highlighting their 

gaps.  

A feature of previous studies of AIs is that GA flights are the most frequent 

contributors to AIs. Therefore Chapter 4 defines GA, highlighting the diffuse definitions of 

various organisations regarding this activity and describes briefly GA activity in Europe 

regarding the aircraft fleet, flying rules, demographics of pilots and the technologies used. 

Chapter 4 also reviews the impacts on pilot performance based on the literature in 

aviation psychology and human factors.  

Chapter 3 concludes on the need to improve the safety analysis of reported AIs, 

which are the key source of safety data. Hence, Chapter 5 develops a framework to analyse 

reported AIs at the national level. This framework, named Pro-Saf(Ari), aims to 
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systematically analyse AIs. It assesses the quality of the incident data to determine the 

capabilities of the dataset. It extensively studies the incident’s contextual and contributory 

factors, which are extracted from the incident’s narrative, and applies statistical analysis.  

In Chapter 6, the framework Pro-Saf(ArI) is applied to three datasets whose results 

are presented separately. The capabilities of the datasets are discussed with particular 

interest in their inconsistent and deficient data collection. This chapter concludes that the 

most suitable data to understand AIs are those that provide the ATCO’s narrative. 

However, these incidents fail to describe what is happening inside the aircraft. Such 

limitations can be overcome by conducting interviews with GA pilots. 

Chapter 7 outlines the interview design, i.e. participants, sample and interview 

questions, and the method of analysis of the interviews with GA pilots. Findings from the 

literature and the analysis of reported incidents are incorporated in the interview design. 

Those results that relate to the manner by which recreational GA pilots fly regarding the 

selection of their flight route are presented in Chapter 7. The results concerning the 

reasons leading to these pilots infringing controlled and restricted airspace are presented 

in Chapter 8.  

Chapter 9 proposes solutions to improve the ability to prevent AIs by reducing the 

number of incidents and minimising their safety effect. In particular, a holistic framework, 

referred to as the Safety analysis of AIs at the national level (Pro-Saf(ArI)N), is developed to 

collect, investigate and analyse AIs at the national level. The contribution of both the NAA 

and the ANSP is specified. The taxonomy of contributory factors of AIs for GA is developed, 

validated and incorporated in this framework. Furthermore, mitigations actions are 

proposed.  

The thesis concludes with Chapter 10 with a review of the achievements of the 

thesis and its contribution to aviation safety. Furthermore, recommendations for future 

research are presented. In Figure 2, the structure of this thesis is outlined. 
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Figure 2 Thesis overview 
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Chapter 2 

Fundamentals of air traffic management 

and aviation safety 

2 Chapter 2 Fundamentals of air traffic management and 

aviation safety 

Unauthorised entries into controlled airspace result in the situation where the 

ATCO, who is the only operator that allows flights to enter controlled airspace, does not 

control the situation, even momentarily. Given the direct association between AIs and air 

traffic management (ATM), key elements of ATM are outlined in this chapter. 

A distinctive aspect of AIs is that the infringing aircraft often flies in uncontrolled 

airspace, which is not under the jurisdiction of air navigation service providers (ANSPs), 

prior the incident. Whilst AIs do not originate from ATM operations, they do affect them. 

Therefore, any safety analysis, conducted in ATM can be applied to AIs. For this reason, the 

safety approaches used in ATM are reviewed in this chapter to select the most suitable 

approach for this thesis. Given the potential of a mid-air collision, accident models used in 

aviation are also reviewed in order to propose a model that describes the development of 

the AI and the eventual result of a mid-air collision due to the AI. These models are used in 

this thesis. 

Chapter 2 is structured as follows. In section 2.1, the key elements of ATM are 

outlined. In section 2.2, the safety approaches used in ATM are discussed. In section 2.3, 

ATM incidents are defined. In section 2.4, accident models are reviewed and finally in 

section 2.5, an AI-incident development model is proposed. 
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 Air traffic management 2.1

According to the ICAO Global ATM Operational Concept (International Civil Aviation 

Organization, 2005a) p1-1 “Air traffic management is the dynamic, integrated 

management of air traffic and airspace – safely, economically and efficiently – through the 

provision of facilities and seamless services in collaboration with all parties”. ATM is a 

complex system and its key elements are presented in this section in order to understand 

the operational concept of ATM. In particular, airspace design, phases of the flight, 

communication-navigation-surveillance and air traffic services are discussed. Terminology 

used in this thesis is also introduced. Further information on the ATM components in 

relation to controlled airspace can be found in (Dupuy, 2012).  

2.1.1 Airspace design 

According to ICAO Annex 11 (International Civil Aviation Organization, 2001), 

airspace is classified into seven classes A, B, C, D, E, F and G in which rules and procedures 

differ regarding the access and separation of flights. The airspace classes are outlined in 

Table 1.  

Table 1 Airspace classes of controlled airspace 

Class IFR VFR 
Mandatory 

two-way radio 
communication 

ATC 
separates 
IFR from 

ATC 
separates 
VFR from 

Other 

A  -  IFR - - 
B    IFR, VFR IFR, VFR - 

C    IFR, VFR IFR VFR speed less than 250 
knots and below FL100 

D    IFR - 

IFR flights receive traffic 
information in respect of VFR 
flights 
VFR flights receive traffic 
information in respect of 
both IFR and VFR flights 

E    IFR - VFR flights do not request 
clearance 

F   N/A N/A N/A 

IFR flights receive traffic 
information 
All flights receive flight 
information service if 
requested 

G   N/A N/A N/A 
All flights receive flight 
information service if 
requested 
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Airspace classes A, B, C, D and E are used for controlled airspace and the airspace 

rules and procedures differ between Instrument Flight Rules (IFR) and Visual Flight Rules 

(VFR) flights. On the other hand, airspace classes F and G are described as uncontrolled 

airspace. Not all the airspace classes are used to design a nation’s airspace. Such a design 

depends on a variety of factors, e.g. traffic density, airspace size, topography, etc.  

For flights that pass through controlled airspace, the pilot or a designated 

representative has to file a flight plan (FPL) to the Air Traffic Service (ATS) (International 

Civil Aviation Organization, 2007). The FPL describes the intended flight or portion of a 

flight. The filed FPL might be subject to changes by the ATS prior to activation and before 

taxing, the pilot has to activate the FPL. The FPL is also mandatory under other 

circumstances as defined by the National Aviation Authority (NAA) (Civil Aviation 

Authority United Kingdom, 2013a).  

Furthermore, airspace design is also divided into such airspace areas that serve a 

certain scope. These “airspace types” can be the following:  

1. Controlled airspace, such as Airways, Terminal Maneuvering Areas (TMAs), Control 

Zones (CTRs), Control Areas (CTAs); 

2. Restricted airspace, which can be prohibited areas, restricted areas, danger areas and 

temporary reserved airspaces (TRAs); 

3. Aerodrome Traffic Zones (ATZs) or Traffic Information Zones (TIZs); 

4. Transponder Mandatory Zones (TMZs) and Radio Mandatory Zones (RMZs). 

As evident in Figure 3, the CTR is located around an aerodrome and starts at the 

surface level (SFC). The controlled airspace above the CTR often becomes wider the 

further away from the surface and this shape can be similar to an “up-side-down wedding 

cake”. The airspace above the CTR is usually a TMA, e.g. in Oslo, Norway. However, there 

are areas where airspace type CTA is found above or next to the CTR, e.g. in Stansted, 

London, United Kingdom (UK).  
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Figure 3 Over-simplified design of airspace near a commercial airport 

Restricted airspace is primarily used for military exercises and consequently, 

civilian flights are forbidden. However, Temporary Reserved Airspaces (TRAs) can be 

reserved for civilian flights for a specific time duration. For example, a gliding club can 

request to fly in a specific TRA for a couple of hours so that only glider aircraft fly in that 

area. This activation is agreed with the ATS in advance and is added in the “Notice to 

Airmen” (NOTAM). A NOTAM is a notice containing information concerning hazards (e.g. 

air-shows, parachute jumps, glider flying), flights by important people, closed runways, 

unserviceable radio navigational aids, military exercises, unserviceable lights on tall 

obstructions and the temporary erection of obstacles (e.g. cranes). The NOTAM is encoded 

and is published by national authorities, e.g. the Aeronautical Information Publication 

(AIP) in the UK (Civil Aviation Authority United Kingdom, 2013b).  

ATZs or TIZs are uncontrolled airspace areas that extend upwards from the surface 

of the earth to a specific upper limit. In these areas, the pilot has to establish two-way 

radio communication and flight information is provided by the ATS unit (Safety and 

Airspace Regulation Group, 2015). Therefore, a TMZ forces traffic that transits in this area 

to carry a functional transponder so that the ATCO is always aware of the aircraft’s 

position shown on the radar screen. Procedures to fly in TMZs are published by the 

national aviation stakeholders. Similar to TMZs, in a RMZ the pilot is obliged to establish 

two-way radio communication (Safety and Airspace Regulation Group, 2015). 
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2.1.2 Phases of the flight 

The phases of a generic flight that passes through controlled airspace are shown in 

Figure 4. For flights that depart from an uncontrolled aerodrome or fly in uncontrolled 

airspace, the phases of the flight remain the same.  

An aircraft taxis from the hangar to the runway, where it prepares for take-off. The 

take-off procedures vary between aerodromes. In airports that are controlled, the pilot 

only departs after he/she receives permission from the ATCO, i.e. a clearance. In the case 

where the aerodrome is not controlled, the pilot departs at any time following the 

procedures defined by the aerodrome. Pilots often listen to the radio and report their 

position, referred to as “reporting blind”, so that nearby pilots become aware of the 

departure of this aircraft. The same procedures are followed for landing. After take-off, 

pilots climb to reach their cruising altitude that they maintain until they start descending 

in order to land. The phase “cruise” is also be referred to as “en-route” in this thesis.  

Any time that the aircraft passes through controlled airspace, the pilot has to obtain 

permission from the ATCO. The ATCO accepts or rejects the pilot’s request. In the case that 

entry is permitted, the ATCO issues the flight path and altitude that the pilot must follow in 

controlled airspace. The pilot is obliged to follow any instruction issued by the ATCO. 

Given the airspace design, an aircraft may need to transit to an adjacent controlled 

airspace area. In that situation, the ATCOs of the areas concerned, arrange the transfer of 

the aircraft.   

 

Figure 4 Phases of the flight in controlled airspace (Dupuy, 2012) Figure 2.1 p41 
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2.1.3 Air traffic services 

A fundamental element of ATM is the Air Traffic Service (ATS) on the ground that 

manages the traffic in the airspace. According to ICAO Procedures for Air Navigation 

Services-ATM 15th edition (International Civil Aviation Organization, 2007) and Annex 11 

(International Civil Aviation Organization, 2001), ATS consists of: an Air Traffic Control 

(ATC), Flight Information Service (FIS) and Alerting Service (AS) as shown in Figure 5. 

 

Figure 5 Outline of Air Traffic Service 

The ATC service is responsible for tactical control of aircraft under the responsibility 

of an ANSP. It aims to control and separate the traffic in the airspace area following the 

requirements activated in the airspace class, as described in section 2.1.1. It consists of the 

area, approach and aerodrome control services. 

 Area control service navigates the traffic inside controlled airspace during the 

cruising phase of the flight. These airspace areas are managed in smaller regions of 

airspace volume called “sectors”. The approach control service supports the flights during 

the climb before reaching cruising altitude, and during approach before the final approach 

of the flight. The final approach is under the responsibility of the aerodrome control 

service, which also manages all airport traffic, landings and take-offs. This service is 

provided from an Aerodrome Control Tower (TWR). TWR controllers monitor all flight 

operations in the vicinity of the aerodrome, on runways, taxiways and manoeuvring areas, 

as well as vehicles and personnel in manoeuvring areas   

The FIS offers advice and information to pilots regarding weather, operations and 

aerodromes. It is offered to flights that receive ATS as well. It is provided by relevant ATC 
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units in controlled airspace and aerodromes and by a flight information centre within a 

Flight Information Region (FIR). The AS provides search and rescue assistance to aircraft 

in distress and coordinates any further action during the rescue. 

2.1.4 Communication, navigation and surveillance systems 

Communication, Navigation and Surveillance (CNS) is supported by an interrelated 

set of technologies including digital electronics, satellite systems and various levels of 

automation (Dupuy, 2012). 

2.1.4.1 Communication 
Communication aims to transmit and exchange real-time information between 

ATCOs on the ground and pilots (ground-air communication), between ATC units (ground-

ground communication), and between pilots (air-air communications). Ground-air 

communication uses radiotelephony at different frequencies. Dedicated radio frequencies 

are assigned to each ATS unit or airspace area. Pilots tune in to the appropriate radio 

frequency to establish two-way radio communication with the ATS. In areas where there is 

no dedicated radio frequency, e.g. uncontrolled airspace, the air-air communications can 

be through a dedicated radio frequency for reporting blind. Examples of such radio 

frequencies are: the 135.475MHz in the UK, referred to as SAFETYCOM, and 123.500MHz 

in Norway.  

In order to both improve efficiency and eliminate any problem caused by 

communications, phraseologies have been created for both pilots and ATCOs 

(International Civil Aviation Organization, 2005b). For example, pilots that wish to enter 

controlled airspace report the following: the identification and, the position of their 

aircraft and the requested flying altitude and path. There are also procedures to establish 

two-way radio communication. The exchanged information can be a demanding task and 

thus, both pilot and ATCO should follow the procedures, use the phraseologies and be 

brief.  

2.1.4.2 Navigation 
Navigation ensures that the pilot is aware of the aircraft position. Pilots can navigate 

using three fundamental methods: visual navigation, navigation using radio navigation 

aids and autonomous on-board techniques (Dupuy, 2012). Visual navigation is achieved by 

cross-checking the aircraft position using visual references on the ground. Such references 
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can be fixed and are used for the ground-air communication. Pilots may also use other 

visual references, e.g. towns, to provide their position particularly in air-air 

communications. Aeronautical charts or maps are essential for visual navigation and their 

scale can be 1:500,000 or 1:250,000. Visual navigation is commonly used by GA pilots 

flying VFR. 

Navigation using ground-based radio navigation aids (navaids) offers a more 

accurate aircraft position than visual navigation because it uses fixed ground-based radio 

navigation beacons. An example of a beacon is the Very High Frequency Omni-directional 

Radio Ranger (VOR) that provides the bearing of the aircraft with an accuracy of one 

degree for 95% of the time (Dupuy, 2012). The aircraft’s lateral position and altitude 

relative to the beacons is estimated airborne. Navaids also exist to guide the aircraft in the 

approach phase of the flight, e.g. Instrument Landing Systems (ILS). In addition to the 

ground-based navaids, space-based navaids are increasingly used due to the evolution of 

the Global Navigation Satellite System (GNSS) technologies. A GNSS developed and owned 

by the United States of America Government, known as the Global Positioning System 

(GPS), is used to estimate the aircraft’s position by pilots.  

It is expected that GNSS technology will either replace or complement the traditional 

ground-based navaids. GNSS overcomes limitations of the ground-based navaids and 

advances in other systems, such as GALIGEO, show that aviation will incorporate such 

technologies into its operations. GPS is used in commercial aviation whilst it is 

increasingly used by GA. The use of such technologies by GA pilots is discussed in Chapter 

4. Finally, navigation using autonomous on-board techniques is common in commercial 

flights. They determine the altitude and heading of the aircraft using, for example, inertial 

systems, radar and barometric altimeter. Another example can be the Inertial Navigation 

System (INS).  

2.1.4.3 Surveillance 
Surveillance ensures that traffic is known, particularly to the ATCO. The ATCO needs 

to know both the aircraft’s position and identity in order to coordinate and separate traffic 

in controlled airspace. The ATCO associates the aircraft’s identity with that provided in the 

FPL and also confirms that the aircraft is not a security threat, e.g. a terrorist attack. The 

ATCO finds such information using the radar infrastructure and transponder mode. 
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Radar measures the range and bearing of objects by transmitting an electromagnetic 

pulse at the object and listening for the echo. Radars are used for a range of purposes in 

aviation. Within the context of this thesis, the “Primary Surveillance Radar” (PSR) and 

“Secondary Surveillance Radar” (SSR), which can be described to be the evolution of the 

former, will be discussed. The PSR provides the ground position of the aircraft to the ATCO 

and does not provide the altitude of the aircraft. The radar detects the aircraft and sends 

the position to the ATCO. 

On the other hand, the SSR enables the transmission of additional information, e.g. 

aircraft’s identity and altitude, back to the ATCO. The SSR requires that the aircraft is fitted 

with a functional transponder and thus, aircraft, such as ultralights that are not obliged to 

carry such a device, are unlikely to be detected by this infrastructure. Using the SSR, the 

aircraft’s transponder is both a radio receiver and a transmitter. The transponder can be 

either a Mode C or S. Transponder mode C sends the aircraft altitude automatically to the 

ATCO whereas the transponder mode S also allows data exchange between the aircraft 

and the ATCO.  

Finally, as in navigation, the GNSS brings surveillance into a new era. The technology 

Automatic Dependent Surveillance – Broadcast (ADS-B) uses conventional GNSS 

technology to provide a more accurate aircraft position to the pilot and ATCO. The ADS-B 

is not yet mandatory for GA aircraft in Europe and thus, it will not be subject to study in 

this thesis. 

2.1.5 Summary 

In this section, key elements of ATM that relate to this thesis were presented, 

highlighting the importance of the communication, navigation and surveillance for ATM.  It 

is evident that pilots and ATCOs have to follow the rules and procedures of the air to 

ensure that flights are managed as expected in controlled airspace including clearance for 

entry and exit. An infringement involving an unidentified aircraft and a pilot that does not 

establish the ground-air communication causes problems for air traffic control. In this 

situation, the ATCO has to divert traffic in the area in order to ensure that the separation 

between the infringing aircraft and the traffic is achieved. 

In the following section, safety approaches that are used in ATM are discussed.  
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 Review of safety approaches 2.2

A “safety approach” can be defined in the thesis as the manner that safety experts 

conduct their work to ensure that the operations are delivered safely. A safety approach 

describes the scope of safety analysis, e.g. the investigation of a fatal accident to establish 

what led to that particular accident. In the infancy of safety analysis, the reactive response 

to the worst safety events was the only safety approach conducted. The limitations of the 

reactive safety approach became increasingly apparent in the 70s and ever since then, 

accidents are not the only safety events that have been analysed. Since then, the safety 

events that did not actually result in an accident but were established as critical have been 

analysed as well. This proactive safety approach currently dominates safety analysis, 

particularly in aviation. A further development, the predictive safety approach is currently 

in its development stage, analysing the daily performance of the system. 

The three safety approaches Reactive, Proactive and Predictive are described in this 

section to enable that the most suitable safety approach for this thesis to be selected.  

2.2.1 Reactive safety approach 

The starting point of safety analysis can be defined as the time that the first accident 

was investigated in 1908 (Dupuy, 2012). Since that time, accidents were the only source of 

safety data and were investigated to understand their causes based on forensic analysis. 

As a consequence, the investigation findings were used to improve aspects of air 

operations that often focused on the engineering. This reactive approach of proposing 

mitigation actions based on accidents that have already happened is still used today. The 

difference is that today the investigation and recommendation is not limited to mechanical 

failures. Human and organisational factors are also investigated even though their level of 

detail is debatable. That reactive safety approach can be described as the first era of 

aviation safety. 

2.2.2 Proactive safety approach 

The second era of safety approaches began towards the end of the 20th century with 

the emergence of a proactive approach. The aim of this is that safety analysis was to be 

expanded to include the safety events that do not lead to an actual accident but have the 

potential to do so. Within ATM, such safety events are, but not limited to, the separation 
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minima infringement and the airspace infringement. These incidents have to be reported, 

investigated and analysed and subsequently the findings have to be recorded in the 

stakeholder’s safety database. Their analysis has the potential to unveil factors that can 

contribute to accidents. The proactive analysis requires incidents to be reported and is 

based on the assumption that incidents are strongly related to accidents in that the 

prevention of the former ultimately prevents the latter.  

The assumption of the relationship between accidents and incidents is debatable. 

Given that the accident statistics do not show any association between an accident and an 

incident (Leveson, 2015), one can argue that the association between accidents and 

incidents is not as strong as was anticipated at the conception of this approach. Regardless 

of the credibility of the assumption, the thorough analysis of the reported incidents indeed 

has improved the understanding of the operations and safety. The reported incidents also 

offer an alternative way to visualise safety using the number and severity of the incidents. 

Again, it is debatable whether measuring safety using the reported incidents represents 

the truth, especially nowadays that stakeholders with good reporting culture and a good 

safety record possess large incident databases whose incidents are less severe. Does it 

mean that this stakeholder is less likely to experience an accident? 

Proactive approach is the dominant approach in aviation today. It required 

significant changes to be made within an organisation. Reporting schemes had to be 

created, so that the reported information would be collected in a systematic and useful 

manner. Investigation procedures had also to be designed to meet the needs of incident 

investigation that significantly differs from that of accidents. Methods to analyse the safety 

data have also been developed, a process that continues. Of course, the rapid development 

of the hardware and computational abilities of computers has contributed towards this 

new era. Such major changes would have not been successfully achieved by many aviation 

stakeholders in the absence of the safety management system and safety-culture in 

particular, just-culture. 

“Safety Management System (SMS)” is, beyond dispute, the core of a stakeholder’s 

ability to ensure the highest level of safety for its operations. The SMS aims to manage 

safety in a systematic manner. It comprises the four functions as shown in Figure 6: safety 

policy and objectives, safety risk management and safety assurance and promotion. 

Guidelines to develop the SMS are provided by the ICAO; however, the stakeholder designs 
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the specifications of their own SMS according to their operations. A functional SMS is the 

outcome of the strong dedication of the stakeholder and its personnel and it is supposed to 

be improved by the lessons-learned. Further information can be found in (Wilke, 2013). 

 

Figure 6 Functions of the Safety Management System (Wilke, 2013) 

“Safety culture” reflects the values, beliefs and behaviours of an organisation 

towards safety. A positive safety culture creates an environment of trust and advocates 

safety on all levels (i.e. from senior management to operational personnel). A safety 

culture is created at the organisational level and must be developed top-down (Wilke, 

2013). “Just culture” in the organisation safeguards that the incident reporting is not used 

to blame the sharp-end individual involved in the incident or, to use to pursue the incident 

to court. On the contrary, the incidents are used to better understand their development 
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and learn from them. Saying this, if there is an intentional action to harm others mentally 

and physically, further legal procedures are used.   

2.2.3 Predictive safety approach 

In a different concept from proactive and reactive approach, the predictive approach 

aims to propose mitigation actions before safety events occur. This approach predicts the 

next safety problem that might arise through the analysis of the design of the system. The 

resolution is the correction of these predicted deficiencies before the safety problem 

occurs. This approach is based on the analysis of the daily operations and the monitoring 

of the efficiency of the existing safety barriers. Inevitably, such a safety approach requires 

an increasing amount of safety data to be collected, which is different from the safety data 

collected at present, if the current term “safety data” will be used in a similar manner in 

the future. Safety analysts will have to think in a completely different way and be able to 

move from the proactive approach that currently dominates.  

The theory behind the predictive approach has begun to be elaborated and attempts 

have been made to define it. It is only in 2014 that a new approach was published, the 

“Safety-II” developed by the psychologist Hollnagel (Hollnagel, 2014). Safety-II assumes 

that individuals adjust their performance to the situation faced in order to be appropriate 

for the environment. For example, individuals create the conditions that are necessary for 

them to do the work or use in the future, compensate for something that is missing, e.g. 

information or time, or want to avoid future problems. Safety-II studies what actually 

happens in situations where nothing out of the ordinary seems to happen and identifies 

the “performance variability” of the system as defined in Safety II. The two most popular 

methods to identify the functions of the system and assess the performance of the system 

are the Functional Resonance Analysis Method (FRAM) (Hollnagel, 2012) and Systems 

Theoretic Accident Model and Processes (STAMP) (Leveson, 2011; Leveson, 2004). 

Although Safety-II focuses on normal operations, adverse situations are also analysed but 

they are not explicitly explained how they are analysed in (Hollnagel, 2014).  

The predictive approach is undoubtedly needed. Even though in its infancy, the 

predictive approach offers an alternative way to understand safety by considering the 

positive features of the environment rather than the failures or potential failures. It adds 

socio-technological influences as well as the interactions between the individuals with the 



Chapter 2 Fundamentals of air traffic management and aviation safety 

43 

 

environment. It shifts the focus to human performance rather the “human error” and 

“human factors”. The methods to predict safety are not as yet ready to be applied in an 

effective manner. There are concerns about the validation of the results as well. 

Meanwhile, such radical changes cannot be introduced overnight given all the effort 

required to build the databases, design the investigation processes, restructure the 

organisation and educate the personnel. However, there is no reason to obstruct the use of 

the predictive approach in the design phase of a product or procedure that will be added 

to the system.    

2.2.4 Remarks 

The review of the reactive, proactive and predictive safety approaches has revealed 

that the need to analyse the AIs is the outcome of the proactive safety approach. The 

proactive approach aims to prevent incidents from happening so that the likelihood of an 

accident is minimised. This assumption of the relationship between the incident and 

accident is further discussed for its validity in the following section. 

 Safety analysis of air traffic management incidents 2.3

An incident is defined as the occurrence whose outcome is less severe than an 

accident. An ATM incident is defined as the incident that affects the management of air 

traffic and thus, it occurs inside controlled or restricted airspace (Dupuy, 2012). Examples 

of the ATM incidents are the airprox, the separation minimum infringements and the 

airspace infringement. Based on the proactive safety approach, incidents can relate to 

accidents; however, the relationships are debatable by safety experts. For example, it has 

been assumed for decades that potential accidents and incidents have similar underlying 

causes due to the same path of causation. This relationship is known as the “Heinrich 

pyramid” that illustrates that accidents are rare but of high safety risk and thus, they are 

located at the top of the pyramid. On the other hand, incidents are frequent and of lower 

safety risk. Within this concept, safety events, which are called “precursors”, can evolve to 

other more serious safety events. 

The precursor chain represents the linear causal relationship between safety events 

(Dupuy, 2012). As shown in Figure 7, one “precursor” leads to another precursor and so 

on until the precursor results in the near-accident precursor that will subsequently lead to 
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a near accident and finally to the accident. This chain has at least three levels of 

precursors, one of which is the accident precursor, i.e. the situation that a near-accident 

actually led to an accident. In summary, precursors represent a chain of safety events, 

whose seriousness increases proportionally. This precursor chain follows the concept of 

the proactive approach in that the prevention of these precursors stops the evolution of 

the adverse safety events, i.e. the chain is cut. This concept is likely to be disapproved of by 

the supporters of the predictive approaches, e.g. Safety-II, due to the fundamentals of 

these two approaches. 

 

Figure 7 Accident and incident precursor chain (Dupuy, 2012) Fig 3.2 p99 

The adverse situations, i.e. accidents and incidents, are defined by the level of 

severity so that not all incidents and accidents are considered the same. For example, a 

fatal accident is different from an accident in which the aircraft was severely damaged but 

no casualties were reported. Similarly, not all incidents result in a same safety problem. 

Meanwhile, such adverse situations need to be compared with respect to a common harm. 

For example, the loss of human life or a mid-air collision can be defined as the harm. Such 

analysis is based on the fundamental concept of safety risk. Safety risk is assessed by two 

dimensions: the severity of the consequences of the hazard relative to the potential of 

generating an adverse situation and, the frequency of occurrence of the hazard. Safety risk 

is the product of severity and frequency of the hazard as Equation 1 shows. 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = 𝐹𝐹𝑟𝑟𝑆𝑆𝐹𝐹𝐹𝐹𝑆𝑆𝐹𝐹𝐹𝐹𝑆𝑆𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻  × 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑟𝑟𝑟𝑟𝑆𝑆𝑆𝑆 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻  Equation 1 

The successful estimation of safety risk relies upon the correct selection of a hazard. 

A hazard is defined differently across sectors, even across aviation stakeholders and its 

definitions are ambiguous. Most definitions agree that a hazard possesses potential to 
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cause harm. The problem is that there are various operations, tasks, equipment, 

environmental factors or even human operators that can cause harm. According to ICAO’s 

SMS manual (International Civil Aviation Organization, 2013), “A hazard is generally 

defined by safety practitioners as a condition or an object with the potential to cause 

death, injuries to personnel, damage to equipment, loss of material, or reduction of the 

ability to perform a prescribed function. For the purpose of aviation safety risk 

management, the term hazard should be focused on those conditions which could cause or 

contribute to unsafe operation of aircraft or aviation safety-related equipment, product 

and services” (paragraph 2.13.2, p2-24).  

Whilst ICAO’s definition above describes everything that can result in harm as a 

hazard, ICAO itself distinguishes hazards from error in the same document in paragraph 

2.13.7 p2-25. The term “error” is not defined but is described to be “a normal and 

unavoidable component of human performance” p2-25. These ambiguities prove that 

aviation safety risk management suffers from a poor classification of aspects that are 

involved in an adverse situation. Needless to say that given ICAO’s definition, a hazard 

does not, under any circumstance, explain why an adverse situation occurred and thus, 

any safety analysis that focuses only on hazard identification will probably fail to mitigate 

the adverse situation. Therefore, the term hazard as defined in ICAO is inadequate for this 

thesis.  

According to (International Civil Aviation Organization, 2005c), errors and threats 

are defined based on a conceptual model related to the operations of ATC and this model 

is named “Threat and Error Management”. Errors are defined as “actions or inactions by 

the ATCO that lead to deviations from an organisation or ATCO’s intentions or 

expectations”. Threats are defined as “events that occur beyond the influence of the ATCO, 

increase operational complexity and which must be managed to maintain the margins of 

safety”. Threats and errors can result in undesirable states, which are defined as 

“operational conditions where an unintended traffic situation results in a reduction in 

margins of safety”. Given the above definitions, human performance is measured by the 

errors that human beings make. Extensive research in operations that primarily involve 

human beings across fields has shown that “human error” analysis, i.e. wrong actions 

made by human operators, must be replaced by the analysis of human performance, i.e. 
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factors that can improve as well as degrade an individual’s performance (Nascimento, 

2014).  

In this thesis, therefore, neither the term “hazard” nor “error” are suitable to explain 

the underlying reasons for the occurrence of AI incidents. Instead, the term “contributory 

factor” is used in this thesis. This term is selected over the term “causal factor” for the 

following reasons. The analysis of contributory factors rather than causal factors also 

indicates the uncertainty in the credibility of the causal relationships in analysing safety 

incidents in which organizational, social-environmental, individual and technological 

aspects are involved. Furthermore, a root-cause, i.e. a solo cause, rarely results in an 

incident or even accident (Wilke et al., 2014a; Nascimento, 2014). Hence, contributory 

factors better represent the diversity of factors involved in AI incidents and in this thesis 

are defined as “factors involved in an incident without defining the causal relationship 

between the factor and the incident”.  

The concept of safety risk appears in incident investigation and in the assessment of 

overall aviation safety. The fundamentals of safety risk, i.e. the assessment of the 

frequency and consequences is used in incident’s investigation as a way to categorise the 

impact of the incident in aviation. In Europe, EUROCONTROL assesses the safety impact of 

an incident on the aircraft performance and on the system’s ability to operate normally, i.e. 

the air traffic is managed adequately. EUROCONTROL’s assessment is called 

“EUROCONTROL Safety Regulatory Requirement” (ESARR). Within the context of ESARR, 

the severity of each incident is found using a five-point scale as shown in the severity 

matrix in Figure 8 (European Air Traffic Management, 1999). In this severity matrix, the 

severity assessment is based on the potential safety outcome. To the knowledge of the 

author, there are stakeholders, e.g. the ANSP Avinor, that assess the actual rather than the 

potential safety outcome regarding ATM.  
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Figure 8 Severity matrix – ESARR (European Air Traffic Management, 1999) 

Safety risk is used to manage the overall safety. Within the concept of a SMS, the 

function “safety risk assessment” aims to ensure that risks in the ATM system are 

systematically and formally assessed and managed within acceptable safety levels. The 

estimation of safety risk is complex as various parameters have to be considered and 

“hazards” (the term “hazard” is used in the remainder of section 2.3 to simplify the 

discussion of safety risk) are difficult to define and identify as explained above. It is 

equally difficult to measure the frequency of a “hazard” or a similar term, as well as to 

quantify its potential consequences. Regardless of these limitations, the estimated safety 

risk is compared to the desired safety level that is defined by the stakeholder to decide if a 

mitigation action is needed and any mitigation action is subsequently assessed for its 

predicted efficacy.    

Safety risk can be a continuous variable, e.g. 1X10-5 or a categorical variable in which 

safety risk is represented by classes. The latter is more common due to the uncertainty 

caused by the lack of a holistic picture of safety risk and is represented using the safety 

matrix as shown in Table 2. Safety risk is classified into three groups. The first group 

represents incidents whose risk is high and these incidents are relatively frequent and 

have major consequences. The second group represents the other extreme, i.e. incidents 

that rarely occur. The third group is in-between these two groups. “Hazards” that possess 

a high safety risk are often those that are prioritised for mitigation which depends on the 

strategy of the stakeholder. Best practice for safety risk management often originates from 

the experience of safety practitioners.  

Table 2 Safety risk matrix 

 Frequency 
Very low Low Medium High Very high 

Co
ns

eq
ue

nc
e Very high      

High      
Medium      

Low      
Very low      

 

 Review of accident models 2.4

Section 2.1 concluded that the proactive safety approach best suits safety analysis of 

AIs. The scope of AI safety analysis is to prevent AIs from occurring and, in the event that 
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an AI does occurs, to eliminate its impact on the ATM. The ultimate aim is to ensure that 

the ATM operates safely. Within the context of the proactive approach, it is assumed that 

there is a line of causation between the incident and the accident as explained in section 

2.3. Therefore, two popular accident models applicable to proactive analysis, the 

sequential and the epidemiological models, are described in this section in order to define 

the incident development model. Given that these models describe accident development, 

their adaptations in the incident development are discussed at the end of this section. The 

AI-incident development model is presented in section 2.4.3. 

2.4.1 Sequential accident models 

According to (Dupuy, 2012), sequential accident models describe the sequence of 

events that lead to the accident. These models have a root-cause that is an event that 

triggers this line of causation. Each safety event evolves to another safety event and so 

forth in a similar manner to a set of falling dominoes. If a domino, which can be thought of 

an event, is removed, then the causal chain will stop. The analogy of dominoes falling 

simplifies the visualisation of the causal chain. Such sequential models can be used in 

situations where a series of events can be readily identified and thus, they are useful in 

process engineering. Such models can use fault-tree analysis and the probabilities of 

success and failure of each process can be estimated. However, the environment in 

aviation that leads to incidents cannot be readily described by a sequence of events and 

thus, the efficacy of such a simple chain of events to aviation safety is debatable. 

Furthermore, human actors, i.e. the pilot and ATCO, conduct tasks that mostly 

require extensive cognitive activity involvement. Therefore, human factors as well as 

organisational factors are involved. Such factors are not captured in these sequential 

models that focus on the evolution of events and not the contributory factors. 

Furthermore, both the evolution of events and the contributory factors of the aviation 

accidents are also different between accidents. Hence, it can be concluded that such 

models are neither adequate nor sufficient to assist accident investigation and safety 

analysis in aviation. They can be used to describe the timeline of safety events if there is a 

linear causation but safety analysis cannot rely on them.  
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2.4.2 Epidemiological accident models 

Epidemiological accident models can be thought of the evolution of the sequential 

models because they overcome key limitations of the latter. Such models also assume a 

linear accident causation; however, they differ from sequential accident models. 

Epidemiological accident models introduce the concept of “safety barriers” and “latent 

conditions”. The latter refers to those conditions that are spread away from the sharp-end 

operators and have an impact on the development of the accident. The former are meant 

to prevent the accident from occurring; however, they do have the potential to fail.  

Epidemiological models have dominated safety investigation and analysis in the past 

three decades. The most popular accident model is the James Reason’s Human factor 

Model, known as the “Swiss Cheese Model” (SCM) (Reason, 1990). The SCM was developed 

in 1990 and is widely used, including in aviation. The name was inspired by the Swiss 

cheese with the holes. The slices of the cheese represents the system safety barriers and 

the holes of various sizes and positions symbolise each barrier’s deficiencies and 

weaknesses. When holes momentarily line up, the system permits a specific exposed state 

to pass through and lead to an unwanted outcome. As a first in aviation safety, this model 

included human factors as well as the influence of the organisation to an accident.   

The model represents four levels of failure that are summarised in Table 3. The 

levels are put in such an order to illustrate that different involvement of the sharp-end and 

blunt-end users in that sharp-end users are the one that actively participate in the 

accident and are the last element of the line of accident causation. On the other hand, an 

organisation that affects the operations with its decisions are not the last element of the 

causation line and its connection with the accident is often difficult to establish. These 

latent conditions can aid safety analysis to move away from exclusively perceiving the 

sharp-end user as the only contributor to the accident. 

Table 3 Levels of failure of the Swiss Cheese Model 

Level of failure Definition 

Organisational influences 
Impact of the organisation structure, operations, etc. on the other 
levels of failure and subsequently, the accident. They can be resource 
management, organisation climate and organisation processes. 

Unsafe supervision 
Further level of detail to explain features fail to work. It can be 
inadequate supervision, planned inappropriate operations and 
failure to correct a known problem. 
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Level of failure Definition 

Preconditions for unsafe 
acts 

Conditions that directly affect an operator’s performance. They can 
be conditions of operators (physiological and mental state and 
limitations), personnel (personal readiness) and environment 
(physical or technological). 

Unsafe acts 
Active failures conducted by the sharp-end operator at the last step 
before the accident. They can be errors (skill-, decision- or 
perceptual-based) and violations (routine or exceptional). 

Each level of failure, which corresponds to a slice of the model as shown in Figure 9, 

consists of deficiencies that are represented by the holes. The holes are of different sizes in 

order to illustrate that some deficiencies are more likely to exist corresponding to larger 

holes. An accident happens only if deficiencies exist at these levels. The causation pathway 

can pass through many holes to result in an accident. The causation pathway can also be 

stopped if the safety barriers work and thus, the accident is prevented. In order to prevent 

any misunderstandings, the causation pathway must not be perceived as a timeline as the 

purpose of the SCM is to identify the contributory factors and barriers rather than to 

represent the evolution of the events.  

 

Figure 9 Swiss-cheese model (Reason, 1990) 
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2.4.2.1 Adapted versions of Swiss Cheese Model 
Given its potential benefits, the SCM is used for accident investigations in many 

countries. A good example is the Australian Transport Safety Bureau’s (ATSB) accident 

investigation model that is based on the SCM (Australian Transport Safety Bureau, 2008). 

The advantage of the ATSB model over the SCM is that it integrates the impact of the 

technical problems concerning the aircraft and the ATC equipment on the accident and it 

places greater emphasis on the distinction between the aspects an organisation act at the 

operational level to minimise risk and those that influence the effectiveness of the risk 

mitigation measures. The ATSB developed model is used to provide: 

1. An approach for identifying potential safety factors during an occurrence 

investigation; 

2. A framework for communicating the results of an occurrence investigation in an 

investigation report and; 

3. A taxonomy for classifying factors during occurrence investigation and using that 

taxonomy for trend analysis and research purposes.  

The modifications of the SCM are shown in Figure 10. In the adapted model, risk 

controls are introduced between organisational influence and local conditions as well as 

after the unsafe acts. These risk controls differ in that the former are preventative whereas 

the latter are reactive, i.e. the last defence before the accident. The unsafe acts have also 

been changed to include both individual actions and technical events. 
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Figure 10 ATSB accident model that was adapted from the Swiss cheese model (Australian 
Transport Safety Bureau, 2008) 

The high-level overview of the investigation is outlined in Figure 11. The 

investigation starts with an overall understanding of the accident by finding features to 

visualise the accident and then, the investigation becomes deeper by looking at less 

obvious aspects. It starts with the identification of the occurrence events that are likely to 

be described by the technical problems. Individual actions are identified so that those 

actions that increased safety risk are defined. The impact of the local environment on the 

individual actions and technical problems is studied. Once these three safety indicators are 

defined, safety issues are studied regarding the risk controls and organisational factors. 

This analysis is rational and can be adopted by the safety practitioners. 
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Figure 11 High-level overview of the ATSB investigation analysis model (Australian Transport 
Safety Bureau, 2008) 

 

2.4.2.2 Human Factors Analysis and Classification System  

Within the context of the SCM, the framework “Human Factors Analysis and 

Classification System (HFACS)” has been developed by Shappell and Wiegmann at the 

University of Illinois and the Civil Aerospace Medical Institute in 2000 and its relevance to 

this thesis is discussed in this section (Wiegmann et al., 2005). The framework is used for 

investigating and analysing human and organisational factors based on the SCM. The 

HFACS classifies the pre-existing causal factors into the four levels of human failure 

(Wiegmann et al., 2005). Therefore, the framework is not used to identify the factors and 

the safety barriers during the investigation. However, the HFACS offers a standardised 

way of presenting the already determined causes from accident reports in a new 

reorganised manner. 

This alternative way of classifying the known causal or contributory factors can be 

extremely useful in order to group the factors into similar themes. Of particular interest is 

the application of the HFACS for GA accidents following investigation (Wiegmann et al., 

2005). In that study, only the “unsafe acts of operators” were analysed given the manner 

that GA pilots fly. At this level of failure, the errors and violations of the pilot-in-command 

were analysed and their classification followed the Generic Error Model developed by 
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Reason (Wiegmann et al., 2005). The HFACS allowed the comparison between fatal and 

non-fatal GA accidents and the distinction of each type of error and violation. The findings 

showed that skill-based errors were the most common errors, i.e. such errors occurred in 

80% of accidents whereas decision and perceptual errors occurred in 30% and 5% of 

accidents respectively. 

HFACS is undoubtedly a handy tool by which to organise a concluded investigation 

in a meaningful and comparable manner. However, the HFACS has not been used for the 

identification of new factors. It has been applied in accident data that are likely to possess 

a detailed description of the causes of the accident. However, such detailed causal factors 

are rarely found in incident reports. If causal factors are found, they are unsuitable for the 

HFACS. For example, the incident data of the separation minima infringements (Dupuy, 

2012) and runway incursions (Wilke, 2013) do not possess the factors as described by 

HFACS. Therefore, the HFACS is not applicable to this thesis.  

2.4.3 Relevance of the accident models for the airspace infringements 

The two popular accident models that outlined in this section are summarised in 

Table 4. Epidemiological models, which can be perceived as evolving from sequential 

models, are far more common in the aviation safety domain. It is noticeable that their 

differences focus on the types of factors that contribute to the accident and their causal 

relationships. For example, organisational and human factors first appeared in the 

epidemiological models; however, socio-technical factors are not particularly included in 

the models. As for the causal relationships, both sequential and epidemiological models 

assume a clear linear causation between the contributory, or causal factor as defined in 

these two models, and the accident.  

 

 

Table 4 Summarised details of accident models 

Accident 
model Purpose Advantages Disadvantages 

Sequential 

Describes the 
linear sequential 
evolution of safety 
events and/or 
factors. 

• Simple, linear causation 
line suitable for events 
that are readily 
identifiable. 

• Easy to visualise. 

• Over-simplified 
causation line that 
cannot represent the 
relationships between 
causal factors related to 
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Accident 
model Purpose Advantages Disadvantages 

human and organisation. 

Epidemiological 

Describe the 
cause-effect 
relationship in a 
linear manner. 

• Incorporates human and 
organisation factors 

• Introduces safety 
barriers 

• The types of the safety 
nets/barriers may be 
inadequate. 

• Difficult to visualise 

In the literature, the reference to these models is either made for the purpose of the 

science of safety or is used for accident investigation and analysis. Seldom does published 

work in the domain of incident analysis defines the “incident-development model” prior to 

any analysis. For example, in (Dupuy, 2012) epidemiological models are used without a 

clear definition of the failures and safety barriers. Similarly, journal publications in 

incident investigation are also limited. It is reasonable, therefore, to hypothesise that there 

is a need to develop such an “incident development model” or to at least adapt the already 

established “accident development models” to the needs of the incident investigation. 

With the aim of addressing this issue, incidents are compared to accidents in the aviation 

sector. 

Firstly, although accident and incidents are both adverse safety events, their 

distinctive difference  as stated in 2.2.2, is that incidents do not actually result in an 

accident and thus, there is no loss of life or damage. Both accidents and incidents are 

classified regarding their severity, i.e. fatal and non-fatal accident, significant and minor 

incident. Subsequently, accidents and incidents differ regarding the purpose of 

investigation and analysis. The immediate harm caused by an accident is the driver to the 

reactive response to learn what happened. Due to this harm to the public, accidents, 

particularly fatal accidents, are of great public interest. On the other hand, incidents are 

reported, investigated and analysed so that these incidents and concurrently adverse 

safety events, including accidents, will be prevented. The public is often unaware of the 

reported incidents and therefore, incidents are primarily the interest of the other 

stakeholders. 

The outcome of an investigation is the only feature that incidents and accidents have 

in common. Any investigation aims to determine the contributory factors of the adverse 

event, communicate the results to the appropriate department or stakeholder and to 

analyse the findings to monitor the trends and for research purposes. However, the 
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specific objectives of incident investigation may differ among stakeholders, e.g. ANSPs, 

NAA and flying clubs. The reasons for this can be the difference in service offered by each 

stakeholder, the resources of the stakeholder and the available information of the incident. 

Accident investigations can last for at least six months and during that period 

investigators conduct forensic analysis and numerous interviews. Incident investigations 

are meant to be quicker however.  

Incident investigation is a relatively straight forward process. It is often based on the 

incident report, particularly its narrative description. The reporter or relevant operators 

may be asked for clarification. The adequacy of the incident report can vary both among 

the stakeholders and within them because reporting is strongly affected by the reporting 

scheme design that is in turn affected by the stakeholder. The incident reports may not 

comprise the information needed for the investigation as shown in (Dupuy, 2012). It is 

possible that human and organisational factors as described in the SCM are not found in 

the incident data but again no concrete evidence can be found in the literature to support 

it. 

As a consequence of the purpose of the collection of incident data, reported 

incidents have dramatically increased in numbers at the European level as evident in the 

annual safety reports of EASA (European Aviation Safety Agency, 2015) and 

EUROCONTOL (Safety Regulation Commission, 2015). The increase in numbers is not the 

only problem. The number of incidents that are not analysed at all is also high. This 

observation was particularly highlighted in the latest EUROCONTROL’s safety annual 

report (Safety Regulation Commission, 2015). In the report, it was specifically 

recommended that future work should focus on improving and facilitating the reporting, 

investigation and analysis of the incidents. Such arguments can be used as evidence that 

there is room for development in incident investigation and analysis to meet the current 

needs of the stakeholders. 

The severity assessment of the incidents is also more challenging given that no harm 

to human life or aircraft and property was caused. Incidents are assessed using a scale that 

can have at least three categories as shown in section 2.3. Furthermore, one type of 

incident can be perceived to be more dangerous than another types. In particular, 

incidents that are “near-miss accident precursors” are perceived to be more dangerous 

than “precursors”. The former are located closer to the accident and thus, their prevention 
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depends on fewer actions compared to the latter that are located further away from the 

accident. Of course, this assumes that the further the precursor is located from the 

accident, more actions can be introduced to terminate the causation line. This assumption 

can be challenged in that the safety barriers of the near-miss precursor may be stronger 

compared to those of the precursors. Such different perspectives provide evidence that an 

incident’s importance varies and is not explicitly specified.  

To conclude, the investigation of accidents and incidents is challenging; however, 

such investigations are conducted within different contexts. The different expectations 

from the investigation of accidents and incidents originate from these different purposes 

of collecting these two different types of safety data. It is evident that some incidents are 

located at the beginning of the sequential precursor chain and some incidents are located 

at the end of the chain. Given the diversity of importance of each incident, the contributory 

factors and the safety barriers are different for each incident. Therefore, in order to 

establish the development of each incident and the incident contribution to accident 

development, the precursor-development chain has to be modified to incorporate how an 

AI incident develops. 

 Proposed accident and incident development model  2.5

In this section, the “AI incident development model” is developed. The model 

consists of two parts: the precursor chain that is triggered by the AI and the AI-incident 

development model.  

In order to explain the occurrence of the AI incident, the most suitable model is the 

epidemiological model SCM for the reasons explained in section 2.4.3. The AI incident 

development model is illustrated in Figure 12. The AI does not occur due to a single root-

cause rather than a combination of factors that can relate to the organisation, the 

supervision, the preconditions of unsafe acts and the sharp-end operator and technologies 

used by them. These aspects are represented by the blue rectangles that describe the 

normal conditions of these four aspects or “layers”. These layers are outlined in Table 5. 
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Table 5 Layers of the AI-incident development model 

Name of the Layer SCM ATSB Description 

Organisation √ √ Impact of the organisation structure, 
operations, etc. on the other levels of failure 
and subsequently, the AI incident. They can 
be resource management, organisation 
climate, organisation processes. 

Supervision √  Further level of detail to explain why two 
features did not work or fail. It can be 
inadequate supervision, planned 
inappropriate operations, failure to correct a 
known problem (supervisory violations) 

Preconditions of unsafe 
acts 

√ √ (Local 
Conditions) 

Conditions that directly affect the operator’s 
performance. They can be conditions of 
operators (physiological and mental state 
and limitations), personnel (personal 
readiness) or environment (physical 
technological or tasks) 

Unsafe acts of the 
operator and failures of 

technologies 

√ 
(operator 

only) 

√ Active failures conducted by the sharp-end 
operator at the last step before the accident. 
They can be errors (skill-, decision- or 
perceptual-based) and violations (routine or 
exceptional). Failures of technologies used by 
the sharp-end operator. 

The AI incident occurs when abnormal conditions cannot be prevented. Following 

the SCM phraseology, if a failure occurs, a hole, i.e. the factor, will be created in that 

particular layer. If this hole is not closed by the safety barrier, which is represented by the 

rectangles, the incident will develop. Safety barriers can be introduced to resolve a matter 

or embrace the successful operations of that layer. For example, a safety barrier of the 

operator can be a warning to a pilot about the proximity of the aircraft to controlled 

airspace. Another safety barrier that embraces the good performance of the operator can 

be the maintenance of a pilot’s aircraft handling skills. Clearly, the safety barriers can 

completely resolve the matter and thus, the incident is prevented, though, they can also 

fail to prevent the incident. However, they usually succeed in eliminating the safety impact 

of the incident, i.e. the AI becomes less severe.  
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Figure 12 AI-incident development model 

The AI incident triggers the precursor chain as shown in Figure 13. Once the aircraft 

flies into airspace in which other traffic are flying, it may fly very close to another aircraft 

so that the distance between these two aircraft is infringed (Precursor Separation 

Minimum infringement). If the distance between them is further reduced, then the 

Separation Minima infringement becomes an Airprox, i.e. the near-miss precursor, which 

can lead to an accident. The transition from one precursor to another may not happen due 
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to the local conditions, e.g. no nearby traffic. It can be prevented by introducing the 

“transit barrier” represented by the boxes in Figure 13. The transit barrier can also 

eliminate the safety impact of the following precursor if the transition cannot be 

prevented. Therefore, if the “transition barrier 2” is functional, the AI will not lead to a 

separation minima infringement and thus, the accident is prevented.  

 

Figure 13 Precursor chain AI - Accident in controlled or restricted airspace 
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A key advantage of the proposed precursor chain is the introduction of the 

“Transition Barrier – 1”. This barrier ensures that the precursor chain is not triggered. It 

offers such actions that can resolve a potential AI or maintain the aircraft outside 

controlled airspace before the aircraft is too close to the boundary. It is apparent that the 

safety barrier of the AI-incident development model is represented by the Transition 

Barrier 1. 

According to this model, the AI is not only the result of the actions of the operator. 

The preconditions, e.g. the environment that the aircraft flies in, and the organisation 

contributes to the incident. This model guides the investigators and analysts to identify 

the factors and barriers for both the prevention of incident development and the 

prevention of the transition from the AI precursor to the following precursor. Hence, this 

model frames safety analysis of AIs conducted in this thesis. It is used for the analysis of 

reported incidents in Chapter 6 and for the development of the framework to analyse AIs 

in Chapter 9. In particular, the mitigation of the AI incidents emphasises on the Transition 

Barriers 1 and 2 in order to prevent the AIs from occurring and from evolving into a 

separation minima infringement, as proposed in this model.  

2.5.1.1 Critique of the model 
The proposed model has been developed in the context of the proactive approach 

using epidemiological models. In recent years systematic models have emerged that argue 

against a linear causation between accidents and incidents. Whilst such a model could 

have been used for this research, the AI incidents are conceptualised within the context of 

the proactive analysis. From the system models perspective, the concept of the AI incident 

may not exist at all. Further justification of selecting epidemiological over systemic models 

can be found in section 2.4.3. Given the precursor chain, it may be argued that the 

likelihood of transiting from one precursor to another can be estimated. Such calculations 

though are difficult to estimate especially in these situations where the development of the 

incidents is partially understood. Any attempts to calculate such likelihoods should be 

treated with caution. 

The model can also be questioned as to whether the assumption of potential 

development of the accident is realistic. It may be argued that the absence of an accident 

due to an AI in the safety data does not support the potential that an AI will result in a mid-

air collision. There are also less frequently reported AIs that led to a separation minimum 
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infringement or an airprox. In the UK, the Airprox due to an AI have been eliminated 

(United Kingdom Airprox Board, 2004). The problem with these statistics is that they do 

not support that this reduction is due to a change and thus, there is no evidence to support 

that the statistics will remain the same in the future. Furthermore, the statistics are based 

on the aircraft that are detected by the current infrastructure whilst light GA aircraft such 

as ultralight and gliders may not be recorded. Hence, reported data may underrepresent 

AIs. 

As established earlier, using an epidemiological model, there is a need to understand 

the causal relationship between the factors and the AI incident. In the developed model, 

the factors are defined as contributory rather than causal factors for the reason that the 

AIs, in common with other ATM incidents, do not occur due to only a single root-cause. 

Thus, the model assumes that more than one contributory factor can lead to the AI 

incident and the combination of factors can also differ between the AI incidents.  

Finally, it could be claimed that the AI-incident development model is similar to 

existing models and thus, there is no need to develop another model. Indeed, this model 

adopts the concept of the sequential and epidemiological models in order to show the 

relationship between the AI incident and the mid-air collision. The last layer, before the AI 

actually happens, is similar to that of the ATSB model to show that both the operator and 

the technologies used by the operator can be considered as unsafe acts. The layer of 

“Preconditions of unsafe acts” has been adopted from the SCM and also includes the tasks 

of the operators and the environment of the flight as suggested by the ATSB. These new 

aspects capture the impact of the environment, e.g. flat terrain, and the uniqueness of the 

incident conditions, e.g. aircraft design.   

 Conclusions 2.6

In Chapter 2, key elements of ATM relevant to this thesis were presented for 

reference in the rest of this thesis. The safety approaches and accident models used in 

ATM were reviewed. Given the difference between the AI and the other ATM incidents, a 

model that describes the manner in which AI incidents develop is specified in section 2.5. 

In particular, this AI-incident development model captures failures both at the sharp-end 

(direct failures) and blunt-end (latent failures) operators contribute to the incident and 

accident. These failures can be prevented from occurring at each layer.  
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The AI incident triggers the precursor chain that ends to a mid-air collision in 

controlled airspace. This worst safety outcome can be prevented by introducing transition 

barriers. These barriers might fail to obstruct the precursor evolution; however, they can 

minimise the safety effect of the incident. Both the AI-incident development model and the 

precursor chain are used in this thesis. Within this context, the contributory factors and 

the safety barriers are studied in this thesis.  
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Chapter 3 

Airspace infringements, aviation 

stakeholders and safety studies in Europe 

3 Chapter 3 Airspace infringements, aviation stakeholders and 

safety studies in Europe 

The AI-incident model described in Chapter 2 shows the impact that an airspace 

infringement (AI) can have on the ATM. National and European stakeholders can both 

contribute to the incidents as well as prevent them and thus, the first objective of Chapter 

3 is to outline the national, European and international stakeholders concerning with AIs. 

The second objective of this chapter is to critically review the two-milestone studies of AIs 

conducted by the European Organisation for the Safety of Air Navigation (EUROCONTROL) 

and the Civil Aviation Authority (CAA) of the UK. In particular, the data, methods of 

analysis and the findings are discussed and the limitations of the studies are highlighted. 

Chapter 3 is structured as follows. In section 3.1, the contribution of the stakeholders is 

presented. In particular, in sections 3.1.1, 3.1.2, 3.1.3 and 3.1.4 the role of general aviation 

(GA) pilots, the International Civil Aviation Organisation (ICAO), airspace navigation 

service provider (ANSP), national aviation authorities (NAA) and European stakeholders 

(the European Aviation Safety Agency (EASA) and EUROCONTOL) are discussed 

respectively. In section 3.2, the studies of the AIs at the European airspace are discussed 

and their critical gaps are discussed in the end of this chapter. 

 Overview of stakeholders 3.1

Airspace infringements (AIs) usually involve general aviation (GA) flights. These 

flights differ from those in the commercial sector in that GA pilots do not belong to a 

stakeholder that possesses a safety management system, e.g. an airline. GA pilots may be 

members of a flying club or association and they are only in contact with the national 
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aviation authority. As stated in Chapter 2, regarding ATM, a distinctive feature of AIs is 

that not only do they affect the service provided by the ANSP, they also pose the danger of 

a collision in controlled airspace. Typically, the ATCO, who observes the operational and 

safety issues and is employed by the ANSP, does not contribute to the AI. Therefore, the 

ANSP has to address the consequences of each incident so that it maintains a safe service. 

On the other hand, the NAA can mitigate them because it can get in contact with the 

infringing pilot, who is mostly a GA pilot in the case of AIs.  

The relationship between these two stakeholders is complicated when considering 

incidents. Currently in the way aviation community is built, AIs will be firstly reported by 

the ATCO that observes the incident on his/her radar screen. The NAA only becomes 

aware of the incident once it receives the incident report from the ANSP or the infringing 

pilot, if the latter has noticed the incident and wishes to report it. It is unlikely that the 

pilot will volunteer to report an AI, if he/she noticed it. As a result, it is the NAA who has 

the most complete record of AI reports compiled by ATCOs and GA pilots. The ANSP 

should have a near complete record based on ATCO’s reports. This is because the ATCO is 

often the only witness to the incident and is subsequently the only incident reporter. Both 

stakeholders play key though different roles when an AI occurs. 

In the continent of Europe, the European Union has introduced EASA, an agency that 

has specific regulatory and executive tasks in the field of aviation safety. EASA has a key 

role in aviation to provide technical expertise to the European Commission, certification of 

aeronautical products and organisations from civil aviation, including general aviation. 

Furthermore, nations on the continent of Europe also belong to EUROCONTROL, an 

organisation that supports the delivery of the “Single European Sky” in order to enhance 

European air traffic management and further provides technical support to stakeholders, 

including those at a national level, e.g. ANSPs. An example of such support is the safety 

study of AIs that EUROCONTROL conducted at the European level.  

GA is a civilian aviation sector and thus, the Standards and Recommended Practices 

(SARPs) and policies published by the International Civil Aviation Organisation (ICAO) 

affect GA. ICAO is a United Nation agency established by States, manages the 

administration and governance of the Convention on International Civil Aviation. ICAO 

produces high-level guidelines that are further expanded by stakeholders. For instance, GA 

is defined in ICAO’s working paper (International Civil Aviation Organization, 2009b) 
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using a broad definition (see Chapter 4). In ICAO’s Annex 13, GA is mentioned. Hence, it 

can be concluded that current work of ICAO does not have further implications on GA or 

AIs and thus, its relationship with GA will not be further studied in this thesis. 

In summary, GA pilots is a key stakeholder and is introduced in section 3.1.1 with a 

more extensive discussion in Chapter 4. The other stakeholders ANSPs and NAAs are 

discussed in sections 3.1.2 and 3.1.3 respectively. Whilst this thesis focuses on Europe, the 

link between the European stakeholders and AIs is discussed briefly in section 3.1.4. 

3.1.1 General aviation pilots 

GA pilots do not necessarily belong to an organisation, e.g. a flying club or 

association, and thus, GA pilots can be considered as individuals, members of a flying club 

and members of a flying association. A flying club can be described as a group of flyers 

with common flying characteristics (e.g. aircraft design), e.g. Imperial College Gliding Club. 

A flying association can be described as the organisation that looks after the interests of a 

group of flyers at the national level, e.g. British Microlight Aircraft Association, and at 

European level, e.g. Europe Air Sports. Whilst all GA pilots have to follow the airspace rules 

and procedures, members of a flying club must also follow its rules. Pilots voluntarily 

become members of these organisations. Due to the absence of statistics, it is impossible to 

provide the number of pilots that belong to a flying club or association. 

Pilots certainly benefit from being members of these bodies. Pilots have access to 

information about safety through magazines, leaflets, forums and safety events. Whilst 

flying associations mainly act as representative bodies, flying clubs offer facilities to the 

pilots to fly. GA pilots can rent the aircraft that is registered to the flying club and have to 

follow the rules of the flying club. For example, according to pilots1, flying clubs have 

restrictions regarding length of time that the pilot did not fly, e.g. pilots that have not 

flown for five weeks have to fly with a flight instructor in order to use the fleet of the flying 

club. Such procedures are not published and thus, further discussion cannot be made. 

There is also no evidence to suggest that flying clubs possess a SMS. However, flying clubs 

may keep records of incidents whose members were involved and undertake activities to 

promote safety, e.g. lectures. 

                                                             
1 Discussions with GA pilots at flying clubs and conferences between 2013-2016 
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In summary, GA pilots can be referred to as individuals, members of a flying club or 

members of a flying association. Although the primary interest of this thesis is the AIs 

involving GA, it is recognised that GA flights could also be involved in other incidents, e.g. 

Airprox (United Kingdom Airprox Board, 2004) and accidents in the European region. 

Accidents caused, among others, by a loss of control in-flight, controlled flight into terrain 

(European Aviation Safety Agency, 2015).   

3.1.2 Airspace navigation service provider 

ANSPs are responsible for controlling the traffic in controlled airspace and employ 

the ATCOs. AIs often occur in the airspace near airports i.e. up to 5000ft .Therefore, the 

three ATS, described in section 2.1.3 are affected. Given the services an ANSP offers, ATCO 

mostly interact with commercial flights and to a lesser extent with GA flights. The ANSP 

does not have a direct collaboration with GA. However, it can provide technical support for 

the benefit of GA flying. For example, the largest ANSP in the UK, NATS, has supported the 

“Farnborough LARS” that provides ATS outside controlled airspace to anyone flying under 

or around the London TMA (NATS, 2013). Another example can be the installation of a 

new safety beacon, known as a low-powered ADS-B transceiver, on a crane in Newham, 

London (at the trial phase) in order to transmit the aircraft position to other airspace 

users, including the ANSP (NATS, 2015). 

The safety database’s structure of the European ANSPs is similar for efficiency 

purposes. ANSPs follow the guidelines about incident reporting that are published by the 

NAA and the European Commission. However, it is possible that some ANSPs collect 

additional information about the incidents as it is evident in studies of other ATM-related 

incidents collected from European ANSPs (Wilke, 2013; Dupuy, 2012). It is evident that 

the quality of the databases also varies between ANSPs even within the same region, e.g. 

Europe. It is therefore expected that such differences in the quality of the safety data are 

also apparent in AI incidents. Furthermore, given that ANSPs mainly offer their services to 

commercial flights, their safety databases are inevitable designed to collect information 

about these flights. Therefore, design of such databases may not collect all the information 

relevant to GA, potentially leading to important information is missing from the database.  

It is widely acceptable that the ANSPs rely on their Safety Management System 

(SMS). According to ICAO as in (Wilke, 2013), “a SMS results in the design and 
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implementation of organisational processes and procedures to identify safety hazards and 

their consequences and bring the associated safety risks in aviation operations under the 

control of the organisations”. Most, probably all the ANSPS in the European region, possess 

a SMS and thus, AI incidents are a clearly part of their SMS. Given that the SMS is vital for 

ANSPs, the four functions of the SMS are discussed below regarding their purpose of 

existence and potential limitations concerning AIs. The discussion is based upon the 

extensive description of the SMS in (Wilke, 2013; Dupuy, 2012). The four functions of the 

SMS are: the safety policy and objectives, risk management, assurance and safety 

promotion.  

The function “Safety policy and objectives” can be considered to be the first step that 

an organisation undertakes in order to develop its SMS. This function reflects both the 

organisation’s commitment regarding safety and contains a clear statement about the 

provision of the necessary resources for its implementation e.g. safety reporting 

procedures. At this stage, accountabilities of all management members and employees are 

determined. Subsequently, the SMS implementation plan is developed and this defines the 

organisation’s approach to safety management so that the organisation’s safety objectives 

are met whist the services continue to be delivered efficiently.  

“Safety Risk Management” is the main function of the SMS as it aims to manage 

safety risks with regards to ATM. A mature safety risk management strategy should 

combine reactive, proactive and predictive elements. Safety data are collected and 

analysed adequately. Such safety data can be accident and incident reports that have been 

investigated, hazards and operational data. Within the context of the SMS, an incident 

reporting scheme is developed in order to ensure that the desired ATM-related incidents 

are reported consistently and reliably. Incidents are investigated internally and the 

investigation determines the seriousness of the incident regarding the consequences of 

the incident on the ATM, and if an intervention is required. European ANSPs use the safety 

tool “RAT – Risk Analysis Tool” to support safety analysis of the ATM incidents. Regarding 

AIs, the published guidance material (European Organisation for the Safety of Air 

Navigation, 2015), provides an example of the application of a scale to a particular 

situation of AIs in which the pilot is aware of the airspace. Unfortunately, the assessment 

was not detailed enough to allow further discussion of the effectiveness of the RAT 



Chapter 3 Airspace infringements, aviation stakeholders and safety studies in Europe 

69 

 

considering AIs. There is no further information of the level of detail of the factors 

included in the risk analysis. 

The function “Safety Assurance” aims to provide constant feedback on the 

performance of the function “Safety Risk Management”. It consists of three parts: the 

safety performance monitoring and measurement, management of change, and the 

continuous improvement of the SMS. The former is achieved using key performance 

indicators (KPIs) that are compared with their associated stakeholder-defined targets. 

Regarding AIs, according to discussions with ANSPs, KPIs mostly use the absolute number 

of AIs per month or location. However, the collected safety data could be used to monitor 

AIs based on additional KPIs to be specified.  

The management of change aims to identify changes in the organisation that may 

affect established processes and services. Changes can relate to operations (e.g. 

communication procedures of VFR traffic in a specific airspace area), the introduction of 

new technologies (e.g. introduction of a warning of AIs) and services (e.g. controlled 

airspace is introduced). Meanwhile, changes imposed by other aviation stakeholders 

should also be considered; however, it is unclear whether this is already conducted. The 

third part of the “safety assurance” function is the continuous improvement of the SMS. It 

allows the SMS to evolve and adapt to the future situations. Its success depends on the 

robustness of the SMS design that must ensure that the SMS is continuously evolving. For 

example, processes can be introduced to identify the causes of poor performance. 

Finally, the function “Safety Promotion” is essential for the success of the other three 

functions of the SMS. It aims to develop a safety culture that reflects the values, benefits 

and behaviours of an organisation towards safety. Safety culture is created at the 

organisational level and must be developed top-down. A just-culture is essential for a 

reliable SMS and ensures that human deviation is not punished and that incidents can be 

reported. In order to promote safety, attention must be paid to training and education as 

well as safety communication. The former concerns all the staff, operational personnel, e.g. 

ATCOs, managers and supervisors, senior managers and Accountable Executive. Safety 

communication is about communicating the SMS objectives and procedures so that all 

personnel are fully aware of the SMS.  

Overall, AIs are collected and analysed by the ANSP; however, there is room for 

improvement with respect to the safety risk management, safety assurance and safety 
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promotion functions. Further knowledge concerning GA flying and AIs can be 

incorporated into these functions to improve the reporting of incidents involving GA, add 

KPIs in order to reliably monitor these incidents as well as estimating safety risk and 

finally, train ATCOs to address AIs.  

3.1.3 National aviation authority 

The NAA is responsible for all the aspects of aviation, e.g. airspace design, licencing, 

certifications of aircraft. Within the context of the safety data, the NAA is the national body 

that ultimately collects the safety data from all the relevant stakeholders, e.g. ANSP, 

airlines and GA pilots. The NAA plays a key role to AIs. It is the only stakeholder that can 

collect the incident report from the GA pilots. In particular, after the 15th November 2015, 

GA pilots are obliged to report the incidents they are involved in under the European 

regulation 376/2014, Annex V 1.3 (the category of interaction with air navigation services 

and air traffic management) (European Union, 2015). However, this regulation does not 

ensure that the pilots will indeed report an AI incident, especially if the pilot has not 

noticed the infringement. Hence, a large increase of the pilot’s reports concerning AIs 

should not be expected.  

Given that this thesis focuses on Norway, Finland and UK, their NAAs are briefly 

described below regarding AIs. 

In the UK, the NAA is the Civil Aviation Authority of UK (UK CAA). The UK CAA has 

launched the initiative “Fly on track” in cooperation with NATS in 2003. It runs on behalf 

of the General Aviation Safety Council (GASCo). The “Fly on track” focuses on AIs so that 

these incidents are mitigated by uploading relevant material on its website, including 

annual statistics of the AIs in the UK and advice to GA pilots to prevent such incidents. Due 

to this initiative, more pilot’s reports have been collected given that the registered owners 

of the infringing aircraft are identified and are sent a questionnaire with respect to the AI 

incident. These pilots are also requested to submit a mandatory occurrence report (MOR) 

detailing the incident. These two actions are complementary. In addition, the ATCO can 

also submit such a report to the CAA and this report is also stored in the MORS database 

(Civil Aviation Authority United Kingdom, 2016b; Civil Aviation Authority United 

Kingdom, 2015d).   
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AIs also constitute the Airprox database of the UK Airprox Board. “An Airprox is the 

situation in which, in the opinion of a pilot or the ATCO, the distance between the aircraft 

as well as their relative positions and speed have been such that the safety of the aircraft 

involved may have been compromised” (United Kingdom Airprox Board, 2004). A review 

of the Airprox statistics has revealed that in the past, there were Airprox incidents that 

occurred due to AIs whereas such AIs are not currently reported (United Kingdom Airprox 

Board, 2004).  

The UK CAA has recently implement a series of measures to mitigate AIs by GA. 

Among these measures is the provisional suspension of the flying licence of the infringing 

pilot while the incident is assessed (Civil Aviation Authority United Kingdom, 2015a). The 

UK CAA has also applied legal actions against the infringing pilot. In particular, a helicopter 

pilot was fined because he infringed controlled airspace of London Heathrow in 2015 

(Civil Aviation Authority United Kingdom, 2015b). 

In Finland, the NAA is the Finnish Transport Safety Agency, known as Trafi, which is 

responsible for the national transport system including aviation. In aviation, Trafi has 

regulatory responsibilities and promotes environmentally friendly transport solutions. 

Trafi collects the reports from the Finnish ANSP Finavia and GA pilots. What is important 

concerning GA is that in recent years, Trafi has initiated a study to promote the risk 

management of GA pilots. Unfortunately, the material of this study is only available in 

Finnish and was not provided. 

In Norway, the NAA is the Civil Aviation Authority of Norway (CAA Norway). The 

incident database of the NAA is the “Mandatory Occurrence Reporting”. The NAA also 

offers the opportunity to GA pilots to submit voluntary reports for incidents that are not 

mandatory to be reported. In their website, a sample form of the incident report is 

available (Civil Aviation Authority Norway, 2012). It also launched an awareness 

campaign for GA pilots in 2013 that focused on AIs and the airspace design changes 

introduced in that period.   

In summary, all the three NAAs mentioned above collect the incident reports from 

all the relevant stakeholders and thus, they build their own safety database that is 

definitely larger, in incident numbers, than that of the ANSP. There is no publicly available 

information about the investigation and analysis of the reported incidents. Furthermore, 

the proportion of the incidents per reporter is also not published. Regarding AIs, the UK 
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CAA has launched the initiative “Fly on track” that focuses on the AIs and all the three 

NAAs have launched awareness campaigns through the flying clubs. Such actions show 

that the NAAs are concerned about AIs as well as the importance of these incidents to the 

national air transport system. 

3.1.4 European aviation stakeholders 

At the European level, two stakeholders are of relevance to AIs: EUROCONTROL and 

EASA.  

EUROCONTROL is an intergovernmental organisation with 41 States committed to 

building together with its partners a Single European Sky that will deliver the ATM 

performance required of the 21st century and beyond. EUROCONTROL focuses on the 

capacity and efficiency of ATM. It does the latter by improving safety data gathering and 

reporting mechanisms, increasing the understanding of safety risks and promoting best 

practice so that pro-active and preventative approaches to safety can be conducted. The 

organisation supports ANSPs to meet their safety goals. EUROCONTROL has established 

the top five pan-European operational safety risks and developed action plans to manage 

their risk (European Organisation for the Safety of Air Navigation, 2016). As of 2013, 

amongst these safety risks is the operation of an aircraft without a transponder or with 

one that is dysfunctional and this risk can be of relevance to the AIs.  

Regarding AIs, EUROCONTROL has established the “AI Initiative” in 2006 in order to 

develop a European-wide risk reduction action plan and assist airspace users, ANSPs, 

NAAs and military authorities in implementing the agreed actions. The action plan was 

published in 2009 and was preceded by a three-phase study in 2007 and 2008. The action 

plan was the last material published by EUROCONTROL exclusively about AIs. In Europe’s 

annual safety reports (Safety Regulation Commission, 2015), annual trends of AIs are 

presented. However, they are aggregated at the European level and they do not describe 

the data collection and aggregation whilst the statistical analysis is limited to the annual 

frequency of incidents. Hence, such statistics are not of great use for a thorough analysis of 

AIs.  

EASA is the European Union Authority for aviation safety. The main activities of the 

organisation include strategy and safety management, certification of aviation products 

and oversight of approved organisations and European Union Member States (European 
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Aviation Safety Agency, 2017b). The agency has created a “Road Map” for regulation of GA 

so that the regulation will be according to the needs of this sector. EASA recognised that 

the existing aviation regulations impacting GA were intended to cover mostly commercial 

flights and that regulations may not be the best way to improve safety. With respect to 

regulations, the aim of EASA is to simplify existing regulations where possible, introducing 

flexible measures where necessary and developing safety promotion to address safety 

risks. An example of this de-regulation is the simplification of the existing maintenance 

rules for aeroplanes up to 2730kg (European Aviation Safety Agency, 2016b).   

EASA has also contributed to the development of a voluntary safety partnership, 

known as European General Aviation Safety Team (EGAST) between GA associations, 

industry, EASA and other relevant authorities. This aims to promote and initiate best 

practices and awareness in order to improve the safety for all sectors of GA. EGAST aims to 

help EASA and the industry to focus their resources on combined safety promotion efforts 

to reach the goal of reducing accidents. For example, they published safety promotion 

leaflets for collision avoidance (European General Aviation Safety Team, 2010). Similar to 

EUROCONTROL, EASA also publishes an annual safety report. Again, incident data are 

aggregated and there is no information regarding the data collection and aggregation. 

Again, such statistics are also of limited use for a thorough analysis of AIs.   

In conclusion, at the European level EUROCONTROL and EASA are the main 

stakeholders relevant to AIs and both include AIs in their annual report. EUROCONTROL 

has also conducted a study in the previous decade to better understand AIs involving GA at 

that time. Furthermore, EUROCONTROL has close relationships with the ANSPs due to the 

services it offers but it does not have any legislative power or any contact with the key 

contributors of AIs, i.e. the GA pilots. In contrast, EASA through the connections that it has 

with the GA associations can establish pathways of communication with the GA, as well as 

the ANSPs. EASA has also the power to change the regulations. The power embodied in 

these two stakeholders can influence the aviation community at the pan-European level.  

3.1.5 Summary 

In this section, stakeholders relevant to AIs have been reviewed. It is evident that GA 

pilots, who are the most frequent contributors to AIs, are not a part of an organisation that 

manages safety in a manner similar to that of ANSPs or NAAs. However, GA pilots follow 
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the procedures of the NAA, which is also the organisation that GA pilots are in contact 

with. Whist the GA pilots are the contributors to AIs, the ANSPs and NAAs are affected by 

these incidents. AI incidents disrupt the ATM services offered by the ANSP. Therefore, 

both stakeholders can benefit from this thesis by providing an extensive analysis of these 

incidents. Such findings can support the stakeholder’s decision-making. Furthermore, 

EASA has also the means to introduce legislative changes that affect GA at the European 

level and such changes may further influence the activities of the NAA.  

The relationships between the stakeholders are outlined in Figure 14. 

Figure 14 Aviation stakeholders in Europe 

 

It was mentioned earlier that both the UK CAA and EUROCONTROL have conducted 

studies of AIs in the previous decade and these studies are reviewed in the following 

section.  

Studies of airspace infringements 3.2

During the past decade, two major studies have been conducted in order to 

understand the underlying reasons behind the occurrence of AIs. Chronologically, the first 

study was conducted by the Safety Regulation Group of the UK CAA in 2003 under the 
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project “On Track” (Safety Regulation Group, 2003) and the second was by 

EUROCONTROL in 2007-2008 (European Air Traffic Management, 2008; European Air 

Traffic Management, 2007b; European Air Traffic Management, 2007a). These two studies 

are the only publicly available studies at the European level and their aims, data and 

methods of analysis are summarised in Table 6. 

 

Table 6 Key features of studies of AIs 

Study 
UK CAA 

On-track 
EUROCONTROL 

Part I 
EUROCONTROL 

Part II 
EUROCONTROL 

Part III 

Year 2003 2007 2007 2008 

Aim AIs of the UK 
airspace by the GA  

Explorative study of 
safety analysis of the 
AIs in Europe 

Study the pilot-
reported contributory 
factors 

Study contributory 
factors of AIs 

Data 2500 
questionnaires of 
the GA pilots 

423 AI incidents in 
the period 2004-
2005 in 9 European 
countries 
 

886 questionnaires of 
GA pilots from 24 
European countries in 
2007 

123 AI incidents in 
Switzerland in 2004 
Unstructured 
discussions with the 
GA pilots in Geneva 

Method of 
analysis Counts of contextual and contributory factors 

The UK CAA’s study focused on the AIs that occurred in UK airspace and involved GA 

flights. Its aim was to identify the “causal factors” of the AIs, which is the term used in that 

study, and to recommend safety improvements. The primary data were 2500 

questionnaires completed by GA pilots between July 2001 and January 2003 and their 

analysis identified factors that these pilots believed contribute to AIs. These factors were 

similar to those found in a survey conducted in 2012 with a sample size of approximately 

400 infringers of NATS-controlled airspace (General Aviation Safety Committee, 2016). 

The design of the survey of 2012 is not provided. In the “On track” study in 2003, 165 AI 

incident reports were also analysed; however, the analysis only succeeded in presenting 

some aspects of the context in which AIs occur as follows: 

1. The absolute number of the AIs that result in a separation minima infringement or 

Airprox; 

2. Monthly AIs; 

3. Airspace type; 

4. Location grouped per airport; 

5. Pilot’s flying hours’ experience and pilot’s flying licence; 
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6. Pilot workload, ATC service provided to the flight, devices used by the pilot (radio, 

transponder, GPS, autopilot), method of navigation used (e.g. visual with map, GPS, 

moving map). 

EUROCONTROL’s three-phase study focused on AIs in European airspace with a 

particular focus on the incidents involving GA in the second part of the study. This study 

led to the European Action Plan in 2010, which is the last publication regarding AIs at the 

European level (EUROCONTROL, 2010). The incident data used in these studies may 

provide information about the context of AIs as follows: 

1. Flight operation; 

2. Airspace type and class; 

3. Phase of flight of the infringing aircraft; 

4. Flight rules; 

5. Transponder used by the infringing aircraft; 

6. Altitude of the infringing aircraft at the time of the infringement; 

7. Following scenarios: 

7.1. The aircraft penetrates, crosses and leaves controlled airspace without contacting 

ATC; 

7.2. The pilot calls ATC just before entering controlled airspace but enters without a 

clearance; 

7.3. The pilot calls ATC while already in controlled airspace.  

In EUROCONTROL’s Part III study, the analysis of incident data also determined the 

impact on the ATS, e.g. the impact on the ATCO that each scenario may have, the means by 

which ATCO can detect the AI, the separation of the infringing aircraft and the affected 

traffic and the coordination of adjacent ATC units. However, these findings were 

theoretical and were not verified using incident data.  

Two types of data were used in these AI studies: incidents reported by ATCOs and, 

surveys and unstructured discussions with GA pilots at airfields by both EUROCONTROL 

and the UK CAA. The latter provided more valuable information regarding the 

contributory factors of AIs. However, unstructured discussions are not considered a 

reliable source of data because they are not controlled as semi- or structured interviews 

are. Meanwhile, reported incidents, fail to explain why these incidents occur, i.e. the 

contributory factors. Such inadequate reported incident data constrain safety analysis 
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conducted by the ANSP and the NAA given that the incident data are the primary, and 

often the only type of data that these stakeholders use, as shown in section 3.1. However, 

incident data provided information to study some of the contextual factors. Those 

contextual factors described as essential can be further used in this thesis with further 

enhancements because these factors are not exhaustive.  

A relatively detailed list of contributory factors was obtained using the surveys and 

discussions with GA pilots in (European Air Traffic Management, 2007b; Safety Regulation 

Group, 2003). Despite such valuable knowledge, these contributory factors were not found 

in the incident data of these studies and thus, they are of little use for stakeholders in 

analysing these AI incidents. A full list of the factors can be found in the studies. For the 

purposes of this thesis, key observations are made regarding these factors separately for 

the EUROCONTROL study Part II, which provided such contributory factors, and the UK 

CAA’s study. 

In the EUROCONTROL study Part II, there is a long list of factors that are grouped 

into seven categories as shown in Table 7. The definition of individual factors can 

sometimes be very specific. For example, the factor “Inadequate knowledge of airspace use 

procedures” refers to the “low-hour pilots”; however, this factor can be true for pilots who 

have inadequately studied the procedures pre-flight or have not flown for a long time. 

Another example can be the factor “Unfamiliar airspace structure and classification” that 

refers to cross-border flights due to the differences in standards used and the 

classification of the airspace structures. Whilst this statement can be true, pilots that 

depart from an aerodrome whose runway design differs from the one that they frequently 

take-off, may also consider the flight to be undertaken in unfamiliar airspace.  

In EUROCONTROL study Part II, “complex airspace design” is considered as a 

contributory factor. Its definition attempts to include certain aspects of airspace, e.g. the 

presence of many controlled and restricted areas. However, the airspace design of areas in 

which GA pilots fly should be studied in greater detail such that this generic contributory 

factor becomes specific. In the airspace and navigation category, the factor “VFR routes 

(choke points) close to controlled/restricted airspace” needs further study. This factor 

refers to the landmarks that VFR pilots use to identify their position rather than the flight 

route in relation to controlled airspace. In addition to the need to study the impact of the 

airspace design on the AIs, the landmarks needed for VFR should also be studied. 
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Furthermore, there are three factors that refer to the information about the airspace 

provided to pilots. This problem may have changed in nature given that paper material, i.e. 

maps and NOTAMs, are currently used less than in the past. Hence, these factors did not 

consider the emerging digital technologies that GA pilots use today. Within the context of 

technologies, the EUROCONTROL study identified five factors related to the GPS. Of these, 

one factor attempted to describe the problem caused to the pilot’s performance due to the 

use of the GPS without adequate training and the pilot’s reliance on the GPS. However, 

research findings in the human factor and aviation psychology domain can shed light into 

the impact of the GPS and any other emerging technology used by the pilot. 

The category “Human factors” consists of 11 factors that could have been grouped 

into another category. For example, the factor “can do attitude” could be part of another 

category, e.g. pilot’s personality. Also, given that the term “Human factors” is generic, this 

category has to be renamed. Furthermore, the category “Pilot’s skills” consists of factors 

that can be separated into a pilot’s communication and navigation skills. Navigation and 

communication are two different operations that require different skills by the pilot. 

Factors that occupy the “Pilot’s skills” category are not explicit. For example, there is no 

factor to describe the selection of the radio frequency and the pilot’s aircraft handling 

skills. Finally, the factor “Insufficient flight planning/preparation” by the pilot should be 

further studied. The emergence of planning apps might have changed the flight planning of 

pilots and may have either improved or degraded a pilot’s performance. Therefore, this 

change should be studied.  

Table 7 Categories of contributory factors found in the EURCONTROL study part II 

Category 
Number 
of 
factors 

Description 

Aeronautical 
information 8 It reflects limitations of the NOTAMs and the maps. 

Airspace and 
navigation 11 

It comprises factors related to airspace design, e.g. complex 
airspace design, the volume of restricted airspace. It also consists 
of factors related to the use of the GPS by the pilots.  

ATC/FIS 8 
It consists of factors of the ATCO’s work e.g. high workload, lack of 
radar service, the amount of the information provided to the GA 
pilots.  

Environment 1 It only consists of the factor of “bad weather”. 

Human factors 11 
It describes a diverse list of factors that relate to personality 
aspects, e.g. honest mistake and fatigue of the pilot, communication 
of pilot, e.g. use of foreign language, deliberate switch off the radio. 

Pilot’s skills 11 It describes a diverse list of factors related to the navigation and 
communication skills, training, loss of situational awareness, 
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insufficient flight preparation, and airspace use procedures. 
Regulation 2 It refers to the lack of NAAs control for GA including the licencing. 

In the UK CAA’s study, 60 factors were not defined and this consequently limits their 

interpretation. The factors were not grouped but factors that refer to the same feature 

begin with the same keyword, e.g. Navigation – map reading, Navigation – misidentified 

landmark. There are a few factors related to navigation and can be of future use, e.g. map 

cross-check, map reading, misidentified landmark, misread flight plan, unsure position 

and planned route close to controlled airspace. The latter relates to planning but is not 

discussed further in that study or in any other study by the UK CAA. There were factors 

that refer to the handling of the aircraft and potential distractions that pilots may face in-

flight. There were three factors that refer to the GPS. Similar to the EUROCONTROL study, 

these factors do not reflect the digital technologies that pilots currently use given that the 

studies were conducted before such technologies become popular in GA. 

There was only one factor that referred to inadequate planning. There was also only 

one factor referring to the airspace “Airspace – allocation” that cannot be further 

explained due to the lack of a definition and thus, these two factors should be further 

studied.  

3.2.1 Critical gaps of studies 

Whilst non-exhaustive, the studies of the AIs discussed above have nevertheless 

provided a list of contextual and contributory factors that can support any safety analysis 

of AIs that aims to address the questions of how and why AIs occur. Whether these 

findings have had a noticeable impact on mitigating the AIs is unknown. There is no 

published evidence relating to this matter and the published trends by the European 

stakeholders remain the same. Furthermore, since the inception of the AI studies in 2003, 

incident data have constantly proved inadequate for safety analysis in such a serious 

airspace related matter. This unpropitious observation gives reasonable grounds for 

questioning the manner that incident data were analysed as well as the quality of the 

incident data selected for these studies. In particular, six significant weaknesses have been 

identified related to both the data and methods used and will be discussed below. 

Firstly, the European incident reporting scheme changed in 2009 (Safety Regulation 

Commission, 2009) and this may have modified the information reported. The reporting 



Chapter 3 Airspace infringements, aviation stakeholders and safety studies in Europe 

80 

 

culture in aviation also differs between nations as other studies have shown (Wilke et al., 

2014b; Dupuy, 2012) and thus, recent safety data of certain stakeholders might provide 

more adequate information for safety analysis of AIs. Secondly, it is possible that the 

factors that contribute to AIs might differ between countries and thus, aggregating 

national data could be a limitation of the study. Thirdly, the analysis has focused on the 

frequency of the contextual and contributory factors, whilst there are statistical methods 

that can study the relationships between the factors, e.g. a contributory factor and the 

location of the incident. 

Fourthly, the contributory factors found in the studies are not exhaustive. There are 

generic factors, e.g. airspace design and flight planning, and further study is needed to 

better understand them. There are also ill-defined factors and their poor definitions limits 

their use. Furthermore, the factors are not robust in that they do not reflect the impact on 

AIs of technologies currently used by the pilots. Last but not least, the factors do not 

explicitly describe those related to a pilot’s performance. Literature in aviation psychology 

and human factors can provide more detailed factors of direct use in the AIs. 

Fifthly, with the introduction of the ESARR severity classification scheme (European 

Air Traffic Management, 1999), alternative methods of analysing the safety effect are 

possible compared to the safety barriers that were used in the study. Finally, the well-

established idea that frequency of occurrence and severity of incidents or accidents are 

mutually independent is not used in the studies (Wang et al., 2011; Savolainen et al., 2011; 

Lord & Park, 2008).  

In summary, a detailed study of AIs is needed to ensure that stakeholders will 

benefit from the findings and support their decision-making. Given the questions raised 

regarding the adequacy of the incident data and the methodology used in the previous 

studies of the AIs, it is reasonable to use recent AI reports and analyse them at the national 

level. This analysis should include a thorough statistical analysis. Findings of these studies 

of the AIs can be used as a reference. 

 Conclusions 3.3

Chapter 3 addressed two objectives. In section 3.1, it described the national and 

European aviation stakeholders that are of relevance to this thesis. It is apparent that AIs 

affect the operations offered by the ANSP and can cause safety problems that concern both 
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the ANSP and NAA. Both these stakeholders keep records of these incidents similar to 

other ATM-related incidents. However, the safety database of the NAA is in theory larger 

than that of the ANSP due to the pilot’s reports. Given that the ATCO is the primary 

reporter, it is expected that the database of the ANSP should be fairly representative of the 

reported incidents. Hence, safety databases from both the ANSP and NAA can be used in 

this thesis. It is expected that safety databases possess additional information to the 

minimum required.  

It has been established in this chapter that most AIs involve GA flights. The GA sector 

operates differently from commercial sector. GA does not utilise the services of the ANSP 

to the extent that commercial flights do. GA often fly in uncontrolled airspace, which is not 

under jurisdiction of the ANSP. However, there are examples that ANSPs provided 

technical support towards the GA, e.g. the provision of aircraft position identification in 

uncontrolled airspace in London, UK. On the other hand, GA pilots are in contact with the 

NAA to issue or renew their flying licence, obtain certifications or report an incident. It is 

the NAA that has legal power on GA. Meanwhile, the NAA makes decisions that affect the 

whole air transport system, including airspace design changes. NAA also follows the 

European regulations in the situation that the country is a European Union member. EASA 

has a regulatory role at the European level and it has been undertaking work to change the 

regulations concerning GA. Therefore, stakeholders such as the NAA and EASA have the 

means to implement changes concerning GA at the national and European level 

respectively.    

In section 3.2, the studies of AIs conducted by EUROCONTROL and the UK CAA were 

critically reviewed. These two milestone studies of AIs in Europe were conducted in the 

last decade. As was concluded, further study is needed to address their already mentioned 

limitations whilst some of their findings, e.g. contextual and contributory factors, can be 

used as a reference. In order to do so, the GA, which is the key stakeholder, is reviewed in 

the following chapter regarding the operations and GA pilot performance.  
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General aviation definition and review of 

pilot performance 

4 Chapter 4 General aviation definition and review of pilot 

performance 

General aviation (GA) comprises the majority of air operations (e.g. 55% and 75% in 

Norway (Civil Aviation Authority Norway, 2016) and the UK (FlyOnTrack, 2013) 

respectively) that fly into controlled airspace without permission from the air traffic 

controller (ATCO). The definitions of GA in the literature are inconsistent and cover 

everything that is not classified as commercial, military or state flights. Examples of GA can 

be: an aerial inspection of a power line using a helicopter, a flight from which recreational 

parachuters jump off or a flight from one airfield to another just for the enjoyment of the 

flying itself. The simple use of the term “GA” can be any of these activities that are 

obviously very different. In this chapter, GA is defined following a review of current 

definitions of GA in the literature. Based on this definition, GA activity in Europe is 

described with regard to the aircraft fleet, rules of flying, demographics of the pilots and 

the technologies used by GA pilots.  

Within this context, the impact on a GA pilot’s performance is presented on the basis 

of the relevant literature in aviation psychology and human factors. Factors that have the 

potential to contribute to AIs are determined. Mitigation actions applied to GA other than 

the AI domain are presented and considered in this thesis. Therefore, Chapter 4 is 

structured as follows. In section 4.1, existing definitions of GA are reviewed and the one 

used in this thesis is proposed. In section 4.2, the following are discussed: the fleet, 

aerodromes, flying rules, pilot’s licences, demographics and popular technologies used by 

GA. In section 4.3, the literature on the performance of GA pilots is reviewed to enable 

potential contributory factors to AIs to be determined.  
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 What is “General Aviation”? 4.1

Civil aviation includes a variety of activities that are grouped into commercial and 

general aviation. According to the International Civil Aviation Organisation (ICAO), which 

is the highest level of regulatory authority in the world, general aviation (GA) can be 

defined as all non-commercial flights and aerial work (AW) (International Civil Aviation 

Organization, 2009b). Such a broad definition can create confusion with regard to the 

activities that must be considered GA and complicates any detailed analysis of GA. It is 

worth noting that GA activities have in common that the weight of the aircraft must be less 

than 5700 kilogrammes (kg) (EUROCONTROL, 2005). However, irrespective of this weight 

criterion, GA aircraft design varies significantly (EUROCONTROL, 2005). This section 

discusses definitions of GA by stakeholders in Europe as well as the descriptions of civil air 

operations used by the UK CAA and EASA. Based upon this review, a suitable definition of 

GA is proposed and used in this thesis. 

4.1.1 Review of definitions of general aviation 

GA is usually defined in relation to the ICAO’s definition above. However, in that 

definition GA activities are not exhaustively classified. This is evident in the different 

definitions applied by flying associations as well as national and European aviation 

authorities. GA flights are often categorised on the basis of aircraft design and the flight 

operation; however, these definitions fail to exhaustively classify the GA activities. As a 

consequence, recreational flights are grouped together with flights for special services, 

such as television (TV) broadcast, which operates in a different manner. Furthermore, 

from the various definitions, it is debatable as to whether business aviation is considered 

as personal travel and subsequently, a GA activity. A “grey area” with business aviation is 

that passengers, who travel for business purposes, desire to minimize their commute time 

and can depart/arrive at their preferred time and location (York Aviation & South East 

England Development Agency, 2011). Last but not least, the GA definitions do not 

distinguish manned from unmanned operations. 

Such inconsistencies of the GA definition are shown in the following definitions of 

GA that have been carefully selected to show the different perceptions between national 

and European associations, airspace regulators and even in European aviation projects. 
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By the General Aviation Safety Council GASCo, which is a UK non-profit making 

Charitable Limited company with no legislative power (General Aviation Safety Council, 

UNKNOWN): 

““General aviation” includes all UK civil flying other than operations by 
scheduled airlines and test, development and experimental flying. In other 
words, it consists of all private and business aviation, including executive or 
corporate operations, flying and gliding club and group activity, and 
commercial operations by small aircraft such as air taxi, agricultural work and 
flying training.” 

The Civil Aviation Authority of United Kingdom (UK CAA)’s Directorate of Airspace 

Policy DAP, which is responsible for planning and regulation of all UK airspace, defines the 

term in the “Environmental Information Sheet 8” (Civil Aviation Authority United 

Kingdom, 2008) as: 

“The term General Aviation (GA) encompasses private flying, aerial work and 
recreational flying, and is associated with the operation of smaller aircraft that 
are often privately owned. The majority of GA activity takes place outside of 
controlled airspace and therefore there is no requirement for the aircraft to 
have an Air Traffic Control (ATC) clearance or be in receipt of an ATC service. 
However, such activity is subject to compliance with the basic Rules of the Air 
(RoA) Regulations, as detailed on Environmental Information Sheet 2, and any 
weather, airspace, pilot or aircraft licensing limitation.”   

The International Aircraft Owners and Pilot Association (IAOPA), the formal 

cooperation framework for national AOPA’s around Europe (IAOPA, 2014), uses the 

following: 

 “In fact, the diversity of general aviation/aerial work is so great that ICAO 
defines general aviation operation by exception: those flight activities not 
involving commercial air transportation or aerial work. Similarly, aerial work, 
for remuneration or for own use, may only be generally defined as operations 
used for specialized services such as agriculture, construction, photography, 
surveying, observation and patrol, search and rescue, aerial development, etc. 
(ICAO Annex 6, Operation of Aircraft, Definitions). In short, one could say, the 
primary mission of a flight is not to carry regular passengers or cargo from A 
to B.” 

In the project ProGA under the Single European Sky Air Traffic Management 

Research SESAR (Onera, 2013), a term “light GA” is introduced as follows:  
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 “Light GA covers training and single pilot non-commercial operations under 
visual flight rules in other-than-complex aircraft.” 

Definitions above have in common that private flying, recreational flying and aerial 

work are considered as GA as they are not scheduled activities, as is the case for 

commercial flights. However, private and recreational flying significantly differs from 

aerial work as explained by IAOPA. For this reason, IAOPA uses the term “GA/AW”. The 

definition from the ProGA project adds a further layer of confusion (Onera, 2013). In 

particular, if the term “light” refers to the weight of the aircraft, then the term “light GA” 

can be perceived to be the GA flights conducted by ultralight aircraft that weigh 

significantly less than traditional motor fixed-wing GA aircraft. Similarly, the term “non-

commercial operations” is also confusing given that by the ICAO definition all civil flights 

described as GA are meant to be all civil flights excluding those that are commercial. 

Regarding “business aviation”, it is unclear as to whether it is a purely GA activity, as 

implied by GASCo’s definition. 

As can be seen from the definitions above, none specifically refers to manned or 

unmanned operations. Civilian unmanned operations, i.e. the pilot-in-command is not on-

board, have recently received particular attention by the society. Meanwhile, the definition 

of unmanned operations keeps changing. It is worth noting that the purpose of some 

civilian unmanned operations is similar to manned operations, e.g. a power-line inspection 

that can be conducted by both manned and unmanned aircraft. However, whilst the 

operation maybe the same, the flying style and the technology involved differ between 

these two operations. The author suggests that once a better understanding of these 

operations is achieved, they should be reviewed in order to assess as to whether they can 

be classified GA flights. Hence, civilian unmanned operations are outside of the scope of 

this thesis. 

In contrast to the above definitions, the EASA and the UK CAA distinguish GA 

differently by classifying the air operations. In particular, EASA divides air operations into 

commercial and non-commercial operations, in which GA and AW are categorised as 

shown in Figure 15  (European Aviation Safety Agency, 2014). GA and AW are represented 

by the “non-commercial other than special operations” and “special operations” 

respectively. These operations are further classified by the complexity of the aircraft 



Chapter 4 General aviation definition and review of pilot performance 

86 

 

based on aircraft technology. It can be noticed that the EASA definition fails to represent 

the diversity of both GA activities and the fleet and thus, it is unclear what the GA is.  

 

Figure 15 EASA’s air operations classification (European Aviation Safety Agency, 2014) 

Whilst EASA considers the engineering technology of the aircraft, the UK CAA 

classifies civilian flights based on the type of the flight regardless of the technological 

advances. This classification results in a more practical definition. These types of flights as 

in the UK CAA definition are: private flying, aerial work and public transport (Civil 

Aviation Authority United Kingdom, 2006). Private flying refers to those flights where 

pilots and passengers use the aircraft for their own personal use and includes recreational 

flying and personal transport. 

Recreational flying refers to flights used for: 

1. Flying circuits around an airfield; 
2. Touring; 
3. Visiting other countries; 
4. Sports, including parachuting, air race, etc. 

In personal transport, the aircraft is used as a private transport mode for personal 

and business purposes. Personal transport may include situations where the pilot is hired 

and hence he/she is neither the passenger nor the owner of the aircraft, e.g. when the 

owner of an aircraft that flies with his/her family in an aircraft not piloted by 

himself/herself and pays the hired pilot. 
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Aerial work refers to civilian flights other than private flying that use light aircraft. 

Such activities include pipeline inspections and television broadcast and the pilots, who 

are professionals, require payment. 

Last but not least, public transport refers to those flights that carry passengers and 

where the aircraft has been chartered from an air-taxi operator.  

The UK CAA’s classification adds a layer of detail to the IAOPA’s classification in that 

it clearly separates aerial work from private flying. However, the classification of 

parachuting and flight training for private and commercial flying license is not addressed. 

The reason is that a pilot is not a parachutist and his/her responsibility is to carry the 

parachuters. Likewise, the purpose of flying for student pilots is to learn how to fly and 

thus to meet the requirements for the licence. None of these two activities, therefore, can 

be considered as recreational or personal flying but as aerial work. Furthermore, the UK 

CAA classification fails to further classify the different types of recreational flights, e.g. air 

competitions, aerobatics. Last but not least, business aviation is considered as personal 

transport by the UK CAA; however, business and personal travel has different contexts in 

that minimum commute time and maximum comfort is expected in the former.     

4.1.2 Proposed definition of general aviation  

From the above three definitions of GA and the two classifications of civil air 

operations, it seems that GA cannot be easily defined and a robust, reliable definition has 

yet to be created. Developing too many sub-groups of the main GA activities can be too 

detailed for research purposes, whereas describing GA at the high-level risks 

oversimplification. The key advantage of the classification of air operations by the UK CAA 

is that the activities are not classified on the basis of the technical characteristics of the 

aircraft. Furthermore, aerial work is separated from the other activities. In saying this, it 

should be noted that an aircraft’s design and its weight influence the flight and this should 

be clarified in any GA definition. Given these requirements for the GA definition, the UK 

CAA’s classification describes best the GA sector and it is used to define GA in this thesis 

with three modifications. 

The first modification is that parachuting and student flying are considered as aerial 

work. The second modification relates to the business transport. Business transport is not 

considered as personal transport but as a separate category of air operations that lies 
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outside the GA sector because the minimum commute time and maximum comfort is 

desired by the commuters of business travel. The third modification is the diverse flying 

activities that fall under recreational flying. Although there are some differences between 

such flying activities, e.g. the length of flight, these differences will not be represented by 

the creation of sub-groups of recreational activities. Such a level of detail will result in a 

complicate GA definition. However, these differences will be mentioned in the definition. 

In thesis, the GA is defined as follows.  

“GA describes the manned civilian flights that are non commercial flights and 
are used for personal and recreational flying as well as aerial work. The 
difference between personal and recreational flying is that people use the 
former as their main transport mode for personal and business purpose. Such 
personal flights can be flown by the individual or by a hired-pilot and the 
aircraft can be owned or rented. On the other hand, recreational flying refers 
to the pilots whose main transport mode is not aviation but they fly for their 
own satisfaction. Such recreational flyers can fly circuits around the 
aerodrome, can fly to other cities in the country and abroad and can 
participate in air sports. Recreational and personal flying can also be called 
“private flying”. Aerial work refers to civilian flights other than commercial 
and private flying. Such flights include training for the pilot’s licence, i.e. 
student flights, and flights that the pilot is paid, such as parachuting, 
photography, surveying, search and rescue, etc. GA fleet varies.” 

The definition is outlined in the diagram in Figure 16. 

 

Figure 16 GA definition developed in this thesis 
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 General aviation flying 4.2

Given the GA’s definition, in this section GA is further described in the absence of 

literature that holistically describes GA. The following are outlined: the fleet, the 

aerodromes that GA aircraft use, the rules of flying relevant to the GA, the GA pilot 

demographics and modern technologies used by the GA pilots. 

Personal transport can be an alternative to road and rail transport, as well as to 

scheduled flights. It can attract passengers who want to avoid delays, cancelations, and 

poor service quality at airports that are almost at full capacity (York Aviation & South East 

England Development Agency, 2011). Aircraft for personal travel usually depart 

from/arrive at areas other than the crowded airports and at locations not served by 

commercial scheduled flights. Such passengers can benefit from being able to depart at 

short notice and to use their time on-board more productively. They can also reduce their 

total travel time given that check-in and security is quicker in less congested airports 

(York Aviation & South East England Development Agency, 2011).  

Recreational flying and aerial work encompass a range of activities. No literature 

exists that provides an exhaustive list of these activities; however, a number of the 

different activities have been identified2. Recreational flying activities include the 

following: a “peaceful flight” over an area of interest near the departure airfield or further 

away towards another airfield, flying circuits, air competitions and aerobatics. Activities 

involved in aerial work can be parachuting, training, TV broadcasting, power-line 

inspections, construction, surveying, agriculture and, search and rescue. The latter can be 

conducted by GA pilots that volunteer to aid search and rescue by flying over the area of 

interest to find the missing person. Training includes flights where both the student and 

the flight instructor are on-board, as well as those flights that the student flies a solo-flight.  

4.2.1 Fleet 

GA fleet exhibits a diversity of aircraft designs and sizes but their maximum 

passenger capacity cannot exceed nine people or 5700kgs take-off weight (Appendix II) 

(EUROCONTROL, 2005). These aircraft are flown mostly by one pilot. Apart from the 

traditional motor-fixed-wing aircraft and un-motorised gliders, the use of ultralight 

aircraft (which are relatively cheap) has seen a 25% increase over the past 20 years 
                                                             
2 Discussions with GA pilots at flying clubs and conferences between 2013-2016 
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reaching the total number of 4015 UK registered ultralight aircraft as of January 2016 

(Civil Aviation Authority United Kingdom, 2016a). That fleet represents approximately 

20% of the GA UK registered fleet. Ultralight aircraft are preferred by those pilots that 

wish to fly for a few hours for private flying, relatively cheaply. These lower costs are due 

to cheaper aircraft registration, shorter training and relaxed on-board equipment 

requirements, e.g. radio and transponder are optional. It should be noted that this aircraft 

design has benefited the most from the de-regulation of the GA at the European level 

(section 3.1.4).  

4.2.2 Aerodromes 

GA aircraft can depart from airports, airfields and airstrips each of which operates in 

a different way as described by the only available aerodrome classification scheme, 

(Appendix I) (York Aviation & South East England Development Agency, 2011). Each 

aerodrome has different minimum requirements that influence the amount and the type of 

aircraft that can depart from/arrive to aerodromes. In uncontrolled aerodromes, pilots 

take-off and land at any time they wish. Pilots may call the aerodrome before using the 

aerodrome via telephone in advance to confirm their intended use of the aerodrome, if 

such a procedure is stated in the aerodrome description. In controlled aerodromes, the 

Aerodrome Control Tower arranges the flight departures and landings. If the airfield is in 

controlled airspace, then the pilot must also file a Flight Plan (FPL) and can only depart 

and land after the ATCO’s permission.  

4.2.3 Flying 

GA pilots usually fly under visual flight rules (VFR) in uncontrolled airspace classes 

E to G. GA aircraft can also fly in controlled airspace, usually classes C and D (section 2.1), 

which are usually close to commercial aerodromes, and, they can fly in areas that are used 

for specific operations or aircraft design, e.g. gliding in Temporal Reserved Areas (TRA).  

Given that GA pilots usually fly in uncontrolled airspace, it is not mandatory to file a 

FPL (Civil Aviation Authority United Kingdom, 2013c; Civil Aviation Authority United 

Kingdom, 2013b). However, pilots are advised to prepare one. The reason is that a FPL can 

familiarise pilots with the route, and tasks they need to do during the flight and it can 

further motivate pilots to prepare an alternative plan in case the initial plan fails. FPLs can 

also be used by the ATCO to expect an aircraft in controlled airspace. If a FPL is filed at the 
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departure airport, the pilot must activate it and request a taxi, take-off and landing. After 

the landing, the pilot must close the FPL and optionally report any occurrences. Otherwise, 

the pilot can take off and land without any notice. If the pilot has activated a FPL and 

wishes to enter controlled airspace, the FPL must not be used as a permission to fly in 

controlled airspace and the pilot must coordinate his/her intention with the ATCO. 

Regardless of the airspace type and class the GA pilots fly in, they must apply the 

“see and avoid” rule, i.e. the pilot must ensure that he/she is aware of the traffic around 

the aircraft. The primary traffic detection mechanism is the human eye with pilots looking 

outside the cockpit to detect aircraft. Listening to the radio may improve traffic awareness 

assuming that all GA pilots report their position in uncontrolled airspace. As pilots often 

stated3, not all GA pilots use the radio adequately. Other systems might be fitted on the 

aircraft, e.g. Traffic Collision Avoidance System (TCAS), but such systems require that the 

nearby traffic be fitted with a transponder. Recently, an increasing number of gliders use a 

similar system known as “Flight Alarm” (FLARM) that alerts pilots to potential collisions 

with other similarly equipped aircraft (FLARM, 2016).  

Most GA pilots fly VFR; however, there are pilots that can also fly under 

instrumental flight rules (IFR) in that pilots rely on the instruments to navigate. VFR and 

IFR are a rating that certifies that the pilot can fly in certain conditions. Similarly, pilots 

need a night-rating to fly in night-time as by default, GA pilots are meant to fly in daylight. 

They can obtain such a rating by undertaking five hours training after they obtain their 

PPL or LAPL. There are major differences in the flying style of VFR and IFR ratings. In the 

former, the pilots navigate using the landmarks that are seen through their eyes whilst, in 

the latter, the pilot relies on the instruments to navigate and fly in general. These ratings 

also change the flying style in controlled airspace especially that of the aircraft separation. 

Under IFR, the pilot depends more on ATC to separate the aircraft from both IFR and VFR 

traffic depending on the airspace class (section 2.1.1).  

The benefits gained from flying IFR were stated by GA attendees at EASA’s Annual 

Safety Conference in 2014 (European Aviation Safety Agency, 2017a). These attendees 

believed that IFR has the potential to improve the flying skills of the VFR pilots, who 

comprise the majority of GA pilots, and can make flying in controlled airspace more likely 

to happen. In particular, GA pilots expressed the need to simplify the transition from VFR 

                                                             
3 Interactions with pilots at flying clubs and conferences between 2013 and 2016 
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to IFR rating. In response to that request, on the 9th November 2016 EASA published a 

proposal for comments for “Easier access to general aviation pilots to IFR flying” (the 

Notice of Proposed Amendment NPA 2016-14) (European Aviation Safety Agency, 2016a). 

This proposes a “Basic Instrument Rating (BIR)” that will be a qualification for flying in 

IFR.  

If such a change is implemented, the author believes that it may increase the 

demand to fly in controlled airspace that already faces high traffic demand in some areas. 

This might lead to a clearance rejection with a potential to increase AIs. Regardless of the 

risk of AIs, pilots with this rating may fly safer in uncontrolled airspace as well. The reason 

is that the pilots are supervised longer by the flight instructor and pilots particularly work 

on improving their flying skills.  

4.2.4 Pilot’s licence 

A pilot licence is issued in any nation in Europe irrespective of the pilot’s citizenship 

and can be one of the following three types of pilot licence: the Private Pilot Licence (PPL), 

the Light Aircraft Pilot Licence (LAPL) and the National Private Pilot’s License (NPPL) 

(European Aviation Safety Agency, 2016c). The PPL is issued separately for aeroplane, 

balloon, helicopter and sailplane and in order to obtain this licence, the pilot needs 100 

hours of theory and 45 hours of flight instructor.  

Of particular importance is the LAPL, introduced by EASA in 2014 following the de-

regulation of GA in Europe. This licence is limited to single engine piston up to 2000kg in 

weight carrying up to four people on-board including the pilot. As for the training, the pilot 

needs the same number of hours of theory as the PPL but needs fewer hours, i.e. 25, of 

flight instruction. It can be said that these pilots will spend significantly fewer hours on 

supervised training. This contradicts recent mitigation measures in the UK that pilots 

should do more training to improve their performance. For example, in the UK pilots who 

participate in serious AI are requested to undertake a test and attend an educational 

program. Regardless of the consequences of the reduction of the hours of training, single 

piston aircraft are very popular and thus, it can be speculated that eligible PPL pilots may 

switch to the LAPL. In the absence of any relevant statistics and any other implications of 

such transitions, concrete conclusion cannot be made. 
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4.2.5 Pilot demographics 

GA pilots display considerable diversity and can be of different age groups, financial 

backgrounds and occupations. There is though little publically available statistical data 

regarding GA pilot information at the national and European level. According to the UK 

CAA (Civil Aviation Authority United Kingdom, 2015c), in the UK, the registered pilots vary 

in age from 18 years of age to 90. The total number of registered pilots of age between 45 

and 65 is higher than that of pilots aged less than 45 (Civil Aviation Authority United 

Kingdom, 2015c). If it is assumed that an individual’s physical and cognitive abilities are 

naturally degraded as they become older (an age is not defined in the literature) then it is 

reasonable to assume that a significant proportion of GA pilots have weakened physical 

and cognitive abilities (e.g. vision, information processing) (Tsang, 1992) and this might 

create a safety issue when they fly.  

The frequency and diversity of GA flying differs between pilots. Pilots, who are not 

pilots-in-profession, are more likely to fly GA aircraft at the weekends or weekdays after 

work. If the weather is non-flyable on such days, then these pilots do not fly for longer 

periods. Furthermore, pilots fly significantly less hours in winter in countries where the 

weather is unsuitable for VFR flying and daylight is short, i.e. Norway or the UK. 

Consequently, such pilots are usually inactive during the winter. Such seasonal flying can 

also include circumstances in which the pilots fly when they do not work, mostly during 

the weekends. 

The length and duration of the GA flights can also be variable. GA flights can be 

relatively short, around the airfield or to a nearby aerodrome. Pilots might undertake 

circuits above the airport to maintain and develop their flying skills. They might return to 

the same aerodrome, i.e. depart from aerodrome A, fly eastwards and then return to 

aerodrome A, or they can stop at aerodrome B before they return to aerodrome A. Other 

flights, known as cross-country flights, can be longer. The departure aerodrome is often 

the aerodrome where the flying club or the aircraft is located, if the pilot owns the aircraft. 

Regardless of the length of the flight, the pilot has to fly the aircraft and in the conditions 

for which the pilot is certified to fly. For example, pilots without a night rating can only fly 

during daylight hours. If pilots have only the VFR-rating then they must comply with the 

weather conditions required for VFR flying.  
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4.2.6 Technologies 

Technologies of GA are better understood by discussing separately these related to 

cockpit design, planning, navigation, surveillance and, communication.  

4.2.6.1 Cockpit design 
The traditional and common cockpit design involves analogous instruments. The 

instrument panel of the Cessna 172 is shown in Figure 17 (a). Each instrument shows a 

measurement separately, i.e. airspaces, attitude, altimeter, vertical speed indicator, 

heading indicator and turn indicator. These instruments are now replaced by glass-

cockpits that new built aircraft might have, e.g. the Cessna 182T G1000 Cockpit as shown 

in Figure 17 (b). However, most GA aircraft today still have the traditional cockpit design, 

as their purchase price is considerably cheaper than glass-cockpit aircraft. 

(a)  (b)    

Figure 17 GA fix-wing motorised aircraft cockpit (a) traditional (Cessna172 Simulator, UNKNOWN) 
and (b) glass (Sportys, ) 

4.2.6.2 Planning and navigation 
Planning and navigation have also witnessed a transition phase towards the 

modern-digital era. Traditionally paper charts have been used. In pre-flight planning, 

pilots draw the route on the chart and then calculate among others, the aircraft heading 

for each leg of the flight. At the end of the planning, the pilot has the flight log and the 

marked route on the chart. The paper and the flight log are later used for navigation. 

During the actual flight, the pilot looks out the cockpit to the ground to identify the 

landmarks and he/she cross-checks that the planned route has been correctly followed. 

The pilot uses the compass as well. This procedure of planning and navigation is the one 

that VFR pilots are trained and are expected to be followed. Emerging technologies have 

been integrated. However, these are supposed to be used as aids and not as primary tools. 
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Such emerging technologies include flight planning and real-time aircraft position 

monitoring apps, e.g. SkyDemon (MMXIV Divelements Limited, 2015), and the aircraft 

position determination and navigation through Global Positioning System (GPS).  

Such technologies have become increasingly popular and have become a “must-

have” kit of GA pilots. Unfortunately, statistics regarding their frequency of use are not 

available. There are, however, questions regarding their efficiency. Any device, i.e. a tablet 

and GPS receiver, keep evolving and consequently, the pilots use devices produced by 

different brands and of different generations. A problem arises in that their specifications 

vary between brands and generations and such specifications may not be known to the 

end-user, i.e. the pilot. In a review of the tablets of the brand Apple, the specification of the 

GPS receiver was not provided (Apple, 2017). Furthermore, tablets are meant to be used 

on the ground and thus, it is questionable whether their service is the same up in the air as 

on the ground. Furthermore, the performance of such devices is also affected by a range of 

factors, e.g. the number of available satellites, and such influences are not mentioned in 

the specifications of the tablets. Such information was recently published by the UK CAA 

(Civil Aviation Authority United Kingdom, 2014). 

Certain software also needs internet connectivity. It is questionable as to whether 

the internet connection is continuously provided during a flight whilst relevant literature 

could not be found. Last but not least, as for the human-machine interface, software used 

in tablets may not have been ergonomically designed. A device that is meant to 

dramatically change the access to the information, should be accompanied by a state-of-

the art investigation of the indirect consequences of such a change. As mentioned in 

(O'Hare & Stenhouse, 2009), experience and familiarity with a particular format for 

presenting information can significantly compensate for inherent deficiencies in that 

format. Needless to say, these technologies are not integrated in the training for pilot’s 

licence.  

In the UK, the ANSP NATS conducted a trial study to assess whether non-certified 

GPS is adequate to determine the position of GA aircraft operating in uncontrolled 

airspace (NATS, 2015). The conclusion of the trials was that “the quality of non-certified 

GPS is sufficient for use in enhancing visual acquisition/electronic conspicuousness 

between participating GA aircraft outside controlled airspace”. Hence, such devices have 

the potential to improve navigation. In summary, it is evident that that the traditional way 
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of planning and navigation needs to be improved, to become faster and catch-up with the 

technology evolution of the electronic devices in the daily life of GA pilots, e.g. laptops, 

tablets and cell phones. It is expected that such devices will eventually be integrated into 

GA flying and thus, it must be ensured that pilots benefit the most from such devices.  

4.2.6.3 Surveillance 
For the ATC, the fixed-wing aircraft are almost always identified by radar; however, 

glider and ultralight aircraft might not be detected due to the aircraft design, e.g. such 

aircraft may look similar to clouds. GA aircraft can also by detected by a transponder that 

is a receiver/transmitter. Aircraft that fly into controlled airspace are allocated a specific 

transponder code so that the ATCO can readily identify a specific aircraft on a crowded 

radar screen using Secondary Surveillance Radar (SSR). Transponder Mode C or S is a 

mandatory requirement for many busy areas. Mode C sends the aircraft altitude 

automatically whereas the transponder Mode S also allows data exchange.  The technology 

Automatic Dependent Surveillance – broadcast (ADS-B) is not yet mandatory for GA 

aircraft in Europe. Again, ultralight aircraft are not mandated to carry a transponder and 

thus, they are extremely difficult to see clearly on the radar screen. Gliders have similar 

issues. Therefore, aircraft without a transponder will not be allowed to enter controlled 

airspace for the ATM purposes.  

For GA pilots, it is also important to detect traffic on a potential collision course. A 

solution can be the TCAS; however, few GA aircraft are fitted with this device. The trials 

conducted by NATS mentioned above showed that non-certified GPS can determine the 

position of a GA aircraft operating in uncontrolled airspace (NATS, 2015). If such 

information is shared with ATCOs, ATCOs will become aware of GA aircraft flying near 

controlled airspace they are responsible for.  

4.2.6.4 Communication 
Communications can also be used by the pilot to inform the ATCO of the aircraft’s 

position and flying intentions. Similar to the transponder, the radio is not mandatory in an 

ultralight and glider aircraft, if they fly in uncontrolled airspace. Pilots have to tune in to 

the correct frequency that is indicated on the maps and aerodrome documents. There is a 

certain phraseology that the pilot should use so that he/she is brief and clearly understood 

on the radio.  
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4.2.7 Summary 

In this section, the GA has been defined and described regarding the GA fleet, 

aerodromes, flying, licences, pilots’ demographics and technologies relevant to GA. This 

extensive description adds to the literature regarding GA operations and is in this thesis to 

interpret the results. The findings of this section are summarised in Table 8. Following the 

extensive description of GA, in the following section, the literature concerning a GA pilot’s 

performance is critically reviewed. 

Table 8 Key features of general aviation flying 

Topic Key findings 

General • GA pilots mostly fly in uncontrolled airspace 

GA fleet 

• Varied aircraft design and size 
• Fixed-wing motorised aircraft, glider, ultralight, helicopter 
• Pilots tend to switch from fixed-wing motorised aircraft to 

lighter aircraft, e.g. ultralight aircraft 
Aerodromes • Airports, airfields and airstrips 

Flying rules 

• Visual flight rules (VFR) rating 
• Instrument flight rules (IFR) rating is difficult to be issued 
• EASA’s proposal to introduce the “Basic instrument rating” that 

will allow GA pilots to fly in IFR 
• “See and avoid” rule 
• Traffic detection and collision avoidance are popular in GA whilst 

glider aircraft are more likely to be fitted with such a device, 
known as FLARM 

Pilot’s licence 
• Private Pilot Licence (PPL), Light Aircraft Pilot Licence (LAPL) 

and National Private Pilot’s License (NPPL) 
• LAPL requires less training hours 

Pilot 
demographics 

• Most GA pilots in the UK aged between 45 and 65 years old 
• GA pilots are likely to fly at weekends 
• Flying depends on the weather 
• GA flights can be short (e.g. around the airfield or to a nearby 

aerodrome doing some circuits) or long cross-country flights 

Technologies 

• Cockpit design: the instruments are often analogous 
• Planning and navigation: a transition phase towards the modern-

digital era. Paper charts are replaced by digital maps and 
planning apps. Pilots can navigate, in addition to the visual 
navigation, with a GPS or an app. 

• Modern devices must be used as an aid and not as the primary 
tool for planning and navigation 

• Surveillance: not all the aircraft are obliged to be fitted with a 
transponder, e.g. ultralight and glider 

• Communication: not all the aircraft are obliged to be fitted with a 
radio device, e.g. ultralight and glider 
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 General aviation pilot performance 4.3

As with other types of incidents, the human factors of the operators, i.e. pilots, are 

expected to be involved in the development of AI incidents. The results of the AI studies 

(Chapter 3) have provided only a glimpse of such factors. Meanwhile, significant research 

in both the aviation psychology and human factors domains over the last 20 years has 

revealed information regarding factors that can improve or degrade a GA pilot’s flying. 

Such factors can relate to the mechanism by which pilots use the available information as 

well as those related to a pilot’s personal characteristics, e.g. flying experience and risk 

management. Whilst an exhaustive taxonomy of such factors has yet to be developed for 

GA pilots, some of these factors have been studied extensively and the findings can be 

related to safety analysis of AIs. Therefore, relevant research in these domains is reviewed 

to enable the development of a bespoke taxonomy of contributory factors related to a 

pilot’s performance.  

The literature reviewed originates from world leading research groups, such as the 

University of Otago, New Zealand, University of New South Wales Australia, the University 

of Illinois, USA, the Wright State University, USA and the FAA USA. The structure of this 

section is as follows. In section 4.3.1, the decision-making (DM) models are reviewed as 

well as factors that influence the DM with particular interest in situational awareness. In 

section 4.3.2, the findings of the decision-making regarding weather are presented. In 

section 4.3.3, the importance of the vision of pilots is discussed prior to discussion on the 

impact of technologies used by the pilots. The factors that affect pilot’s performance, 

which can also contribute to AIs are summarised in section 4.3.4.   

4.3.1 Decision making of pilots 

Every action that pilots perform is the result of the decisions that they make. In 

order to understand this complicated mechanism, psychologists represent the actions 

involved in decision-making through the decision-making models. Whilst initially, these 

models were not specifically designed for aviators, they have subsequently been expanded 

to this domain to provide a better understanding for aviators. Such models are of two 

types: analytical and automatic/naturalistic models. Both models describe the manner 

that pilots collect and analyse the information and make a decision. The cognitive process 

of generating options in order to select the optimal action under the circumstance has also 
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been researched (Wiggins, 2007). This reasoning involved in aeronautical decision-

making is known as decision making strategies. Both decision-making models and 

strategies help in understanding the actions taken by the pilots and thus, they are 

described briefly in this section. 

What the decision-making models have in common is that individuals, i.e. pilots, 

must be aware of their situation (e.g. aircraft position, aircraft performance) before they 

make any decision. This mechanism is initiated by the visual and auditory sensory input 

that is later processed by the pilots. It is this process that differs between the decision-

making models. The process can either be analytical or automatic/naturalistic (Batt, 

2005). In the former model, the pilot analyses the problem in a step-by-step manner. 

Hence, the pilot collects all the available information, reviews it, analyses and assesses the 

options, selects a course of action and evaluates that course of action as shown in Figure 

18. For example, on a windy day the pilot studies all the weather parameters before 

deciding the flight direction. That is the reason that the analytical model is often used by 

pilots who are unfamiliar with the particular problem, e.g. inexperienced pilots or pilots 

that are flying in a different context or area to their usual flights.   

On the other hand, with the automatic/naturalistic model the pilot selects the 

important tasks to do as shown in Figure 18. Subsequently, it requires pilots to already 

have developed strategies in place so as to make good decisions without considering every 

available piece of information as in the case of analytical decision making. Using the same 

example, on such a windy day in the automatic model the pilot considers the magnitude 

and direction of the wind in order to decide the flight direction. This model overcomes a 

major limitation of the analytical model, which requires the pilots to spend relatively a lot 

of time at each step, and recognises situations where pilots do not have the advantage of 

such time in-flight. Such a time-limited situation can be an extremely uncomfortable 

situation for pilots and thus, as they become more experienced they shift to a naturalistic 

model.  
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Figure 18 Analytical and automatic/naturalistic decision making  

Within the context of naturalistic decision making, the well-known model, 

“recognition primed decision (RPD)” was developed (Klein, 1993) and is illustrated in 

Figure 19 as shown in (Batt, 2005). The RPD model has been developed based on 

ethnographic and empirical research, i.e. actual experience of people through interviews, 

in the 90s. Ever since it has been applied in diverse settings where time is a constraint, 

including aviation. The RPD model describes how experienced individuals make decisions 

in time-pressured situations where they are not able to generate and assess a range of 

options. Individuals use their expertise to find a satisfactory decision/action rather than 

that which is the best. Experienced individuals will start this dynamic decision making by 

assessing the situation based on patterns of cues. This situational awareness activates 

mental models and action scripts that the individual has available from prior experience. A 

successful decision relies on a correct assessment of the current situation, an adequate 

utilisation of cues, effective evaluation measures and of course, the experience of the 
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individual (Batt, 2005). The advantage of the RPD model is that it is used in a time-

pressured environment and can be used with ambiguous data. 

 

Figure 19 RPD decision making model as in (Batt, 2005) 

Another model that is within the naturalistic decision making is the “ARTFUL” 

model developed by O’Hare (O'Hare, 1992). It is a descriptive model, which was focused 

on aeronautical decision making; however, it has not been further utilised in the literature. 

The ARTFUL model describes that risk management, knowledge and experience 

determine the pilot’s goals. Subsequently, the goals influence the pilot’s assessment of the 

current situation, as the ARTFUL model describes (O'Hare, 1992). Pilot’s goals can be 

changed quickly due to the dynamic environment of flying. These goals direct the pilot to 

seek the information needed to perceive the situation at that time point. In summary, both 

RPD and ARTFUL models show that decision making in a dynamic environment, as the one 

that GA pilots operate in, is complex and pilots seek to optimise their decision making. 

According to the RPD model, pilots seek for similar situations whilst according to ARTFUL 

model, pilots select goals based on their risk management, knowledge and experience. 

The reasoning of generating options, i.e. decision making strategies, has also been 

researched by aviation psychologists. The classification of such strategies varies in the 

literature; however, recent research in aeronautical decision making has focused on non-

compensatory strategies, e.g. rule- and case-based strategies, as well as compensatory 

strategies. These strategies have been studied to identify the strategies that pilots used 

using interviews (Wiggins, 2007; Hunter et al., 2003) and to assess their efficacy in 
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training of pilots using simulations (O'Hare et al., 2009). From these studies it is evident 

that pilots use rule-based, case-based or compensatory strategies, and thus, these 

strategies are discussed further. 

The difference between compensatory and non-compensatory strategies lies in the 

number of features that are considered in the pilot’s decision making. In particular, pilots 

that concurrently compare all the features of the different options apply a compensatory 

strategy. On the other hand, in a non-compensatory strategy, pilots consider a few features 

and thus, they ignore some information. As a result, the cognitive demands associated with 

decisions made under uncertainty is presumably reduced (Hunter et al., 2003). An 

example that pilots use the compensatory strategy is the “Personal Minimum Checklists” 

(Hunter et al., 2003) used in the pre-flight weather planning introduced by the FAA. These 

checklists are conducted pre-flight regarding weather and they consider a lot of features. 

However, pilots often apply the non-compensatory strategies, in particular the rule-based 

and case-based strategies (Hunter et al., 2003). 

Rule-based decision making is conducted using “if-then statements”, e.g. if the fuel 

reserve reduces at 10% of the total capacity, the aircraft must land immediately. Case-base 

decision making implies that the pilot remembers similar situations (or cases) that are 

used to make the decision. In particular, Wiggins (2007) states that cases are “particular 

events act as a trigger for these cases and the lessons of past experiences are then adapted 

to suit similar circumstances” (p.252). The most memorable cases are those in which the 

individual actively participated in the task. A potential problem with this type of decision 

making is that the individual will generalise the outcome of previous experiences beyond 

the circumstances under which the particular memory was acquired. Both rule-based and 

case-based decision making is used by experts. Experts make a decision based on rules 

that can either be in the form of a procedure (rule-based) or derived implicitly from 

experiences (case-based). 

The use of the non-compensatory strategies is not only attributed to the lower 

cognitive demands compared to the compensatory strategies. In a simulation study about 

adverse weather conditions (O'Hare et al., 2009), GA pilots who received a case-based 

training before the simulation flight, flew more safely than the GA pilots, who completed a 

free recall task. This finding can be used as evidence that pilots benefit from case-based 

training. Furthermore, it is evident that pilots use different decision making strategies and 



Chapter 4 General aviation definition and review of pilot performance 

103 

 

that pilots prefer low cognitively demanding reasoning. Differences also exist between 

novices and experts in that the former need more time to collect and evaluate the 

information and select the action to undertake. Hence, training should consider the 

differences of decision making among the pilots including the models and the strategies. 

Pilots could also benefit from checklists that will aid the pilots to assess all the required 

information, e.g. Personal Minimum Checklist developed by FAA. 

It is evident from the discussion of the decision making models and strategies that 

decision making can be affected by a range of factors including the situational awareness, 

expertise, risk management, hazardous attitudes, behavioural traps and biases. These 

factors can be of relevance to AIs and thus are discussed briefly below.  

4.3.1.1 Situational awareness 
The most important stage of any pilot’s decision making is their assessment of the 

current situation. According to (Endsley, 1995) as cited in (Endsley, 2010), an expert in 

situational awareness in aviation, situational awareness (SA) is defined as “the perception 

of the elements in the environment within a volume of time and space, the comprehension 

of their meaning and the projection of their status in the near future. Thus, situational 

awareness (SA) involves perceiving critical factors in the environment (Level 1), 

understanding what those factors mean, particularly when integrated together in relation 

to the aircrew’s goals (Level 2), and at the highest level, an understanding of what will 

happen with the system in the near future (Level 3)” (p.12-3). The SA model, illustrated in 

Figure 20, shows that the pilot needs to become aware of the situation before he/she 

makes any decision . 

SA is as complex as decision making and is highly sensitive to both flight operations 

and aircraft design. It is better, therefore, to define SA separately by its constituent 

elements. In GA, the SA can be defined by the four elements of geographical, 

spatial/temporal, system and environmental SA as shown in Table 9.  
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Figure 20 Model of situational awareness developed (Endsley, 2010) 

Table 9 Elements of situational awareness (Endsley, 2010) 

SA element Definition 
Geographical SA Location of own aircraft, other aircraft, terrain features, airports, cities, 

waypoints, navigation fixes 
Position relative to designated features 
Runway and taxiway assignments 
Path to desired locations 
Climb/descend points 

Spatial/Temporal 
SA 

Position, altitude, heading, velocity, vertical velocity, G’s force, flight path 
Deviation from flight plan and clearances 
Aircraft capabilities 
Projected flight path 
Projected landing time 

System SA System status, functioning and settings 
Settings of radio, altimeter, transponder equipment, ATCO 
communications present 
Deviations from correct settings 
Flight modes and automation entries and settings 
Impact of malfunctions/system degrades and settings on system 
performance and flight safety 
Fuel 
Time and distance available on fuel 
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SA element Definition 
Environmental 
SA 

Weather formations 
Temperature, icing, ceilings, clouds, fog, sun visibility, turbulence, winds, 
microbursts 
IFR/VFR conditions 
Areas and altitudes to avoid 
Flight safety 
Projected weather conditions 

Of particular importance to SA is the pilot’s goals and preconceptions, i.e. the 

expectations of pilots before the decision is made and which can direct the information 

that pilots look at, interpret and integrate in order to understand the environment in 

which they are flying. Either incorrect goals or the prioritisation of less important goals 

can cause the pilot to neglect critical information or to misinterpret this information. Even 

if pilots obtain the right source of information, it can still be unreliable if, for example, the 

GPS receiver that is used to show the aircraft’s position is inaccurate. Furthermore, on-

board devices may provide limited information about the current environment due to the 

absence of equipment (Endsley & Garland, 2008), e.g. an ultralight aircraft that do not 

carry a radio device will mean that its pilot cannot talk to the FIS to obtain weather 

information.  

Studies of SA errors indicate that perception of the environment, i.e. Level 1 of the 

SA, is the main source of pilot errors. In particular, pilots fail to monitor or observe data 

for a range of reasons. The input sensory data of pilots can be the following: visual data on 

the data displays that can be either portable (e.g. aeronautical charts, flight plan, pilot’s 

notes, GPS) or stable (e.g. displays on the cockpit deck), visual data from the environment 

(e.g. terrain features, traffic and weather) and auditory data from the radio (e.g. ATCO, 

pilots of traffic). These data can be misperceived due to the physical limitations of the 

vision and hearing sense of pilots (AOPA, 2001), their mental processing of the 

information and the equipment used. Equipment can have imperfect properties, such as 

the noise that pilots hear when they use radio communication. Aeronautical charts are 

another example of the potential for poor quality information, in that complicated or 

unstandardized charts can confuse pilots during reading.   

In a study conducted with students trained for their private licence, i.e. relative 

inexperienced GA pilots, in 2002 (Endsley, 2010), a number of problems that lead to the 

SA problems were identified. The data used were incident reports that contained 



Chapter 4 General aviation definition and review of pilot performance 

106 

 

problems with SA at a popular flight school in USA and the four problems identified were 

related to: 

1. Distraction and high workload; 

2. Vigilance and monitoring deficiencies: they were observed in both task overload and 

normal situations. This may reflect insufficient learning of scan patterns, attentional 

narrowing or an inability to prioritise information; 

3. Insufficiently developed mental models: This limitation can result in many errors that 

occur in both understanding the perceived information and projecting future 

dynamics. These pilots had difficulties with flights in new geographical areas, e.g. 

landmark recognition and their match on the map, and understanding new procedures 

for flight, landing and departures in unfamiliar airspace. They also had problems in 

understanding the implications of many environmental factors on aircraft 

performance; 

4. Over-reliance on mental models: Pilots failed to understand the limits of the learned 

models and how to properly extend these models to new situations. 

This study was followed by another study conducted using simulations with both 

inexperienced and experienced pilots in 2002 (Endsley, 2010). A significant finding is that 

“those pilots who were scored as having better SA all received much higher ratings for 

aircraft handling, cockpit task management, cockpit task prioritisation and ATC 

communication than those who were rated as having lower SA” p12-13. These findings 

show that pilots have to maintain aircraft control and manage their tasks accordingly so 

that they are aware of the current situation and predict the near future situation. 

Furthermore, such pilots were more likely to detect and recover from their errors better 

than the others. These results show that pilots can indeed lose their SA and this can be 

prevented by better handling the aircraft and prioritising their tasks.  

Overall, according to (Endsley, 2010), the factors that influence the SA can be 

summarised into pilot’s characteristics, (e.g. attention and working memory), pilot’s 

processing mechanisms, (e.g. mental models), goal-driven processing, environmental and 

system factors (e.g. stress, overload/underload, system design, complexity and 

automation). These factors are extensively discussed in (Endsley, 2010), where further 

information can be found. SA can be improved by experience, training, development of 

comprehension, projection and planning, information-seeking and self-checking activities 
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and task management can improve SA (Endsley & Garland, 2008). In conclusion, SA is 

essential for GA pilots as any pilot can lose it. However, there are certain aspects that 

pilots should acknowledge. For example, pilots who will fly in new areas, i.e. unfamiliar 

areas, should be better prepared for the flight due to the potential of a loss of their 

geographical awareness. Last but not least, pilots who face an abnormally high workload 

situation may also lose their SA.   

4.3.1.2 Expertise 
Expertise is not well-established in the literature due to disagreements concerning 

the features that can define expertise between researchers. Within the context of this 

thesis, the doctoral thesis of the aviation psychologist Batt is used to discuss the 

fundamentals of expertise in GA pilots (Batt, 2005) as he critically reviews an extensive 

list of literature.  

Expertise is often defined based on the temporal exposed whilst practising in a 

specific domain. Whilst such a definition is easy to quantify and compare, such temporal 

exposure itself may not be proportional to expertise. In the case of GA, there are pilots 

who frequently fly local flights over a five-year period and there are pilots who fly cross-

country flights once a month over the same period. Although these two groups of pilots 

flew the same length of time, i.e. five years, they were exposed to different challenges, with 

the latter group frequently facing different environments and thus, experiences. 

Therefore, the length of exposure to an activity and the diversity of the activity are equally 

essential for a novice to become an expert.  

The perception of expertise differs between researchers based on the perspectives 

and assumptions. Some believe that one becomes an expert after extensive instruction, 

practice or experience, whilst others assert that it is affected by individual differences 

regarding abilities, learning and experience (Batt, 2005). What makes aviation unique is 

that pilots often make decisions in the face of ambiguous and incomplete information 

(Batt, 2005). In extensive research conducted by Shanteau as described in (Batt, 2005), it 

was found that in a static environment decision making is more predictable and that 

experts perform much better than novices, especially in decisions made about objects 

rather than human beings. In the context of GA, this can be interpreted as follows. Expert 

GA pilots can make better decisions related to weather compared to novices whilst they 

may make a poor decision about the reactions of a pilot in a near-by aircraft.  
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In the light of new evidence (Batt, 2005), research has established that experts 

probably use the same amount of information, or even less, than novices. Both experts and 

novices were able to recognise and make use of multiple sources of information with the 

former using more relevant information. This enables experts to recognise inconsistencies 

in the problem information and be more skilled in screening different hypotheses (Batt, 

2005). Following the expert’s ability to seek out relevant information, there is evidence 

that experts recognise patterns of information that novices are either unable to see or 

overlook. This allows experts to discern interactions among cues and to better form an 

immediate representation of the problem (Batt, 2005) and makes them better than 

novices to see and understand the dynamics of a situation, i.e. improved situational 

awareness (section 4.3.1.1). It is this access to more complex information that gives 

experts the advantage of understanding a problem at a deeper and more conceptual level 

enabling them to process the information more efficiently.     

In summary, experts are those that can notice patterns, seek information, make 

meaning out of the information and use visual mental representation, i.e. situational 

awareness model. Furthermore, experts with domain experience, are more likely to 

visualise the situation and project its development in the short-term because they utilise 

the available information and compare the current situation with other similar situations 

that they have previously encountered. That probably makes experts more likely to notice 

the absence of something whereas as Batt (2005) states “novices see only what is there; 

experts can see what is not there” (p.47).   

4.3.1.3 Pilot hazardous attitudes, behavioural traps and biases 
Aspects of a pilot’s hazardous attitudes, their behavioural traps and biases have 

been extensively reviewed by the FAA (FAA, 2008), specifically for GA pilots. Given the 

importance of these findings, these hazardous attitudes were adopted by the European 

Helicopter Safety Team (EHEST), which is a partnership between industries and 

authorities in Europe (EHEST, 2012). According to (FAA, 2008; Hunter et al., 2003), there 

are five hazardous attitudes of a pilot that increase the likelihood of making a poor 

decision and these are shown in Table 10 and defined in (EHEST, 2012). Furthermore, 

pilots are also likely to be affected by the motivation to continue the flight as defined in 

(Hunter, 2005). Poor decision making can also be the result of behavioural traps and 

biases as shown in Table 11.  
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Hazardous attitudes, behavioural traps and biases can affect GA performance as 

well. For example, some GA pilots may intentionally not follow the common practise of 

flying in uncontrolled airspace far away from the boundary of controlled airspace to 

prevent an AI from happening. Another example is those pilots who poorly prepare for a 

cross-country flight because they strongly believe that have sufficient experience to decide 

the route airborne. GA pilots might also suffer from confirmation bias especially in 

navigation. Such pilots who are looking for a particular shape of a town might wrongly 

match the town they see with the one that they are seeking. Last but not least, pilots might 

suffer from the loss-aversion bias, e.g. a pilot that came across adverse weather conditions 

would continue his/her flight as planned because he/she is unwilling to abandon the 

flight.  

Table 10 Hazardous attitudes (EHEST, 2012) 

Hazardous 
attitudes 

Description Antidotes 

Anti-Authority Don’t tell me what to do.  

This is found in people who do not like anyone 
telling them what to do. These people tend to 
regard rules, regulations and procedures as 
unnecessary.  

Follow the rules. 

Impulsivity Must do something now.  

This is the attitude of people who frequently 
feel the need to do something, anything, 
immediately. They do not take the time to 
think about what they are about to do, 
therefore they often do not select the best 
alternative.  

Not so fast/Think first 
and think twice.  

Invulnerability It won’t happen to me. 

Many people feel that accidents happen only to 
others, but can’t happen to them. They never 
feel or believe that they will be personally 
involved. Pilot who think this way are more 
likely to take chances and increase risk.  

Taking risks is 
irresponsible 

Resignation What’s the use? There is nothing I can do. 

The pilot will leave the action to others, for 
better or worse. Sometimes, such pilots will 
even go along with unreasonable requests just 
to be a “nice guy”.  

I’m not helpless. I can 
make a difference. 

Macho I can do it. 

The pilot who is always trying to prove that 
he/she is better than anyone else. This pilot 
will take risks in order to impress others.  

Taking risks is 
irresponsible. 
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Table 11 Behavioural traps and biases (EHEST, 2012) 

Behavioural 
traps and biases 

Description 

Peer pressure Poor decision making may be based upon an emotional response to peers, 
rather than evaluating a situation objectively. The solution offered by the 
peers is accepted without further assessment, even when is wrong.  

Confirmation bias The tendency to search for or interpret information in a way that confirms 
one’s pre-conceptions or supports the decision that has already been made. 
Counter evidence is either not considered or is discarded. Fixation is the 
term used when such behaviour persists.  

Overconfidence The human tendency to be more confident in one’s skills, competences and 
capacities than one should be. 

Loss-aversion bias The strong tendency for people to prefer avoiding losses. Changing the plan 
means losing all the effort you have already expended upon. This explains 
why decisions are sometimes hard to change. 

Anchoring bias  
(attentional 
tunnel) 

The tendency to rely too heavily or to focus attention on one or a few 
elements or pieces of information only.  

Complacency A state of self-satisfaction with one’s own performance coupled with a lack 
of awareness of the potential risks. Feeling at ease with the situation, which 
often results in lack of monitoring.  

Press-on-it This is a psychological phenomenon and is the decision to continue to the 
planned destination or toward the planned goal even when significantly 
less risky alternatives exist. It is also known as get-home-it is, hurry 
syndrome, plan continuation and goal fixation.  

 

4.3.1.4 Risk management 
Risk management is an important component of aeronautical decision making and 

can be defined as a skill of the GA pilots gained through experience (Drinkwater & 

Molesworth, 2010). Risk management encompasses the constructs of risk tolerance and 

risk perception of pilots (Hunter, 2006). Risk tolerance can be described as the amount of 

risk that pilots are willing to accept whereas risk perception can be described as the 

understanding of the inherent risk of a situation. Pilots with high risk tolerance are those 



Chapter 4 General aviation definition and review of pilot performance 

111 

 

who understand that flying through clouds is risky but are willing to tolerate this risk to 

achieve their goals (Pauley & O'Hare, 2006). It is also possible that pilots have not 

perceived the risk inherent in the situation and thus they have not taken any measure to 

mitigate the risk. Risk management is difficult to measure given the complexity involved 

especially due to the interactions with the personal factors of pilots (Molesworth et al., 

2006). 

Most studies state that only a few pilots are risk tolerant in weather related issues 

(Pauley et al., 2008). Whether risk tolerance is caused by only personal factors or by a 

successful completion of a risky situation or both remains unknown and is subject to 

debate. However, there is evidence that risk tolerance might be influenced by the benefit 

gained from undertaking the task in conjunction with the threat involved in the task. For 

example, in the experiment of risk tolerance in adverse weather (Pauley et al., 2008), a 

pilot was willing to fly after an offer of an increased financial reward. That pilot may have 

perceived the threat of flying into adverse weather as not an immediate danger. In that 

study (Pauley et al., 2008), it was also found that pilots can be tolerant to risk if they have 

previously taken aeronautical risks or if there is strong motivation. Last but not least, two 

studies have found that younger pilots are more likely to perceive the risk than older 

pilots (Drinkwater & Molesworth, 2010; Hunter, 2006) but these findings should not be 

generalised as the researchers of these studies have cautioned. 

4.3.2 Weather decision making 

Extensive research has been conducted on the influence of the weather on the 

decision making of pilots and this section presents those aspects of decision making in 

aviation that may be relevant to AI. In particular, the reviewed studies aim to understand 

the pilot’s decision making when flying from VFR to instrument flight conditions, i.e. 

adverse weather conditions that were beyond the legal capabilities of the VFR rated GA 

pilots. The literature review focuses on the decision making both pre-flight and in-flight, 

the cues that influence decision making, the key weather information that pilots seek and 

finally a comparison of the decision making models of experienced and novice pilots. This 

research has been mostly conducted over the past decade; however, the results of these 

studies are of great use today given that GA flying and weather information have not 

significantly changed since these studies were conducted. 
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As noted in (Hunter et al., 2003), “GA pilots operate in an uncertain and risky 

operational domain where they are confronted with a range of meteorological phenomena 

about which a series of in-flight decisions need to be made” p3. Meteorological conditions 

may also change rapidly and pilots should perceive weather to be dynamic and not static 

and consequently, pilots should continuously monitor the weather so that they expect 

certain weather conditions to develop at a given location and time. As found in (Batt & 

O'Hare, 2005), pilots that fly into adverse weather are more likely to focus on weather 

conditions once they had passed the mid-point of the flight.  However, the same study 

found that pilots that want to avoid such adverse weather are likely to take action in a 

timely manner and such decision making can be described as proactive. In summary, the 

decision to fly in an adverse weather differs between individuals.  

The situation that a visual flight can turn into one in IMC can be due to the decision 

making itself, e.g. a pilot may inappropriately or inefficiently use the cues or the pilot may 

be motivated to reach the destination. It can also be that the pilot fails to identify and 

assess the risks associated with continuing the flight (Wiggins et al., 2014). In a study of 

cue utilisation (Wiggins et al., 2014), differences were observed between pre-flight and in-

flight decision making regarding weather. In pre-flight decision making, “pilots who 

showed a relatively greater level of cue utilisation were more dichotomous in their 

responses, electing either to conduct or not conduct the flight” (Wiggins et al., 2014) p123. 

On the other hand, pilots who utilised fewer cues were more likely to select the more 

ambivalent option, presumably on the basis that there was a perception of insufficient 

information available to form a decision.  

It is interesting to note that the group of pilots that utilise more cues pre-flight was 

more likely to continue the flight into deteriorating weather compared to the latter, i.e. 

less cues pre-flight. This decision making was surprisingly independent of risk perception, 

flying hours, rating and licence. The researchers of that study speculated that the pilots, 

who flew into deteriorating weather, might have considered certain weather parameters, 

e.g. the progression of the deterioration in weather conditions, and the proximity of the 

destination, in order to encourage them to continue the flight.  

Regarding the weather information, it was found that the most important weather 

information considered by GA pilots is the cloud ceiling and visibility (Hunter et al., 2003). 

In the study by Wiggins (Wiggins, 2007), a difference was observed between 
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inexperienced and experienced pilots. These two groups of pilots differently perceived the 

utility of the horizontal visibility, cloud concentration and wind strength cues. Both groups 

also used these cues in the decision making process differently (Wiggins, 2007).  

When pilots make decisions involving weather, it has been found in (Hunter et al., 

2003) that pilots are likely to adopt a model that is more consistent with a compensatory 

approach. Pilots consider both the positive and negative attributes of each option in order 

to select that option with the greatest number of positive attributes. Such decision making 

requires the interpretation of more information and this is an area of weakness for 

inexperienced pilots. It is believed, however, that a non-compensatory model enables 

pilots to better control the risk factors influencing a flight by introducing criteria values of 

each risk factor. For example, if the risk factors are the ceiling and the visibility and the 

former is risker than the latter, then with a non-compensatory approach (Hunter et al., 

2003), pre-flight the pilot will first compare the ceiling to the ceiling criterion and if this 

test is passed, then he/she will compare the visibility to the visibility criterion.  

The advantage of the compensatory models is that the pilot would only initiate a 

flight if the tests were passed. The fact that one of the factors, say the cloud ceiling, vastly 

exceeded the criterion value, would not be used to lower the criterion for visibility. Given 

the benefits gained by the pilots in using such a model, minimum standards have been 

established for weather and other parameters by the FAA (FAA, 2009). These minimum 

standards are included in the “Personal Minimums Checklist” and their purpose is to be 

used by the pilot pre-flight to verify that each aspect of the flight meets the personal 

standards for both inexperienced and experienced pilots. Although the benefits are 

expected to be great, further research needs to be conducted to assess the effectiveness of 

the checklists on a pilot’s performance.  

4.3.3 Vision of pilots 

As noted earlier, the decision making process is initiated by the visual input enabling 

the pilot to become aware of the current situation. This information is mostly input 

through the eyes of VFR GA pilots and thus, these pilots rely on the information seen by 

their eyes. The eyes of pilots are probably the most important on-board collision 

avoidance equipment (AOPA, 2001) given that the “see and avoid” rule applies. In 

uncontrolled airspace, pilots look out for both other GA aircraft, of which some are difficult 

to detect, and for heavier and faster aircraft, like jet and military aircraft. If the pilots of 
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two aircraft fail to see each other in time, a mid-air collision is likely to occur. Even if one 

of the aircraft is equipped with a traffic avoidance system, this device does not ensure the 

resolution of the problem because not all aircraft are fitted with such equipment (section 

4.2.6). 

The visual information required related not just to traffic as pilots in addition assess 

obstacles, landmarks and the weather. Whilst they do so, they listen to the radio, make 

calculations, monitor aircraft performance, handle the aircraft and make decisions. 

Furthermore, pilots also read the relevant maps, their notes and the instruments on board. 

With the emergence of the tablets and aircraft position monitoring software, pilots also 

receive visual information from digital screens of tablets or moving maps fitted on the 

cockpit. Some can be animated graphic displays that can show the flight path, the weather, 

etc. All these tasks can increase the workload of pilots and if the pilots are not trained, they 

have no mechanisms to utilize this information or even face a significant unexpected 

event. These can consequently result in abnormal situations, including either a late or non-

sighting by the pilot.  

The way that the visual sensory inputs are utilised depends on the monitoring skills 

of the pilots and their attention mechanism. Monitoring can be described as the ability of 

the pilot to mentally fly the aircraft, anticipating the actions of the pilot flying, checking 

correct system mode changes and aircraft responses (Loss of Control Action Group, 2013). 

It is the scan of the information, i.e. a sweep of the eyes.  Attention can be described as the 

cognitive process for an effective scanning to select relevant information and to filter 

irrelevant information given an activity or a stimulus (Rizzolatti et al., 1994). Poor 

attention can be the result of a complex or unfamiliar task and the pilot’s personal 

characteristics, e.g. age and fatigue. Furthermore, it is possible that the pilot may be 

confronted with more information than he can attend to at one time and thus, the pilot 

may fail to select the relevant information. It is also important to define the term vigilance, 

i.e. the state of the alertness of individuals as well as the watchfulness and the 

preparedness to receive to critical information, which has not been appeared yet 

(Rizzolatti et al., 1994). 

Monitoring, attention and vigilance are equally important. Pilots need to ensure that 

they know the current situation and to do that they have to continuously “monitor”. In the 

situation that the pilot is flying with a strong cross-wind, the pilot probably pays more 
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attention to the aircraft’s heading and speed rather than look outside. In the situation that 

the pilot flies in a high traffic density airspace area, the pilot will be vigilant of traffic. All 

these aspects are affected by physical vision limitations that require the pilot time to learn. 

Such limitations can include the following: the slow adjustment to distance immediately 

after a close-up focus, the mis-positioning of the aircraft in relation to the position of the 

sun (AOPA, 2001), optical illusions (AOPA, 2001), the reduced ability to see distant objects 

and to refocus vision in atmospheric conditions such as haze, flight over open water or an 

obscured horizon (AOPA, 2001), and the motion in the contrast of a target that attracts the 

eye’s attention  (Loss of Control Action Group, 2013; AOPA, 2001).  

In another study (Wickens et al., 2000), it was found that visual scanning is 

influenced by three key factors. The first factor is the information frequency. Pilots are 

more likely to look at a source that is anticipated to provide information, e.g. instruments 

inside the cockpit, especially if the pilot successfully found information at that source 

before. The second factor is the importance of the information. Pilots assess the 

information in terms of the cost of missing the information in an event. For example, a 

pilot may look more frequently to the front and at the current altitude of the aircraft 

rather than towards the side, behind or above the aircraft. The reason is that unseen traffic 

in front and at the same altitude is more likely to create a conflict. The third factor is the 

effort required to access information and this is related to the cognitive and physical effort 

of accessing information. For example, the greater the distance that the eye must move in 

scanning, the greater the effort that is required. The effort is increased when a head 

movement is required.    

Last but not least, visual input may degrade with age. Although the literature lacks 

specifically designed studies in aviation and particularly in GA pilots, it is believed that 

perceptual processing tends to decline with age (Tsang, 1992). What is unclear is the 

impact on the operational aspect. It is also possible that ageing weakens the retrieval of 

information from long-term memory (Tsang, 1992). What is certain is that processing 

becomes slower over age and consequently, pilots are less efficient in undertaking 

simultaneous activities (Tsang, 1992). Such findings are important for GA given that most 

GA pilots are within the upper scale of age. It should be mentioned that other factors may 

slow the degradation, such as flying experience and education (Tsang, 1992) though 

concrete evidence on this is not published. 
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In conclusion, VFR pilots rely on their vision. For such VFR pilots the identification 

of the aircraft’s position depends on correct landmark identification. As explained in this 

section, human vision is vulnerable to certain factors, e.g. sunlight, and pilots should 

acknowledge these to treat them accordingly. In general, pilots should maintain both a 

trained eye and their monitoring skills. Vision is of particular importance for AIs as the 

inefficient monitoring of pilots can lead to wrong calculations of the aircraft’s position, 

especially in a situation where the weather changes the flight path. Pilots can always 

unintentionally read the wrong information on the map or read the altitude reading 

inaccurately. Such a situation may not be noticed by the pilot and the aircraft might stray 

into controlled airspace without the pilot’s knowledge. 

4.3.4 Influence of technologies 

As discussed in section 4.2.6, technologies that support the pilot to plan and 

navigate have become increasingly popular in GA. The long existence of GPS has seen 

research conducted to study its impact on the weather-related decision making of GA 

pilots. The benefits gained from the introduction of GPS are debatable (Wiggins, 2007). 

The use of GPS can improve pilot’s geographical awareness especially in situations that 

visual navigation can be challenging. For example, in a flight that the wind is stronger than 

forecasted, the aircraft flies faster and pilots might fail to visually identify the landmarks. 

Pilots that use a GPS use coordinates to identify the aircraft’s position and do not rely on 

visual landmarks and thus, they are likely to maintain their geographical awareness 

(Wiggins, 2007). This situation requires that the GPS receiver provides accurate and 

precise measurements. As explained in section 4.2.6.2 reliable measurements may not 

always be possible.  

Regardless of the credibility of the device, this access to more reliable information 

about the aircraft’s position has changed the planning undertaken by GA pilots. Pilots may 

make more decisions in-flight because of the reliance that they know the exact aircraft’s 

position. Such pilots shift from strategic to tactical decision making in that they respond to 

a problem rather than predict and subsequently address the problem before it occurs. For 

example, pilots with tactical decision making decide to depart and they decide to continue 

flying in adverse weather while airborne. Due to this confidence, pilots that navigate with 

a GPS may also overlook cues that indicate adverse weather. Hence, GPS can both improve 
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and degrade a pilot’s performance and pilots should ensure that they are aware of the 

drawbacks from the use of the GPS.   

Apart from the GPS, animated graphic screens are increasingly used by GA pilots, e.g. 

SkyDemon (MMXIV Divelements Limited, 2015) software application. An example is the 

presentation of weather. The traditional way of presenting weather information is through 

coded reports that are difficult to both read and recall information. In order to upgrade 

these reports using current technologies, an ergonomic designed weather graphical 

display was designed by (O'Hare & Stenhouse, 2009). A study of the effectiveness of this 

display found that such displays have the potential to improve the recall of weather 

information compared to the traditional coded weather information. In that study, a 

commercially available graphical display was redesigned following human factors 

principles. In the study, participants used either the original or redesigned display and 

were assessed regarding the amount of information correctly recalled, the amount of 

information omitted and the time spent looking at each display.  

The results of that study showed that the critical weather parameters of visibility 

and temperature were recalled more compared to wind, cloud and pressure whilst this 

display did not increase the time spent looking at the display (O'Hare & Stenhouse, 2009). 

This study shows that tools that consider the needs of the users and follow the human 

factors principles can support pilots with minimum side-effects. Another important 

finding was made regarding the design of the modern devices. Authors cautioned that the 

designers should consider the previous experience and familiarity of the users with 

substitute devices. For example, in the case of weather information, pilots used the coded 

weather reports that are completely different from the animated graphic screens. 

Therefore, these pilots that are used to utilising a completely different source of 

information may inadequately use the new design and thus, devices should also 

considered the experience and familiarity of the users with substitute devices.  

In conclusion, GPS can improve the visual navigation of GA pilots; however, it has 

changed the decision making of pilots and such changes can degrade their performance. It 

is important to recognise that the GPS employed in GA without any training. Similar to the 

GPS, it is reasonable to assume that other emerging technologies, e.g. the animated aircraft 

positioning shown on tablet screen, popular in the GA community, may have similar 

impacts on a pilot’s decision making. Unfortunately, the implications of such devices have 
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yet to be studied even if they are already on the market. Such studies are important to 

establish potential changes to decision making so that pilots will be adequately trained to 

improve their performance rather to degrade it. Needless to say, such technologies should 

meet the pilot’s needs in such a manner that their flying will not lead to more dangers than 

at present. 

4.3.5 Summary of the literature review 

In this section, literature related to a GA pilot’s performance was reviewed in order 

to primarily support safety analysis of AIs that involve GA flights as well as any safety 

analysis that involve a GA flight. Two main aspects can be further discussed: the methods 

and the sample used in the studies, and the validation of their results. 

Methods that were applied in the literature were: questionnaires in which 

participants rated scenarios (four studies), simulated flights (six studies), scales that 

participants were asked to complete (three studies), and incident or accident data (three 

studies). Simulation studies were used to study a narrow research question, e.g. cue 

utilization pre-flight and in-flight weather decision making. On the other hand, studies that 

covered a broader area, e.g. the impact of GPS on decision making in deteriorating weather 

conditions, a larger sample of questionnaire was used. Scales were used to study attitudes 

of pilots. Incident and accidents were used; however, the data were not assessed regarding 

their adequacy for such research. It is evident that research questions that are broad or 

research questions that are explorative, questionnaires (using scenarios) are preferred 

over simulation studies. It is remarkable, though, that interviews were not used in the 

literature given their benefits gained especially for explorative research questions.  

Regarding the sample design used in the literature, the sample consisted of GA pilots 

as well as commercial pilots.  In the reporting of the findings, the results were presented 

for all the participants and this aggregation might have prevented differences between 

these two types of pilots from becoming apparent. Furthermore, GA is a diverse group of 

flyers as was explained earlier in section 4.1 and 4.2; however, this diversity was often 

neglected in the sample design of the studies. Pilots were selected based on the licence 

(e.g. private pilot or commercial pilot licence) or their rating (VFR or IFR) and sometimes 

on their flying experienced measured in flying hours. The latter was measured regarding 

the total flying experience and the recent flying activity, i.e. in the last three months. 

Meanwhile, the purpose of flying (e.g. recreational or aerial work), the length of the flights 
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(local or cross-country flights) and aircraft design (e.g. ultralight) are equally important 

and should be used for the sample design. 

A rather debatable selection criterion in such studies is age. Whilst there is no such 

evidence justifying that performance varies with age, GA pilots demographics show that a 

significant number of pilots are aged between 45 and 65 years. Considering that by that 

age pilots have developed their rules of flying, the emergence of digital technologies may 

degrade a pilot’s performance. Therefore, it seems reasonable to select pilots proportional 

to age bands. 

Finally, the findings of the studies were not particularly validated in that the results 

were not confirmed by a “subject matter expert” (SME) or confirmed by repeating the 

study. There were two studies that a confirmation of the results was conducted but this 

confirmation was not described as validation. In particular, the study (Hunter et al., 2003) 

was conducted in three countries (Australia, USA and Norway) and the results were 

compared. In the study (Hunter, 2005), the results were compared to another study 

conducted by another researcher. Therefore, it is evident that the validation process of 

these results is absent in the literature probably due to the resources need to conduct the 

validation. Regardless of this limitation, validation is essential in any quantitative and 

qualitative analysis and should not be ignored.  

The literature used in section 4.3 is summarised in Table 12. 
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Table 12  Summary of the literature review of a general aviation pilot’s performance   

Reference Topic Scope Method Data Key findings 

(Batt, 2005) 
• Decision making 

models 
• Expertise 

To study the aeronautical 
decision making as of the role of 
accidents and incident case 
histories in pilot decision making, 
the effectiveness of case-based 
versus rule-based pilot decision 
training, a comparison of 
different pilot behaviours in the 
face of adverse weather 

• Review of decision making 
• Survey data 
• Experimental data 
• Aviation occurrence data 

GA pilots 
• Review of decision making models and 

strategies 
• Case-based and rule-based decision 

making strategies are used by pilots 

(Wiggins, 
2007) 

• Decision making 
strategies 

• Weather 
decision making 

• Influence of 
technologies 
used by GA 
pilots 

To study the relation between 
visually rated pilot’s perceived 
use of GPS as a primary source of 
navigation and their perceived 
approached to decision making in 
deteriorating weather conditions 
in flight 

Questionnaire 
to indicate the frequency with 
which they use GPS as a 
primary source of navigation, 
the decision strategy and their 
perception of the significance 
of nine weather-related cues 
for decision making (nine 
cues) 

177 pilots from 
Australia (151 GA 
pilots and 26 
commercial pilots) 

• The use of GPS change the manner that 
pilots acquire task-related information 
and make decisions 

(Hunter et 
al., 2003) 

• Decision making 
strategies 

• Weather 
decision making 

• Hazardous 
attitudes, 
behavioural 

To study of the decision making 
strategies of pilots (GA and 
commercial) comparing pilots 
from USA, Norway and Australia 

Questionnaire 
27 weather scenarios for each 
terrain route and to assign a 
comfort level to each scenario 

481 Pilots from 
USA (326), Norway 
(104) and 
Australia (51) 

• Pilots from diverse geographic settings 
use a common compensatory decision 
strategy in making their weather-related 
decisions 

• Pilots utilise the compensatory models in 
preference to the non-compensatory 
models 
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Reference Topic Scope Method Data Key findings 

traps and biases 

(Endsley, 
2010) 

Situational 
awareness 

To present the extensive research 
in SA in aviation systems N/A N/A 

• Definition and model of SA 
• Errors in SA 
• SA in GA 

(AOPA, 
2001) Vision of pilots 

To provide strategies and tactics 
for collision avoidance in a safety 
advisor report for GA pilots 

N/A N/A • Overview of the human vision and its 
limitations regarding GA pilots 

(FAA, 2008) 

Hazardous 
attitudes, 
behavioural traps 
and biases 

To provide an overview of the 
aeronautical decision making N/A N/A 

• Description of aeronautical decision 
making models 

• Hazardous attitudes, behavioural traps 
and biases have been identified 

(Hunter, 
2005) 

Hazardous 
attitudes, 
behavioural traps 
and biases 

To measure the hazardous 
attitudes among pilots using two 
Likert-type scales and compared 
the results with those from scale 
developed by the FAA 

Eight Scales are provided to 
the participants to complete 
 

Approximately 
5000 pilots 
(approximately 
40% GA pilots) 

• Hazardous attitudes, behavioural traps 
and biases have been identified 

• Recommendations for improving the 
measurement of these aspects 

(EHEST, 
2012) 

Hazardous 
attitudes, 
behavioural traps 
and biases 

To present these aspects in a 
training leaflet for single-pilot 
helicopter operations 

N/A N/A • A list of hazardous attitudes, and 
behavioural traps and biases 

(Drinkwater 
& 
Molesworth, 
2010) 

Risk management 

To study the influence of risk 
perception and personal 
characteristics on risk 
management 

Three scales were provided to 
the participants to complete 
 
Questionnaire about 
demographics 

56 student pilots 

• Results were compared between pilots 
who purse and did not purse the flight as a 
measure of risk management 

• Age and flying experience may not affect 
the risk management 
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Reference Topic Scope Method Data Key findings 

• Risk perception can influence the decision 
making of pilots and is related to the 
attempt to minimise risk to the lowest 
possible level 

(Hunter, 
2006) Risk management 

To study the risk perception 
measures using empirically 
developed scales 

Two scales were provided to 
the participants to complete 
 

630 • Younger pilots have a more accurate view 
of flight risk than older pilots 

(Pauley & 
O'Hare, 
2006) 

Risk management 
To measure risk tolerance in GA 
pilots 

36 flight scenarios of varying 
level of threat and opportunity 
were rated by participants 
The likelihood was analysed 
using regression analysis 

27 GA 

• Pilot’s decision making was influenced by 
threat and not opportunity 

• Pilots who were involved in more 
hazardous incidents, were less risk averse 

• The higher the level of threat in the 
situation, the less likely the pilot was to go 
on flight 

• Little relationship between the level of 
opportunity and the decision 

(Molesworth 
et al., 2006) 

Risk management 

To study as to whether 
engagement with hazards in a 
simulated environment together 
with feedback concerning 
performance would improve 
pilot’s risk assessment during a 
subsequent simulated test flight 

Two simulated flights 
accompanied by a 
questionnaire at two sessions. 
The first simulated flight was a 
training flight and the second 
required pilots to fly at low 
level. 

53 pilots (student, 
GA and 
commercial pilots) 

• The engagement with the hazards was 
associated with behaviour that reduced 
the risk to the aircraft 

• Relationships between personal factors 
(e.g. desire to succeed the goal of the 
flight, pilot’s training) 

(Pauley et al., 
2008) Risk management 

To develop a measure of risk 
tolerance suitable for use with GA 
pilots 

Three studies. 
Study A: Six scenarios were 
ranked by the participants 
according to the level of 

Study A: Four 
flight instructors 
Study B: 27 GA and 
commercial pilots 

• Pilots, who were motivate by the 
opportunity for gain in deciding to 
undertake the flight, were more likely to 
have previously taken aeronautical risks 
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Reference Topic Scope Method Data Key findings 

opportunity or threat 
 
Study B: 36 scenarios 
depicting GA flights were 
ranked according to the level 
of opportunity or threat 
 
Study C: Simulated flight in a 
GA aircraft 

Study C: 32 GA and 
commercial pilots 

 
 

in their actual flights 
• Pilots showed risk tolerant tendencies 

with scenarios that depicted weather-
related threat and financial opportunity 

• Pilots are risk averse as they were 
significantly influenced by the level of 
threat but not the level of opportunity 

(Batt & 
O'Hare, 
2005) 

Weather decision 
making 

To study as to whether cue-based 
tasks influence the decision 
making in simulated pre-flight 
and in-flight weather related 
decision making 

Two studies 
Study A: Simulated flight with 
a series of tasks and pilot’s 
rate of the utility of nine 
features (pre-flight decision 
making) 
 
Study B: Simulated cross-
country flight in which the 
weather conditions 
deteriorated gradually to (in-
flight decision making) 

Study A: 57 GA 
(60%) and 
commercial pilots 
Study B: 20 GA 
pilots 

• In pre-flight decision making, pilots that 
showed a relatively greater level of cue 
utilisation were more dichotomous in 
their responses 

• In in-flight decision making, pilots that 
showed a relatively greater level of cue 
utilisation were more likely to continue 
the flight as planned 

(Wiggins et 
al., 2014) 

Weather decision 
making 

To study three weather-related 
behaviours that reflect different 
levels of risks 

Descriptive statistics of pilot’s 
demographics, operation 
factors and aircraft 
characteristics, geographical 
and environmental factors, 
flight distances 

491 incident data 
from Australian 
Transport Safety 
Bureau database 

• Psychological aspects rather operational 
aspects are the primary influence on 
pilot’s decision making in such weather-
related situations. 

• The influence of the halfway point on 
pilot’s behaviour in that the majority 
pilots avoided the weather before the 
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Reference Topic Scope Method Data Key findings 

halfway of the flight 

(FAA, 2009) 
Weather decision 
making 

To guide GA pilots regarding pre-
flight weather planning N/A N/A • Use of weather information pre-flight and 

in-flight planning 

(Loss of 
Control 
Action 
Group, 2013) 

Vision of pilots To identify the factors that are 
related to monitoring 

Reports from investigation 
teams, e.g. Air Accident 
investigation Branch, National 
Transport Safety Board 

N/A • Factors influencing monitoring 

(Rizzolatti et 
al., 1994) 

Vision of pilots 
To review spatial attention using 
psychological and 
neurophysiological data 

N/A N/A • Definitions of attention 

(Tsang, 
1992) 

Vision of pilots 

Aging and pilot’s performance 
Review of psychological literature 
that is based on laboratory 
findings 

Literature review N/A 

• Perceptual processing tends to decline 
with age 

• Ageing weakens the retrieval of 
information from long-term memory 

(Wickens et 
al., 2000) 

Influence of 
technologies used 
by GA pilots 

To study the visual workload, in 
particular the ‘pilot head down 
time’ 

Simulated flight in which the 
eye scan measures were made 
using the eye/head tracker 

17 flight 
instructors 

• A majority of time is spent fixating in the 
cockpit 

(O'Hare & 
Stenhouse, 
2009) 

Influence of 
technologies used 
by GA pilots 

To study the effectiveness of 
graphical displays of 
meteorological information 

Comparison of original and 
redesigned of a commercially 
available graphical display 
using a desktop computer. 
Participants were assessed 
regarding the amount of 
information correctly recalled, 
the amount of information 
omitted and the time spent 

23 undergraduate 
students 

• Ergonomically redesigned display is 
superior to the ordinary design (improved 
recall of information) 

• Experience and familiarity with a 
particular format for presenting 
information can significantly degrade the 
efficacy of a redesigned display 
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Reference Topic Scope Method Data Key findings 

looking at each display. 

(O'Hare et 
al., 2009) 

Decision making 
strategies 

To study the effects of case-based 
training on decision making in a 
simulated flight 

Simulated flight 
Half participants read cases of 
accidents due to the weather 
and half participants read 
cases where the pilot 
successfully dealt with the 
weather conditions. 
Half participants engaged in a 
reflective thinking exercise 
following each case. 

27 people with 
minimal or no 
flying experience 

• Participants who engaged in ace-based 
reflection made more appropriate and 
timely decisions in a simulated flight 
involving deteriorating weather that 
participants who simply recalled the 
material 
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4.3.6 Contributory factors of airspace infringements 

This review of a GA pilot’s performance has identified factors that can either 

degrade or improve a GA pilot’s performance. These factors are related to the decision 

making, the vision and the technologies used by the GA pilots. Whilst the literature 

primarily focused on the weather-related decision making, the findings can be adopted in 

this thesis assuming that a GA pilot’s decision making will not differ dramatically in other 

topics, such as planning and navigation. Given that such factors were not found in the 

studies of AIs conducted by EUROCONTROL and UK CAA (section 3.2), these pilot’s 

performance factors will be considered in this thesis to develop the bespoke taxonomy of 

the contributory factors of AIs. 

The factors, which are of relevance to AIs are outlined in Table 13. For each 

contributory factor, mitigation actions are proposed. It can be seen that these themes are 

generic and are expected to become more specific for the AIs in the remaining of this 

thesis.  

Table 13 Pilot’s performance contributory factors based on the literature review 

Number Contributory 
factor Description 

1 Pilots use the 
analytical decision 
making model 

Pilots either with low experience or pilots who are unfamiliar 
with the flight will probably use the analytical model that is 
time-consuming and the outcome may be unsatisfactory. Time-
consuming nature of the model means that the pilot will focus 
on making the decision and other flying tasks may be of a lower 
priority. This inability to do other essential tasks, e.g. 
monitoring the aircraft heading, may lead to an AI. 
Mitigation: Pilots who have gained experience should shift from 
the analytical to the automatic/naturalistic model. 

2 Pilots failed to use 
the recognition 
primed decision 
model 

Pilots may wrongly assess the current situation, make 
inadequate use the cues or inefficiently evaluate the measures. 
Mitigation: Pilots should train to adequately use the recognition 
primed decision model 

3 Pilots use of non-
compensatory 
decision making 
strategies 

Pilots that use non-compensatory decision making strategies, 
i.e. rule-based and case-based strategies, will need more time to 
make a decision and the decision itself may be inadequate. The 
latter is due to the limitation of these strategies that either use 
ill-defined rules or use cases that may not be as similar as 
anticipated by the pilot. Cases may have also been successful by 
chance. 
Mitigation: Pilots should improve the non-compensatory 
strategies by debriefing or training.  
Pilots should shift to compensatory decision making strategies. 
Checklists can be created to direct the pilots to actually 
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Number Contributory 
factor Description 

implementing such a new strategy. 
4 Pilots are novices Lack of expertise can degrade a pilot’s performance.  

Mitigation: Novices pilots should expose themselves to a 
diverse range of flying activity and maintain their skills through 
practice. 

5 Pilots are experts Expert pilots can suffer from behavioural traps and biases, e.g. 
overconfidence.  
Mitigation: Pilots should become aware of these traps and 
biases. Sharing experience with their peers may help.  

6 Pilots 
inadequately 
utilise the cues 

Pilots with low experience or pilots who are unfamiliar with the 
flight will probably utilise the cues poorly and this can lead to a 
poor decision making. 
Mitigation: The presentation of cues can be improved so that 
pilots will access relevant cues in short time and easy. 

7 Pilots suffer from 
hazardous 
attitudes 

Pilots may suffer from anti-authoritarian, impulsiveness, 
invulnerability, resignation and macho attitudes. 
Mitigation: Pilots should become aware of the traps and biases. 
Sharing experience with their peers may help. 

8 Pilots suffer from 
behavioural traps 
and biases 

Pilots may feel peer-pressure, be overconfident, be complaisant 
or insists on continuing the flight as planned. Pilots may suffer 
from confirmation bias. loss-aversion bias and anchoring bias. 
Mitigation: Pilots should beware of the traps and biases. 
Sharing experience with their peers may help. 

9 Pilots poorly 
perceive risk  

Pilots who fail to understand the inherit risk may make 
decisions based on wrong situational awareness.  
Mitigation: Pilots should continuously review their personal 
risky aspects. 

10 Pilots are risk 
tolerant 

Pilots may be risk tolerant in particular situations and this 
might be influenced by a successful similar situation that 
occurred in the past. Pilots may be influence by the motivation, 
e.g. reach the destination to go home. The use of a “trust-
worthy” device may increase the risk tolerance of pilots. 
Mitigation: Pilots should raise their personal minimums of risk 
tolerance as per situation and debrief themselves regarding 
successfully conducted risky situations in the past.  

11 Pilots experienced 
a successful past 
situation 

Pilots who have successfully completed a risky situation may 
undertake this situation again in the future because of previous 
success. 
Mitigation: Pilots should never relax their personal minimum 
due to one successfully executed risky situation. 

12 Pilots lost their 
situational 
awareness 

Pilots may lose their situational awareness in particular, the 
geographical, spatial, system and environmental awareness. 
Both poor aircraft handling and task prioritisation may also 
relate to poor situational awareness. 
Mitigation: Pilots should develop such a strategy to ensure that 
they always maintain their situational awareness.  
Pilots should always be aware that they are vulnerable 
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Number Contributory 
factor Description 

especially due to physiological reasons, e.g. vision. 
Pilots should train and develop their skills needed for the three 
levels of SA. 
Pilots with many tasks to undertake should prioritise them so 
that they maintain their SA. 
Pilots that fly in an environment in which the workload is 
expected to increase should ensure that they maintain their 
awareness. 

13 Pilots failed to 
perceive the 
environment 

Pilots may fail to monitor or observe data due to physiological 
factors, mental information processing, tools that are used. 
Mitigation: Pilots should practise their skills 

14 Human vision has 
physiological 
limitations 

Human vision is vulnerable due to physiological limitations.  
Mitigation: Pilots should be aware of these limitations and 
ensure that they confirm what they see. 

15 Pilots poorly 
monitor and pay 
attention on 
specific things 

Pilots with inadequate monitoring skills and irrational attention 
will inadequately receive the visual input and thus, their SA will 
be poor. Pilots may identify aspects that would wish to be 
vigilant in the flight.  
Mitigation: Pilots should train their monitoring skills so that 
they receive the information they need. Pilots should identify 
the times they need to pay attention to particular visual 
information so that the pilot does not lose his/her SA.  

16 Pilots conduct an 
ineffective visual 
scanning 

Pilots may use an inappropriate visual scanning by looking at 
only an important source of information all the time or by 
looking at all the weather parameters that cannot be explained. 
Mitigation: Pilots should ensure that they receive information in 
their frequency that they require, that they receive important 
information and that they can anticipate this information.  

17 Human vision is 
degraded by 
ageing 

Ageing may make pilots vulnerable in seeing things as well as 
processing the visual information.  
Mitigation: Pilots should be aware of the physiological 
degradation of vision.  

18 Pilots changed 
unconsciously 
their decision 
making due to the 
use of technologies 

Pilots may change decision making strategy due to the use of 
emerging technologies, such as GPS. This change can make 
pilots to make more tactical decisions in-flight. 
Mitigation: Pilot should review the times that he should make a 
decision and determine whether strategic decisions are better 
off than tactical decisions. Pilots should consider the possibility 
of the failure of such devices. 

19 Pilots are over-
reliant on 
emerging 
technologies 

Pilots may be over-reliant on modern navigation tools and 
believe that every measurement is correct. 
Mitigation: Pilots should become aware of the strengths and 
weaknesses of the modern navigation tools and use them 
accordingly.  
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 Conclusions 4.4

Chapter 4 remarked that GA has not been particularly subject to study compared to 

commercial and military sector. This is evident in the absence of a practicable definition of 

GA and an extensive description of the GA flying as well. For these reasons, definitions of 

GA were reviewed and a definition of GA was proposed. GA was also described regarding 

the GA fleet, aerodromes, flying, licences, pilots’ demographics and technologies relevant 

to GA. This extensive description adds to the literature regarding GA operations and thus, 

it can be useful for researchers and aviation practitioners. Within the context of this thesis, 

the description of GA highlighted the need to consider the diversity of GA, e.g. aircraft fleet, 

and the impact of this diversity on the ATM. For example, ultralight aircraft that is not 

fitted with a transponder is rarely detected by the ATS infrastructure and thus, AIs that 

involved such aircraft will be underrepresented in the safety database of the ANSP and 

NAA. 

The knowledge gained concerning GA can be utilised by researchers to design the 

sample and also research other areas that concern GA pilots. In the literature, pilots were 

selected based on the licence (e.g. private pilot or commercial pilot licence) or their rating 

(VFR or IFR) whilst the purpose of flying (e.g. recreational or aerial work), aircraft design 

(e.g. ultralight) and pilot’s age bands are equally important; however, they are not 

accounted on these studies. For example, aircraft that are not fitted with a radio, the air-air 

and ground-air communications cannot be established. Furthermore, pilot’s performance 

is strongly related to the decision making that is also complex and affected by various 

other aspects, e.g. situational awareness, expertise, risk management of pilots. Although 

these aspects were studied in the literature in relation to weather, their findings can be 

adopted in this thesis. Meanwhile, it is evident that such research should expand towards 

the decision making of pilots undertaken in flight planning and navigation in typical non-

adverse weather. 

GA is undoubtedly in a transition period regarding the use of technologies. Pilots 

increasingly plan the flight and navigate using apps installed in tablets. These changes can 

significantly change the decision making of GA pilots that can affect their performance. 

Such observations are evident in the studies of the use of the GPS by GA pilots. Of great 

importance is that pilots were not taught to utilise these technologies whilst pilots by law 

must fly in the traditional manner. Regarding demographics, a significant proportion of GA 



Chapter 4 General aviation definition and review of pilot’s performance 

130 

 

pilots are over the age of 45. These pilots are used to flying using paper documentation 

and analogous instruments and thus, their shift to modern digital technologies that 

significantly differ from the traditional ones may degrade their performance. Needless to 

say that these GA pilots also experience changes in their eye sight and this change may 

affect their monitoring skills. Therefore, the impact of the use of tablets and apps should 

be further studied. 

Last but not least, factors that can improve and degrade a GA pilot’s performance 

were found in the literature. These factors are related to the decision making, the vision 

and the technologies used by the GA pilots. These factors were not found in the studies of 

AIs by EUROCONTROL and UK CAA as mentioned in Chapter 3 and thus, they will be used 

for the development of the taxonomy of the contributory factors of AIs. Mitigation actions 

were also proposed for these factors based on the aspects that can improve a pilot’s 

performance as found in the literature. 
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Development of the framework 

Pro-Saf(ArI)  

5 Chapter 5 Development of the framework Pro-Saf(ArI) 

In Chapter 3, questions were raised on the adequacy of incident data and 

methodology used in previous studies of AIs. It is evident that such a methodology does 

not exist and is needed to analyse incident data at the national level. Safety analysis will 

benefit from a systematic way by which to extract contributory factors (CFs), and to 

compare aspects of AIs to enable their monitoring and assessment of safety risk. 

Therefore, this chapter develops a framework to analyse AI incidents. These incidents will 

consist of a narrative description of the incident provided by at least one of the following: 

the infringing pilot, the ATCO and the investigator.  

Chapter 5 is structured as follows. In section 5.1, the objectives and the 

requirements of the framework is highlighted. In section 5.2, the development process is 

presented. In section 5.3, the framework is described with particular interest in the 

extraction of the contributory factors from the incident narratives. The analysis of the 

narrative is demonstrated using three examples. In section 5.4, the key features of the 

developed framework are highlighted. 

 Objectives and Requirements 5.1

The key objective of the framework is to facilitate the analysis of reported AI 

incidents so that the stakeholder better understands them and subsequently, improves its 

decision making concerning safety and operations that are affected by the AIs. The 

framework will provide the scientific evidence that the stakeholder will use to “do 

nothing” or “do something” and will also determine the particular aspects that the 

stakeholder should focus on.  
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There are five requirements of the framework. The framework must be: 

1. Easy to use; 

2. Applicable by both the ANSP and NAA; 

3. Able to be incorporated into the SMS of the ANSP; 

4. Flexible so that it is applicable to small and large datasets, low and high quality data, 

incidents reported by the ATCO, who observed the incident, and by the infringing pilot 

and incidents that only the description by the investigator is provided; 

5. Systematically updated to allow new knowledge to be incorporated.  

 Development process 5.2

The developed framework Proactive Safety Analysis of Reported AIs (Pro-Saf(Ari) has 

been obtained through an iterative process. The development process is illustrated in 

Figure 21. Frameworks that analysed ATM-related incidents were reviewed in order to 

establish the methods needed for such incidents, e.g. the data quality assessment, and to 

examine the potential of applying statistical analysis to reported incidents. Similarly, 

literature of the long-standing road transport accident analysis was reviewed regarding 

the methods used to identify and analyse contributory factors. From past studies of AIs, 

contextual and contributory factors were identified. The limitations of the quantitative 

analysis in these studies were highlighted as well. Given these findings, the requirement 

criteria were defined and the framework was designed and validated as described below.  

The initial version was designed in 2012 as part of the author’s MSc dissertation and 

was evaluated using a small dataset provided by the ANSP Avinor (Psyllou, 2012). It was 

later updated to meet the requirements of section 5.1. The initial requirements of the 

framework focused on the benefits gained by the use of this framework by ANSPs and 

reflected the aspects discussed in the studies of AIs. Further research on AIs and safety 

literature (Chapter 4) has revealed that other aspects are relevant to the AIs, e.g. a GA 

pilot’s performance, and that the framework should be applicable to the NAA’s dataset as 

well.  

The framework was validated regarding the adequacy of the methods and the 

reliability of the results. The former was validated by safety experts and statisticians. The 

latter was validated by safety experts through its development as well as structural 

feedback from conferences in air traffic management. The validation process was 
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conducted in four steps. The framework was initially evaluated using a small dataset from 

a high quality database provided by a stakeholder that possessed a SMS and is based in a 

country which had problem with large numbers of AIs. This validation was conducted in 

2012 using the dataset provided by Avinor in the period 2008-2011. Then, the framework 

was evaluated using the data provided by the NAA of the same nation, i.e. CAA Norway, 

using the incidents that the infringing pilot submitted a report. In the third step, data from 

two other countries that have a problem with large numbers of AIs were collected. In 

particular, the data provided by the UK CAA and Trafi were used. In the final step, the 

framework was evaluated using latest data provided by Avinor.  
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Figure 21 Development process of the Pro-Saf(ArI) framework 

Pro-Saf(ArI) framework 5.3

The framework is outlined in Figure 22 and each step is described in turn below. 

Figure 22. Outline of the Pro-Saf(ArI) framework 
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5.3.1 Coding the dataset 

In Step 1, the data are coded so that the datafields shown in Table 14 are created.  

Table 14 Datafields of the ideal incident database 

Number Category Datafield topic 
1 Incident information  Incident reference 
2   Date (weekend, month, year) 
3   Time 
4 Description Description from the reporter 
5   Description from the pilot 
6   Description from the investigator 
7 Infringing aircraft Call sign 
8   Flight phase 
9   Origin of flight 

10   Destination of flight 
11   Aircraft model 
12   Aircraft design categories for GA 
13   Flight Operation 
14   Number of aircraft involved 
15   FPL activation 
16   Transponder code/activated 
17   Navigation equipment on-board 
18   Two way radio contact 
19   Infringing altitude 
20   Flight path 
21   Flight length 
22 Involved aircraft Call sign 
23   Flight phase 
24   Aircraft design 
25   Flight Operation 
26   FPL activation 
27   Transponder 
28   Infringing altitude 
29   The way that the conflict was noticed 
30   Separation lost 
31   Airprox 
32 Controller Reporting unit 
33   Type of service 
34   Workload 
35 Severity Safety effect on ATM 
36   ATM contribution to the incident 
37 Environment Weather relevant 
38   Weather conditions (wind, cloud, visibility) 
39   Light condition 
40 Airspace Class 
41   Type 
42   Location Coordinates 
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Number Category Datafield topic 
43   Location code (e.g. ENGM) 
44   Traffic density 

 

The ideal dataset consists of datafields that describe the following: airspace and 

aircraft characteristics, date and time of the incident, details of the reporter, severity 

assessment of the incident and a narrative by the reporter and the investigator of the 

incident. Therefore, coding includes modifications to the existing data fields and the 

creation of new data fields in the dataset. Missing data are replaced with relevant data 

from other data fields where possible. For example, if the class of airspace infringed for an 

incident is missing, the incident description can provide such information. In the situation 

where a large number of data values are missing, these are completed at a later stage 

when the narrative is analysed whenever possible. 

5.3.2 Data quality assessment 

In step 2, the post-coding dataset is assessed as to whether it can be used for safety 

analysis as outlined in Figure 22. This step is of particular importance because it 

determines the capabilities of the incident dataset based on the following nine quality 

dimensions: the accessibility, accuracy, consistency, completeness, credentials, 

interpretability, relevance, timeliness and the level of detail of the narrative description. All 

the quality dimension except the latter were proposed (Dupuy, 2012) in her research of 

the ATM-incidents of separation infringements. The level of detail of the narrative 

description has been developed in this thesis to overcome the absence of a measure to 

assess the efficacy of the incident narrative. The narrative description is the key source of 

information to find contributory and contextual factors and unfortunately has not been 

assessed. The nine quality dimensions are difficult to calculate; however, weights have 

been introduced by (Dupuy, 2012) to calculate the score of accessibility, completeness, 

consistency, relevance and timelines. The level of detail of the narrative is also to be 

quantified.  

The quality dimensions are outlined below.  

The dimension of accessibility aims to determine how many variables the dataset 

can provide without any further modifications, and considers the number of post data-

processing variables (N) that already exist in the dataset (explicit), which are modified for 
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the purpose of the analysis (inferred) or are newly created (implicit). This is shown in 

Equation 2. The weights of the variables are such that explicit variables make the dataset 

more accessible and their values are as proposed by (Dupuy, 2012). The lower the score of 

this criterion, the greater the number of variables to be created by analysts, thereby 

increasing the time needed for the analysis.    

 

Equation 2 

 

 

Accuracy describes the extent to which data values are correct, close to reality and 

free from error. The accuracy can be found by consistent checks of the agreement between 

the datafields, especially with that of the narrative description of the incident. The 

assessment of the accuracy is conducted at the coding of the dataset. For example, the 

datafields of flight phase or airspace class must match the information provided in the 

incident narrative. As it is time consuming to check every incident, it is recommended in 

this thesis that a sample of incident records will be randomly selected, i.e. 10%, to confirm 

the agreement between the datafields. 

Consistency, which is shown in Equation 3, estimates the percentage of data that are 

reported in the same manner within each variable (consistent). If a variable is either 

recoded or newly coded for the purpose of this analysis, this is also considered but they 

reduce the quality of the data. The weights are used as they were proposed by (Dupuy, 

2012). Certain variables are expected to change over time due to changes of procedures or 

reporting culture, e.g. severity assessment and thus, a lower score of this criterion 

indicates that not all the data can be used for all the stages of the analysis.      

 
Equation 3 

Completeness of the dataset is equal to the difference in the percentage of the 

complete data and the missing data as shown in Equation 4. The percentage of data 

missing for each variable is estimated and the arithmetic average of all the missing data is 

calculated. The larger the number data missing, the greater the restrictions on any 

analysis. However, a low score of this criterion must be further studied to determine as to 

whether the missing data are located in certain datafields.   

accessibility =  
0.04 × Ninferred + 0.16 × Nimplicit + 0.80 × Nexplicit

Number of variables
 

consistency =  
0.04 × Nnewly  coded + 0.16 × Nrecoded + 0.80 × Nconsistent

Number of variables
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Equation 4 

Credentials describes the extent to which data are obtained from reliable sources. 

Credentials can be measured qualitatively through a survey or audit of the stakeholder. 

Incidents reported by the ATCO and are already investigated can be assumed to be 

obtained from reliable sources. Incidents reported by the infringing pilots may not be such 

a reliable source, if it is assumed that these pilots are not trained to report incidents in a 

similar manner as to the ATCOs. However, if the incident were investigated, it can be 

assumed that these incidents were also obtained from reliable sources.  

Interpretability describes the extent to which data are completed in an unambiguous 

manner such that datafields are interpreted in the correct and similar manner by different 

users. It depends on the design of the reporting scheme and the training of the reporters. 

Interpretability is difficult to measure but stakeholders, especially the ANSPs that possess 

a SMS should be able to state that.  

Relevance, shown in Equation 5, aims to determine how many variables in the 

dataset are relevant to the analysis. The required variables are grouped into eight 

categories: incident information, description, aircraft, air traffic controller, severity, 

environment, airspace and contributory factors. The lower the score, the less the 

information provided in the dataset.  

 

 
Equation 5 

Timeliness describes how current the data are in terms of the delay in providing and 

processing the information. It can be defined as the elapsed time from when the event 

occurred, to the point in time when the data was first recorded. It can be measured by 

comparing the dates the incident occurred, the report was filed and the investigation was 

completed.  

The level of detail of the narrative describes the potential information included in the 

narrative that is a key datafield needed to find contextual and contributory factors. Its 

adequacy for the analysis is assessed neither in the other quality dimensions nor in the 

literature. Whilst the assessment of each narrative requires time and effort and an 

completeness =  100− arithmetic average of missing values percentage 

relevance =  
1

Ncategories
�

Nrelevant ,i

Nrequest ,i
× 100

Ncategories

i=1
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indication of the adequacy of the narrative in each dataset is needed before the incident 

analysis commences. With the aim to assess the adequacy of the narrative in a timely 

manner, a sample of narratives that represents at least 2-5% of the narratives is used to 

count the narratives that are longer than 20 words and provide information about the FPL, 

airspace, radio communication, ATCO’s reaction, infringing altitude and transponder code. 

These parameters are shown in Table 15. This information is used to determine the level 

of detail using the score bands as shown in Table 16.  

Table 15 Quality dimension of the level of detail of the narrative - Parameters 

Parameter Explanation 

Length 
Whether the narrative length is greater than 20 words in order to 
ensure that the provided information adds new knowledge in addition 
to the other datafields  

FPL Whether a FPL was activated, e.g. FPL ENKJ-ENBR VFR or VFR No FPL. 

Airspace Whether information about the infringing airspace name, type and class 
was provided. 

Radio communication 
Whether information about the time that the radio communication was 
established or the radio frequency that the pilot was listening to was 
provided. 

ATCO’s reaction 
Whether the ATCO’s reaction to the incident was described, e.g. the 
ATCO called at another radio frequency, the ATCO called another ATC 
unit. 

Infringing altitude Whether the infringing altitude is provided. 

Transponder code Whether the transponder code is provided. 
 

Table 16 Quality dimension of the level of detail of the narrative - Score bands 

Score band Description Explanation 

Greater than 75% Detailed The narratives are likely to provide the majority of 
the required information 

Greater than 50% Moderate Some of the narratives may provide limited 
information. It is also possible that certain 
information will not be provided for all the 
narratives. 

Greater than 25% Poor/Moderate The narratives are less likely to provide the required 
information 

Lower than 25% Poor The narratives are unlikely to provide the required 
information 
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The level of detail of the narrative is calculated as Equation 6 show. For each 

parameter shown in Table 15, the number of narratives that is found in Nincidents that j exists is 

divided by the total number of incidents Nincidents. This sum is divided by the number of 

parameters Nparameter, i.e. seven in this thesis. 

The quality dimensions of accessibility, completeness, consistency and relevance 

should score more than 50%. In the event that any quality dimension scores below 50%, 

the data might be still used for certain steps and this is determined by the scores of all 

criteria and the level of detail of the narrative. The threshold is set 10% lower than in 

(Dupuy 2012) because of the different purpose of the quality assessment. In (Dupuy 

2012), the scores were used to determine whether the datasets could be aggregated. 

However, in this thesis, the main purpose of the assessment of the data quality is to 

establish the steps of the framework that can be conducted for each dataset and thus, the 

threshold is reduced. 

5.3.3 Contextual factors 

In step 3, the descriptive statistics of the contextual factors of AIs are conducted. 

Such contextual factors can be: the number of aircraft involved in the incident, infringing 

aircraft type, month and location of the incident, light conditions, flight phase, infringing 

airspace class and type, time of establishment of the two-way radio contact, traffic density 

of the infringing sector and the ATCOs’ workload at the time of the incident. Some of these 

contextual factors may be explicit datafields, e.g. the flight phase, infringing airspace type 

and class. The other factors are found in the narratives from the ATCOs and pilots and the 

comments from the incident investigator are used to identify these factors.  

The factor “two-way radio contact”, which is based on EUROCONTROL’s study 

(European Air Traffic Management, 2008) (section 3.2), is modified to have four instead of 

three categories so as to better represent this important factor for safe air operations. The 

new categories specify the operator, i.e. ATCO and pilot, who initiated the radio contact 

after the incident. The categories are: no ground-air communication, pilot calls ATC before 

 

Equation 6 
Narraive =  

1
Nparameter

�
Nincidents  that  j exists

Nincidents

Nparameter

j=1
 X 100 
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the incident to report position or request a clearance, ATCO initiates radio contact after 

the incident and, pilot initiates radio contact after the incident.  

5.3.4 Contributory factors 

In step 4, narratives are analysed to determine the contributory factors. The 

narratives of the incidents can be reported by the ATCO and pilots and, the comments 

from the incident investigator.  

The process to identify the contributory factors involved in each incident is as 

follows. Each incident is examined separately; however, the findings for each incident are 

compared to ensure a consistency of the findings. The narrative is read until the following 

are completely understood: the involved actors (e.g. aircraft, pilots and ATCOs), the 

environment in which the incident occurred (e.g. geographic location, airspace type) and 

the evolution of events (e.g. radio communications before the incident). Such information 

can be retrieved from the location of the incident, the infringing altitude, the boundaries of 

controlled airspace (altitude and shape), terrain profile, month and time, flight phase, 

aircraft design, filed FPL and attempt to request a clearance. Other datafields can be used 

as well as the aeronautical charts and topographic maps of the infringing areas. 

Contributory factors are identified in the narrative through keywords, which can be 

either words or phrases, and any segment that appears to tell the analyst something of 

relevance to the contributory factors. Keywords are easier to detect than segments 

because the latter depends on the writing style and the content of the narrative, thus, it is 

a skill that it is developed with experience. A keyword can be “No FPL”, which means that 

the flight plan is not filed.  

In order to eliminate any bias imposed by the analyst, there are three rules that 

must be followed in analysing the narrative. Firstly, contextual factors should be used to 

force the analyst to visualise the incident using objective information. Secondly, 

contributory factors should be studied rather than causal factors so that the analyst 

determines a range of factors rather than a single causal factor. Finally, there are no 

restrictions concerning the number of contributory factors of each incident and thus, more 

than one contributory factor can be found. For incidents where the narrative lacks 

essential information, the contributory factors should not be determined. Therefore, the 

analyst is not forced to find contributory factors if no textual evidence exists.  
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The priori taxonomy of contributory factors of AIs is created using the factors found 

in the studies of EUROCONTROL and the UK CAA (European Air Traffic Management, 

2008; European Air Traffic Management, 2007b; European Air Traffic Management, 

2007a; Safety Regulation Group, 2003). Once the analysis of the narrative is complete, the 

priori taxonomy is modified so that the new contributory factors are added. The taxonomy 

is also reviewed for any overlaps of contributory factors and for organising the factors into 

categories. 

5.3.5 Safety and transition barriers 

Narratives are also analysed to determine the safety and transition barriers. Given 

the precursor chain AI- Accident developed in Chapter 2.5, barriers can prevent the 

incident from occurring, i.e. Transition Barrier 1, resolve the incident or minimise the 

safety effect of the incident, i.e. Transition Barrier 2. As shown in the AI-incident 

development model in Chapter 2.5, the AI and its subsequent evolution to another 

precursor can be prevented by the safety barriers at four layers. Similar to the 

contributory factors, safety barriers will be primarily determined from the incident 

narrative. At the layer of the operator and technologies, safety barriers will relate to both 

the pilot and the ATCO and their failure to prevent the AI will be identified. For example, a 

safety barrier can be the establishment of the two-way radio communication. In the 

situation in which the pilot did not call the ATS before the incident, then the safety barrier 

failed and the ATCO attempts to communicate with the pilot. If the pilots responds to the 

ATCO calls and follows the ATCO’s instructions, then the AI is resolved and thus, it was 

prevented from evolving to the following precursor.  

Another safety barrier can be the activated transponder. In this situation, the ATCO 

continues to monitor the flight route of the infringing aircraft or instructs other traffic to 

deviate to minimise the safety effect of the AI, even if the ATCO is not in radio contact with 

the infringing pilot.  

5.3.6 Illustration of the analysis of the narrative 

Three examples are used to illustrate the extraction of the contextual factor location, 

two-way radio contact, the contributory factors and the safety barriers.  
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5.3.6.1 Example 1  

ATCO’s narrative “Airspace Infringement. LNTFV was flying on a fireguard route. 

The pilot was told to remain below controlled airspace and he was not happy about it. A 

few minutes later, I saw him climbing through 2800 feet and I asked the pilot to report its 

altitude. He mumbled, "2800, descending again". Controlled airspace begins at 2,500 feet 

in this area. IFR traffic on the way to RWY 30 at ENRY.” (Report S0018116, April 2012) 

5.3.6.1.1 Description 

General – The incident occurred in the Farris TMA (RWY 30 at ENRY, the missing 

value of the datafield Location and altitude 2800ft) in April 2012. The 

aircraft was a fixed-wing motorised aircraft used by the firefighters. Flight 

phase was en-route (Datafield Flight Phase) 

Infringing pilot – The pilot called the ATC before the incident to request a clearance. 

His clearance was rejected and the pilot was told to remain below 

controlled airspace of the Farris TMA, i.e. below 2500ft. The pilot 

intentionally climbed and infringed the Farris TMA. The transponder and 

the radio were turned on. The pilot responded to the ATCO’s call and 

followed the ATCO’s instruction to dive below the Farris TMA.  

ATCO – The ATCO rejected the clearance and clearly instructed the pilot to not 

infringe. The ATCO noticed the incident on the radar screen and called the 

infringing pilots and instructed him to descend below controlled airspace. 

Missing information about the ATCO’s workload. 

Traffic – There was inbound IFR traffic to Rygge ENRY airport. Missing information 

about the traffic density of the airspace. 

Severity – No separation minimum infringement. The incident was classified as E4.  

5.3.6.1.2 Contextual factors 

Location – Farris TMA near ENRY airport. No specific location.  

Time that the radio contact was established – The pilot called before the incident to 

request a clearance and thus, it refers to the second category. 

Infringing altitude – The maximum altitude that he flew was 2800ft and thus, the 

aircraft was 300ft above the lower boundary of controlled airspace. 
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5.3.6.1.3 Contributory factors 

The pilot knows that he must request and be issued a clearance and that is what he 

did the first time and thus, the CF the pilot has inadequate knowledge of 

airspace procedures is not true for this incident. The fact that the pilot knew 

the procedures but did not follow them the second time is what 

characterised the incident as intentional. Hence, the CFs pilot intentionally 

flew into controlled airspace is true. The pilot perceived the forced entry 

into controlled airspace to be a clearance and thus, the pilot has wrong 

expectations to be issued a clearance is a CF. The ATCO rejected the 

clearance and this is another CF.  

5.3.6.1.4 Safety barriers 

The ATCO followed all the steps. The pilot responded to the ATC call and thus, the 

incident was resolved.  

5.3.6.2 Example 2 

ATCO’s narrative “LNAHN enters Hovden. The pilot calls the Hovden AFIS over Stryn 

and reports 8000ft. The aircraft is a little south of the border of Møre TMA. The duty 

officer perceives it so he is browsing the weather information, since it was a bit cloudy and 

difficult for VFR conditions. The pilot received the weather information and the call ends. 

The officer in charge get a little later a call from the Møre APP saying that they have an 

aircraft that entered the TMA and probably is flying to Hovden. The officers in charge 

suggests that this aircraft may have been the LNAHN and says that he spoke with the pilot 

earlier. The duty officer will again contact LNAHN, and agrees with the Møre APP about 

keeping the aircraft on its frequency.” (S0030858, June 2015) 

5.3.6.2.1 Description 

General – The aircraft was a fixed-wing aircraft (originated from the call sign). Flight 

phase is en-route (Datafield Flight Phase). The incident occurred in the 

More TMA (“The aircraft is a little south of the border of Møre TMA”) in June 

2015.   

Infringing pilot – The pilot called the ENOV while he was south of the More TMA 

south boundary, and reported the aircraft’s position and requested 

weather information. The pilot did not contact More and tuned in to ENOV 
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frequency and responded to the ATC’s call while he was flying into 

controlled airspace. 

ATCO – The ATCO responsible for the infringing airspace noticed the incident and he 

called neighbour ATC units to identify the aircraft. The neighbour ATC 

collaborated with the ATCO, contacted the infringing pilot in order to both 

inform him of the incident and issue a clearance. In the very first contact of 

the pilot with the wrong ATC unit, the ATCO of the other unit assumed that 

the pilot contacted More TMA.  

Traffic – No traffic. Missing information about the traffic density of the airspace. 

Severity – No separation minimum infringement. The incident was classified as E4.  

5.3.6.2.2 Contextual factors 

Location – More TMA. 

Time that the radio contact was established – The pilot did not call the correct ATC 

unit and thus, it refers to the first category. 

Infringing altitude – The aircraft flew at 8000ft whilst the lower boundary was 

5500ft.  

5.3.6.2.3 Contributory factors 

There are two possible scenarios; however, a final conclusion cannot be made and 

all the contributory factors of both scenarios are considered for this 

incident The first scenario is that the pilot had high workload due to the bad 

weather and he forgot the procedures. The second scenario is that the pilot 

was not aware of the radio frequency that he had to tune in and thus he 

was listening to the wrong radio frequency. The pilot may also have 

inadequate knowledge of the airspace procedures in that the pilot has to 

follow the dedicated dialogues to request a clearance and not only to report 

the aircraft position. Hence, the pilot may have poor communication skills. It 

is also possible that the pilot perceived the radio communication with the 

“ATCO other unit” to be a clearance. From the ATC, the ATCO did not 

instruct the pilot to switch to the other radio frequency and prevent the 

incident by providing information to the pilot of the procedures.  
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5.3.6.2.4 Safety barriers 

The ATCO responsible for the infringing airspace area followed all the steps. 

However, the “ATCO other unit” may have prevented the incident by the 

time the pilot called and report his aircraft’s position and requested the 

weather information. The pilot responded to the ATC call and thus, the 

incident was resolved.  

 

 

5.3.6.3 Example 3 

ATCO’s narrative “Approximately at 0815 UTC: I observe a VFR flight with SSR 7000 

northwest of Torp CTR climbing into Farris TMA 3.0FT. I have no flight on the radio and has 

not given clearance. I checked whether TFC [infringing aircraft] was on FR [Farris] 

frequency, but received no reply. TFC [infringing aircraft] routed towards SN [ENSN], I called 

SN [ENSN] AFIS and informed it about possible TFC [infringing aircraft] and asked to C / S if 

TFC [infringing aircraft] call up there. TFC [infringing aircraft] does not call up, and 

according to the next ATC at FR [Farris] leaving TFC [infringing aircraft] FR [Farris] TMA 

westward without talking to anyone. TFC [infringing aircraft] still unknown.” (S0026725, 

July 2014) 

5.3.6.3.1 Description 

General – The aircraft was unknown and it was observed on the radar screen with 

the transponder code 7000. Flight phase was en-route (Datafield Flight 

Phase). The incident occurred in Farris TMA at 3000ft in June 2014. No FPL 

was activated.  

Infringing pilot – No information because ground-air communication was not 

established.  

ATCO – The ATCO responsible for the infringing airspace noticed the incident and he 

checked the filed flight plans to check if there was any aircraft planned to 

fly through controlled airspace. The ATCO did not have any relevant FPL. 

The ATCO calls on another radio frequency that the pilot may be listening 

to. The ATCO could not get hold of the pilot. The ATCO also called other 

ATC unit to identify the aircraft. The other ATC unit had also no radio 
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contact with the infringing pilot. The ATCO was monitoring the aircraft 

until the exit of the aircraft from controlled airspace.  

Traffic – No traffic. Missing information about the traffic density of the infringing 

airspace. 

Severity – No separation minimum infringement. The incident was classified as E3.  

5.3.6.3.2 Contextual factors 

Location – Farris TMA west (flight direction westbound) where the uncontrolled 

airspace can be described as inadequate for VFR flying. 

Time that the radio contact was established – The pilot did not call the correct ATC 

unit and thus, it is the first category. 

Infringing altitude – The aircraft climbed to 3000ft and remained at this altitude 

whilst the lower boundary is 2500ft. 

5.3.6.3.3 Contributory factors 

The aircraft was flying constantly within 500ft from the lower boundary of Farris 

TMA and thus, the pilot had inadequate knowledge of the airspace 

boundaries.  

5.3.6.3.4 Safety barriers 

The ATCO followed all the steps. The pilot did not respond to the ATCO’s call and 

thus, the ATCO could not resolved the incident.  

5.3.7 Statistical associations 

For such a detailed taxonomy of factors, statistical analysis is conducted to identify 

relationships between the contributory and contextual factors. Therefore, step 5 tests 

associations between two factors (called “variables” in this section) as well as associations 

between two factors conditional on the levels of a third factor by means of two- and three-

way contingency tables using chi-squared tests. The statistical package IBM SPSS is used to 

test the associations. 

For these statistical tests, if the expected cell frequency is less than five then the 

categorical variables need to be transformed in such a way that the expected cell 

frequency is greater than five. This transformation can be done by merging low frequency 

categories without losing the meaning of the categories. For example, the contextual factor 
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that represents the month in which the incident occurs can be transformed to a variable 

that represents the months March, April and May, when pilots are more likely to do their 

first flight after the long inactive winter, and all the other months. The mathematical 

formulation of these two tests is shown below. 

In two-way contingency tables, the Pearson’s chi-square test is applied to study the 

independence of the two variables (Howell, 2015). A contingency table has 𝐼𝐼 rows and 𝐽𝐽 

columns. The observed counts 𝑂𝑂𝑖𝑖𝑖𝑖  of the 𝑟𝑟𝑡𝑡ℎ row (𝑟𝑟 = 1 𝑆𝑆𝑡𝑡 𝐼𝐼) and 𝑗𝑗𝑡𝑡ℎ column (𝑗𝑗 = 1 𝑆𝑆𝑡𝑡 𝐽𝐽) 

represent the number of common counts between categories of the two variables. 

Expected counts 𝐸𝐸𝑖𝑖𝑖𝑖  of the 𝑟𝑟𝑡𝑡ℎ row (𝑟𝑟 = 1 𝑆𝑆𝑡𝑡 𝐼𝐼) and 𝑗𝑗𝑡𝑡ℎ column (𝑗𝑗 = 1 𝑆𝑆𝑡𝑡 𝐽𝐽) are calculated 

using Equation 7. The Pearson’s chi-square statistic 𝑋𝑋𝑃𝑃2 follows an asymptotic chi-square 

distribution with (𝐼𝐼 − 1) ∗ (𝐽𝐽 − 1) degrees of freedom when the row and column variables 

are independent. It is calculated as Equation 8 shows. If the probability is less than 0.05 

and the expected cell frequencies is greater than five, then the null hypothesis of the 

independence of the two variables is rejected for the 95% level of confidence.  

𝐸𝐸𝑖𝑖𝑖𝑖 =  
𝑅𝑅𝑖𝑖∗ 𝐶𝐶𝑗𝑗
𝑁𝑁

         where N: is the total number of counts in the table Equation 7 

𝑋𝑋𝑃𝑃2 = ��
(𝑂𝑂𝑖𝑖𝑖𝑖 − 𝐸𝐸𝑖𝑖𝑖𝑖)2

𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

 Equation 8 

 

The conditional independence of three variables tests whether two variables 𝐴𝐴 and 

𝐵𝐵 are independent given the third variable 𝐶𝐶. To test for the conditional independence of A 

and B given C is the same as separating the table by levels of 𝐶𝐶 (𝑟𝑟 = 1 𝑆𝑆𝑡𝑡 𝐾𝐾) and testing for 

independence within each level using the chi-square test. The total degrees of freedom for 

this test is equal to 𝐾𝐾(𝐼𝐼 − 1) ∗ (𝐽𝐽 − 1). Another method is to use log-linear models that use 

the likelihood ratio statistic −2(𝐿𝐿0 − 𝐿𝐿1) to test the difference between a restricted and a 

more complex model as they are shown in Equation 9 and Equation 10 respectively. In 

these equations, 𝜆𝜆, 𝜆𝜆𝑖𝑖𝐴𝐴 and 𝜆𝜆𝑖𝑖𝑖𝑖𝐴𝐴𝐴𝐴 represent the overall effect, the main or marginal effect of 

the variable (e.g. A), and the association between two variables (e.g. A and B). The 

likelihood ratio statistic equals the difference in the deviance for the two models.  

         log�𝜇𝜇𝑖𝑖𝑖𝑖𝑖𝑖� = 𝜆𝜆 +  𝜆𝜆𝑖𝑖𝐴𝐴 + 𝜆𝜆𝑖𝑖𝐴𝐴 + 𝜆𝜆𝑖𝑖𝐶𝐶 + 𝜆𝜆𝑖𝑖𝑖𝑖𝐴𝐴𝐴𝐴 + 𝜆𝜆𝑖𝑖𝑖𝑖𝐴𝐴𝐶𝐶 Equation 9 
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           log�𝜇𝜇𝑖𝑖𝑖𝑖𝑖𝑖� = 𝜆𝜆 +  𝜆𝜆𝑖𝑖𝐴𝐴 + 𝜆𝜆𝑖𝑖𝐴𝐴 + 𝜆𝜆𝑖𝑖𝐶𝐶 + 𝜆𝜆𝑖𝑖𝑖𝑖𝐴𝐴𝐴𝐴 + 𝜆𝜆𝑖𝑖𝑖𝑖𝐴𝐴𝐶𝐶 + 𝜆𝜆𝑖𝑖𝑖𝑖𝐴𝐴𝐶𝐶  Equation 10 

 

5.3.8 Frequency and severity models 

Due to the assumption that a factor that frequently contributes to incidents may 

have smaller effect on severity and vice-versa (the assumption of mutual independence) 

(Wang et al., 2011; Savolainen et al., 2011; Lord & Park, 2008), the analysis is split at two 

levels. Firstly, factors are ranked according to their frequency of occurrence as in step 6. 

Secondly, severity models are developed to identify factors that may have an impact on the 

safe air transport operations as in step 7 (Wang et al., 2011; Savolainen et al., 2011; Lord & 

Park, 2008). Such severity models are widely used in the long-standing road-safety sector; 

however, appropriate models are developed to reflect the content of the reported data of 

AI incidents. For example, for a road accident the independent variables are the geometry 

of the road, which is known for all the accidents whereas for an AI incident the 

contributory factors are not always known for all the incidents. This limitation can be 

overcome by calibrating models for the whole dataset as well as for groups of incidents 

based on the contextual factors, which are: 

1. Establishment of radio contact  

2. Request of a clearance  

3. Location that most incidents occur. 

Severity models are binary logistic regression models, follow a binomial distribution 

and have a logit link function. A binary dependent variable represents the severity class of 

the incident that is estimated by the incident investigator. The severity class is defined by 

two five-scale one-to-five subjective measures: how severe the incident is and how 

frequently this severe incident occurs (European Air Traffic Management, 1999). Severity 

is assessed regarding the ability of the stakeholder to provide safe air operations and 

incidents that led to other incidents, e.g. an AI incident led to a loss of separation, will not 

necessarily be classified as severe incidents. The latter is neglected in this analysis due to 

the small size of the dataset. For even more efficient estimation, serious, major and 

significant incidents are considered as one category that corresponds to a value of one for 

the binary dependent variable. This category also includes incidents whose safety effect 

cannot be determined as it is assumed that incidents might have been serious. The other 
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category of the binary dependent variable, which has zero value, corresponds to incidents 

with no safety effect. For this thesis, the safety effect on the ATM is considered.  

The severity variable might be inconsistent due to a change in the severity 

assessment of the incidents. In such a situation that the data are inconsistent, the dataset 

can be split so that only data with the same severity classification will be used to calibrate 

separate models though this action needs a relatively large sample e.g. greater than 800 

incidents. Alternatively, the severity variable can be re-coded for the smaller amount of 

incidents that are classified differently to minimize any bias caused by the recoding of a 

subjective variable. Such modifications might prevent models from being statistical 

significant at the range of 1-5%. This traditional and strict range can be relaxed for this 

thesis as the data are not provided for all the incidents, e.g. contributory factors, and the 

aim of the severity model is not to predict the likelihood of the incident but the factors that 

might affect safety. 

In order to test if the dependent variable follows a binomial distribution, a one-

sample binomial test is conducted to test whether the proportion of success on the two-

level categorical dependent variable significantly differs from a hypothesis value i.e. to test 

whether the proportion 𝜋𝜋 of severe incidents differs significantly from 50%. If the null 

hypothesis is rejected, then the variable follows a binomial distribution. The null and 

alternative hypothesis for one-tailed test at 95% level of confidence are shown in Equation 

11 and Equation 12. The statistical package IBM SPSS can be used to conduct this test.  

𝐻𝐻𝑜𝑜: 𝜋𝜋 ≤ 0.50 Equation 11 

𝐻𝐻1: 𝜋𝜋 > 0.50 Equation 12 

 

Independent variables 𝑥𝑥 are binary variables that represent contextual and 

contributory factors and represent the utility function of the model as it is shown on the 

right hand side of Equation 13. Chi-square tests are conducted to study whether there is a 

relationship between an independent categorical variable and the dependent categorical 

variable. As Equation 14 shows, the likelihood that an incident 𝑟𝑟 will have a major safety 

effect 𝑆𝑆1 on the ATM service equals to the exponential of the utility function over the sum 

of the exponential of the utility plus one. In Equation 15, the likelihood that an incident 𝑟𝑟 

will have no safety impact α2 on ATM service is equal to one minus this probability. 
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Equation 13 

 

Equation 14 
 

 

Equation 15 
 

 

Binary logistic models are calibrated using the maximum likelihood estimation and 

for goodness-of-fit measures, the Akaike Information Criterion and Bayesian Information 

Criterion are used because they consider the degrees of freedom of the model. The best 

model is the one that has the lowest value of these two criteria. Computation can be 

conducted with the statistical package IBM SPSS. For further details of the mathematical 

formulation of the model see (Ben-Akiva, M. & Lerman, S., 1997). 

 Conclusions 5.4

In this section, a framework was developed to thoroughly analyse reported AI 

incidents. The developed framework, called Pro-Saf(ArI), offers a systematic way to 

analyse reported incidents using both qualitative and quantitative analysis. This 

framework can be applicable to datasets provided by both the ANSP and NAA. The 

systematic analysis of the incident data has the advantage of aggregating the data 

provided by these two stakeholders for an even better understanding of AIs. The 

framework was validated by safety experts and statisticians. 

The framework exploits methods used in road transport in aviation safety. The 

concept developed by (Savolainen et al., 2011; Lord & Park, 2008) in highway engineering 

was adapted to this thesis. Whilst they use very large datasets of road accidents, AI 

incident datasets are significantly smaller. Furthermore, the authors of (Savolainen et al., 

2011; Lord & Park, 2008) knew the contextual and contributory factors of the road 

accidents beforehand for all the accidents, e.g. road geometry and driver’s alcohol 

consumption. On the other hand, in AI safety databases, these factors are found after the 

narrative description is analysed and they are selected from a larger taxonomy of CFs 

compared to the taxonomy of road accidents. Hence, the developed framework extensively 

Logit �𝑃𝑃𝑟𝑟(𝑆𝑆1)� = LN �
𝑃𝑃𝑟𝑟

1 − 𝑃𝑃𝑟𝑟
� = 𝛽𝛽0 + 𝛽𝛽1𝑥𝑥1 + ⋯+ 𝛽𝛽𝑟𝑟𝑥𝑥𝑟𝑟   

𝑃𝑃𝑟𝑟(𝑆𝑆1) =
exp(𝛽𝛽0 + 𝛽𝛽1𝑥𝑥1+ … + 𝛽𝛽𝑟𝑟𝑥𝑥𝑟𝑟)

1 + exp(𝛽𝛽0 + 𝛽𝛽1𝑥𝑥1+ … + 𝛽𝛽𝑟𝑟𝑥𝑥𝑟𝑟)   

𝑃𝑃𝑟𝑟(𝑆𝑆2) = 1 −  𝑃𝑃𝑟𝑟(𝑆𝑆1)  
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studies the incident’s contextual and contributory factors and introduces statistical 

analysis to a significantly smaller dataset.  

The framework further integrates the assessment of the data quality developed by 

(Dupuy, 2012) immediately after the coding of the dataset. A criterion that indicates the 

level of detail of the narrative was added. The analysis of the data quality is of particular 

importance as it determines the capabilities of the incident dataset based on the nine 

quality dimensions of accessibility, accuracy, consistency, completeness, credentials, 

interpretability, relevance, timeliness and level of detail of the narrative description. If the 

data are assessed as inadequate, there is no reason to proceed with the analysis.  

The assessment of the data quality enables the framework to be flexible as it can be 

used for small and large datasets, for low and high quality data. For large and high-quality 

datasets, statistical analysis can be conducted, i.e. associations between factors and 

severity models. On the other hand, lower-quality data can be used to analyse some 

contextual factors. Furthermore, the framework can be applied to datasets where the 

incidents were reported by the ATCO that observed the incident or by the infringing pilot 

or even incidents that only the comments of the investigator are provided. 

In conclusion, this framework, for the first time, allows a systematic safety analysis 

of AI incidents. A driver of the development of this framework is the continuously 

improving safety databases. With this framework, every information provided in the 

incident reports by ATCOs, pilots and investigators can be utilised. High quality data, as 

defined in this thesis, enables to introduce advanced statistical analysis. Last but not least, 

the framework is applicable to databases of different quality, size and origin. Such 

flexibility ensures the systematic analysis of similar data whose results can be compared 

and even be aggregated.  
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Chapter 6 

Analysis of reported incidents 

6 Chapter 6 Analysis of reported incidents 

Chapter 6 demonstrates the suitability of European safety databases for the analysis 

of AIs. Reported AIs from three datasets provided by three European nations, Norway, 

Finland and the UK are used. All these countries have problems with AIs, promote safety 

and their ANSPs possess a SMS. The framework Pro-Saf(ArI) presented in Chapter 5 is 

applied. Each database is studied separately and results are presented for each database. 

The databases were provided by the ANSP Avinor, the NAA Trafi and the NAA UK CAA. 

For each database, the key features of aviation related to AIs and GA are outlined. 

The database structure is described including the process that the data were collected. 

This is followed by the assessment of data quality to determine the steps of the framework 

Pro-Saf(ArI) that can be conducted. The results of the remaining steps of the framework 

are presented. Finally, the suitability of the European safety databases is critically 

discussed with respect to AIs.   

 Avinor’s database 6.1

Norway is located in northern Europe (capital Oslo’s coordinates are 

59°56′N 10°41′E) with long dark days during winter causing GA pilots to fly less between 

October and March. Norway is not a member of the European Union but is a member of 

the European Economic Area. Its ANSP Avinor is a member of EUROCONTOL. Norway has 

a working agreement with EASA. Norway is one of the most sparsely populated countries 

in Europe. Norway’s landscape can be described as mountainous and there are fjords at 

the coast. Fjords at the west southern coast are attractive to local and foreign tourists, 

including GA pilots.  

The airspace design has been subject to progressive changes since 2006 and these 

changes affect GA. The first change related to the airspace class. Since March 2013 

https://tools.wmflabs.org/geohack/geohack.php?pagename=Norway&params=59_56_N_10_41_E_type:city
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Norwegian controlled airspace below FL195 (i.e. 19,500 feet) and most terminal control 

areas (TMAs) have been classified as Class C airspace (Norwegian Air Sports Federation, 

Avinor 2011). The other airspace changes are related among others to changes in the 

names of the airspace areas and expansions of controlled airspace. These changes are 

summarised in Appendix IV. There were also changes in the severity and the reporting 

scheme. Finally, in 2013 in spring an awareness campaign took place in Norway to inform 

GA pilots about airspace design changes that started to be effective from that season. 

Activities were organized at the GA flying clubs.  

6.1.1 Avinor’s database description 

The dataset was provided by the Norwegian ANSP Avinor. The dataset consisted of 

91 datafields including all involved aircraft, weather, runway, automatic systems, sector, 

airspace, bird strike, narrative text, investigation and severity using the scheme ESARR 2 

(section 2.3). Not all of these datafields were relevant to the analysis of AIs and thus, the 

irrelevant datafields were excluded from the coded dataset. The data were provided for 

the period 1st January 2008 to 4th May 2016. Since 2012, the author has been in close 

collaboration with Avinor. Representatives of the safety department of Avinor and the 

Lloyds Register Foundation Transport Risk Management Centre meet once per year to 

present and discuss results. 

The incident data were provided in the following five stages with respect to the 

specific periods: 

• Between 2008 and 2011: received in June 2012 

• 2012: received in April 2013 

• 2013: received in June 2014 

• 2014: received in December 2015 

• Between 2015 and 2016: received in June 2016 

The incident narratives were written in Norwegian and thus, they were translated to 

English using “Google Translator”. The translation significantly increased the length of the 

analysis of this dataset. The total number of incidents in that period, i.e. the sample size, 

was 900 incidents. These incidents were those that the datafield “Incident type” was 

classified as “Airspace infringement”. It is possible that “Separation Minima 

Infringements” include AI incidents; however, the database stores only one type of 
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incident in this datafield and thus, such incidents were not selected. If such incidents 

occurred, they will be underrepresented in the dataset.   

In the studied period, the database faced two key changes. The first change is that of 

the severity assessment that was effective from 2013 for all the incidents, including AIs. 

The safety effect on the aircraft operation was no longer assessed due to the lack of 

information. The safety effect on the ATM caused by the incident has also changed in that 

it is based on the actual and not the potential safety effect. As a consequence of this 

change, the ESARR2 was assessed differently before 2013 and this difference will affect 

the severity analysis, i.e. Step 8 of the Pro-Saf(ArI) framework. The second change affects 

the structure of the database effective from September 2015. However, the data from 

September 2015 onwards were provided in the same format before and thus, the analysis 

was not affected.  

6.1.2 Avinor’s dataset quality assessment 

The quality dimensions are summarized in Table 17. The calculations of the quality 

assessment are shown in Appendix V. The data values were accurate, and were obtained 

from reliable sources given that ATCOs were trained to report adequately. Consequently, it 

is assumed that the datafields were also interpreted in the correct manner. Incidents were 

investigated within a week from the day of the report and thus, the timeline was assessed 

as good. The ATCO’s narratives were assessed as detailed because the selected narratives 

provided most the information needed as shown in Table 17. Furthermore, most ATCO’s 

narratives had similar structure, e.g. if a FPL was opened, the origin and estimation of the 

flight was likely to be provided, the ATCO would specify as to whether the flight was VFR 

or IFR. The ATCO would probably provide the call sign of the infringing aircraft or the 

transponder code 7000. Due to the detailed narratives, it is expected that the criterion of 

completeness will improve during the analysis of the narrative.  

The criteria of accessibility, consistency, completeness and relevance scored 52%, 

45%, 50% and 88% respectively. The ANSP collected most of the required data about the 

infringing aircraft, airspace, ATS and severity. The consistency scored lower than 50%; 

however, it is expected that the inconsistent information will be transformed to consistent 

using the detailed narratives. The benchmarking value is 50% and all dimensions, except 

that of consistency, scored more than 50%. The narrative was also assessed as detailed. 

Therefore, the Pro-Saf(ArI) framework can be applied to this dataset. 
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Table 17 Quality assessment of Avinor’s dataset 2008-2016 

Quality dimension Score 
Accessibility 52% 

Accuracy Agreement between the datafields and the narrative 
Consistency 45% 

Completeness 50% 

Credentials It is assumed that the data were obtained from reliable sources, i.e. 
ATCOs who are trained accordingly to report the incidents 

Interpretability It is assumed that the datafields were interpreted in the correct and 
similar manner by the ATCOs 

Relevance 88% 
Timeliness mean = 0.45 days, standard deviation=2.16 days, Min=0, Max=23 

Detailed narrative Detailed 
  86% 

  Percentage of narratives: 
  Length > 20 words: 100% 
  FPL: 22% 
  Airspace: 98% 
  Radio communication: 100% 
  ATCO's reaction: 100% 
  Infringing altitude: 84% 
  Transponder code: 98% 

 

6.1.3 Contextual factors 

Overall, the number of reported incidents follows an upward trend as shown in 

Figure 23. There is a dramatic drop of the number of reported AIs in 2013. That was the 

year that an awareness campaign regarding AIs took place in the GA community. GA flights 

are the most frequent contributors to AIs in Norway and this finding is in agreement with 

the findings of European statistics as stated in Chapter 3. Almost all infringing GA pilots 

were flying VFR in daylight.  
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Figure 23 Annual number of reported AIs 

6.1.3.1 Infringing aircraft  
In the study period, approximately 57% of the infringing aircraft were fixed-wing 

motorised aircraft that are meant to be fitted with a transponder and radio. A significant 

lower number of reported incidents involved helicopters (11%), ultralight aircraft (8%) 

and glider aircraft (0.44%). The last two aircraft designs are difficult to detect by ATS 

infrastructure and are rarely fitted with a transponder and a radio (section 4.2.6). Hence, 

the number of reported AIs by these aircraft designs might underrepresent the actual AIs 

involving such aircraft. AIs by military aircraft were also reported and represented 

approximately 15% of the annual AIs. Only three incidents involved commercial flights. 

AIs by unmanned aircraft were only reported in 2014 and 2015 with the total number of 

three. AIs by commercial, military and unmanned aircraft are outside the scope of this 

thesis. 

There were infringing aircraft whose identity remained unknown after the 

investigation. These aircraft represented approximately 5% of AIs. It should be made clear 

that the number of incidents, whose infringing aircraft’s identity was unknown by the 

ATCO at the time of the incident, was higher. This shows that the ATCO often faces the 

situation with limited information about the infringing aircraft for which ATCO has no 

control. 
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Given that GA flights are frequently involved in AIs in Norway, only AIs by GA and 

unknown aircraft are studied in the following sections. 

Most incidents (87%) involved only the infringing aircraft. Regarding the flight 

phase, approximately 74% of the incidents occurred during the en-route phase of flight. 

Approximately 11% of the aircraft infringed at arrival (approach and landing) and 

approximately 14% of the aircraft infringed at departure (take-off or climb).  

6.1.3.2 Airspace 
After the reclassification of the Terminal Manoeuvring Areas (TMAs) from class D to 

C in March 2013, most reported AIs occurred in airspace class C. The annual AIs of the 

control zone (CTRs) and TMAs varied over time. Approximately 48% and 5% of the 

incidents occurred in TMAs and CTRs respectively. AIs of danger or restricted areas rarely 

occurred, i.e. less than 1% in total. However, there were approximately 18.48% of the 

incidents that the airspace type could not be identified especially in 2014 and 2015.  

6.1.3.3 Incident location 
The Norwegian airspace is split into southern and northern airspace for the purpose 

of this thesis. Southern airspace covers the airspace from the Bodo city to the southern 

boundary of Norway as shown in Figure 24. Approximately 81 % of the AIs by GA flights 

occurred in the southern airspace. From discussions with Avinor and Norwegian pilots, GA 

pilots are mostly based in southern airspace where they usually fly.  
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Figure 24 Norwegian airspace grouped into southern and northern airspace 

In the southern airspace, key airspace design changes have been undertaken 

(section 6.1). Changes in the name of the airspace areas resulted in an inconsistent 

datafield of the location of the incident in the dataset. This limitation was overcome by 

recoding this datafield. The southern airspace was further split into the areas of 

Oslo/Farris, West Coast South, West Coast North, More and Kjevik as shown in Figure 25. 

Their annual AIs are shown in Table 18. The AIs in these areas are discussed separately 

below.   

 

Figure 25 Sub-groups of southern airspace of Norway 

 

Table 18 Airspace infringements in sub-groups in the period 2008-2016 

Sub-group 2008 2009 2010 2011 2012 2013 2014 2015 2016 Total 

Oslo 19 21 25 18 10 12 11 14 7 137 

Farris 16 30 27 22 15 13 16 12 2 153 

Sola 4 7 8 10 11 8 5 0 0 53 

Flesland 5 6 4 8 1 3 2 0 0 29 

WCS 0 0 0 0 0 0 2 21 5 28 

WCN 0 0 0 0 0 0 0 3 2 5 

Vigra 1 11 1 6 7 3 11 0 0 40 

Kvernberget 1 2 1 1 2 0 0 0 0 7 

More 0 0 0 0 0 0 2 16 2 20 
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Total 46 77 66 65 46 39 49 66 18 472 
 

6.1.3.3.1 Oslo and Farris 

Airspace areas over Oslo and Farris comprise of different types of controlled 

airspace (TMAs, CTRs, sports areas, danger areas) that pilots must not infringe, as shown 

in Appendix III. There are also two traffic information zones (TIZ), in which pilots do not 

request clearance but should be in radio contact, in west of Farris TMA. In addition to the 

diversity of airspace, there are many fjords in this area that may lead pilots to loss their 

geographical awareness. The horizontal boundary of the two TMAs (Oslo and Farris) 

varies in the latitude and longitude direction. Furthermore, in a few areas there is a 

relatively small distance between the highest point of mountains and the lower limit of 

controlled airspace, such as 700ft northwest of Farris TMA. 

The absolute number of AIs in Oslo and Farris dropped after 2010 and remains 

stable. Further analysis of the effect of season showed that the number of incidents 

occurring in in the spring season has decreased since 2014. This reduction was 

unexpected for the following reasons. Nothing essential has changed that would have 

reduced the number of AIs in this area. GA pilots continue to depart from ENKJ and fly in 

the east side of ENGM and they have same size of uncontrolled airspace (see in Appendix 

III). GA pilots have the same routes as before. The lower boundary of west of Oslo 

continues to have the varied shape. Similarly, the airspace design of Farris TMA remains 

the same expect the expansion in the west. 

The controlled airspace of Oslo and Farris was further grouped into 14 areas as 

show in Figure 26. It should be noted that this classification was undertaken for 90% of 

the incidents due to lack of information.  

Most incidents occurred in Area-11 in Figure 26. Although not conclusive, it was 

found that flights that depart from/arrive at the ENKJ aerodrome and travel towards 

Sweden fly in the Area-11. Furthermore, as observed earlier, the lower boundary of the 

TMA around the ENGM CTR changed to start at 2500ft as shown in Figure 27. In this area, 

seven incidents occurred. It is interesting to notice that the ENGM CTR was infringed less 

than before the change of the lower boundary. In particular, it was infringed twice in 2015. 

In these two incidents, the aircraft was flying close to the vertical boundary, i.e. the aircraft 
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did not cross the ENGM CTR. This area should be monitored to assess the effectiveness of 

the airspace design change of the CTR. The ENTO CTR was infringed the most. 

 

 

Figure 26 Sub-groups, i.e. areas, of airspace over Oslo, Norway 

 

Figure 27 Airspace around ENGM and the expansion of ENGM 
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6.1.3.3.2 Kjevik 

The number of reported AIs of Kjevik TMA varied in the studied period. There were 

one and eight AIs in 2014 and 2015 respectively whereas the average of AIs 2008-2013 

was eight. There were no clear reasons for this variation. 

6.1.3.3.3 West Coast South and North 

In 2015, the absolute number of AIs of West Coast South was higher than the year 

before both in the spring and summer seasons. However, in spring 2016, the total number 

of AIs was the same to that of 2014. The peak in 2015 may be due to the change of the 

boundary at the east of controlled airspace. As observed earlier, this area attracts aviators 

from all around the country. It was also noted by Avinor that the radar coverage may be 

poor in this area and this can result in the situation that the ATCO observes late the 

aircraft whose heading is towards the TMA or the ATCO does not detect the infringing 

aircraft at all.  

 Given the proximity of West Coast North and West Coast South and their 

landscapes, it was expected that they would have similar trends. On the contrary, there 

were significantly less reported AIs in the former area. For example, in 2014 there were 

only two incidents compared to eight in the West Coast South. Overall, AIs have decreased 

since 2012. No reasons have been found to explain this. 

6.1.3.3.4 More 

The absolute annual number of AIs in the More area varied in the study period. The 

average of 2008-2014 data was eight AIs whilst the standard deviation was six incidents. 

Immediately after the changes, i.e. year 2015, the number of AIs doubled and then 

dropped to two incidents. In 2015, most incidents occurred in the summer season and this 

can be explained by the weather in that the temperature is higher in summer than in 

spring given the geographical location of the More airspace. Furthermore, daylight lasts 

longer and VFR pilots can fly to such areas in the summer based on the assumption that 

most GA pilots are based in Oslo.  

6.1.3.4 Infringing altitude 
As shown in section 6.1.2, the infringing altitude was reported consistently in the 

incidents occurred in the period 2014-2016. For this analysis the following data were 

selected: incidents that involved GA aircraft and the infringing altitude was less than 
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10,000ft in the period 2014-2016. The analysis was conducted separately for airspace 

types TMA and, CTR and TIZ. 

6.1.3.4.1 Airspace type TMA 

There were 98 incidents that occurred near the lower boundary of TMAs. The mean 

infringing altitude was 4000ft (SD = 1466ft) as shown in Figure 28.  

 

Figure 28 Histogram of the infringing altitude in the TMA 

As of the altitude of the lower boundary, it varies as seen in Table 19. Once the 

infringing altitude is deducted from the altitude of the lower boundary of the TMA, the 

mean of this distance, which is named LB distance, is 1010ft (SD=794ft) is shown in Figure 

29. For more than half of these incidents, the LB distance was less than 1000ft and thus, it 

can be concluded that incidents occurred near the lower boundary.  
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Figure 29 Histogram of the distance from the lower boundary of the TMA 

 

The statistics of the infringing altitude, the altitude of the lower boundary and the LB 

distance are shown in Table 19. 

Table 19 Descriptive statistics of infringing altitude, altitude of the lower boundary of TMA and the 
lower boundary distance  

Descriptive statistics Infringing 
altitude (ft) 

Altitude of lower 
boundary (ft) 

Lower boundary 
distance (ft) 

Mean 4000 3000 1010 
Std. Deviation 1466 1096 793 

Range 7000 5300 5900 
Minimum 1400 700 0 
Maximum 8400 6000 5900 

Percentiles 25 3000 2500 500 
Percentiles 50 4000 3000 800 
Percentiles 75 5000 3500 1500 

 

6.1.3.4.2 Airspace type CTR 

There were 28 incidents that occurred in the airspace types CTR and TIZ. The mean 

infringing altitude was 1050ft (SD = 815ft) as shown in Table 20. Both the infringing 

altitude and the altitude of the upper boundary of the CTR and TIZ varied. This might be 

used as evidence that AIs of the CTRs and TIZs are not directly related to the upper 

boundary of the CTR or TIZ.  
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Table 20 Descriptive statistics of infringing altitude, altitude of the upper boundary of CTR/TIZ and 
the infringing distance (all values are in feet) 

Descriptive statistics Infringing 
altitude 

Altitude of the 
upper boundary 

Infringing 
distance 

Mean 1050 2500 500 
Std. Deviation 815 806 594 

Range 3200 4000 1900 
Minimum 300 1500 0 
Maximum 3500 5500 1900 

Percentiles 25 1000 1500 425 
Percentiles 50 1050 2500 500 
Percentiles 75 2000 2500 1350 

 

6.1.3.5 Seasonality 
The monthly AIs involving GA aircraft are shown in Figure 30. As expected, AIs 

occurred more frequently in the spring and summer seasons favoured by GA VFR pilots. In 

the spring, GA pilots probably start flying following a prolonged period of inactivity during 

the winter. Given their relatively few annual flying hours, e.g. 20 hours per year, according 

to the National Sports Federation, their flying skills may degrade at the beginning of the 

flying season. Regarding monthly trends, the monthly absolute values of AIs varied in the 

studied period. This can be used as evidence that other factors, e.g. local weather of the 

month, affects the GA VFR flying. Weather data were not available to evaluate this 

assumption.  
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Figure 30 Number of airspace infringements per month in the period 2008-2016 

6.1.3.6 Ground-air communication 
The time that the ground-air communication was established was analysed. As 

Figure 31 shows, in 2014-2015, only 20% of the pilots did not contact the ATCO. A 

comparison of the change from 2010 to 2015 shows that the number of pilots that did not 

contact the ATCO reduced by 40%. This observation shows that for more incidents, radio 

contact is established. In particular, prior contact between the pilot and the ATCO 

occurred in 23% of incidents in the period 2014-2015. The number of pilots who called 

the ATCO after the incident was slightly higher in 2015.  

 

Figure 31 Ground-air communication 

6.1.3.7 Severity ESARR 2 ATM 
AIs were assessed by investigators regarding the safety impact of the incident on the 

ATM. Using the new severity classification, most incidents had not any safety impact on 

ATM, i.e. Class E, as shown in Figure 32. It is noticeable that in 2014, the number of 

incidents whose datafield of “severity ESARR2 ATM” had missing values for approximately 

17% of incidents.  
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Figure 32 Number of airspace infringements per severity class  

6.1.4 Contributory factors 

The top five contributory factors (CFs) in the period 2014-2016 are shown in Table 

21. The ranking order of the top 5 factors is the same as the ranking of the previous years. 

These CFs were compared to those found in the studies by EUROCONTROL and the UK 

CAA (section 3.2). Overall, the factors found in the Avinor’s dataset differ from those of 

these AI studies, highlighting the diversity in the reporting of AI incidents across Europe. 

The Avinor dataset identified factors that were found in the pilots’ survey (European Air 

Traffic Management, 2007b) and split the generic factor “Inadequate knowledge of 

navigation of the pilo” into the following three factors: inadequate knowledge of airspace 

structure, inadequate knowledge of airspace procedures and inadequate knowledge of 

airspace boundaries.  

The two most frequent CFs are the inadequate knowledge of airspace procedures and 

boundaries by the pilot. Almost all frequent factors are related to pilots. The two most 

frequent categories of CFs were those related to pilots’ communication and navigation 

skills and contributed to approximately 39% and 35% incidents respectively, whereas 

factors related to equipment failure contributed to 1% of the incidents. Factors related to 

ATS contributed to 6%.  

Table 21 Top 5 contributory factors in the period 2014-2016  

1

10

100

Serious Major Significant Not determined No safety effect Null

Severity classification ESARR - ATM 

2008 2009 2010 2011 2012 2013 2014 2015 2016
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Contributory factor Frequency of occurrence Ranking 
Inadequate knowledge airspace procedures 59 1 
Inadequate knowledge airspace boundaries 59 1 
Use of wrong frequency 43 2 
Inadequate airmanship 31 3 
Non-compliance with ATC instructions 30 4 
Inadequate communication skills 23 5 

The CFs are shown in Appendix VI and are discussed below organised in their 

categories. 

6.1.4.1 Airspace 
There were four incidents for which the CF complex airspace was found. Three of 

these incidents were located in the West Coast South area. In this area, pilots and ATCOs 

stated in the incident narrative that the uncontrolled airspace in the east is small and the 

weather can make VFR flying more challenging. In one incident, the pilot set his/her 

personal minimum safe altitude to be 4500-5000ft, which is 1000ft above the lower 

boundary of the West Coast South TMA. In that particular incident, the inadequate 

knowledge of the airspace boundary by the pilot was true.  

In this category, the CF Airspace design was recently changed is true. This CF refers to 

the situation that the pilot firstly flew in this area that was recently changed i.e. 6-9 

months after the change was effective. In the period 2014-2016, there were approximately 

13 AIs that occurred in the recently changed airspace design area. Nevertheless, it is the 

pilot’s responsibility to always be aware of the latest changes of the airspace by being 

continuously aware of the changes and by using the latest aeronautical data. 

6.1.4.2 Navigation 
Approximately 127 incidents occurred because the infringing pilot had inadequate 

knowledge of the airspace structure, procedures or boundaries. The last two CFs occurred 

often. In approximately 20% of the incidents, the pilot was aware of the airspace 

procedures; however, the pilot did not follow them deliberately. Inadequate knowledge of 

airspace procedures means that the pilot was unaware of the time that to contact the 

ATCO and the information needed to request a clearance as well as to activate and use the 

FPL. There were 20% of the incidents for which the pilot had inadequate knowledge of the 

airspace boundaries. Only 4% of the incidents occurred due to the inadequate knowledge 

of the airspace structure by the infringing pilot. 
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There were eight incidents in which the pilot misidentified the aircraft position. For 

example, in the case of the AI of ENRY CTR, the pilot was actually flying in the east side of 

the fjord; however, the pilot believed he was flying in the west side of the fjord.  

There was only one incident (S0027765) in which the pilot lost his situational 

awareness in that the pilot knew that he did not know where the aircraft was located. In 

this incident, the GA aircraft returned from Sweden and the pilot called the ATCO to 

request help to retrieve his/her situational awareness.  

 Regarding the maps (digital and paper maps), eight infringing pilots used out of 

date maps. For example, a pilot flew with a map that was at least five years old whilst the 

airspace changes in that area, i.e. Farris, changed. It should be noted that the operational 

managers commented that the map of the new More TMA and the visual approach chart of 

the aerodrome ENKB was published with delay and thus, pilots may have not owned the 

recent maps. It was also stated that the new approach radio frequencies were not clearly 

published for VFR traffic. In another incident that was affected by the use of out-of-date 

maps, the pilot changed the final leg of the flight in-flight because the pilot assessed the 

landing at the planned destination to be unsafe; however, the pilot did not carry the latest 

maps and subsequently, he was unaware of the current airspace design.  

Regarding the modern navigation tool GPS, four pilots were over-reliant on 

navigating with GPS. This was extracted from the ground-air dialogues written in the 

narrative. In particular, the pilots flew in uncontrolled airspace near the boundary and 

they relied on the measurements of the GPS, which showed the aircraft location with delay 

in two AIs. This delay might be due to technical problem. In one of these incidents, the GPS 

showed the correct altitude of the lower boundary of the TMA only when the aircraft was 

inside controlled airspace. When the GPS was used, the infringing aircraft were within 

2nm and 4 nm inside the ENTO CTR and the pilots flew very close to the boundary before 

the incident. Wind might have drifted the aircraft inside controlled airspace whilst 

aircraft’s position was showed with delay on the GPS for unknown reasons.  

6.1.4.3 Flying 
While airborne, there were seven infringing pilots who climbed unintentionally into 

controlled airspace due to pilot’s skills of aircraft handling or unnoticed change of the 

aircraft’s heading and there were two pilots who climbed unintentionally into controlled 

airspace due to turbulence that pushed the aircraft into controlled airspace. Under these 
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conditions, the likelihood of an AI is greater in situations that the pilot flies near the 

boundary. Indeed, in two of these incidents, the pilots flew near the lower boundary of the 

TMA at 8000ft and 4500ft respectively. There were also four pilots who climbed over the 

cloud to improve the visibility and that contribute to the AI of controlled airspace. 

Flying in adverse weather contributed five times. In two of these incidents, the pilot 

infringed because of climbing on top of the cloud due to the low cloud ceiling. The other 

incident occurred in adverse weather that was poorly anticipated by the pilot in the pre-

flight planning. In this incident, the pilot had also inadequate knowledge of the 

procedures. 

Finally, there was an incident in which the pilot perceived the airspace to be small 

due to the low altitude of the lower boundary of the TMA. This incident occurred in the 

West Coast South.  

6.1.4.4 Planning 
The impact of the pre-flight planning could not be found in the narrative. There was, 

though, an incident that the flight route was planned to be in uncontrolled airspace near the 

boundary. That pilot departed from the uncontrolled airfield ENGK, which is located below 

the controlled airspace of ENCN, and the aircraft strayed inside controlled airspace. There 

were three incidents in which the pilot changed the flight plan in-flight. Further 

information for the reasons of the route change was not provided. 

6.1.4.5 Communication 
Approximately 23 infringing pilots were identified to have poor communication skills 

in that they inadequately used the phraseology on the radio, provided inadequate 

information to the ATCO (e.g. pilot calls and says “3000ft. climbing” and did not provide 

the final altitude after climb or request a clearance). Another example is that the pilot calls 

the ATCO but only reports the aircraft’s position.  

From the pilots who were not in radio contact, a reason can be that the pilot was 

listening to the wrong frequency. There were 18 such incidents. What is particularly 

interesting is that two of these pilots were unaware of their responsibility to switch to the 

correct radio frequency. Furthermore, there were five pilots who did not listen to the radio 

while they were flying.  
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Regarding the pilot-ATCO dialogues, there were 10 AIs that occurred due to the 

misunderstanding of the ATCO’s instruction. For example, a pilot perceived the ATCO’s 

dialogue “no traffic” as a clearance to fly in controlled airspace. Another example of such a 

misinterpretation occurred when the ATCO approved the pilot to contact the next ATC.  

There were also 16 pilots who reported the aircraft position when they called the ATCO but 

did not request a clearance. Finally, there was a pilot that faced difficulty to contact the 

ATCO. 

6.1.4.6 Clearance to enter controlled airspace 
Approximately 10 pilots assumed that they were cleared to fly into controlled airspace 

because they were in contact with another ATCO. There were 10 pilots that perceived the 

activated FPL as a clearance and thus, the infringing pilots did not request a clearance or fly 

the route as described in the FPL even if the ATCO instructed them to divert the route. There 

were three GA pilots that intentionally entered controlled airspace after their entry request 

was rejected. There was an incident in which the issued a clearance was inadequate and 

involved a GA aircraft flying VFR-night in December and there was poor coordination 

between ATC units.  

6.1.4.7 ATCO 
The CFs related to the ATCO are the following: 

• Student - ATCO, who observed the incident, was a student (one AI);   

• Inadequate supervision by the ATCO (one AI);   

• ATC did not follow the procedures (three AIs);   

• Poor coordination between the ATC units (9 AIs);  

• ATCo monitored inadequately (one AIs) in that the ATCO was made aware of the 

incident by other ATC;  

• Communication - ATCO was complex or unclear (one AI) in that ATCO responded to 

the pilot’s dialogue “Roger” instead of “reject or stand-by” and the pilot perceived it as 

a clearance and; 

• Equipment - ATCO used inefficiently the equipment in that the ATCO filtered the traffic 

by altitude and thus VFR low altitude were not shown on the radar screen. Whilst the 

ATCO did not see the aircraft on the radar screen, the ATCO gave a squawk code.  

In the incidents in which the ATCO contributed to the incident, the involved aircraft 

were GA (35%), glider (0.06%), helicopter (12%), military (24%) and unknown (24%).  
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6.1.4.8 Equipment on-board 
There were only two incidents involving a malfunction of equipment on-board use by 

the pilot, in particular the transponder and the radio. 

6.1.4.9 Infrastructure 
There were three incidents where the radar coverage was poor. These incidents 

involved two ultralight (one aircraft flew in the ENOL CTR, an aircraft that flew in the WCS 

TMA (the pilot was in radio contact before but then the aircraft disappear from the radar 

due to poor radar cover)) other aircraft flew in ENVA TMA and an unknown aircraft that 

flew into Sola TMA (Northeast of TMA - fjords). There was only one incident in which the 

radio coverage was poor in Vigra TMA.  

6.1.4.10 Organisational factors 
There was one CF related to organisation Lack of published opt/procedures 

requirements that contributed to four incidents.  

6.1.4.11 Personal factors 
Personal factors are related to the personality of the pilot and are not related to any 

of the already mentioned categories of CFs. In particular, there were three pilots who 

deliberately infringed controlled airspace. There were four pilots who exceeded the 

instructed speed/rate of climb. Finally, there were four pilots who were over-confident 

regarding their flying skills. Given the subjectivity involved, this CF was true if there was a 

strong indication in the narrative and thus, this CF should be treated with caution.   

6.1.5 Associations between factors 

The statistical associations are shown Table 22. The tests were conducted between 

(i) contextual and CFs, (ii) CFs and CFs, (iii) groups of CFs and contextual or CFs. In order 

to overcome the low expected cell frequency, the two most frequent categories of CFs, i.e. 

navigation and communication skills of pilots, were grouped separately. Overall, a few 

associations were significant at the 5% and 1% level of significance. 

The location of the incident was studied using three variables in order to 

accommodate the differences of location as discussed in section 6.1.3.3. The first binary 

variable of location is generic in that it separates incidents into those occurred in southern 

and northern airspace, i.e. Location Southern airspace, similar to section 6.1.3.3. The 

second binary variable of location classifies incidents that occurred in the airspace in the 
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region of Oslo, i.e. Location Oslo/Farris, which was infringed the most. The third binary 

variable of location represents the incidents that occurred in the airspace areas as 

discussed in section 6.1.3.3 (Olso, Farris, Kjevik, West Coast South and North and More), 

i.e. Location OFKWM.  It is evident that pilots that fly in these areas may tune in the wrong 

radio frequency.  

As shown in section 6.1.3.5, there is a rapid increase of reported AIs in the spring 

season, i.e. March-May, and thus, its association with the CFs was studied as well.  The 

analysis shows that the CFs were not related to the month that the incident occurs; 

however, this observation was significant for only one CF Pilot's inadequate knowledge of 

airspace boundaries. It was also found that pilots that have inadequate knowledge of 

airspace structures may have also inadequate knowledge of either airspace procedures or 

boundaries. Furthermore, if a CF is related to the navigation skills of pilots, it is possible 

that the pilot contacts the ATCO either before or after the incident and thus the pilot might 

report the aircraft position or might not follow the ATC instruction.  

Table 22 Statistical associations 

Factor 1 Factor 2 Pearson's R 
(Significance) 

Location Southern airspace FPL is not filed 0.062  
Location Southern airspace Pilot's inadequate knowledge of 

airspace structure -0.013  

Location Southern airspace Pilot's inadequate knowledge of 
airspace procedures 0.06  

Location Southern airspace Pilot's inadequate knowledge of 
airspace boundaries 0.019  

Location Southern airspace Use of wrong radio frequency -0.051  Location Southern airspace No radio contact -0.069  
Location Southern airspace Radio contact before 0.088 ** 
Location Southern airspace Radio contact after 0.024  Location Southern airspace Navigation CFs 0.036  Location Southern airspace Communication CFs -0.031  Location Oslo/Farris Use of wrong radio frequency -0.09 ** 
Location Oslo/Farris No radio contact -0.003  
Location Oslo/Farris Radio contact before 0.094 *** 
Location Oslo/Farris Radio contact after -0.042  Location Oslo/Farris Navigation CFs -0.15  Location Oslo/Farris Communication CFs -0.089 ** 
Location OFKWM Use of wrong radio frequency 0.15 *** 
Location OFKWM No radio contact -0.026  
Location OFKWM Radio contact before -0.053  
Location OFKWM Radio contact after 0.084  
Incident in March, April or May Pilot's inadequate knowledge of 

airspace procedures -0.042  
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Factor 1 Factor 2 Pearson's R 
(Significance) 

Incident in March, April or May Pilot's inadequate knowledge of 
airspace boundaries 0.078 ** 

Incident in March, April or May Communication CFs -0.042  
Incident in March, April or May Navigation CFs 0.007  Pilot's inadequate knowledge of 
airspace structure 

Pilot's inadequate knowledge of 
airspace procedures 0.279 *** 

Pilot's inadequate knowledge of 
airspace structure 

Pilot's inadequate knowledge of 
airspace boundaries 0.254 *** 

Pilot's inadequate knowledge of 
airspace structure No radio contact -0.107 ** 

Pilot's inadequate knowledge of 
airspace structure Radio contact before 0.036  
Pilot's inadequate knowledge of 
airspace structure Radio contact after 0.089  
Navigation CFs Use of wrong radio frequency 0.033  Navigation CFs Pilot reports aircraft position 0.165 *** 
Navigation CFs Pilot does not follow ATC instruction 0.166 *** 
Navigation CFs Radio contact before 0.105 *** 
Navigation CFs Radio contact after 0.17 *** 
Navigation CFs Flight phase Approach 0.002  
Navigation CFs Flight Phase En-route 0.068  Navigation CFs FPL is not filed 0.084 ** 
Communication CFs Flight phase Approach 0.022  Communication CFs Flight Phase En-route -0.022  Communication CFs FPL is not filed -0.032  (*) 10% level of significance 
(**) 5% level of significance 
(***) 1% level of significance 

   

 

6.1.6 Severity modelling 

In order to model the factors that influence the severity of AIs, the dataset was split 

into two datasets due to the inconsistency of the datafield “ESARR 2 ATM”. Hence, the first 

dataset consists of incidents that occurred between 2008 and 2012 and the second dataset 

consists of incidents that occurred between 2013 and 2016. These incidents involved 

either a GA aircraft or an aircraft of unknown identity. The process of the calibration of the 

severity models was described in section 5.3.8.  The dependent binary variable describes 

the safety effect of the incident on the ATM. Its reference category is the one that the 

incident is assessed to be serious, major and significant and the incident that could not be 

assessed based on the ESARR 2 scheme. Its response category is the one that the incident 

was assessed to not have any safety effect. The two dependent variables follow a binomial 

distribution (2008-2012 dataset: n=444, Prob=0.65, p=0 at 0.05, 2013-2016 dataset: 
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n=281, Prob=0.88, p=0 at 0.05).  The calibrated models for the first and second datasets 

are shown in Table 23 and Table 24 respectively.  

The analysis of the first dataset, i.e. 2008-2012, shows that an incident is more likely 

to not have any potential safety effect compared to have a safety impact when the pilot has 

inadequate knowledge of airspace boundaries. Pilots that have inadequate knowledge of 

the boundaries are likely to fly at a constant distance from the boundary rather than 

crossing controlled airspace. On the other hand, an incident is more likely to cause 

potential safety problems for ATM when the incident occurs in southern airspace, 

especially in the region of Oslo, and a FPL of the flight is not filed. The latter means that the 

ATCO has limited information about the flight.   

 

 

 

Table 23 Severity models dataset 2008-2012 

  Model 1 Model 2 Model 3 
Valid cases 444 444 444 

log likelihood -16.214 -16.259 -17.899 
Likelihood ratio chi-square 21.517 20.676 21.950 

Degrees of freedom 3 3 3 
Significance 0 0 0 

Akaike's Information 
Criterion 40.428 40.519 43.799 

Bayesian Information 
Criterion 56.811 56.902 60.182 

Intercept -0.459*** -0.283** -.036 
Exponential  0.632 0.753 0.964 

A FPL is not filed   -0.488   
Exponential     0.614   

Pilots had inadequate 
knowledge of airspace 

boundaries 0.728* 0.805** 0.825** 
Exponential   2.071 2.237 2.282 

En-route phase of the 
infringing flight     0.825** 

 Exponential      2.282 
Incident occurred in 
March, April or May 0.376*     

 Exponential  1.457     
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  Model 1 Model 2 Model 3 
Incident occurred in 

Oslo/Farris area -0.763*** -0.751*** -0.719*** 
 Exponential  0.466 0.472 0.487 

(*) 10% level of significance 
(**) 5% level of significance 
(***) 1% level of 
significance    

 

The analysis of the second dataset, i.e. 2013-2016, shows that an incident is more 

likely to not have any actual safety effect on ATM when the pilot has inadequate 

knowledge of airspace boundaries and the pilot communicates with the ATCO immediate 

after the incident. Furthermore, an incident is more likely to not have any actual safety 

effect on ATM when the aircraft is flying at the en-route phase of the flight or the aircraft 

flies in southern airspace. The latter differs from the results of the first dataset probably 

due to efforts made by the ANSP to mitigate AIs in this area in the past years. On the other 

hand, an incident is more likely to cause actual safety problems for ATM when the pilot 

contacts the ATCO before the incident and the incident affects other aircraft. As shown in 

section 6.1.4.6, pilots might perceive the activated FPL as a clearance. Such pilots contact 

the ATCO; however, they do not request an entry into controlled airspace. As long as the 

pilot does not request a clearance, the ATCO is unaware of the intention of the pilot. 

Table 24 Severity models dataset 2013-2016 

  Model 1 Model 2 Model 3 Model 4 Model 5 
Valid cases 275 275 275 275 281 

log likelihood -19.056 -14.168 -14.628 -15.579 -10.430 
Likelihood ratio chi-square 17.052 16.865 15.509 16.201 10.110 

Degrees of freedom 5 4 4 4 3 
Significance 0.004 0.002 0.004 0.003 0.018 

Akaike's Information 
Criterion 50.113 38.336 39.256 41.382 28.860 

Bayesian Information 
Criterion 71.814 56.420 57.340 59.243 43.413 

Intercept 0.662* 0.683** 1.065*** 1.178*** 1.482*** 
Exponential   1.938 1.981 2.900 3.248 4.402 

Incident occurred in 
southern airspace 1.107*** 1.093*** 1.222*** 1.218***   

Exponential   3.025 2.983 3.393 3.382   
Pilot did not requested a 

clearance 1.558 1.571 1.879* 1.990* 1.953* 
Exponential   4.750 4.811 6.547 7.313 7.049 
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  Model 1 Model 2 Model 3 Model 4 Model 5 
Pilot had inadequate 

knowledge of airspace 
boundaries 0.328 0.324 0.219     

Exponential   1.388 1.382 1.245     
Pilots was listening to the 

wrong radio frequency 0.288         
Exponential   1.333         
Air-Ground 

communication 
established afterwards 0.768* 0.826**       

Exponential   2.155 2.283       
Air-Ground 

communication 
established before      -0.761* -0.772* -0.705* 

 Exponential      0.467 0.462 0.494 
Other flights were affected       -0.46   

Exponential         0.631   
En-route phase of flight         0.747* 

 Exponential          2.111 
(*) 10% level of significance 
(**) 5% level of significance 
(***) 1% level of significance      
 

6.1.7 Safety barriers 

The Transition Barrier 2 will be studied in this section. The information provided in 

the ATCO’s narrative was about the use of a transponder and the ground-air 

communications. The narratives provided more information regarding the reaction of the 

ATCO, who is the actor at the operational layer of the AI-development model.  

It was found that the ATCO depends on the transponder code and the ground-air 

communications to resolve the incident. For instance, the ATCO attempts to identify the 

aircraft by calling the pilot on the radio frequencies of the area and by contacting adjacent 

ATS units that the pilot might be in contact to. In most incidents, the ATCO observed the AI 

on the radar screen relatively early, i.e. before the infringing aircraft flew in the middle of 

controlled airspace or affected traffic in the area. Therefore, it can be concluded that the 

ATCO can prevent the incident to evolve into the following precursors, e.g. a separation 

minima infringement. 

Most infringing aircraft were fitted with a transponder and thus, the ATCO could 

monitor the aircraft’s position. However, the transponder code of the majority of the 



Chapter 6 Analysis of reported incidents 

178 

 

aircraft was 7000 and thus, the aircraft’s identity remained unknown to the ATCO. As of 

the radio, a radio device is important as the ATCO can contact the infringing pilot and 

resolve the incident. As shown in section 6.1.3.6, the number of infringers that establish 

radio communication with the ATCO is increasing and thus, the traffic awareness of the 

ATCO, which is a safety barrier of AIs, is improved. Nevertheless, the ATCO should always 

be aware that the infringing pilot might not be contactable.  

6.1.8 Summary of Avinor’s database 

The dataset provided by Avinor has proved to be the most suitable for safety 

analysis of AIs. It was already evident from the data quality assessment that the provided 

data could be used to analyse contextual factors and to identify CFs as well. On top of that, 

statistical analysis, trends and associations, was conducted due to the large dataset. A 

driver of such a detailed analysis was the detailed narrative of the incident by the ATCO. 

The narrative can overcome certain limitations, such as a lower number of explicit 

datafields (e.g. ground-air communication), incomplete datafields (e.g. infringing altitude) 

and inconsistent datafields (e.g. airspace type). Avinor’s dataset also succeeded to provide 

information regarding the ATCO, especially as a safety barrier.  

What would have made the analysis even richer, as of contextual factors, is the 

provision of a detailed description of the location of the incident using coordinates or a 

description of a distinctive landmark, the altitude of the infringing aircraft and the flight 

route of the infringing aircraft before and after the incident. Such information would have 

shed light on the entry point of the aircraft into controlled airspace in order to determine 

as to whether the aircraft infringed from below or the side of controlled airspace. If the 

flight path was available, it could have been possible to investigate the impact of the pilot’s 

planned flight route on the development of the AI incident. It would answer questions, 

such as “did the pilot follow the fjord?” or “did the pilot avoid flying over a residential 

area?”.  

Norway and Avinor are good examples to illustrate that aviation is a dynamic 

environment. Its airspace has been redesigned progressively, new airspace procedures 

have been introduced and, incident reporting structure has been changed. The latter is 

expected based on the assumption that a better understanding of safety would improve 

the reporting and analysis (section 3.1.2). Such changes could not quantitatively be 

assessed regarding their impact on AIs due to the relatively small dataset. Last but not 
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least, the change of the severity also caused problems to analyse the historical data 

because modifications of the datafields were needed to ensure that they are homogenous. 

Regarding CFs, new factors were found compared to those found in Chapter 3 and 

were related to the GA pilot, ATCO, equipment and procedures. The pilot’s related factors 

were not specific for decision making, the impact of technologies that pilots use or human 

vision issues as discussed in Chapter 4. Furthermore, two factors were found and have the 

potential to contribute to AIs but there was no sufficient evidence in the data. These 

factors are the location of the departure airfield and the complexity of the airspace. There 

are airfields located extremely close to controlled airspace but there was only one incident 

that could justify that argument because the origin and destination of the flight were 

rarely recorded. Uncontrolled airspace, e.g. below Farris and West Coast South TMAs, 

might be inadequate for GA flying due to altitude and shape of the lower boundary of the 

TMAs and thus, aircraft flying in such airspace might be likely to infringe. 

 The key findings of the analysis of the Norwegian AIs using the methodology are 

discussed below.  

In Norway, AIs mostly involved GA VFR flights with fixed-wing motorised aircraft. 

AIs were more likely to infringe in the en-route phase of the flight and in controlled 

airspace types TMAs and CTRs. The most frequent infringing airspace class was class C. 

The infringing altitude was less than 9000ft. In particular, the mean infringing altitudes 

were 4000ft and 1050ft in TMAs and CTRs respectively. This means that the infringing 

aircraft fly at such an altitude that it can interfere with other GA and commercial aircraft at 

departure or arrival. The good news is that in the case of Norway, the infringing aircraft 

rarely affected other aircraft. Unsurprisingly, given the weather conditions in Norway, AIs 

mostly occurred between March and September when daylight hours are longer and 

temperatures are higher than during the rest of the year, allowing pilots to fly. Whilst 

radio communication is fundamental to aviation safety, there were pilots who failed to 

establish any such communication with the ATS. Fortunately, these incidents have a 

decreasing trend.  

Regarding the location of incidents, the airspace in the region of the capital of 

Norway Oslo, i.e. Oslo and Farris, was infringed the most. This airspace area can be 

complex for VFR flights as discussed before. What is also interesting is that in areas where 

not many incidents occurred in the past, e.g. West coast, were relatively frequently 
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infringed after the airspace design changed. These changed were effective from the end of 

the summer flying seasons and thus, the pilots firstly interfere with these changes in the 

following summer flying season. For some pilots they flew in these areas in the spring 

seasons and for other pilots they flew in the summer.  

The analysis of CFs of AIs (steps 5 – 7 of the framework Pro-Saf(ArI)) showed that 

pilots were more likely to be responsible for an AI than the ATCO. Pilot’s factors related to 

a pilot’s communication and navigation skills. Such factors include the following: the 

inadequate knowledge of airspace boundaries, the pilot’s wrong expectation of changing 

frequency (both of which are new factors) and the pilot tune in the wrong radio frequency 

(found only in (European Air Traffic Management, 2007b)). Statistical associations of each 

factor indicate that the location (incident in southern or northern Norwegian airspace) is 

related to the CFs of inadequate knowledge of airspace procedures, inadequate knowledge of 

airspace boundaries, pilot used wrong radio frequency and unfamiliar airspace. It was also 

found that for pilots who did not communicate with the ATCO the reason for that was that 

the GA pilot used wrong radio frequency.   

The severity analysis revealed that AIs are often unintentional and can be seen by 

the lack of a filed FPL and the failure of the pilot to request a clearance, i.e. the pilot 

contacts the ATCO after the incident. As of the safety barriers, the ATCO has been proved 

to be a functional safety barrier to AIs preventing them from evolving into the following 

precursors, i.e. Transition Barrier 2.  

 Trafi’s dataset 6.2

Finland is located in northern Europe (capital Helsinki’s coordinates are 

60.1699N 24.9384′E) with long dark days during winter causing GA pilots to fly less 

between October and March. Finland is a member of the European Union. Its ANSP is 

Finavia and the NAA is under the Finnish Transport Safety Agency, Trafi. Finland is one of 

most sparsely populated countries in Europe. According to national statistics (, Statistics 

Finland's PX-Web databases. Population density by area 1.1.20162016), most habitants 

live in Southern Finland, including Helsinki. In the absence of GA traffic statistics, the 

population data are used as an indicator that most of the pilots are assumed to live in 

Helsinki or near-by. The Finnish landscape can be described as flat. 

https://tools.wmflabs.org/geohack/geohack.php?pagename=Norway&params=59_56_N_10_41_E_type:city
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The airspace in the region of Helsinki is unique. There are two TMAs as shown in 

Appendix VII. The “TMA Lower” covers a smaller area from 1300ft up to 2500ft. The “TMA 

Upper” extends up to FL285 and covers a bigger area than the “TMA Lower”. Both of them 

are centred on the commercial airport Helsinki-Vantaa. East and west of the Helsinki 

Vantaa airport, there are two CTRs with different lower boundaries. There is also a CTR 

around the key GA airport Helsinki-Malmi, which is close to the Helsinki-Vantaa airport, 

i.e. approximately 10km south east. In addition, there are danger and restricted areas 

south and north-west of the Helsinki TMA. 

Helsinki’s airspace design has been subject to changes effective from the 13th 

November 2014 and these changes affect GA. A key change is the introduction of the 

transponder and radio mandatory zone in the region of Helsinki. There were also some 

changes of the shape of certain CTRs over the country.  

6.2.1 Trafi’s dataset description 

The dataset was provided by Trafi. The dataset consisted of 15 datafields including 

the infringing aircraft, airspace, narrative text, investigation and severity. The data were 

provided for the period 1st January 2008 to 31st December 2015. The data were provided 

at two stages: 

• incidents occurring between 2008-2014: received in May 2015 

• incidents occurring in 2015: received in June 2016 

Although the datafields of these two datasets were the same, the narrative 

description differed. In the first dataset, it was the investigator’s comment that was 

provided for most of the incidents whereas in the second dataset, the investigator’s 

comments as well the ATCOs and/or the pilot’s narrative were provided. The total number 

of incidents, i.e. the sample size, was 963. The dataset consists only of incidents that were 

classified as “Airspace infringements”. It is possible that “Separation Minima 

Infringements” also include an AI incident; however, the database stores only one category 

of this datafield and thus, AI incidents that also led to a separation minima infringement 

incidents were not selected. The incident narratives were written in Finnish and thus, they 

were translated to English using “Google Translator”. The translation significantly 

increased the length of the analysis. 
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6.2.2 Trafi’s dataset quality assessment 

The quality dimensions are summarized in Table 25. The calculations of the quality 

assessment are shown in Appendix VIII. The accuracy of the data could not be assessed for 

the first dataset due to absent ATCO’s or pilot’s narrative. The data of the second dataset 

were accurate. The data obtained from the investigator and ATCOs can be assumed to be 

reliable given that ATCOs were trained to report adequately. The problem with the 

incidents reported by the pilot is that pilots are not particularly trained to report 

incidents. However, these incidents are assumed to be reliable in the essence that the pilot 

intended to provide the truth based on his/her own understanding of aviation. 

Nevertheless, the pilot’s reports were investigated and thus, it is assumed that they are 

also trustworthy. It was assumed that the datafields were also interpreted in the correct 

manner. Timeliness could not be assessed due to lack of such data.  

ATCO’s narratives were assessed as poor/moderate because the selected narratives 

could provide only half of the information. Furthermore, ATCO’s narratives varied in 

structure and content. Therefore, narratives cannot overcome the high number of implicit, 

inconsistent or incomplete datafields.  

The criteria of accessibility, consistency, completeness and relevance scored 32%, 

27%, 34% and 58% respectively. The relevant information was mostly related to the 

infringing aircraft and the airspace. The relevant information was not related to the 

involved aircraft, the ATCO and environment. The small number of explicit datafields 

resulted in the low scores. The completeness is not expected to increase given that the 

ATCO or pilot’s narrative was mostly provided in the data recorded in 2015. In particular, 

in the first dataset, approximately 64% of the information originated from the 

investigator’s reports that were very short and did not describe the incident. The ATCO’s 

and pilot’s narrative were provided for 28.6% and 15.6% incidents respectively.  

Table 25 Quality assessment of Trafi’s dataset 2008-2015 

Quality dimension Score 
Accessibility 32% 

Accuracy 
For the incidents that the narrative was provided, there was an 

agreement between the datafields and the narrative. For the other 
incidents, the data values could not be cross-checked. 

Consistency 27% 
Completeness 34% 

Credentials It is assumed that the data were obtained from reliable sources, i.e. 
ATCOs and investigators 
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Quality dimension Score 

Interpretability It is assumed that the datafields were interpreted in the correct and 
similar manner by the investigator and analysts 

Relevance 58% 
Timeliness N/A 

Detailed narrative Poor/Moderate 
  40% 

  Percentage of narratives: 
  Length > 20 words: 100% 
  FPL: 0% 
  Airspace: 60% 
  Radio communication: 40% 
  ATCO's reaction: 40% 
  Infringing altitude: 20% 
  Transponder code: 20% 

 

The benchmarking value is 50% which means that the data cannot be used for all 

the steps of the Pro-Saf(ArI) framework. However, the data reported in 2015 can be used 

for up to the step 5 due to the detailed narrative. The data reported before 2015 can be 

used to study some but not all the contextual factors, i.e. Step 3 of the framework. Due to 

the small dataset, statistical analysis will not be conducted. 

6.2.3 Contextual factors 

Overall, the number of reported incidents remained the same until 2013. A dramatic 

drop is noticed in 2014 that is followed by a sharp increase of the number of the reported 

AIs in 2015. In 2015, the highest number of reported AIs was recorded since 2008. It is 

noticeable that GA flights are the most frequent contributors to AIs in Finland.   

6.2.3.1 Infringing aircraft  
Approximately 70% of the infringing aircraft were classified as fixed-wing 

motorised aircraft that are meant to be fitted with a transponder and a radio. A significant 

lower number of incidents occurred by ultralight and glider aircraft and helicopters. 

Ultralight and glider aircraft are difficult to detect by radar due to the small aircraft 

design; however, a relatively large proportion of these aircraft designs was reported. AIs 

by fixed-wing motorised aircraft followed a deceasing trend; however, in 2014, there was 

a drop inthe annual AIs by 53%. On the other hand, the number of AIs involving ultralight 

and glider aircraft remained stable in the study period.  
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There were aircraft whose identity remained unknown even after the investigation. 

These aircraft represented approximately 9% of the dataset. It is assumed that these 

unknown aircraft were GA. AIs by military, commercial and unmanned aircraft were 

reported less than five times in total. Hence, AIs by commercial, military and unmanned 

aircraft are not of interest to the rest of the analysis and only AIs involving GA and aircraft 

of unknown identity are studied. 

Reported incidents mostly involved only the infringing aircraft, e.g. approximately 

99% and 91% of such incidents in 2014 and 2015 respectively. For the incidents that 

involved more than one aircraft, a separation minimum infringement was not reported. 

Regarding the phase of the flight, approximately 76% of the incidents occurred during the 

en-route phase of the flight. Approximately 9% of the aircraft were approaching the 

aerodrome and 4% of the aircraft were departing in 2015. The datafield of light conditions 

was incomplete and thus, light conditions during the time of the incident were not studied. 

6.2.3.2 Airspace 
As for the airspace type and class, approximately 24% of the information was 

missing and the majority of the missing data was observed in 2013 and 2014. Due to this 

incompleteness, only the incidents that occurred in 2015 are used in this section. In 2015, 

9% of the incidents involved CTR, 25% TMA and 23% occurred in restricted areas. In 

absolute numbers, in 2015 a record of the AIs of restricted areas was reported, i.e. 34 AIs. 

As for the airspace class, in approximately 47% of the AIs, the airspace class was missing 

and thus, the findings are not conclusive. Infringements of airspace class C, D and G 

followed a decreasing trend. However, the decreasing trend of AIs in class D airspace 

started after the peak observed in 2012.  

6.2.3.3 Incident location 
For the purpose of the analysis, the national airspace was separated into three areas 

as shown in Figure 33. More than half of incidents occurred in southern airspace. In 

particular in 2015, approximately 80% of AIs occurred in the southern airspace and 10% 

both in the central northern airspaces. AIs in airspace other than controlled areas, e.g. 

restricted areas, was not analysed because the name provided in the datafield of location 

or in the narrative did not match with the names written on the charts. 
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Figure 33 Finnish airspace grouped into southern, central and northern airspace 

The southern airspace consists of many controlled airspace areas. As shown in 

Figure 34, in 2015 the airspace of EFHK CTRs and TMAs was infringed 48 times (i.e. 59% 

of the AIs) compared to the other controlled airspace in southern Finland (Tampere EFTP, 

Turku EFTU). The other airspace areas were infringed less than 10 times. Given that the 

controlled airspace of EFHK was frequently infringed, AIs of controlled airspace below 

EFHK TMA are studied separately below. 
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Figure 34 The most infringed controlled airspace areas in southern Finland 

 

6.2.3.3.1 Airspace of the region of Helsinki 

The airspace of Helsinki covers a large area. As seen in Figure 35, in the study 

period, the CTRs and TMAs were equally infringed in 2008, 2011, 2013 and 2014. On the 

other hand, in the other years, TMAs were infringed far more than the CTRs, e.g. in 2015, 

AIs of TMAs were three times those of CTRs.   

 

Figure 35 Airspace infringements of CTRs and TMAs of EFHK 
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Given the proximity of the key GA airport of Helsinki–Malmi (EFHF) to the Helsinki-

Vantaa (EFHK) controlled airspace, the number of infringers who depart from/arrive at 

the EFHF airport was analysed further. As seen in Figure 36, there is a significant 

proportion of infringers who either depart from/arrived at the EFHF airport. Hence, the 

identity of these aircraft and pilots could be found given that aircraft need to file a FPL to 

use the EFHF airport when its Tower is open.  

 

Figure 36 Airspace infringement of EFHK when the EFHF airport was an origin or destination 

As for the ground-air communications, in 2015, approximately 30% of the infringers 

did not contact the ATCO. There were approximately 12% of AIs in which the pilot was in 

contact with the ATCO before the incident, probably to request a clearance. In the case that 

communication was established after the AI while the infringing aircraft was flying in 

controlled airspace, the ATCO was more likely to initiate the communication (25%) than 

the pilot (3%).  There were 30% of the incidents with missing information. 

As for the infringing altitude, there were 41 incidents where such information was 

provided and the incidents occurred in the EFHK TMAs (altitude of the lower boundary is 

1300ft). As shown in Figure 37, the mean infringing altitude was 2182ft and the infringing 

altitude was more likely to range from 1550ft to 2500ft (25% and 75% percentile). The 

infringing aircraft was 250ft away from the lower boundary of the TMA. Unfortunately, the 

lack of the coordinates of the incidents prevents the association of the infringing altitude 

with the geographical position.  
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Figure 37 Infringing altitude in EFHK 

The infringing altitude of AIs that occurred in CTRs was not analysed due to missing 

information. 

6.2.3.4 Infringing altitude 
For the analysis of the infringing altitude for all the incidents, only the incidents 

whose infringing altitude was less than 5000ft were selected and incidents were not 

separated by airspace type due to the great number of missing data. The sample size used 

for this analysis was 154 incidents. The mean infringing altitude was 2224ft (SD 983ft). As 

seen in Figure 38, for approximately 75% of incidents, their infringing altitude was less 

than 3000ft. This finding can be used as evidence that GA flights will probably fly at 2000ft 

or up to 3000ft.  

 

Figure 38 Infringing altitude less than or equal to 5000ft 
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6.2.3.5 Seasonality 
As seen in Figure 39, a seasonal variation is observed. There is an increase in the 

reported AIs in the spring season, i.e. March, and there is a reduction of reported AIs in the 

autumn, i.e. October. The peaks varied in the studied period but are likely to be observed 

in the summer season, e.g. August 2015. It is possible that this fluctuation is related to 

weather. In the absence of weather data, such associations were not studied.  

 

Figure 39 Number of airspace infringements per month 

 

6.2.3.6 Ground-air communication 
Until 2014, information about ground-air communication was missing for the 

majority of the incidents as shown in Figure 40 whilst in 2015, such information was 

found in approximately 71% of the incidents. It is important to note that in 2011 and 2012 

there was a noticeable number of infringing pilots who were in radio contact with the 

ATCO before the incident, probably to request a clearance.  
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Figure 40 Ground-air communication 

Given the completeness of this contextual factor (ground-air communication) in 

2015, only the AIs for this year are analysed. For approximately 30% of the incidents, no 

radio contact was established between the pilot and the ATCO. Approximately 12% of the 

infringing pilots were in radio communication with the ATCO before the incident. On the 

other hand, in 25% of the incidents, the ATCO established radio communication whilst the 

aircraft was still flying in controlled airspace. Adding this to the number of infringing 

pilots who called after the incident (3%), there were 28% of AIs in which radio contact 

was established after the incident. There were approximately 30% with missing 

information.  

6.2.3.7 Severity ESARR 2 ATM 
In the period 2008-2015, 93% of the incidents were assessed as significant. There 

were only eight serious and ten major incidents.  

6.2.4 Contributory factors 

The top five CFs are shown in Table 26, all of which related to a GA pilot. These CFs 

were compared to those found in the studies discussed in Chapter 3 (Appendix IX). The 

factors found in the Trafi’s dataset differ from those of the studies, highlighting the 

diversity in the reporting of AI incidents across Europe. For example, a pilot does not 

deliberately follow the procedures or the pilot tunes in to the wrong radio frequency. 
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Using the Trafi dataset, factors that were suggested in the pilots’ survey (European Air 

Traffic Management, 2007b) were found. The CFs related to pilot’s performance were not 

as detailed as those established in Chapter 4. 

The most frequent CF was the pilot’s inadequate knowledge of airspace procedures. 

The most frequent category of CFs was that related to a pilot’s navigation skills and 

contributed to approximately 44% of incidents. The factors related to communication 

skills of pilots corresponded to 17% of the incidents. CFs related to equipment failure and 

to the ATCO each corresponded to 7% of the incidents.  

The individual CFs corresponding to the navigation and communication skills of the 

pilots are discussed below.  

Table 26 Top five contributory factors in the period 2008-2015 

Number Contributory factor Number 
of AIs Ranking 

1 Inadequate knowledge airspace procedures 40 1 
2 Student pilot 36 2 
3 Non-compliance with ATC instructions 35 3 
4 Use of wrong frequency 28 4 
5 Aircraft position misidentified 26 5 

 

6.2.4.1 Navigation 
There were 40 incidents in which the pilot had inadequate knowledge of airspace 

procedures. This was the most frequent CF. In this case, the pilots were unaware that they 

must request and subsequently be issued a clearance or that the pilots were unaware of 

the requirements to fly in controlled airspace, e.g. radio contact.  There were three pilots 

who did not follow the procedures even if they knew them. There were also 21 incidents in 

which the pilot had inadequate knowledge of the airspace boundaries in that the pilot was 

not aware that he was flying inside controlled airspace at a constant distance. There were 

only five pilots who had inadequate knowledge of the airspace structure.  

Another CF is the pilot misidentified the aircraft position in that the pilot thought that 

he knew the location of the aircraft but was not actually at this particular location. This 

occurred in 26 incidents. This CF can be due to the wind, misidentification of a landmark, 

malfunction of on-board navigation equipment, the flight over the sea where they are not 

any landmarks. On the other hand there were 18 incidents in which the pilot loss his/her 
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situational awareness. Regarding landmarks, the pilot misidentified the landmark in nine 

incidents, wrongly interpreted the maps in six incidents and was looking for the landmark 

when infringing in six incidents. There were 21 pilots who misunderstood the impact of the 

wind on the aircraft. Flights that were conducted in bad weather in that the pilot faced 

adverse weather airborne. This CF accounted for 25 incidents, e.g. the pilot diverted to 

avoid a thunderstorm. 

There were 21 incidents in which the infringer was described as to have inadequate 

airmanship that contributed to the AI. Such pilots are those who do not follow the common 

practices regarding planning, flying, navigation, e.g. poor aircraft handling, and such 

actions cannot be described by the other CFs. There were five incidents that were due to 

an honest mistake by the pilot. Such a situation can happen if the pilot unintentionally flies 

into controlled airspace because the aircraft is flying in uncontrolled airspace near the 

boundary. Regarding the navigation material, two pilots navigated with out-of-date maps 

and two pilots found that the maps were heavy information.  

6.2.4.2 Flying 
There were 11 incidents in which the direction and speed of the aircraft contributed 

to the infringement. Whilst flying, eight pilots climbed unintentionally. There were also 

eight pilots who climbed above the cloud to improve their visibility.  

6.2.4.3 Planning 
There were seven incidents in which the flight route was near controlled airspace. 

Four of these incidents involved restricted airspace. There were 15 incidents in which the 

pilot infringed due to a change of the flight route in-flight due to bad weather and ATC 

instruction. This shows that pilots may fail to successfully fly a route that were not initially 

prepared for.  

6.2.4.4 Communication 
There were 28 pilots who tuned in the wrong radio frequency. There were 11 pilots 

who misunderstood the ATCO instruction. There were also nine pilots who reported the 

aircraft position when they called the ATCO but did not request a clearance. There were 10 

pilots who were described to have inadequate communication skills. There were a few 

pilots who used poor phraseology or were not brief on the radio. There were also pilots 

who were not aware of their responsibility to switch to the right radio frequency.  
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6.2.4.5 Clearance to enter controlled airspace 
There were four pilots that perceived the activated FPL as a clearance and thus, the 

infringing pilot did not request a clearance. There was also a pilot who took a clearance 

meant for another aircraft. The ATCO refused the entry into controlled airspace eight times.  

6.2.4.6 ATCO 
ATCO was not a frequent contributor to the AIs; however, four CFs related to ATCO 

were found. These CFS are the lack/poor coordination between the ATC units, ATCO issued 

an inadequate clearance, ATCO replied to the pilot late, ATCO inadequately monitored the 

traffic and the ATCO inefficiently used the equipment.  

6.2.4.7 Equipment on-board 
There were 14 incidents that the on-board device failed, such as the GPS failed, the 

altimeter was wrong, the transponder failed and the engine failed. What is interesting is 

that in four of these incidents the pilot noticed late the equipment malfunction.  

6.2.4.8 Personal 
There were four pilots who intentionally flew into controlled airspace. There were 36 

incidents involving student GA pilots. This was classified as a CF to describe the fact that 

the pilot-in-command is not qualified to fly a solo flight at the time of the interview. There 

were 35 pilots who did not comply with the ATCO’s instruction. There were 17 pilots who 

were over-confident with their abilities. In four incidents, the pilots had a physiological 

limitation to see features.   

6.2.5 Summary of Trafi’s database 

The Trafi possesses a dataset of a relatively large size that would have enabled to 

statistically analyse the data. However, its quality was relatively low due to the numerous 

implicit datafields and lack of a detailed narrative. The provision of a relatively good 

narrative by the ATCO or the pilot in 2015 enabled the analysis of the contributory factors 

and some of the contextual factors. This resulted in a smaller dataset that could not be 

further used for statistical analysis, e.g. associations between factors. The Trafi dataset, 

given the varied level of detail within the dataset, also proves that narratives are essential 

in safety analysis because they have the potential to consist of information that is not 

explicitly recorded in the other datafields.  



Chapter 6 Analysis of reported incidents 

194 

 

The results can be summarised as follows. GA is the most frequent contributor to 

AIs, especially the fixed-wing motor pilots. Ultralight aircraft were also recorded to 

infringe and their numbers were relatively higher than those in Norway given the 

limitation of the ATS infrastructure to detect such aircraft. Weather conditions influences 

the GA activity in that GA pilots will fly in daylight and in VFR conditions. This means that 

the pilots will probably fly mostly between March and October. Most incidents occurred in 

the region of Helsinki that has a unique airspace design in the area that GA pilots fly and 

also serves a key GA airfield.  That airspace has been recently changed in that aircraft 

operating in Helsinki must carry a transponder and thus, the ATCO will probably observe 

more AIs by GA aircraft. Last but not least, GA pilots fly in areas where danger and 

restricted areas exist and this can explain the higher number of AIs of that airspace type 

compared to Norway.    

 UK CAA’s database 6.3

The UK is located west of Europe (capital London’s coordinates are 51.5074° N, 

0.1278° W) with mild winter compared to northern Europe. As of February 2017 it is a 

member of the European Union. Its ANSP is NATS and the NAA is the UK CAA. The financial 

centre is London where five key commercial airports are located. London Heathrow is 

among the busiest airports in the world. British landscape can be described as flat 

especially in England. The airspace design of UK differs across the country, especially over 

London. Over time, more airspace becomes controlled. Overall, there is controlled zone 

around the airport and the airspace expands above and at the side and it can be of airspace 

type either CTA or TMA.  

The UK CAA is particularly concerned of AIs (section 3.1.3) and they have records of 

AIs from at least 2002. Until recently, there were reported Airprox incidents that also 

involved AI incidents. An on-going awareness campaign of AIs involving GA have been 

undertaken for more than 10 years.  

6.3.1 UK CAA’s dataset description 

The dataset was provided by the UK CAA in two parts. In the first part, incidents that 

occurred in the period 1st January 2008 to 31st December 2014 were provided. This 

dataset consisted of 17 datafields including the infringing aircraft, airspace, investigation 

and severity. In the second part, the incidents of occurrence class A, B and C occurred in 
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the period 1st January 2013 to 31st December 2014 were provided. This dataset consisted 

of 33 datafields about the incident, the infringing aircraft, airspace, investigation, severity 

and the progression of the incident. The incident’s narrative also differed between these 

two parts. In the first part, a brief comment from the investigator was provided in the 

headline of the incident and sometimes in the narrative that was often brief as well. In the 

second part, the narrative was longer. 

The original size of the first part was 6704 incidents. Given time limitations, 

incidents were selected based on the location and absolute number of reported AIs. In 

particular, the datafield “Airspace area” was used to select AI incidents that occurred in 

Heathrow, Gatwick, London City, Stansted, Solent, Southampton, Bristol and Birmingham. 

The first four areas are located in the capital and were frequently infringed. The other 

areas were also frequently infringed. This dataset consisted of 2632 incidents involving a 

GA aircraft. For the same areas, the selected incidents from the second dataset were 102. 

6.3.2 UK CAA’s dataset quality assessment 

The two parts of the datasets are assessed separately given their different structure. 

The quality dimensions are shown in Table 27. The calculations of the quality assessment 

are shown in Appendices X and XI. 

In the first dataset, a random selection of incidents showed that the dimension of 

accuracy was low in that a proportion of data values were not in agreement with the 

information in the narrative. The dataset was credible because the data were obtained 

from reliable sources, i.e. the investigators. The narratives were assessed as 

poor/moderate in that they provided information about the aircraft design, airspace 

name, type and class and sometimes a short description of the incident. Hence, it was 

decided that the data could be used for the analysis once the inaccurate information is 

replaced with information from the narrative. The criteria of accessibility, consistency, 

completeness and relevance scored 24%, 20%, 14% and 51% respectively. Although 

relevant information was collected, the datafields were implicit and thus, new datafields 

needed to be created. As a consequence, the consistency and completeness also scored 

low. Timeliness could not be assessed due to lack of data.  

In the second dataset, the scores were higher. The data values were accurate. The 

criteria of accessibility, consistency, completeness and relevance score 33%, 33%, 62% 
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and 47% respectively. The relevant information was less than that of the first dataset 

because the collected information focused on the location, the aircraft and the airspace. As 

a consequence, more datafields were implicit, i.e. the datafields were not explicitly 

provided.  

Table 27 Quality assessment of UK CAA’s dataset 2008-2014 

Database MOR MOR (ABC) 
Quality dimension Score Score 

Accessibility 24% 33% 

Accuracy 
A proportion of data values were in 
no agreement with the information 

in the narrative 

Agreement between the datafields 
and the narrative 

Consistency 20% 33% 
Completeness 14% 62% 

Credentials 
It is assumed that the data were 

obtained from reliable sources, i.e. 
investigators 

It is assumed that the data were 
obtained from reliable sources, i.e. 

investigators 

Interpretability 

It is assumed that the datafields 
were interpreted in the correct and 
similar manner by the investigator 

and analysts 

It is assumed that the datafields 
were interpreted in the correct and 
similar manner by the investigator 

and analysts 
Relevance 51% 47% 

Timeliness N/A N/A 
Detailed narrative Poor/Moderate Moderate 

  44% 54% 
  Percentage of narratives: Percentage of narratives: 
  Length > 20 words: 20% Length > 20 words: 100% 
  FPL: 20% FPL: 0% 
  Airspace: 100% Airspace: 100% 
  Radio communication: 0% Radio communication: 0% 
  ATCO's reaction: 40% ATCO's reaction: 80% 
  Infringing altitude: 70% Infringing altitude: 40% 
  Transponder code: 60% Transponder code: 60% 

 

The benchmarking value is 50% which means that the first dataset cannot be used 

for the majority of the steps of the Pro-Saf(ArI) framework. However, the data can be used 

to find contextual factors, i.e. Step 3 of the framework. The second dataset cannot also be 

used for the majority of the steps of the framework. Given the detailed narrative 

description, these data are used to find contributory factors and contextual factors. Due to 

the small dataset and the high rate of missing information, statistical analysis is not 

conducted. 
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6.3.3 First dataset – Contextual factors  

The dataset consists of 2632 AIs involving GA aircraft in the airspace areas of 

Birmingham, Bristol, London Gatwick, London Heathrow, London City, London Stansted, 

Solent, Southampton, and Southend. As noticed in Figure 41, after the peak in 2009, AIs 

follow a stable trend. This change was observed in the other European countries and may 

be due to the change of the reporting culture at the European level to report more 

incidents. However, after discussion with the prime ANSP of UK, NATS, this argument may 

not be true. The reason is that ATCOs are mandated to report any incident they observe 

and they use a tool that detects AIs and warns them since 2008. Hence, ATCOS are aware 

of almost all AI incident (Skybrary 2013).  

 

Figure 41 Annual AIs of airspace areas of Birmingham, Bristol, London Gatwick, London Heathrow, 
London City, London Stansted, Solent, Southampton and Solent 

 

6.3.3.1 Seasonality 
As seen in Figure 42, the number of AIs significantly increased in April followed by a 

peak in summer season. After August, the number of AIs follows a decreasing trend. In the 

spring season, more GA pilots fly after an inactive flying period in the autumn and winter. 

In the summer season, even more GA pilots fly due to the good weather. 
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Figure 42 Number of airspace infringements per month in the period 2008-2014 

 

6.3.3.2 Location 
The total number of AIs in each airspace area is shown in Figure 43. It can be noticed 

that the Stansted airspace was infringed the most and the number of AIs are at least 

double those in the other airspace areas over key commercial airports. 

 

Figure 43 Airspace infringements per airspace areas in the UK 
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London TMA cannot be analysed further due to the absence of the exact location of 

the incident. London TMA covers the Southern England and the altitude of its lower 

boundary varies significantly. Regarding airports in London, Heathrow, which is the 

busiest airport, has on average 39.14 incidents per year whereas Stansted was infringed 

on average 86.86 times per year. Luton that is adjacent to Stansted was infringed less than 

Stansted. Given this difference observed between Stansted and the other airports of 

London, AIs of Stansted are analysed further.  

At the south coast of UK, Solent and Southampton airspace are adjacent; however, 

Solent was infringed the most. Due to the absence of detailed information in the narrative, 

further analysis cannot be conducted. Birmingham was infringed approximately 41.13 

times per year whereas Bristol was infringed 84 times. Again, the absence of information 

in the narrative and the absence of the coordinates of the incidents prevents from further 

analysing this aspect.  

Table 28 Descriptive statistics of airspace infringements per airspace areas 

Airspace area Total AIs 
2008-2014 

Annual mean 
of AIs 

Annual 
minimum AIs 

Annual 
Maximum AIs 

Birmingham 290 41.43 29 64 
Bristol 84 12.00 10 15 

London City 67 9.57 5 14 
London Gatwick 230 32.86 19 62 

London Heathrow 274 39.14 26 54 
London Luton 278 39.71 32 57 

London Stansted 608 86.86 59 118 
London TMA 383 54.71 30 109 

Solent 262 37.43 25 46 
Southampton 153 21.86 13 34 

Southend 2 0.29 0 1 
 

6.3.3.3 AIs of Stansted 
In the period 2008-2014, 616 AIs were reported in Stansted’s CTA and CTR by GA 

and aircraft of unknown identity, which are assumed to be civilian GA flights. Adding up 

the AIs of TMZ, there are approximately 1000 reported AIs in the study period. From these 

incidents, aircraft of unknown identity represent approximately 30% of the infringing 

aircraft. As Figure 44 shows, after a peak in 2010, the annual number of reported AIs 

follows a decreasing trend. Both the Stansted CTA and CTR reported fewer AIs every year 
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after following the introduction of the TMZs in 2009. It is worth noting that the number of 

reported AIs in the TMZ are higher than those in the CTA and CTR. 

 

Figure 44 Airspace infringements of Stansted airspace in the period 2008-2014 

Most incidents occurred between April and September. Radio communication 

between the pilot and ATCO and, the use of transponder were only found in approximately 

27% and 45% of the data respectively. In particular, approximately 7% of the infringers 

did not establish radio contact with the ATCO and only 15% of the infringers 

communicated with the ATCO. Approximately 34% of the infringing aircraft had a 

transponder code 7000, which can be perceived as the pilot did not wish to fly in 

controlled airspace. On the other hand, there were approximately 11% of the aircraft 

assigned a transponder code by the ATCO and thus, it is assumed that these pilots planned 

to fly in controlled airspace.    

Most incidents occurred when an aircraft infringed only one airspace area. There 

were, however, incidents that for the same flight, the aircraft infringed two airspace areas 

of Stansted. There were 52 such incidents. The most frequent pair of airspace areas was 

that of the TMZ and the controlled airspace CTR or CTA of Stansted. In particular, 10 of 

these aircraft infringed both the TMZ and Stansted CTA and 18 aircraft infringed both the 

TMZ and Stansted CTR. This can be used as evidence that in this area, there is a potential 
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that the pilot will infringe Stansted CTA or CTR while the aircraft transits the TMZ. It must 

be noted that these pairs are considered as two separate incidents in this thesis. 

The mean infringing altitude of Stansted airspace type CTA was 2214ft (standard 

deviation 526 ft). The mean infringing altitude of Stansted airspace type CTR was 1715ft 

(standard deviation 601ft) whilst the 75% percentile was 2000ft. It can be concluded that 

GA aircraft fly at approximately 2000ft in the area around Stansted.  

6.3.4 Second dataset – Contextual factors 

6.3.4.1 Location 
The airspace class in which AI occurred was most likely to be Class D, which is the 

most common airspace classification in the UK for airspace type CTA and CTR that 

dominate the British airspace. Airspace class G was infringed 19 times. As of the airspace 

type, approximately 42.2% of the AIs occurred in the airspace type CTR, 22.5% occurred 

in CTAs, 12.7% in TMAs, 10.8% in ATZs and 9% in danger and other areas. The number of 

AIs in each studied airspace area is shown in Table 29.  

Table 29 Airspace infringements in south England 

Airspace areas Frequency (65 total) 

Gatwick CTR 7 

Gatwick CTA 4 

London TMA 13 

London CTR 6 

London City CTR 2 

London City CTA 1 

Luton CTR 6 

Luton CTA 2 

Stansted CTR 3 

Stansted CTA 5 

Southampton CTR 10 

Solent CTA 6 

Regarding the incident’s position, the shortest perpendicular distance from the 

boundary was used to analyse the position of the incident in relation to the boundary. This 

information was found in 42 out of 65 incidents. Approximately 23 incidents were located 

within 1 nautical mile from the side boundary of controlled airspace, 11 incidents were 
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within 1 and 2 nautical miles from the side boundary and seven incidents were within 2 

and 4 nautical miles from the boundary. Regarding the altitude, the mean altitude that the 

aircraft was when the AI occurred was 2071ft (SD=1521ft). The mean absolute difference 

between the infringing altitude and the boundary of controlled airspace was 537ft 

(SD=978ft). 

6.3.4.2 Seasonality 
Most incidents occurred between April and September 83.4%. Approximately 22.5% 

of incidents occurred in July and 17.6% of incidents occurred in August.  

6.3.4.3 Ground-air communication 
The ground-air radio communication was only found in 13 incidents and in ten of 

these incidents two-way radio communication was not established. There were two 

incidents that a contact was established before the incident and there was an incident that 

a contact was established after the infringement.    

6.3.5 Second dataset – Contributory factors 

CFs were found in 40% of incidents. The most frequent CF was that of loss of 

awareness and was only found in eight incidents. The pilot was a student in seven 

incidents. The other factors found in three incidents were the pilot wrongly estimated the 

aircraft position, the pilot misidentified a landmark, and the pilot used a wrong radio 

frequency.  

6.3.6 Summary of UK CAA’s database 

The UK CAA possesses an extremely large dataset of AIs compared to that of 

Avinor’s and Trafi’s; however, the dataset quality is low. This was due to the absence of 

explicit datafields and the inadequate narratives. The brief and often absent description of 

the incident is responsible for the inadequacy to study CFs.  

 Capabilities of safety databases 6.4

The data were provided by three European nations. It is evident that the provided 

datasets differ both in structure, size and quality even though they follow similar rules in 

reporting. This diversity of reported information proves the need for a flexible framework 

that can adapt to the various level of quality and size. Indeed, the developed framework 

Pro-Saf(ArI) (Chapter 5) was successfully applied to these three different datasets. It was 
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used for incident data of varied size and quality and data that a narrative was provided by 

the ATCO, the pilot and the investigator. The framework successfully analysed incident 

reports by utilising every piece of information that is already collected by stakeholders. 

Such rigorous analysis was not conducted in the previous studies of AIs conducted by 

EUROCONTROL and the UK CAA (section 3.2) that used AI reports from European 

countries.  

It is remarkable that essential information about AIs is hidden in the narrative of the 

incident especially in that of the ATCO, who observed the incident, and the infringing pilot. 

The ATCO’s narratives, which comprises the majority of the incidents, succeeded in 

determining the extent to which ground-air communications were established, a FPL was 

filed and in identifying CFs. These CFs found in the ATCO’s narrative are useful; however, 

they are not exhaustive for the reason that the ATCO is unaware of what is happening 

inside the aircraft. The ATCO describes the incidents from what is seen on the radar screen 

and what is listened to on the radio. It is remarkable that the ANSP’s database, i.e. Avinor, 

was extremely useful for such an incident type that the ATCO is not the key contributor.  

On the other hand, the pilot’s narrative provided more information on what 

happened inside the aircraft and thus, the CFs were related to a pilot’s performance. For 

example, the pilot lost his/her situational awareness or the pilot was over-reliant with the 

GPS that failed in the flight. These CFs are similar to those factors found in previous 

studies of AIs; however, they were not as detailed as those identified in the literature as 

shown in Chapter 4 (section 4.3.5). It should be noted that GA pilots are not particularly 

trained to report incidents compared to ATCOs and thus, the provided information would 

be what pilots believe is important to report. Hence, the reporting scheme of GA pilots 

should be reviewed to ensure that the minimum required information is reported.  

Needless to say, the information that can be extracted is strongly related to the 

database structure. Databases are built is such a manner that the same datafields are 

reported for all the types of incidents, e.g. AIs and separation minimum infringements. 

This simplicity restricts the collection of information that is important for a particular type 

of incident. For example, the analysis of AIs would have benefited from storing separately 

the following information: the transponder code, the FPL and the radio communication. 

Such explicit datafields will improve the accessibility to such useful information and 

facilitate the analysis. Furthermore, the incident database itself does not include 
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information of changes that may affect the reporting of incidents, e.g. awareness campaign 

to the GA community. Such information is difficult to collect in the incident database and 

thus, the dataset should be accompanied by a report that presents the changes that may 

affect the development of these incidents.  

Of equal importance is the size of the database. Small datasets make statistical 

analysis difficult. However, as shown with the UK CAA data, extremely large datasets are 

not necessarily efficient. Such large datasets require even more time and resources to be 

analysed, especially for the analysis of the narratives. Such datasets would benefit from 

complete, consistent and explicit datafields so that contextual factors would be directly 

accessible and subsequently they would be analysed in shorter time. The analysis of CFs 

will always require more time because narratives have to be analysed incident-by-

incident.  

The statistical analysis of the incident databases faces two more challenges. Datasets 

that cover a long period of time are likely to witness significant changes of the reporting as 

well as changes in airspace operations that can affect the consistency and completeness of 

datafields. Such changes limit the statistical analysis because the datasets must be 

analysed separately to overcome problems caused by the heterogeneity. The second 

challenge is about aggregation of the incident data. In this chapter, each dataset was 

analysed separately due to the differences of the quality of the three provided databases. If 

the analysis was conducted at the European level, it would have been extremely difficult, 

almost impossible, to aggregate the raw data due to the diversity of the data quality. Based 

on this argument, it is believed that the aggregation of the data at the European level 

conducted by EUROCONTOL and EASA for the needs of their annual safety reports may be 

inappropriate.  

In summary, the analysis of AIs could benefit from increasing the number of relevant 

datafields that would be explicit. For such databases, the statistical analysis of contextual 

factors could be automated, e.g. the descriptive statistics of each contextual factor are 

computed. Given the importance of the narrative, its analysis should improve to enable 

consistent findings concerning contributory factors and safety barriers among the safety 

analysts and to reduce the time resources. Such improvements can be the development of 

guidelines. Such proposals could either be voluntarily implemented by the ANSP and NAA 

or be enforced by the NAA or EASA.  
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 Conclusions 6.5

High quality datasets, as defined in this thesis, can be successfully analysed to 

establish key features of AIs using the developed framework Pro-Saf(ArI). Such datasets 

are those whose datafields are explicit, complete and relevant. The data must, of course, be 

accurate and originated from reliable sources that report in a similar manner. As 

demonstrated in this chapter, the structure of the databases differ between European 

stakeholders and their quality also differs. It is remarkable that the key driver for the 

successful safety analysis of AIs is the provision of detailed narratives. From all datasets, it 

is undoubtable that the most suitable data to understand the development of AIs are those 

that the ATCO’s narrative is provided, i.e. datasets provided by the ANSP. The irony is that 

the ATCO is not the key contributor to AIs but the GA pilot. Regardless the usefulness of 

the ATCO’s reports, ATCOs describe what they observe on the radar screen and they are 

often unaware of what is happening inside the aircraft.  

In the absence of a relatively large sample of high-quality pilot’s reports, interviews 

with GA pilots can be an alternative type of data collecting regarding a GA pilot’s 

performance. The collection and analysis of such data is discussed in the next chapter.  
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7 Chapter 7 Interviews with general aviation pilots – Design and 

results Part A 

Chapter 6 has concluded that at present incident data poorly captures information 

about a GA pilot’s performance and consequently the taxonomy of contributory factors of 

AIs is not yet exhaustive. Meanwhile, the factors related to decision making of pilots 

discussed in Chapter 4, which can influence a GA pilot’s performance, have yet to be fully 

represented in the data. In order to overcome this limitation of the incident data, 

interviews are conducted with GA pilots, who are the most frequent contributors to AIs. 

Within this context, the purpose of the interviews is to explore the manner by which 

recreational GA pilots select their flight route and to understand the reasons that they 

infringe controlled and restricted airspace. 

This chapter is structured as follows. In section 7.1, the rationale behind the use of 

interviews is discussed. In section 7.2, the design of the interviews is outlined followed by 

an overview of the analysis that is conducted for the interviews in section 7.3. In section 

7.4, the sample characteristics, the themes and their validation are discussed. In sections 

7.5, 7.6 and 7.7, the results relating to manner that GA pilots plan the flight are presented 

for the fixed-wing motor, glider and ultralight aircraft separately. The results relating AIs 

are presented in Chapter 8 as well as a summary of the findings from the interviews. 

 Review of qualitative data 7.1

The literature review in Chapter 4 identified factors that can affect the decision 

making of GA pilots and how GA pilots make decisions. These aspects can influence a 

pilot’s performance and subsequently can contribute to AIs. The problem is that these 
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aspects cannot be found in the reported AIs (see Chapter 6), even in the case of a high-

quality database (e.g. Avinor’s database see Chapter 6) for these reasons. The taxonomy of 

contributory factors remains of limited use. Therefore, further analysis is needed to 

develop a bespoke taxonomy of the contributory factors by investigating how pilots plan, 

navigate and fly. 

In the literature, the analysis of the pilot’s performance is often based on 

observations in a simulated flight. Most participants are pilots of varying levels of 

experience, e.g. student pilots, pilots that have a VFR or IFR rating and flight instructors. 

Their sample size is relatively small due to the large amount of resources needed to design 

the simulation flight, collect and analyse the observations. For this reason, such simulation 

studies are designed to study a specific feature and their findings are difficult to 

generalise. In this thesis, the questions are more generic and thus, observations from 

simulation studies are not the most appropriate data. Alternatives can be surveys, e.g. in 

(Hunter et al., 2011; Wiggins, 2007; Hunter et al., 2003), focus groups and interviews of 

pilots, e.g. in (Michalski & Bearman, 2014). 

Interviews have the drawback of being time-consuming; however, one-to-one 

interviews allow for a detailed discussion on a particular topic that is vague to the 

researcher and ensures that the questions are answered in full when compared to a survey 

questionnaire. Such interviews are also suitable for the study of more generic questions. 

Focus groups are mostly conducted as feasibility studies and participants are gathered to 

discuss a subject in an unstructured manner in order to provide overall knowledge to the 

analysts. Interviews are rarely used in aviation safety particularly in GA (section 4.3.5). A 

recent study used one-to-one interviews with helicopter pilots that fly night-time offshore 

helicopter operations (Nascimento, 2014). This study successfully developed a taxonomy 

of contextual factors and hazards and thus, it can be concluded that interviews with GA 

pilots can help to identify the reasons that they infringe controlled airspace and explore 

how they select their flight route.  

 Interview design 7.2

The design of the interview includes its structure and the selection of participants. 

The findings of both the reported incidents in Chapter 6 and the literature review in 
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Chapter 4 are used to select the participants and to formulate the questions of the 

interview. 

7.2.1 Participants 

In the absence of statistics concerning GA demographics (section 4.2.5), a subset of 

the population of GA pilots is selected. Participants are selected based on six criteria: the 

country where they are based, the flying base, the purpose of flying, the aircraft type, the 

flying activity and language. The selection criteria are summarised in Table 30 and are 

discussed below.  

Table 30 Selection criteria of participants 

Criterion Selection choice 

Country that pilots are based • Finland, Norway and UK, three nations with major GA 
operations 

Flying base of pilots 
• 80% of participants are based in the capital city 
• 20% of participants are based in a location other than the 

capital city 

Purpose of flying 
• Primarily fly for private purposes 
• The private pilot’s licence was issued at least a month 

before the interview 

Aircraft type 
• 80% of the participants fly a fixed-wing motorised aircraft 
• 10% fly an ultralight aircraft  
• 10% fly a glider aircraft 

Flying activity of pilots 

• A VFR rating 
• The minimum total flying hours is 80 
• Participants are active in the last three months on the date 

of the interview unless they fly in country with non-flyable 
weather in winter 

• 40% of participants fly cross-country flights 
Pilot’s language • English 

 

The participants must be based in a country that has a problem with AIs and its 

aviation stakeholders collect incident reports. The most suitable countries would be those 

in which incident data have been previously analysed to identify the causes of AIs. 

Therefore, in this thesis, the participants are selected from Finland, Norway and the UK. It 

should be noted that, as shown in Chapter 6, these countries differ regarding the rationale 

of GA flying, the weather, terrain profile and airspace design. These differences should be 

considered in the analysis.  
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The participants should be ideally be based in airfields across the country. However, 

due to time and budget resource limitations, the flying base of the participants are selected 

based on the incident data used in Chapter 6. In particular, most AIs occurred in the 

airspace of the capitals of the countries and thus, the flying base of the majority of the 

participants should be in the region of the capital of the country. In order to compare 

airspace areas regarding the size of controlled airspace, a smaller number of participants 

whose flying base is in another location other than the capital are also selected. Hence, 

participants who are based in the capital city should comprise 80% of the sample and 

participants who are based elsewhere should comprise 20% of the sample.  

Given that GA is a diverse group, the purpose of flying and aircraft design should be 

defined. Participants must primarily fly for private purposes as defined in section 4.1.2. 

Pilots must have already been issued their private pilot’s licence at least a month prior the 

interview and thus, the minimum total flying hours will be 80. All the pilots must have a 

VFR rating. Pilots should have been active in the last three months on the date of the 

interview. However, for pilots who fly in in country with non-flyable weather in winter, 

this requirement can be relaxed. Whilst the total flying experience does not define 

expertise (section 4.3.1.2), pilots that also fly cross-country flights should be selected and 

represent at least 50% of the sample to allow comparisons to be made. 

Regarding aircraft design, the statistics of the incident data in Chapter 6 are used. In 

order to account for the limitations of the incident database to collect AIs that involve 

ultralight and glider aircraft (section 4.2.6), pilots that fly these two aircraft designs 

should be also interviewed. Whilst most AIs involved fixed-wing motorised aircraft, 80% 

of the participants will fly a fixed-wing aircraft, 10% will fly an ultralight aircraft and 10% 

will fly a glider aircraft. Given these proportions, the focus of this study is the fixed-wing 

aircraft pilots. The design of the cockpit is not a selection requirement given the variety of 

designs that would require a larger sample. 

Age, occupation and gender are also not selection criteria. The impact of age on a 

pilot’s performance is controversial in the literature and thus it does not justify age to be a 

selection criterion. Similarly, there is no evidence to select participants based on their 

gender and occupation. Furthermore, the involvement of the pilot in an AI is not 

mandatory given that interviews focus on the selection of the flight route as well. Finally, 

participants must speak English, which is the language the interview is conducted.  
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7.2.2 Interview questions 

The purpose of the interviews is to explore a GA pilot’s performance and its 

contribution to AIs. The interviews were designed in order to collect information about 

planning, navigation, seasonal flying activity and experience of AIs.  Hence, a formal, semi-

structured interview is designed. The interview begins with an introduction of its purpose 

and participants are assured of confidentiality. Participants are briefed that they could 

stop the interview at any time. Participants are asked to use maps to facilitate the 

interview. The interview consists of the following ten questions of standardised wording 

and sequence. 

1. Suppose that you want to fly from X (e.g. flying club of the participant) to Y and 
return to X. Could you please describe how are you going to decide the route and 
the departure times of your flight? Please give some essential details.  

2. Considering your description, what difficulties might you experience while flying 
this route and what do they mean for you? 

3. For the same flight, describe the available on-board equipment and how you will 
use it for this route. 

4. If we go back to your first flight at the beginning of the summer flying season, do 
you think you would have made the same decisions? When was this first flight? 

5. Now, let’s think of flyers in your flying club/peers. Do you think they will choose 
the same route as you and why? 

6. Can you recall any cases in which you were near to infringing controlled airspace 
or indeed infringed it or listened to other people’s similar experience? What 
happened? 

7. Can you recall any other specific episodes during the past year in flying and daily 
life? 

8. Have you been to any lecture/event about safety or changes of airspace design? 

9. Do you think that AIs have to be mitigated? If yes, what do you think can be done 
to avoid AIs involving GA flights? 

10. Do you have anything you would like to add, comment or suggest? 

The questions 1-3 are related to the planning of the flight and the pilots are expected 

to discuss the material that they use to plan the flight, the decisions that they make 

regarding flight route, radio communication, the utility of the planning in-flight and their 

navigation. In particulat, participants are expected to use the planning documents and 

devices that they have brought with them. In Question 2, they are asked about the 
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challenges involved in the flight route. The word “difficulties” has been deliberately 

selected over “dangers” or “risks” so that participants consider small, recurring aspects 

that affect the flight, e.g. bias of altimeter that is known to exist but cannot be entirely 

eliminated. In Question 3, a list of devices is expected. These three questions are open-

ended and probe questions are asked, such as “Will you consider the terrain features in 

your flight planning?”, “When did you stop using the paper maps?”.  

Question 4 aims to determine the annual flying activity and its impact on pilot’s 

performance. Prompt questions might be asked, e.g. “How many times do you fly per 

month?”, “When do you fly cross-country flights?” Question 5 aims to confirm that 

participants gave realistic responses to questions 1-3 by asking them to talk on about their 

peers. It is possible that new information might arise due to this response in the “third 

person”. This question is deliberately asked 5th in order so that the responses to questions 

1-2 do not influence the answer.  

Question 6 is a personal question to which the participants might be embarrassed to 

respond. Participants that do not wish to respond or respond negatively, are not obliged to 

respond. Participants that do respond should describe incidents experienced by them or 

their peers. Prompt questions are asked to clarify the events of the incident and to ensure 

that the recall of the incident is true. It is expected that contextual and contributory factors 

of AIs are found as well as proposed mitigation actions by pilots. Similarly, in question 7, 

pilots are expected to describe situations in which safety is violated. From this question, 

the risk management of the pilots can be studied as the perception of risk is compared 

between a flight and other tasks. The findings can be compared to those of questions 1-3 

regarding parameters that they considered in planning and their risk perception and 

tolerance. Again, this is a personal question.  

Question 8 aims to determine the means by which pilots maintain their knowledge 

of flying, e. g. reading magazines and online blogs and attending seminars. Finally, in 

question 9, pilots are asked to express their point of view regarding AIs and are asked to 

add, comment or suggest anything on the subjects discussed. At the end of the interview, 

participants are asked demographic questions, i.e. age, occupation, gender, aircraft type, 

total flying hours, recent flying hours, flying licence and flying base. 

In order to ensure the success of the interviews, the questionnaire was trailed with 

two pilots that met the selection criteria of the sample. The trial aimed to ensure that the 
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questions were unambiguous, to familiarise the interviewer and to estimate the length of 

the interview. During the trial, the need to ask prompt questions in Questions 1,2 and 6 

was determined and a list of potential prompt questions was prepared for the interviews. 

Questions interpreted as expected by both pilots. The estimate duration of the interview 

helped to schedule the interviews.  

 Analysis of Interviews 7.3

The phenomenological method is selected over ethnographic and grounded theory 

because it is suitable for studies that aim to better understand an activity or phenomenon, 

e.g. GA flying, with minimum research (Coyle, Lyons 2007). Ethnographic methods require 

the systematic observation of activities of participants and grounded theory builds a 

theory using a greater number of interviews, e.g. 50. The phenomenological method relies 

on the extraction of themes from interviews. Themes are features that capture aspects 

relevant to the research. Level 1 is the highest order theme and it consists of sub-themes, 

which are lower order themes. A level 2 theme is the sub-theme of a level 1 theme. The 

process of identifying themes is called “coding”.  

Coding is time-consuming. The coding can become faster when codes are selected 

wiser, e.g. very detailed as well as very generic codes are avoided. The coding naturally 

becomes faster after a few number of transcripts are analysed due to the familiarity of the 

analysts with the topic. Coding can be “messy” especially when is conducted with paper 

notes. For this reason, a software should be used. There are software that enable the visual 

representation of the codes and their links and revises codes instantly. Finally, codes 

should be labelled to ensure that its purpose and date of creation is clearly stated.  

Once the interviews are conducted, they are transcribed using the voice-records. 

The transcripts are analysed by the aircraft design and country due to their differences. 

The transcripts are firstly coded and then the codes are grouped to develop the themes 

and their sub-themes that will be the findings of the analysis. In particular, the analysis is 

conducted in six steps as shown in Figure 45.  
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Figure 45 Flowchart of the analysis of interviews 

 

Firstly, two randomly selected interview transcripts from each country are read to 

familiarise with the content. Secondly, for these transcripts, codes are created for 

meaningful text chunks. Thirdly, once the coding is completed, the codes are revised to 

remove duplicates, combine similar ones and group them into meaningful categories. 

Fourthly, the revised list of codes is used to code the remaining transcripts. Fifthly, once all 

the transcripts are coded, the revised list of codes is again revised. If the codes change, the 

transcripts are coded again and the above process is repeated. This process can be 
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repeated many times but it is expected that the coding list will be sufficient by the third or 

fourth iteration as by that time new codes will not appear. Finally, the codes are grouped 

in such a way that the themes and their sub-themes are developed. Again, the themes are 

revised to remove duplicated sub-themes and to combine similar sub-themes or themes.  

The analysis can be facilitated by analysing groups of responses to questions 1-4 and 

questions 6-7 together. The analysis follows the guidelines for the Publication of 

Qualitative Research Studies in Psychology and Related Fields (Elliott et al., 1999). For the 

analysis of the interviews, the qualitative data analysis and research software “ATLAS.ti” is 

used. Statistical analysis is not conducted due to the explorative purpose of these data.  

 Overview of the results 7.4

The results are presented in two parts as follows. In Chapter 7, the results regarding 

the manner by which pilots plan, navigate and fly are presented. In Chapter 8, the results 

of the participants’ response to question 6 about their experience of AIs are presented. 

Furthermore, in Chapter 8 the findings of Chapter 7 are studied further regarding their 

potential to contribute to AIs. At the end of Chapter 8, an extensive list of contributory 

factors to AIs is developed. In this section, the sample, the themes and the validation of the 

themes are presented.  

7.4.1 Sample characteristics 

Interviews were conducted in Helsinki, Oslo, London and Fareham between March 

2015 and November 2015. A convenient time for the face-to-face interview was arranged 

at their flying club and city where the participants were active. Participants were found in 

two ways as shown in Table 31. The length of the interview was approximately an hour. 

Table 31  Process of finding participants 

Process Finland Norway UK Details 

Contact with 
flying club and 
associations 

   

• British Women Pilot’s Association  
• Phoenix Aviation 
• Imperial College Gliding Club 
• Blackbushe flying club 

Contact through 
the ANSP or NAA    

• An employee of Trafi and Avinor contacted 
flying clubs 

• An employee of Trafi found participants that 
attended a safety event organised by Trafi in 
Helsinki 
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The sample consists of 27 GA recreational pilots and three flight instructors of GA 

pilots as shown in Table 32. The interviews with the pilots are only used in this thesis. The 

reason is that pilots described how they planned the flight and the technologies they used 

whereas flight instructors responded to the questions given what they observed on their 

students, most of which are trained for the private pilot’s licence. The sample consists of 

20 pilots that flew a fixed-wing motorised aircraft, three pilots that flew a glider and four 

pilots that flew an ultralight aircraft. Ultralight and glider pilots were difficult to find and 

thus, the minimum required number of these pilots was selected. In Norway, participants 

who were based in areas other than Oslo could not be found. Therefore, comparison based 

on the geographical location is not conducted for this country. In each country flight 

instructors were interviewed two of whom train pilots of fixed-wing motorised aircraft 

and one trains pilots of ultralight aircraft. 

Table 32 Sample size per country, flight base and aircraft design 

Criterion 
Fixed-wing 
motorised 

aircraft 

Glider 
aircraft 

Ultralight 
aircraft Total 

Country     
Finland (Helsinki) 6 1 1 10 

Finland (Southern Finland) 2 
   

Norway (Oslo) 5 1 1 7 
United Kingdom (Greater London) 5 1 2 10 

United Kingdom (South England) 2 
   

Total 20 3 4 27 
Total flying hours* 505.5 (1310.7) 500 (822.7) 100 (35) N/A 
Flying hours in the last three months* 14.5 (24.3) 8 (24) 11 (1.5) N/A 
Number of pilots who also flew cross-

country flights 17 1 0 N/A 

*mean (standard deviation), N/A: not applicable 

Fixed-wing motorised aircraft pilots’ flight bases were as follows: five in London, 

two in the southern English coast, five in Oslo, six in Helsinki and two in south Finland. As 

of the day of the interview, fixed-wing motorised aircraft pilots flew between 100 and 

6000 hours in total, with a mean total flying hours of 505.5 hours. In the last 90 days from 

the day of the interview, pilots flew between 3 and 100 hours, with mean 14.5 hours. 

Regarding the length of flight, 17 pilots flew cross-country flights as well as local flights. 

Two Finnish pilots departed from uncontrolled airfields. Participants were aged between 
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19 and 74 years old, with a mean age of 51. Males accounted for 16 out of 20 participants. 

The participants had varied occupation, e.g. engineers, consultants. 

Glider pilots were based in the capital cities. The Finnish pilot departed from an 

uncontrolled airfield. Participants flew between 125 and 1700 hours in total, with mean 

total flying hours 500 hours. In the last 90 days from the day of the interview, pilots flew 

between 0 and 45 hours, with a mean of 8 hours. Pilots flew both local and cross-country 

flights but cross-country flights by gliders are shorter than those by fix-wing aircraft. 

Participants were aged between 22 and 54 years old, with a mean age of 50. All 

participants were male with diverse occupations.  

Ultralight pilots were based in the capitals of the countries. Ultralight participants 

flew between 55 and 130 hours in total, with mean total flying hours 100 hours. In the last 

90 days from the day of the interview, ultralight pilots flew between 10 and 13 hours, with 

a mean of 11 hours. Pilots mostly flew local flights and two pilots departed from an 

uncontrolled airfield. The participants were aged between 43 and 53 years old, with a 

mean age of 50. All the participants were male with varied occupations.  

7.4.2 Themes 

The resulting themes of level 1 and 2 are shown in Table 33. Regarding AIs, the 

findings were difficult to present in themes and thus, they are presented as a list of 

contextual and contributory factors. The results are presented separately for each aircraft 

design and the differences between the countries are discussed in each theme where 

relevant. Quotes from the transcripts are used to support the themes and sub-themes and 

are referred in the text in ascending order. The pilot from whom the quote was extracted 

is presented using the letters F (pilots based in Finland), N (pilots based in Norway) and 

UK (pilots based in the UK) followed by a number so that the pilot’s identity is not 

revealed. For example, Q1 UK4 refers to Quote Q1 that was found in the interview with the 

number 4 pilot who was based in the UK. The quotes are listed in Appendix XV. 
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Table 33 Description of level 1 and level 2 themes 

Number Theme Description 

1 Level 1: Planning 
strategies 

Describes the manner in which pilots conduct the flight 
planning of the route as described in the interview. 

1.1 Level 2: Purpose of the 
planning 

Describes the reasons that pilots plan the flight and 
describes the relative time that the planning starts in 
relation to the take-off time. 

1.2 Level 2: Material used 
for flight planning 

Describes the devices, maps and other documents that the 
pilots use for the flight planning. 

1.3 Level 2: Planning 
methods 

Outlines a series of steps that the pilot follows in order to 
accomplish the flight route planning. 

2 
Level 1: Planning - 
Aspects that pilots 

study 

Describes the aspects that the pilots referred to in their 
response to Questions 1-2 in the interview. 

2.1 Level 2: Weather Consists of the weather parameters that pilots studied and 
the quality of the weather data. 

2.2 Level 2: Airspace 
design 

Consists of five aspects that the pilot studied in relation to 
airspace design. The aspects relate to the geometry and 
size of both controlled and uncontrolled airspace, the 
proximity of controlled airspace at departure/arrival 
airports and the traffic density and traffic diversity along 
the route. 

2.3 Level 2: NOTAMs Describes whether the pilot read the NOTAM. 

2.4 Level 2: Radio 
communication 

Describes that the pilot considered the radio 
communications in the flight planning. 

2.5 Level 2: ATC service 

Describes whether the pilot considered the ATC service in 
the flight planning. In particular, the pilot considered the 
ATC procedures in specific airspace areas and the 
uncertainty of receiving a clearance. 

2.6 Level 2: Landmarks Describes the types of landmarks that the pilots used 
including the best selection of landmarks. 

2.7 Level 2: Airfield 
procedures 

Describes the runway design and landing procedures of 
the arrival airfield. 

2.8 Level 2: Emergency 
landing 

Describes whether the pilot considered the emergency 
landing in the flight planning. 

2.9 Level 2: Familiarity of 
the area 

Describes whether the pilot identified the familiarity of the 
area and its impact on flight planning. 

3 
Level 1: Risk 

management of pilots 
in planning 

Describes the risk perception and risk tolerance of the 
pilots. 

3.1 
Level 2: Risk 

management of 
weather 

Describes aspects of the weather that the pilot perceived 
risky and/or was tolerant to fly. 

3.2 

Level 2: Risk 
management of 

sharing airspace with 
diverse VFR traffic 

Describes the risk perception and tolerance of the pilots in 
relation to the GA traffic in the area that they will fly. 

3.3 Level 2: Risk Describes the risk involved in flights in unfamiliar areas 
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Number Theme Description 
management of flight 

in unfamiliar area 

3.4 
Level 2: Risk 

management of a 
collision in general 

Describes the risk involved in flying in general. 

3.5 Level 3: Risk priority – 
radio communications 

Describes the importance of being on the radio and the 
problems engaged if the pilot is not listening to the radio. 

3.6 Level 3: Risk priority – 
aircraft control 

Describes the importance of maintaining the aircraft 
control to ensure a safe flying. 

4 
Level 1: Influence of 

emergent technologies 
on flight planning 

Describes the benefits gained from the use of the emergent 
technologies on flight planning as well as the dangers of 
degrading the pilot’s performance 

5 

Level 1: FB - Flight 
route decision to fly in 
uncontrolled airspace 
and near the boundary 

Determines the flight route decision of the pilot to plan the 
route in uncontrolled airspace near controlled airspace. 

5.1 
Level 2: Pilots 

deliberate plan the FB 
route 

Establishes that the pilots intentionally plan the route in 
such proximity to controlled airspace 

5.2 
Level 2: Factors that 

influence the FB 
decision 

Describes the factors that influence the pilot’s flight route 
decision, e.g. the departure airfield near dense controlled 
airspace. This sub-theme excludes the factors related to the 
risk perception and tolerance. 

5.3 
Level 2: The risk 

management of the FB 
decision 

Describes the pilot’s risk perception and risk tolerance of 
infringing controlled airspace. It also describes measures 
to prevent an AI. 

6 Level 1: Impact of 
navigation on flying 

Reflects the relationship between the navigation and the 
planning and flying. 

6.1 Level 2: Material and 
devices 

Determines the format of the maps, i.e. paper or digital 
maps and the navigation methods  

6.2 Level 2: Landmark 
choice 

Determines the impact of the navigation technologies on 
the selection of the landmarks in flight planning. 

6.3 Level 2: Limitations Describes potential limitations of the navigation material 
and devices. 

7 Level 1: Impact of 
flying activity on flying 

Describes the flying activity of the pilots regarding the 
number of pilots-in-command in the flights and the 
monthly flying activity. 

7.4.3 Validation 

The results were validated by a SME, who had ten years of experience in aviation 

safety and interview analysis. The SME was provided with the themes at level 1 and 2 and 

was requested to assign the theme for 100 quotes. In the first stage, the description of the 

themes was not provided and the agreement was at 68%, which was below the minimum 

expected rate of agreement, i.e. 85%. The minimum expected rate of agreement was set as 
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such for the reason that the SME was unfamiliar with the GA operations whilst was 

familiar with the method used. In the second stage, the SME re-assigned the themes for 

each quote whilst the SME was provided with the description of the themes. At this stage, 

the agreement was 90%, and thus, the themes were successfully validated. The 

suggestions for changing the name of two sub-themes were incorporated. 

Pilots of fixed-wing motorised aircraft 7.5

In this section, fixed-wing motorised aircraft pilots are also called “pilots”. The 

structure of this section is outlined in Figure 46. 

 

Figure 46 Outline of section 7.5 

7.5.1 Planning strategies 

The aims of the flight planning differ among pilots, flights and material they use. For 

example, the pilot decides as to whether the weather is suitable for the flight and 

estimates the flight duration and fuel consumption. Pilots can start planning at different 

time points in relation to their take-off time as follows: 

1. Planning starts the evening before the planned departure day; 

2. Planning starts just prior to take-off; 

3. Planning starts when the pilot is already on the aircraft; 

4. Planning is not done and pilots might do a few calculations or use a previous flight 

plan; 

5. Planning while airborne given that planning was completed before take-off.  
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These planning strategies are referred to as Type 1 to 5 respectively. Type 1 flight 

planning strategy was used by 10 pilots (1 N, 3 F, 6 UK). Planning often starts the evening 

before the planned departure day. Pilots decide as to whether the flight will be conducted 

with the weather being the prime concern. If the chances of flying are high, the route is 

initially planned so that on the flight day, the details of the route are finalised. As the flight 

day approaches, the time of the window for departure is defined and the destination is 

confirmed whilst the flight route is almost finalised. The material the pilots use can be 

both paper and digital to plan the flight and thus, for the type 1 flight planning the type of 

material is irrelevant. With such advanced planning, pilots become familiar with the route, 

potentially reducing the tasks in-flight. Furthermore, pilots can find peers with whom they 

can fly together and book an aircraft, if they are members of a flying club.  

Type 2 flight planning is conducted just prior to take-off. Pilots have already decided 

the destination and the departure time and, at this time, the pilot decides the route. This 

strategy was only used by two pilots and both pilots used modern planning tools (1 N, 1 F) 

who were familiar with the area. It can be concluded that pilots who are familiar with the 

area may shift from Type 1 to Type 2 flight strategy.  

Type 3 flight planning describes the situation where the pilots decide the route 

when they are already on the aircraft. The pilots has probably already decided the 

destination and assessed the weather. This planning strategy was observed in two pilots 

(2 N) who both used modern planning tools. The difference between the Type 2 and Type 

3 strategies is that in the latter the pilot definitely pursues the flight. This strategy is 

believed to be used by pilots who are more experienced or familiar with the area or by 

pilots that fly for personal purposes. 

Type 4 flight planning describes two situations:  the pilot uses a previous flight plan, 

does only a few calculations, i.e. wind, and, the pilot does not plan the flight at all. It was 

used by four pilots (2 N and 2 F). What these pilots had in common is that they were 

familiar with the area especially for a local flight (F10, F4), they were experienced (long 

flying hours of local and cross-country flights) and used modern planning technologies 

(N3, N5). Hence, the technologies enable pilots to use previous flight plans by making 

minor alternations, mostly due to the weather. Type 4 strategy completely differs from the 

recommended planning procedure; however, it is a reasonable reaction for pilots that 
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repeatedly fly this route and use modern planning tools that can store previous flight 

routes.  

Type 5 flight planning is conducted in-flight and aims to divert the planned flight 

route due to new information (e.g. weather, a clearance’s rejection). It is possible that 

emerging planning technologies can enable pilots to change the flight planning in-flight 

quickly and thus, pilots may prefer to make such a decision in-flight instead of pre-flight. 

The exact number of participants that use this strategy could not be defined. 

In summary, the shift from the traditional flight planning, i.e. Type 1, to the other 

strategies can be used as evidence that Type 1 is not optimal. Indeed, as the pilots stated, it 

is time-consuming and involves a lot of uncertainty originating from inaccurate weather 

data. Therefore, pilots use apps that reduce the effort needed from the pilot for planning. 

This quick planning encourages pilots to start planning a day before or even on the day of 

the flight. Furthermore, it has been identified that flight routes or certain flight legs might 

be familiar to the pilot in that pilots do not need to study all the aspects for every leg on 

that route. Again, emerging technologies contribute to this change as they offer the use of 

previous flight routes. The key features of the five planning strategies are summarised in 

Table 34. 

Table 34 Outline of planning strategies of fixed-wing motorised aircraft pilots 

Planning 
strategy Description Key features Material 

1 
Starts the evening 
before the planned 
departure day 

• Pilots decide as to whether the flight would 
be conducted Pilots become familiar with the 
route. 

• Pilots can find peers to fly together and book 
an aircraft, if they are members in a flying 
club. 

Paper or 
digital 

2 Starts just prior to 
take-off  

• Pilots have already decided the destination 
and the departure time 

• Pilots select the route 
Digital 

3 Starts when pilots are 
already on the aircraft 

• Pilots have already decided the destination 
and assessed the weather 

• Pilots select the route 
• Pilots that are more experience or familiar 

with the area or pilots that fly for personal 
purposes 

Digital 

4 

Pilots use a similar 
flight plan, only make 
a few calculations or 
do not plan the flight 

• Pilots are familiar with the area especially in 
a local flight and are experienced  Digital 
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5 Pilots make decision 
in-flight 

• Pilots divert the planned flight route due to 
new information Digital 

For Types 1-3 strategies, pilots follow a series of steps to decide the route; however, 

a consistent order was difficult to identify. Overall, once pilots know the origin and 

destination of the flight, they study the flight path in that they plot a direct straight line 

between origin and destination that further distinguishes the flight into legs as shown in 

Figure 47. The legs of the flight are specified by a combination of factors such as flight 

phase, topography, landmarks, radio communication, waypoints and controlled airspace. 

Afterwards, pilots study the altitude and compare it with the safety minimum altitude 

indicated in paper charts, terrain elevation and obstacle, and their personal minimum. 

Then they calculate the aircraft’s headings for each leg of the flight based on the weather. 

These calculations are made automatically by the planning app. This approach was 

observed in pilots who used either paper or digital documents.  
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Figure 47 Flight route planning – legs of the flight 

7.5.2 Aspects that pilots study in planning 

The aspects that pilots study to select their flight route are shown in Figure 48. 

Weather and airspace design were studied by the majority of the pilots.  
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Figure 48 Parameters that fixed-wing motorised aircraft pilots study in planning 

7.5.2.1 Weather 
Weather was studied by 18 pilots. Only two pilots (F2 and F5) did not mention 

particular aspects of weather in the interview questions 1-2. A possible explanation can be 

that these pilots had already defined their personal minima of weather so that they avoid 

weather conditions that would cause problems for handling the aircraft. For example, the 

pilot F2 described an experience that he wanted to fly a “challenging landing into wind”, 

which is a landing that the pilot’s peers often did as he had no prior experience of this. 

Similar to the pilot F2, pilots were young and had recently obtained their licence and this 

highlights the influence of the total flying hours. 

Weather is important for two reasons. Firstly, it might be the reason that either a 

flight is not conducted or the flight route is changed in-flight, i.e. flight path, length and 

destination of the flight changes to accommodate the predicted weather conditions. In that 

aspect, it is worth noting that UK pilots often stated that weather can often be inadequate 

for flying and that a two-day weather forecast is not always accurate. Secondly, weather 

may not only be accurate but also likely to be variable. Some pilots study the weather at 
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departure and arrival airfields, and mid-way between them and modify the aircraft 

heading and subsequently change the expected arrival times (Q 1 UK4; Q 2 F6). However, 

it is unclear whether all the pilots apply this technique. For example, the pilot UK6 

experienced a situation in which he rushed to depart for the return flight due to the storm 

arriving earlier than forecast.  

7.5.2.1.1 Weather parameters 

The weather parameters that the pilots study are wind, cloud, visibility, 

temperature, precipitation and thermals (Q 3 N3; Q 4 UK1) as shown in Table 35. Weather 

is affected by topography and season, e.g. seaside, in-land, mountains.  

Table 35 Weather parameters studied by fixed-wing motorised aircraft pilots 

Weather 
parameter Description 

Wind 
The problem that pilots had is that they were unaware of the exact wind speed 
and direction between the airports. The speed and direction are influenced by 
the terrain profile (e.g. coast and mountains), flying altitude (Q 5 N6), season, etc. 
Wind can change aircraft heading and pilots correct it at the planning stage. 

Cloud 
Cloud ceiling is important for VFR pilots because they have to fly below the cloud 
ceiling in order to navigate using visual references on the ground. The different 
types of clouds can be used to understand the weather conditions pre-flight and 
in-flight.  

Visibility Visibility is difficult to predict and changes locally. It is generally better in winter 
due to the low levels of humidity. 

Temperature 
High temperature, e.g. over 20 degrees Celsius, means that the pilot will feel 
uncomfortable on the aircraft and that thermals will form. Low temperature, e.g. 
below 5 degrees Celsius, means that the pilot will freeze on the aircraft and ice 
might form on the aircraft. 

Precipitation Precipitation reduces visibility and can add additional forces to the aircraft. 

Thermals 

The location of thermals cannot be predicted. Thermals can cause unnoticed up 
drifts and can contribute to loss of aircraft control. Pilots change altitude or 
location to avoid the thermals. For example, the pilot F9 said that in summer he 
wants to fly higher than 2000ft to avoid bumping weather due to thermals (Q 6 
F9).   

Another aspect of weather as equally important as the individual weather 

parameters is the diversity of weather in a cross-country and international flights. It was 

mentioned by three Norwegian pilots, who flew a cross-country flight and two Finnish 

pilots. This limitation was overcome by modifying the flight route. For example, on flights 

from Oslo to Bergen in Norway, the weather is different in the Oslo region, then the 

midlands (between Oslo and west coast) and then at the west coast due to the terrain 
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features and the coast (Q 7). This diversity of weather was known to the pilots and they 

perceived it to be “common knowledge” that should be known by local pilots. Another 

example of “common knowledge” is thunderstorms in the Helsinki region in summer. Such 

thunderstorms move quickly and thus, pilots should wait for the thunderstorm to pass 

prior to departing (F2).  

7.5.2.1.2 Quality of weather data 

The weather data were described as unreliable because they are not published in 

real-time and are static as they do not provide information at the points between 

aerodromes (Q 9 UK2; Q 10 N3). Subsequently, a pilot’s decisions could be less accurate 

than desired.  Weather data, i.e. meteorological aviation (METAR) and terminal aerodrome 

forecast (TAF) reports, are also coded. Graphical weather apps have emerged in recent 

years and some of these can provide real-time information. However, they need to be 

purchased whereas the traditional weather data are often free (Q 10 N3). Meanwhile, in 

order to overcome the poor weather data, in flight the pilots either call the ATS to obtain a 

weather update or upload the weather report using the internet. The latter requires good 

internet connection, which currently is not provided in all the areas. The former is 

influenced by the frequency with which the weather reports are updated and this 

frequency differs between countries (Q 12 F6; Q 11 F2).   

7.5.2.1.3 Risk management of weather 

Weather was perceived as a challenge by 15 out of 20 pilots based on their response 

to the second question of the interview. Those pilots who did not perceive it to be a 

challenge had more conservative personal minima of non-flyable weather. For example, 

the pilot F11 clearly stated that if the weather was inadequate for flying, he would have 

not departed. Weather is perceived to be a challenge because pilots are never certain of 

the actual weather conditions as discussed earlier, e.g. bad weather can arrive earlier than 

expected. Furthermore, the weather might be slightly different from that predicted but 

enough to affect the route as it happens with the wind speed and direction. These can 

change the aircraft’s heading, which may be noticed late.  

Among the weather parameters that the pilots perceived to be risky are: cloud 

ceiling, visibility and wind as well as deteriorating weather for the reasons outlined below.  

From all the weather parameters, it seems that pilots were less tolerant of flying at 

low cloud ceiling and poor visibility compared to the wind (Q 56 N5). For example, in a 
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flight from Oslo to Bergen the pilot N5 did not wish to be surrounded by clouds over 

mountains and thus, the pilot diverted the route to fly longer over the coastline than over a 

mountainous area. Regarding wind, although pilots know that the weather forecast of 

wind is inaccurate, they plan their route based on it by correcting the aircraft’s heading. 

Some pilots tolerate flying in stronger winds compared to others while for some pilots the 

personal minimum of flying in wind can be more conservative. For example, the pilot F2 

perceived certain weather conditions to be bad for him whereas for pilots with more 

experience such weather conditions were not perceived to be bad weather. Finally, 

thermals formed in warm weather can shift the aircraft from the planned route.  

The potential of deteriorating weather is also perceived to be a challenge (Q 57 F7, Q 

58 UK1, Q 59 F6). There were pilots who experienced a deteriorating weather during their 

flying or weather that differed from that forecast (F6). It was unclear in the interviews 

whether the pilots considered deteriorating weather in the flight planning. However, 

pilots who are concerned about the weather monitor changes and the position of the 

aircraft as frequently as possible, especially cross-country and international flights where 

weather can significantly change towards the final leg of the flight.  

Bad weather can be a challenge if weather conditions are beyond a pilot’s abilities. 

However, bad weather was perceived differently between the participants and it did not 

specifically refer to adverse weather. Bad weather can be windy or bumpy (UK4).  The 

different perceptions of bad weather also reflect the different risk tolerance of pilots and 

two types of pilots were identified.  

The first type represents the pilots who are tolerant to flying in bad weather either 

for the return flight or when approaching the destination. There were five such pilots that 

described a situation in which they pursed the flight because they felt pressure to return 

to the aerodrome. This was because of the following situations: they had to be back at 

their hometown to go to work the following day (Q 60 UK6), return the aircraft to the 

flying club so that other pilots could use it (UK1) or return due to low fuel reserves (Q 61 

F10, UK6).  

The second type represents those pilots who were not will to fly in bad weather. 

Nine out of 20 pilots said that they would not fly if the weather on departure was bad 

(UK1, and the two young pilots). However, if the weather was bad en-route, they would 

change the destination. Such a decision was made both pre-flight and in-flight (UK4).  
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7.5.2.2 Airspace design 
Similar to weather, airspace design was studied by almost all pilots. Two pilots (N2, 

F10) did not talk in detail about airspace in Questions 1 and 2 of the interview because the 

pilot N2 planned the route through controlled airspace (he often flew in controlled 

airspace) and the pilot F10 departed from his private strip and flew away from controlled 

airspace. The airspace design features are outlined in Figure 49 and are the following: 

1. Uncontrolled/Controlled airspace; 

2. Proximity of controlled airspace at departure/arrival airports; 

3. Location and shape of controlled airspace; 

4. Adjacent controlled airspace areas; 

5. Traffic density and traffic diversity. 

 

Figure 49 Features of airspace design studied in planning by fixed-wing motorised aircraft pilots 

 

7.5.2.2.1 Uncontrolled/Controlled airspace 

In flight planning, the pilot has to decide as to whether the aircraft will fly into 

controlled airspace. This decision differs between pilots and between flights. There are 

pilots who prefer to communicate with the ATCO and thus, they plan to fly in controlled 

airspace. Others want to fly in uncontrolled airspace for a range of reasons. In particular, 

11 out of 20 pilots planned their flight in uncontrolled airspace. Pilots believe that have no 
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benefit from flying in controlled airspace (Q 94 UK6). Other pilots want to minimise 

ground-air communications because of their personal preference (Q 95 F11) or the 

potential increase of the pilot’s workload (Q 96 UK4, Q 97 N6, Q 98 N2). Others believe 

that they are less likely to be issued a clearance in controlled airspace. On the other hand, 

nine out of 20 pilots planned at least a leg of the flight in controlled airspace for the three 

reasons outlined below. 

Firstly, flying in controlled airspace can improve pilot’s traffic awareness because 

the traffic is managed by the ATCO.  ATCO effectively act as another pair of eyes 

monitoring traffic in the sector from the radar screen and can intervene when safety is 

violated (Q 89 UK5). ATCOs might also provide traffic information of VFR flights 

depending on the airspace class and this information can reduce pilot’s workload (UK5). 

Therefore, the pilot feels that there is less likely to be in a conflict in controlled airspace. 

This statement shows the difficulty of flying in uncontrolled airspace. Furthermore, flying 

in a particular controlled airspace class means that aircraft that are not equipped with the 

minimum required devices and are difficult to see, such as ultralight aircraft, do not fly in 

these areas and thus the pilot spends less time looking for such traffic (Q 90 N4).  

Secondly, some pilots want to fly a direct route and at an altitude that is the best for 

the performance of the aircraft and be safe for the flight (Q 92 N3). Therefore, airspace 

with a varied profile of the lower boundary and low lower boundary will result in a step 

flight. Furthermore, a direct route can reduce fuel consumption, travel time and workload 

(Q 91 F5). These benefits can also be achieved by flying at a certain altitude at which 

aircraft performance is best and that is in controlled airspace (Q 92 N2, Q 91 F5). Long 

distance flights might be planned to fly through controlled airspace for this reason.  

Thirdly, pilots that file a FPL call the ATS to activate it (N4). Whilst the pilots call 

ATS, they use this opportunity to request to fly in controlled airspace. Furthermore, pilots 

might want an official person to be aware of their flight in the event of an emergency.  

7.5.2.2.2 Proximity of controlled airspace at departure/arrival aerodrome 

The proximity of controlled airspace at the departure/arrival aerodrome affects the 

pilot’s route decision in three ways. Firstly, pilots that wish to fly in uncontrolled airspace, 

plan their flight outside controlled airspace (F4, UK7). Secondly, pilots that wish to fly in 

controlled airspace where a clearance is unlikely to receive, e.g. London and Oslo TMA, 

plan the route outside controlled airspace (Q 13 N4) (N5, UK1, UK2, UK3). Thirdly, pilots 
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that wish to fly in controlled airspace but are in a dilemma, they plan the flight through or 

around that controlled airspace (Q 14 F5) and decide based on the chances to receive a 

clearance, the preferred altitude compared to the lower boundary and alternative routes. 

 

Figure 50 Distance of a general aviation aircraft from controlled airspace 

7.5.2.2.3 Location and shape of controlled airspace 

Pilots, who wish to fly in uncontrolled airspace, divert the route to fly around 

controlled airspace, ATZs or danger areas that are along the planned route (Q 24 UK5, Q 

25 UK5) as shown in Figure 51. For example, in Finland, pilots fly around danger areas 

that are located over the Finnish Gulf between Finland and Estonia (Q 108 F5). This 

uncontrolled airspace was characterised as narrow and pilots found it easier to navigate 

with GPS in that area. Pilots also described situations where the ATCO informed them of 

this small airspace area proactively. It is also common that pilots fly around controlled 

airspace, such as the CTRs of key commercial airports, e.g. Helsinki Vantaa and London’s 

airports (Q 27 F11). Pilots, who depart near such airports, fly around the CTR whereas 

pilots who depart from other locations fly around other larger controlled airspace areas of 

the airport, i.e. Helsinki TMAs. Finally, pilots fly around ATZs to avoid the traffic in the 

area.  
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Figure 51 Diversion of the flight route to fly around an ATZ or TMA 

Flying becomes more complicated in the airspace over the capital city because it is 

heavily controlled and traffic volumes are higher than elsewhere. It is possible that in 

these areas, the uncontrolled airspace formed by controlled airspace of the airports is 

narrow and that the maximum altitude is lower than the optimum altitude of GA traffic. In 

such areas, pilots found it difficult to fly safely because they were cautious to keep the 

aircraft heading while remaining in uncontrolled airspace and maintaining a safe distance 

from surrounding aircraft. Such inadequate airspace areas are called “small uncontrolled 

airspace areas” in this thesis. An example of such a situation is the uncontrolled airspace 

formed by the controlled airspace of the airports of Stansted and Luton airspace (Q 26 

UK1, other pilots UK2, UK3, UK5, UK7). As a comparison, pilots, who flew in the south of 

England whose uncontrolled airspace is larger, were not concerned with controlled 

airspace. 

It must be noted that in Norway, pilots did not study the vertical boundaries of 

controlled airspace probably due to airspace design. The base airfield was located at ENKJ 

airfield and thus, pilots fly away from Gardermoen (ENGM) CTR, and do not fly through 

the small uncontrolled airspace formed by the Torp (ENTO) and Rygge (ENRY) CTRs and, 

they do not fly above the city centre. However, there was a pilot that changed the planned 

route of the flight towards Sweden so that the aircraft flew around a CTR of a key airport 

in Sweden.  
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The altitude of the lower boundary of controlled airspace was also studied by 17 

pilots. This was compared with the ground altitude (Q 28 N3; Q 29 F4), the pilot’s 

preferred altitude and the safe altitude given aircraft performance, emergency landings 

and the lower boundary profile (Q 30 UK4; Q 31 N6). For 12 pilots, the lower boundary 

was inadequate because it resulted in a small uncontrolled airspace and they were flying 

at low altitude. The latter can result in a short gliding distance (Q 110 F2). It can also make 

flying difficult because pilots might prefer a certain altitude to better identify visually the 

landmarks or for better aircraft performance due to weather (Q 111 UK4). At higher 

altitudes, pilots can also benefit from the wind to save travel time and fuel consumption (Q 

112 N6). Pilots who did not study the lower boundary are those that either planned to fly 

in controlled airspace (N2) or flew away from controlled airspace (F10, UK6).  

Finally, high terrain elevation and high obstacles can form a small area of 

uncontrolled airspace. For example, in Helsinki, there are two areas whose lower 

boundary is the same. However, the terrain profile differs in such a way that in the area 

with the tall buildings, the size of the uncontrolled airspace is utterly inadequate for VFR 

flying. Another example is the area over Oslo (Q 109 F2). Hence, in an emergency landing, 

the aircraft would land either in residential areas or a forest. According to the interviews, 

such small uncontrolled airspace is located in the area between London Stansted and 

London Luton and London TMA, below Helsinki TMA (Q 15 F5), below Oslo and Farris 

TMA (Q 16 N3) and between the danger areas over Gulf of Finland (Q 17 F2). 

7.5.2.2.4 Adjacent controlled airspace areas 

 Given that airspace has increasingly become controlled it is possible that a 

controlled airspace area is adjacent to another controlled airspace area. If the pilot wishes 

to fly in these two adjacent controlled airspace areas, the pilot has to contact more than 

one ATS unit in a short period of time. For example, for a flight from east to west with 

destination Bergen airport, the pilot firstly calls ATC 1 TMA, and then the pilot calls the 

ATCO to fly into the CTR for landing. In Helsinki, Finland, for a flight that departs from 

Malmi airport, the pilot calls Malmi Tower for a take-off clearance and flies into the CTR 

(when the Tower is open) and then the pilot requests clearance to fly in Helsinki TMA. 

Therefore, pilots have to change radio frequencies and establish radio communication 

frequently in a short durations (less than 10 minutes) (Q 18 F6; Q 19 N4).  
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7.5.2.2.5 Traffic density and diversity 

Traffic density and traffic diversity can influence the flight route. On days with good 

weather, especially at weekends, pilots expected a high volume of GA traffic along their 

chosen flight route especially near the airfields (Q 20 UK2) and at VFR waypoints. The 

latter was raised by the Finnish pilots. Pilots also expected both glider and ultralight 

aircraft in certain areas (N4) and sometimes military helicopter in Finland (Q 21 F2). In 

London, pilots can see commercial heavy aircraft near them (UK3).  Pilots may want to 

divert their planned route to avoid dense airspace or airspace areas with diverse traffic, 

e.g. a gliding area. However, such diversions are rarely possible and thus, pilots have to 

pursue the initial planned route (in dense areas with diverse traffic design) but they 

remain vigilant for traffic (Q 22 N6).  

The impact of the traffic density on the uncontrolled airspace near the departure 

airfield is further evident in the selection of the route during the first leg of the flight. 

Pilots who departed from airfields in London planned the first leg of the route near 

controlled airspace. On the other hand, the pilots who departed from South England, 

planned the first leg away from controlled airspace. In the former situation, pilots 

identified the dangers regarding flight in dense VFR traffic areas. However, this danger 

was not expressed by the pilots from South England (Q 23).  

7.5.2.3 Notice to Airmen (NOTAM) 
In flight planning, nine out of 20 pilots studied the NOTAM to find temporal airspace 

restrictions or changes that could affect the route, e.g. military activity, closure of airspace 

or gliding activity (Q 53 N2). NOTAMs are available online but flight planning apps can 

also provide them.  

7.5.2.4 Landmarks 
Almost all pilots studied landmarks in order to distinguish the legs of the flight, to 

identify aircraft’s position airborne, and subsequently to navigate. For flights over land, 

terrain features were mentioned by 10 pilots and include elevation, obstacles, landmarks 

and landscape (e.g. winter white landscape). Obstacles on the ground were mentioned by 

five pilots (Q 47 F2, Q 48 N4) and were either permanent and were shown on the map, e.g. 

tall buildings, or temporal and are presented in NOTAMs, e.g. a crane. For flights over the 

sea (Q 49 N2, Q 50 N4, F5, Q 51 F6, Q 52 F9), flight planning differs as pilots probably rely 

on navigation tools, such as the GPS, due to the absence of landmarks.  
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The selection of landmarks was similar between the three countries. Landmarks 

were selected so that they were unique, e.g. lakes, rivers (N4), distinctive buildings, e.g. a 

factory or a plant, airports (F2, F4, N6), fjords (N5) and motorways. Landmarks such as 

towns, roads and valleys can be confusing (UK4, UK7, N6) because they look similar. 

Consequently, pilots benefit from selecting a combination of landmarks in the same area 

so as to minimise the misidentification of aircraft position. The selection of landmarks also 

differed given the familiarity of the pilots with the area. Navigation in a familiar area was 

described to be easier because the pilots knew what to expect to see. For most of the 

pilots, navigating in an area in which they often flew or live is easier than an unfamiliar 

area. Finally, the selection of landmarks can also be influenced by the navigation material. 

The use of GPS can result in less reporting points in flight planning (N2).  

However, the pilots stated that they can always misidentify a landmark in-flight or 

not see the landmark at all for a range of reasons, e.g. terrain colours differ between 

seasons. In particular, in winter the pilot may be momentarily blinded by the low sun, 

especially during take-off and landing. When it snows, everything is white and landmarks 

are difficult to see. On the other hand, in summer the visibility is lower due to the 

humidity. The transition from one season to another also changes the colours of the fields 

and pilots that fly infrequently, may find it difficult to see the landmarks. Terrain colours 

are also affected by the cloud ceiling and the position of the sun, e.g. morning and noon, 

sunny and cloudy day. Furthermore, landmarks look different from different altitudes (Q 

101 UK4). Finally, landmarks look different from the air and pilots need time to associate 

the actual size of visual landmarks, e.g. town with that shown on the map. Pilots need to 

train to see the landmarks as given (Q 100 UK4). 

7.5.2.5 Radio communication 
Only 10 pilots provided details, such as frequencies, ground-air communication, and 

the script of pilot-ATCO dialogues. What is interesting is that all pilots who flew in the UK 

mentioned the radio. Pilots wanted to know the radio frequencies and the communication 

procedures in the areas in which they would fly, especially at the departure and arrival 

airports. In familiar areas, pilots are aware of such procedures and do not have to look for 

further information. For example, in Finland, pilots, who departed from Malmi, call Malmi 

Aerodrome Control Tower for both take-off and CTR clearance, if the Tower is open. 
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Hence, the pilot does not call the Approach control service at Vantaa (Q 43 F2). Given the 

opening hours, the pilots fly at a different altitude. 

Pilots may also have to decide to which radio frequency to tune in, i.e. the pilot flies 

in uncontrolled airspace but near controlled airspace (Q 45 UK4). A wrong selection can 

have severe consequences in that the pilot is not contactable by the ATCO in a safety 

critical situation (Q 77 N6). In cross-country flights, pilots wished to minimise the times 

that they would change the radio frequency and thus, they alternate the route accordingly 

(Q 41 F5, Q 78 N4). One of the reasons is the relationship between radio communication 

and the pilot’s workload (Q 87 UK2, Q 88 UK4). Pilots believe that communicating, even 

for reporting the aircraft position (Q 79 N3), can increase their workload and distract 

them from other flying activities (Q 73 UK4, Q 74 UK1, Q 75 UK4).  

Furthermore, the dialogues between the pilot and the ATCO can be very demanding 

even for entry permission to controlled airspace and this was mentioned by the UK pilots. 

A large amount of information is exchanged between the two of them in a short period of 

time and pilots might fail to remember all this information or might misperceive the 

information due to the radio quality. For these reasons, some pilots prepare a script with 

the structure of the pilot-ATCO dialogues and the expected information exchange (Q 76 

UK3) and some pilots practise regularly their communication skills.  

Pilots also mentioned that the radio communication skills of their peers may be 

inadequate or that their peers might not be confident to talk on the radio (Q 86 UK6). Both 

situations can cause serious problems. Possible reasons can be that pilots might not speak 

English adequately, especially those pilots for whom English is not their mother language 

(Q 80 F2, Q 81 N2), diverse English accents may lead to a misunderstanding of information 

and landmarks (Q 82 UK3), landmarks may be pronounced differently between local and 

foreign pilots (Q 83 N3, Q 84 UK3) and pilots may not practice their skills (Q 85 UK1). 

7.5.2.5.1 Radio communication as a risk mitigation measure 

Radio communication can be beneficial for flights in uncontrolled and controlled 

airspace by using both the air-air and ground-air communication. Pilots that listen to the 

radio, can identify and visualise the traffic in the area (Q 64 N3) and can also confirm 

aircraft position by listening to another pilot’s position reports (Q 65 N3). This position 

reporting assumes that all the airspace users correctly report their position. Pilots can also 

talk directly to traffic that are in conflict (Q 66 F2). Pilots can also obtain weather reports 
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(Q 67 F2) or clarifications of the airspace use (Q 69 F5) and can request help to retrieve 

their situational awareness (Q 68 F7). Furthermore, pilots that tune in to the right radio 

frequency can be contactable by the ATS to resolve a conflict or prevent a conflict from 

happening, e.g. aircraft proximity to controlled airspace (Q 70 N2, Q 71 UK1). 

7.5.2.6 Air traffic service  
Pilots, who frequently fly in certain areas, are aware that ATS differs within a 

country, e.g. Malmi Aerodrome Control Tower (F2, F5, F6). Such unique procedures are 

not stated in the aeronautical charts and thus pilots who are not frequent users of these 

airspace areas are not always aware of them.  

Another aspect in relation to ATS is the uncertainty that a clearance will be issued 

and the adequacy of the instructed flight path in controlled airspace for a GA flight. Such 

uncertainties were evident in the busy controlled airspace over the capitals cities: London, 

Oslo and Helsinki. Regarding the instructed path, a clearance that involves modifications 

of the planned flight path is not always welcomed by the pilots because the instructed path 

is unlikely to be optimum, e.g. a longer distance or step flight. Such diversions can also 

increase the pilot’s task load. This uncertainty influences the flight-route decision in two 

ways. Firstly, pilots plan to fly in controlled airspace (Q 36 N4, N6, Q 37 F5, F6) and 

continue flying in uncontrolled airspace in the situation of a clearance rejection (Q 36 Q 

37). Secondly, pilots plan to fly in uncontrolled airspace (Q 38 N3, N5, Q 39 F2).  

Norwegian pilots were the only participants that referred to the ATCO’s perception 

of GA flights, particularly in the region of Oslo. Some Norwegian pilots planned to fly in 

uncontrolled airspace from the beginning (Q 32 N5). Others planned the route outside of 

this controlled airspace but they would try to request a clearance (Q 34 N3, Q 33 N4, Q 35 

N6). Some pilots (N3, N4, N6) often experienced a rejection of a clearance and others had 

to wait for the ATCO to become available. In UK and Finland, pilots did not raise such 

issues probably due to the awareness campaigns taken place. For example, the pilot UK4 

said that he started flying into Southampton controlled airspace after he attended a social 

event where ATCO and pilots were present. Furthermore, at Malmi airport, pilots can meet 

ATCOs in person. Such a relationship is what one Norwegian pilot expressed that he 

wanted.   
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7.5.2.7 Airfield procedures 
Other aspect that pilots may study are the runway design and landing procedures of 

the arrival aerodrome, which are usually different from the base airfield of the pilot (Q 54 

UK7) for safety reasons.  

7.5.2.8 Emergency landing 
It is possible that an engine may fail or the fuel runs out, so the pilot needs to have 

alternative landing areas and these can be either airfields or fields (Q 55 N4). Only four 

pilots described this situation in Question 1 (N4, F4, F9 and UK1). Some pilots considered 

this in the planning by (i) studying the terrain profile for landing places (not flying over a 

city or a forest), (ii) flying near airfields, (iii) minimising the distance flown over sea water 

and, (iv) choosing an altitude suitable for gliding in the event of emergency.  

Some pilots described situations that can be life-threating but they were willing to 

fly given that flying itself is a risky activity. The following life-threating situations were 

mentioned by eight pilots (they described at least one such life-threating situation). 

1. The aircraft altitude is lower than the optimal altitude in the event of an engine-

failure; 

2. The pilot flies for a relatively long time over an area without emergency landing areas 

including the sea; 

3. The aircraft does not have enough fuel due to wrong calculation, size of the fuel tank, 

wrong observation of the fuel in the tank and a fuel leak airborne; 

As stated by the pilots, the risk of losing their life could be mitigated by being on the 

radio (UK4) to ensure situational awareness, filing a FPL (F2, F6, F9) so that the ATS 

expects the flight to be completed by certain time, minimising the flying time over no-

landable areas, carrying a life-vest (N4) and using a personal locator beacon to facilitate 

the search and rescue in the event of emergency (F9).  

7.5.3 Familiarity with the area 

An unfamiliar area can be where the pilot does not know the features, e.g. factories 

and railways. Such pilots are those that did not grow up or live for a relatively long time in 

a certain area and have not flown in before. Pilots often said that “they know the area” 

implying that flying in unfamiliar areas can be challenging. This can explain the fact that 

flying in unfamiliar area was perceived as risky by four pilots, three of whom recently 
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moved in the country where they were interviewed. In such areas, pilots might not 

recognise the visual landmarks and might find it difficult to comprehend the radio 

dialogues due to the accent and be unaware of the names of landmarks. Pilots might also 

be unaware of the “local knowledge”.  

Pilots, who perceived this flying to be risky, were tolerant to fly in unfamiliar area 

but they took mitigation measures. For example, the pilot UK3, who grown-up in a country 

other than that he/she was interviewed, always flew with another pilot on-board in the 

latter as of the time of the interview and thus, he flew less often. On the other hand, the 

pilot UK7, who also grew up in another country, flew solo but navigated with apps, e.g. 

SkyDemon (Q 62 UK7). On the contrary, the pilot UK5, who grew up in the UK, would only 

fly in an unfamiliar area that is heavily controlled with high traffic density with another 

pilot (Q 63 UK5). For this pilot, an unfamiliar area is the one in which he rarely flies, its 

airspace design is extremely different from the one that he often flies in and its traffic is 

dense and diverse. For this pilot, a flight to London can be described as a flight in an 

unfamiliar area. 

7.5.4 Influence of emergent technologies on flight planning  

Modern planning technologies are digital maps and apps that pilots use to both plan 

the flight and navigate. Among the benefits of their use can be time saving in planning, 

availability of fast planning in-flight and easier reading of the maps. Navigation tools can 

also reduce the time need to navigate and the pilot can focus on the flying itself. The GPS 

shows the exact aircraft position that can be used in the dialogues with the ATCO. The 

benefits of such tools are debatable between pilots. Some pilots said that flight planning 

apps can lead to lose of awareness of the wind and they can also change the look-out of 

pilots in that pilots look more on the tablet than outside (Q 105 F5).  

 Pilots also recognised a few other drawbacks of modern devices. Electronic devices 

can run out of battery, e.g. during a return flight, and they can always fail. Internet 

connectivity and the GPS signal in the tablet can be poor airborne. Reading from the digital 

screen can be difficult due to sunlight or the poor presentation of the information on the 

maps (Q 106 N2).  

Modern planning technologies have significantly changed flight planning. Three 

changes have been identified. Firstly, the time spent in planning has been significantly 
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reduced using the flight planning apps and thus, fewer pilots start the planning days in 

advance. On the contrary, they plan closer to departure, even just prior to the flight. They 

also make more decisions in-flight. Secondly, the use of modern navigation tools can 

encourage the pilots to plan near the boundaries of controlled airspace (Q 120 UK) 

because the pilots are confident that they always know the aircraft’s position with great 

accuracy. Thirdly, the use of modern tools has also changed the aircraft’s position 

identification with pilots looking for coordinates rather than landmarks. As a consequence, 

pilots use fewer landmarks/reporting points and if these landmarks are inadequate as 

well (see section 7.5.2.4), pilots may recover their situational awareness with delay.  

7.5.5 Flight route decision near controlled and restricted airspace 

Interviews have revealed that pilots can plan their flight in uncontrolled airspace 

near the boundary of controlled airspace (FB). This deliberate decision was made by 14 

pilots in certain airspace areas. The FB decision can be made either instantly or after a 

trade-off of alternatives, such as a big diversion of their initialled planned route and flight 

into controlled airspace. This instant decision can be understood as a “rule of thumb” that 

pilots use in planning in that they know that they will not fly in certain controlled airspace 

areas. Pilots, who were in a dilemma (Q. 3 F5, Q. 4N6), decided to make the final decision 

in-flight depending on their request to enter controlled airspace. The seeking of 

alternatives can be used as evidence that pilots do not prefer to fly in such proximity to 

controlled airspace.  

The FB decision was made regardless of whether the initialled planned route passed 

through either uncontrolled or controlled airspace. In situations where the flight route 

passed through controlled airspace, they questioned themselves as to whether they should 

divert. Some pilots may divert the route to fly in uncontrolled airspace (Q. 1 N4). However, 

this diversion is small so that the route is located as close as possible to the initialled 

planned route that passed through controlled airspace, typically the shortest route. Such 

diversions can be to fly around, i.e. at the side of controlled airspace or fly at higher/lower 

altitude, or both. In situations where the initial planned route was in uncontrolled airspace 

but near the boundaries, pilots kept to that planned route but they studied the distance of 

the aircraft from the boundary ,e.g. at least 500ft away (Q. 2).   

The FB decision was influenced by the departure aerodrome near dense controlled 

airspace, the likelihood to which a clearance will be issued, small uncontrolled airspace, 
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altitude of the lower boundary and the use of emergent planning and navigation 

technologies as shown in Figure 52. 

 

Figure 52 Factors that influence the FB decision made by fixed-wing motorised aircraft pilots 

The first factor is the location of the departure aerodrome. Ten out of the 14 pilots 

that made the FB decision, departed from an airfield that was located near controlled 

airspace. Some of these pilots were discouraged or experienced a rejection of their request 

to fly in this controlled airspace. Others did not wish to fly in airspace areas where fast 

aircraft fly, e.g. commercial flights. There were also pilots who did not wish to talk to ATCO 

because they were not confident of their communication skills and they feared that their 

workload would increase due to the amount of information exchange between themselves 

and the ATCO using radio phraseology (Q. 5). Therefore, pilots that depart from airfields 

near busy controlled airspace, such as the capitals of the countries, e.g. London, Oslo and 

Helsinki, are likely to fly FB. 

The second factor is that of the extent to which a clearance will be issued. Two types 

of pilot behaviour were identified. The first behaviour is that the pilots request or believe 

they are likely to receive a clearance as noticeable in pilots based in Oslo and Helsinki. 

These pilots believe that a filed FPL increases the chances of receiving a clearance because 

the ATCO expects the aircraft with a known identity and flying intentions. For example, in 



Chapter 7 Interviews with general aviation pilots – Design and results Part A 

241 

 

Helsinki pilots that depart from Malmi airport were likely to request a clearance; however, 

they were uncertain as to whether a clearance would be issued and the instructed flight 

route would be straight (Q. 7). In particular, the chances of receiving the clearance are 

greater in situations where Malmi Aerodrome Control Tower is open.  

The second behaviour involved pilots who do not request a clearance at all. This was 

observed in situations where a FPL would not be filed because the chances of receiving a 

clearance were less without a FPL given thei past experience (Q. 6). Furthermore, a 

clearance is rarely issued to GA VFR flights in busy controlled airspace, e.g. north of Luton 

and Stansted airport, east of City airport and west of Heathrow airport. Pilots, who 

experienced a rejection, do not wish to become frustrated by a rejection that will change 

their planned route and thus they planned FB (Q. 6). Other pilots, who were issued a 

clearance in the past, flew a non-optimal instructed flight route inside controlled airspace 

(Q. 4). This instructed route is probably the reason that pilots preferred to fly FB in the 

region of Helsinki during local flights (Q. 9). 

The third factor of the FB decision is the presence of small uncontrolled airspace 

areas where pilots have no choice but to fly near their boundary, especially in high density 

traffic areas, in order to minimise the risk of a mid-air collision, e.g. Finnish Gulf between 

Finland and Estonia and between Luton and Stansted airspace. The fourth factor is the 

altitude of the lower boundary of controlled airspace. In situations where the pilots cannot 

fly at their preferred altitude, which is higher than the lower boundary, they will fly as 

near as possible to this boundary (Q. 12). The fifth factor is related to the use of emergent 

navigation technologies that encourages pilots to fly near the boundary due to the 

confidence in them to always know where they are (Q 120 UK).  

The participants were aware that the FB decision had the potential to result in an 

infringement. They can minimise this risk by flying at a greater distance from the 

boundary. The distance from the vertical boundary can be as short as 0.5 nm and the 

distance from the lower boundary can range from a few feet to 500ft (see Figure 50). This 

distance depends on both the risk tolerance and risk perception of pilots.  

Risk tolerance can be grouped into two categories. The first category represents 

pilots that are intolerant to infringing controlled airspace and they fly at a greater vertical 

distance from the boundary, e.g. 100ft or 500ft (Q 121). These pilots were aware that the 

position of the aircraft can change due to the wind, their flying skills and their visual 
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scanning (Q 122). Pilots may also use a malfunctioning altimeter. The second category 

represents pilots, who are aware of the risk of AIs but are tolerant to flying just a few feet 

below controlled airspace or almost touching the boundary in situations where the 

perceived risk of losing their life was high (Q. 10). Such situations were flights over areas 

with a short gliding distance (Q 121) or flying altitude in which the aircraft would perform 

badly. Pilots may believe that such infringement by a short distance inside controlled 

airspace would have not any safety impact on aviation.  

Pilots, who perceive the risk of an AI, minimise this risk by being on the correct 

radio frequency so that the ATCO can contact the pilot if an AI occurs and by turning their 

transponder on so that the ATCO can identify the aircraft characteristics and position. 

Pilots also cross-checking the aircraft position frequently.  

7.5.6 Navigation 

The material used by pilots to navigate are shown in Table 36. Apps were used by 12 

pilots and the GPS was used by 16 pilots. This demonstrates that pilots are switching to 

emerging technologies.  

Paper maps have key limitations. They do not present all the necessary information 

to the pilots and a map is sometimes crowded with information (Q 102 UK3). This can 

make the reading of the map difficult while flying and can subsequently cause the pilot to 

lose situational awareness (Q 103 F5). In order to prevent such a situation, pilots 

familiarise themselves with the landmarks along the route in order to correctly identify 

them. This limitation of paper maps can be overcome by the use of digital maps on a tablet 

(Q 103 F5, Q 104 F6). Terrain might be better represented on the digital map and 

information can be filtered so that the maps become readable. The aircraft’s position is 

also shown in “real-time” using a symbol on the map on such a digital map. 

It is worth commenting a number of issues regarding the vertical position of the 

aircraft. It can be read from the altimeter, the GPS receiver and the GPS built in the tablet. 

The former is a mandatory device and is the one used for the dialogues with the ATCO (Q 

107 N3). However, the GPS is welcomed by the aviators even its drawbacks as presented 

in section 7.5.4. GPS has improved the navigation strategy in that less reporting points are 

required and thus workload can be reduced. For pilots, who fly over the sea or landmarks 

that are difficult to identify, GPS is the only tool that can provide the aircraft’s position. 
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However, the use of GPS can make the pilots over-reliant on it. It was also found that the 

quality of the GPS built in a tablet varies between brands, between generations and by the 

geographical location and the aircraft design. For example, the Finnish pilot F6 

experienced a loss of signal of the GPS-in-tablet and a few peers also experienced the 

same.  

Table 36 Navigation material that would have been used by the fixed-wing motor pilots 

Navigation tool Norway Finland UK Total 
App 3 5 4 12 
GPS 5 7 4 16 

Paper charts 1 2 5 8 
VOR 2 1 5 8 

App and GPS 3 5 3 11 
Paper and GPS 1 1 2 4 

App and paper and GPS 0 0 1 1 
 

7.5.7 Impact of flying activity 

Approximately 65% of pilots flew mostly solo flights. What is interesting is that 

almost all the British pilots often flew with another pilot. Each pilot is the pilot-in-

command for each trip. Pilots often fly with others for longer flights especially those 

organised by the flying club. Such flights reduce the flying costs per pilot.  

Approximately 70% of pilots flew throughout the year; however, participants who 

live in Norway and Finland flew only local flights in winter with less frequency than in the 

summer, e.g. every three weeks for landings due to the weather conditions. Most pilots 

stated that their flying skills are better or slightly better at the beginning of autumn due to 

frequent flying activity after March. Pilots with a high number of flying hours did not 

notice a significant difference in their skills due to seasonal flying. However, a pilot stated 

that his skills might be better in the spring because he focuses on improving his skills after 

winter whereas in the autumn he is more confident and this may lead to over-confidence 

degrading his performance.   

7.5.8 The planning and flying of their peers 

Regarding the planned route, the destination and the exact flight route is not 

necessarily chosen by their peers especially when there are plenty of route options (Q 113 



Chapter 7 Interviews with general aviation pilots – Design and results Part A 

244 

 

UK5). For example, Norwegian pilots from Kjeller to Bergen can fly south of ENGM airport 

and continue northwest. Other pilots may fly firstly west of ENGM airport and continue 

westbound. However, in areas surrounded by controlled airspace pilots are likely to make 

similar decisions, i.e. fly below the TMA in uncontrolled airspace (Q 114 F11). It is possible 

that pilots who are more familiar with the route or are more experienced will plan a 

straight route and altitude, i.e. immediately after the licence and a few years afterwards (Q 

115 N6). Such pilots might feel comfortable in making changes to the route airborne in 

that they have two alternative routes (section 7.5.2.2.3) (Q 119 UK4). Pilots might also 

poorly plan the flight in that they do not thoroughly study a leg of the flight especially 

those near controlled airspace (Q 116 UK7) or those where the terrain profile might be 

affected by the weather (Q 117 N5). It was mentioned that some pilots might be reluctant 

to file a FPL due to the paperwork needed and the requirement to talk to the ATCO (Q 118 

N4). It is also possible that pilots change the flight route whilst in-flight.   

7.5.9 Summary 

The interviews have succeeded in determining five planning strategies used by 

pilots flying a fixed-wing motorised aircraft, the selection of the flight route as well as the 

features they consider in planning. 

The pre-flight planning of the fixed-wing motorised aircraft pilots differs both 

between pilots and the material used for planning and navigation. The planning strategies 

are outlined in Figure 53. The planning of the flight route often starts closer to the 

departure for pilots that are familiar with the route or use modern planning and 

navigation material. A key driver can be the ease of access the relevant information, e.g. 

weather, and the simplicity with which the aircraft’s heading can be calculated using the 

planning apps. Legs of the flight that are repeated, e.g. at departure/arrival, are planned in 

less detail, e.g. by the study of the specific parameters such as wind. Even if the flight route 

decision starts close to take-off, pilots study the weather forecast well ahead of the 

planned flying date in order to predict whether they have any prospect of flying and, to 

decide the destination.  
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Figure 53 Planning strategies of fixed-wing motor pilots 

Given that interviews focused on flight planning, aspects that pilots consider in their 

decision making of the flight route were identified. The most important aspects are the 

weather, the airspace design and the navigation. Other factors, such as communication, 

ATS service and personal factors also influence the route decision making. The key 

findings are outlined in Figure 54. 

The weather conditions affect decision making pre- and in-flight. Prior to departure, 

the weather determines the extent to which the flight will be conducted, the destination 

and the flight path needed to avoid bad weather and to maximise the aircraft performance. 

Whilst airborne, the flight route might deviate from the planned route if the weather 

conditions differ, even slightly, from the forecast. For example, a slightly stronger wind can 

cause the aircraft to drift or thermals in summer can lift the aircraft without the pilot 

noticing this. Apart from such relatively small variations in normal weather conditions, the 

weather conditions can become adverse. In such situations, the pilots are more likely to 

pursue the planned flight if they fly the return flight or are already near the destination. 

This finding is in agreement with the literature regarding decision making for weather as 

discussed in Chapter 4. 
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Figure 54 Key findings concerning the flight route planning by fixed-wing motorised aircraft pilots 

The relationship between the flight-route decision making and the airspace design 

has been found for the first time. Pilots mostly fly in uncontrolled airspace. However, in a 

heavily-controlled airspace, pilots may wish to pass through controlled airspace in order 

to fly a straight path at a higher altitude than in uncontrolled airspace. The former will 

save time and fuel. The latter will ensure that the aircraft fly at an altitude that is the 

optimum for aircraft performance and for the pilot’s flying skills, whilst the gliding 

distance is greater. Needless to say, pilots will improve their traffic awareness from their 
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contact with the ATCO. It was seen that pilots that depart from the capitals, fly in 

uncontrolled airspace surrounded by controlled airspace, in which they are often 

discouraged to fly, i.e. London and Oslo, or have their entry request rejected. This is one of 

the reasons that pilots plan the route in uncontrolled airspace but near its boundary.  

The flight route is influenced by the landmarks in situations where pilots fly with the 

use of maps. The flight path is modified so that the aircraft fly over distinctive landmarks 

that can be easily and correctly seen by the human eye. With the use of GPS, fewer 

landmarks are selected than before. The introduction of apps, has changed navigation in 

that even fewer landmarks are chosen in planning and navigation is primarily conducted 

by reading the map on the tablet screen. The reliance of pilots on the tablet highlights two 

issues given the discussion in Chapter 4. Firstly, the pilots essentially do not navigate by 

the visual landmarks as described in the VFR conditions. Secondly, the pilots use GNSS 

technologies, whose accuracy and reliability have yet to be confirmed.  

The flight route decision is also influenced by the number of radio frequencies to 

which the pilot has to tune in to. In cross-country flights, the pilot may alternate the flight 

route so that he will tune in to fewer radio frequencies to reduce the workload caused by 

communication. Pilots also deviate, whenever possible, their route from the straight line to 

fly over areas that they can safely land in an event of an emergency. Overall, pilots wish to 

minimise the risk of losing their lives due to a collision or landing in a residential area or 

on a mountain. This was one of the reasons that pilots planned the route in uncontrolled 

airspace and near controlled airspace in small uncontrolled airspace with high traffic 

density, e.g. airspace between Luton and Stansted.  

The results also indicate that pilots of fixed-wing motorised aircraft employ both 

case-based and rule-based decision making strategies as discussed in chapter 4 section 

4.3.1. An example of case-based reasoning can be the following: Finnish pilots who depart 

from Malmi airport plan a flight in Helsinki’s controlled airspace when the Malmi Tower is 

open because their entry was accepted in past flights. Another example of a case-based 

reasoning can be the flight-route decision to fly around a TRA that is reserved for gliders. 

As of rule-based reasoning, it can the following: Pilot plans a route in controlled airspace 

pre-flight and is aware that he/she will fly near controlled airspace if the request of entry 

is rejected. Whilst the results from the interviews pointed to the decision-making 

strategies, no indication could be found regarding aeronautical decision making models.  
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Finally, the interviews revealed other interesting findings about GA flying. Take-off 

and landing are critical for GA pilots in order to maintain the aircraft control, which is 

their main priority during these phases of the flight. Communication can increase the 

pilot’s workload and not all GA pilots are confident of speaking on the radio.  

 Glider pilots 7.6

In this section, the manner that glider pilots plan and navigate their flight are 

presented. All glider participants flew solo flights and did not fly between October and 

March. The term “pilot” and “glider” are used interchangeably in this section to refer to 

glider pilots. 

7.6.1 Planning strategies 

The purpose of pre-flight planning for glider pilots differs from that of fixed-wing 

motorised aircraft pilots due to their different flying styles (Q. 13 N and Q. 14 F). Gliders 

are meant to cover shorter distance than motorised aircraft and the absence of an engine 

means that the glider aircraft relies on the wind to stay up in the air. Pilots do not need to 

predict the flight duration and consequently the fuel consumption, nor to calculate 

corrections of the aircraft’s heading. What glider pilots expect from pre-flight planning is 

to determine if the weather is flyable, to select the destination and to decide an 

approximate flight path. For example, the pilot estimates that the best time to fly on a 

particular day is at noon and plans to fly firstly northbound towards a certain town and to 

return to departure aerodrome.  

The more specific flight route decisions, e.g. the times when the aircraft changes 

altitude and direction, are made in-flight. For example, when the glider is at altitude of 

1000ft, the pilot studies the weather to determine the area which the aircraft will lift up to 

1400ft eastbound. The pre-flight planning is less demanding compared to the Type 1 

planning strategy of fixed-wing motor pilots. However, it is inadequately conducted by 

some pilots. Participants stated that their peers, who described themselves as familiar 

pilots, may have not planned the flight at all (Q. 15 N). Instead they plan at high-level, e.g. 

“oh a bit right or a bit left”. As for the route, their peers will probably fly in the same 

direction due to the short flying distance and the airspace design over capital cities (Q. 16 

UK). 
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7.6.2 Aspects that glider pilots study in planning 

In flight planning, the pilots studied the weather, airspace design, radio and landing 

given their response to Questions 1 and 2. It should be noted that they did not talk about 

the ground profile, NOTAMs and landmarks. The possible reasons for this is that in such 

local flights, the terrain profile is known and pilots may not need to find landmarks to 

navigate.  

7.6.2.1 Weather 
Weather was studied by all the participants because gliders can only fly in good 

weather (Q. 13 N). Pilots wait for warmer weather so that thermals are developed (Q. 21 

N). They look for a clear sky as they fly VFR and the thermals are often at higher altitude 

(greater than 7000 ft). Pilots study the wind magnitude and direction so that the wind is in 

their favour and could not force them to land on fields (Q. 22 N). Such weather parameters 

vary locally. Pilots especially in Norway and Finland, had the “local knowledge of 

weather”, e.g. higher temperature at noon and unpredicted wind over mountains in 

Norway (Q. 23 N). In Finland, high cloud ceiling forms in April, May and June and thus 

pilots fly at these altitudes (Q. 24 F8). In-flight, pilots observe clouds to decide the flight 

route (Q. 25 N, Q. 26 F, Q. 27 UK) and remain below the cloud in order to navigate visually.  

Therefore, weather is so critical that it is also considered a challenge. Weather can 

cause the aircraft to land, the pilot to lose situational awareness as well as the control of 

the aircraft in situations where the aircraft is circling (Q. 28 UK, Q. 29 N, Q. 30 UK, Q. 31 F). 

All participants perceived the flying style of following the cloud to be risky. It can be said 

that glider pilots can be tolerant to following the cloud at any cost. The desired clouds can 

be high at the same altitude as controlled airspace, e.g. FL80. Only the UK pilot clearly 

stated that he was willing to follow the cloud when he knew that the cloud would be near 

controlled airspace. What a pilot is intolerant of is to be unaware of the aircraft’s position. 

Subsequently, a pilot’s priority is to maintain situational awareness and to later resolve 

the situation, e.g. exit controlled airspace. Glider pilots may not call the ATS in a situation 

where they are inside controlled airspace for one minute or less (Q. 32 UK).   

7.6.2.2 Airspace design 
All pilots studied airspace design but only the Norwegian and UK pilots studied it in 

detail. Possible reasons can be: the proximity of the airfield to controlled airspace and the 

proximity of the planned route to controlled airspace. The Norwegian and UK pilots 
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selected a route in uncontrolled airspace and studied the proximity of controlled airspace 

as well as the altitude of its lower boundary. 

7.6.2.2.1 Controlled/uncontrolled airspace 

Glider pilots mostly fly in uncontrolled airspace and Temporal Reserved Areas 

(TRAs) that are reserved solely for them. Gliders are unlikely to receive permission to fly 

in controlled airspace due to their ill-equipped aircraft and their unpredictable flight path 

(Q. 33 F, Q. 34 N). Flying in TRAs makes the flight easier for pilots because they do not 

share that airspace with motorised aircraft (Q. 35 N). Such areas are not always available 

(Q. 36 F, Q. 37N). A major reason that pilots prefer to fly in uncontrolled airspace can be 

that gliders might feel uncomfortable talking on the radio with ATS (Q. 35 N). In this 

situation, they might not even consider to request a clearance. Therefore, pilots plan the 

route around or below controlled airspace, e.g. Heathrow airport and danger areas. Pilots 

expected that their peers would plan the flight in uncontrolled airspace for the same 

reasons. 

7.6.2.2.2 Proximity of controlled airspace 

The proximity of controlled airspace affects the first and final leg of the flight as well 

as its en-route phase of the flight.  The latter occurs when a glider flies at a high altitude to 

gain gliding distance and avoid landing on a non-landable area (Q. 38 F). The former 

describes the situation where there is controlled airspace near the departure/arrival 

aerodrome. This situation was evident in the UK when the pilot departed from Larsham 

airfield, which is near Farnborough airport and is under London’s controlled airspace (Q. 

39 UK). In flight planning, this leg of the flight was studied separately in order to prevent 

an airspace infringement and to maintain a safe distance from traffic. In heavily controlled 

airspace, e.g. over capitals, pilots are also concerned about the lower boundary of 

controlled airspace that is often lower than their desired altitude.  

7.6.2.3 Landing 
Landing itself is perceived to be risky. It can be dangerous to land when there is a 

cumulus cloud nearby that can change the direction of the surface wind quickly (Q. 40 F). 

Furthermore, launching and landing happens fast and thus, pilots must be well prepared 

for this leg of the flight (Q. 41 UK). Given that the aircraft might be forced to land, some 

pilots divert their flight route to be near landable areas (Q. 42 N). Such emergency landing 
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areas can be farms and riversides but not a forest or built up areas. The UK pilot once 

experienced a landing on a farm due to the lack of lift.  

7.6.2.4 Radio communication 
Air-air communication is the most common type of communication used by gliders. 

Pilots report their aircraft position and exchange information on weather (Q. 43 N). Only 

the UK pilot mentioned that he would find the radio frequencies in Question 1 of the 

interview. An interesting communication related aspect in gliding is the use of units for 

distance (Q. 44 N). Gliders use the International System of Units i.e. meters, whereas the 

other airspace users use the imperial system, i.e. feet. The problem is that pilots need to 

convert meters to feet for the conversations with non-glider pilots and ATCOs. This 

calculation is made by hand or in mind and a mistake is always possible. This issue was 

only mentioned by a pilot. However, the other two pilots used the International System 

when they talked about altitude in the interview and thus, the units used for distance can 

be an issue.  

7.6.3 Risk of losing the pilot’s life 

Pilots also expressed the fear of losing their life. In order to minimise such harm, 

they need to maintain control of the aircraft, maintain their situational awareness, find 

alternative landing areas, observe the weather and be aware of the traffic.  

7.6.4 Navigation 

The primary navigation tool of the gliders was the GPS and/or app installed on a 

tablet (i.e AirNavPro). It seems that pilots rely on modern navigation tools to calculate the 

aircraft’s position (Q. 45 F, Q. 46 UK). The use of GPS built-in a tablet and a moving map 

can improve the situational awareness of pilots (Q. 47 N, Q. 48 F) especially when the 

aircraft’s position is presented using a symbol on a map along with objects that are at the 

side of the aircraft. Two pilots said that they would navigate with paper maps as well.  

Pilots were aware of the limitations of modern navigation tools. Tablets can run out 

of battery en-route and thus, the pilot will need to find another way to navigate (Q. 49 N). 

Any device can freeze and this might cause the pilot to wrongly identify the aircraft’s 

position whilst he/she is circling. In these two situations, the pilot might lose his/her 

situational awareness if he/she fixes his/her attention on the device rather than a visual 

reference (Q. 50 UK). This unsafe situation was experienced by the UK pilot.  
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7.6.5 Influence of emerging technologies on flight planning 

Pilots gain benefit from using planning apps. Planning is completed quicker than if 

not used and flight route details can be used for navigation (Q. 17 N). If the aircraft’s 

position is shown in real time, pilots can benefit from improved situational awareness 

because the apps show the aircraft’s position, the terrain and even the airspace boundary. 

Meanwhile, the availability of an “accurate” aircraft position encourages pilots to fly much 

closer to the airspace boundary because they are confident of the accuracy of their 

position (Q. 19 N). Furthermore, information might be better represented on digital rather 

than paper maps. In particular, the latter suffers from unclear presentation of the 

landmarks and boundaries and their small scale is often inadequate for gliding (Q. 18 N).  

7.6.6 Flight route decision near controlled and restricted airspace 

Glider pilots might plan their route in uncontrolled airspace near controlled and 

restricted airspace (FB) pre-flight and in-flight. Pre-flight, pilots deliberately plan such a 

route, e.g. the Norwegian pilot planned the flight below Oslo TMA (Q. 51 N). Similarly, the 

British pilot planned the route below controlled airspace and around the danger areas. In-

flight, pilot also decides to fly such a route if he/she follow the cloud that is near the 

boundary in order to maintain the aircraft up in the air (Q. 53 UK).   

The FB decision is primarily influenced by the proximity of controlled airspace to 

the departure airfield and the altitude of the lower boundary especially at departure. 

During this first leg of the flight, pilots need to climb; however, their desired altitude can 

be higher than the lower boundary and thus, inside controlled airspace, e.g. in London and 

Oslo. Pilots perceived this low altitude to be risky because thermals are less likely to form 

at altitudes below the lower boundary. Therefore, in situations in which pilots cannot fly 

at their preferred altitude, which is higher than the lower boundary, they will fly as near as 

possible to this and subsequently, they decide to fly FB. Similarly, landing poses a 

challenge for the aircraft’s control, especially if there is not enough space in the 

uncontrolled airspace. On the other hand, in situations where there is no controlled 

airspace area nearby, as described by the Finnish pilot, the pilot focuses on searching for 

lift. 

As for the pilot’s tolerance to fly FB, pilots might fly FB if the cloud is near the 

boundary (UK). The distance that pilots keep from the boundary of controlled airspace is 
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unknown. It is likely that they are a short distance from the boundary due to the use of 

modern navigation tools and their need to follow the cloud (Q. 52 UK). As said by a pilot, 

their peers might not perceive the FB to be risky in leading to an infringement in 

controlled airspace probably due to a lack of understanding in that aircraft can stray into 

controlled airspace (Q. 54 N). The FB decision can also be made during a competition so 

that gliders will increase their chances of winning (UK).  

7.6.7 Summary 

Glider pilots plan and fly differently from fixed-wing motorised aircraft pilots. Pre-

flight, the glider pilots study the weather in order to decide the time to launch and the 

overall direction of the flight and the range of the altitude. Once the glider aircraft is 

launched, the direction and the altitude of the aircraft is continuously decided as explained 

in 7.6.1. No aircraft’s headings are calculated. Although glider pilots start pre-flight 

planning early, similar to type 1 planning strategy (section 7.5.1), they make most 

decisions in-flight and thus, the type 5 planning strategy is most appropriate for gliding. 

Gliders mostly fly in uncontrolled airspace due to technological requirements and in TRAs. 

They may fly near controlled airspace either at the lower levels, e.g. 2000ft, or higher 

altitudes, e.g. FL90. The former is often at the departure/arrival and the latter often occurs 

when the pilot follows the cloud.  

Pilots are likely to use the GPS that can aid them to identify the aircraft’s position 

faster than when compared to traditional visual navigation. As pilots said, the GPS is 

particularly useful to retrieve their geographical awareness in situations where they are 

flying in the cloud or doing circuits. That is in agreement with the literature that 

situational awareness should be studied differently between different aircraft designs, i.e. 

a glider compared to fixed-wing motorised aircraft (section 4.3.1.1). The question that 

remains unanswered is the extent to which GPS encourages pilots to relax their personal 

minima and fly extremely close to controlled airspace. The key findings concerning flight-

route planning by glider pilots are outlined in Figure 55. 
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Figure 55 Key findings concerning the flight route planning by glider pilots 

Ultralight pilots 7.7

 In this section, the aspects that ultralight pilots study in planning are presented as 

well as those aspects related to flying and navigation that distinguish flight with an 

ultralight aircraft from that of a heavier fixed-wing motorised aircraft. All ultralight 

participants flew solo flights and were inactive between October and March. 

7.7.1 Planning strategies

Ultralight aircraft often fly a shorter distance than the heavier fixed-wing motorised 

aircraft due to their aircraft design whilst their aims of the flight planning are similar for 
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these two groups of pilots. Ultralight pilots estimate the flight duration and subsequently, 

the fuel consumption. They select a destination and decide the flight route given that the 

weather is flyable. Ultralight pilots often fly in uncontrolled airspace and they do not need 

to file a FPL unless the aircraft departs from a controlled airfield or plans to fly in 

controlled airspace.  

Pilots start the planning at different points in time in relation to the take-off as 

follows: 

1. Planning starts the evening before the planned departure day; 

2. Planning starts just prior to take-off; 

3. Planning is not made and pilots might undertake a few calculations or use a previous 

flight plan; 

The type of flight planning chosen is affected by the length of the flight and the 

familiarity of the pilot with the route. Pilots are more likely to plan in a similar manner as 

fixed-wing motor pilots when they fly longer or unfamiliar routes (section 7.5.1) (F Q. 55, 

Q. 56 UK24). In such longer flights, which are described as a “cross-country flight” for 

ultralight flying, weather was the most critical aspect. The type 2 and type 3 flight 

planning strategy was conducted by pilots who described a local flight shorter than 45 

minutes around the airfield and they often fly this route. Overall, pre-flight planning can 

help pilots to familiarise themselves with the flight route given that most of these pilots 

cannot communicate with pilots or ATS due to the ill-fitted aircraft. 

Pilots expect that their peers are likely to land at an airfield near the departing 

airfield or to return to the same airfield through a different route (Q. 105 UK23). They are 

likely to avoid flying in controlled airspace (Q. 106 N). Pilots may plan the flight poorly and 

pilots familiar with the area may not plan the flight (Q. 107 UK23). 

7.7.2 Aspects that ultralight pilots study in planning 

Aspects that participants studied in flight planning were the weather, airspace 

design, NOTAMs, airfield procedures and landmarks. 

7.7.2.1 Weather 
Weather was studied by all the pilots due to its importance to the flight-route 

decision and flight itself. The most critical weather parameters are the wind, temperature 

and cloud ceiling.  
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Given the aircraft’s light weight, small size and wing design, these aircraft are 

sensitive to a strong wind. Strong winds can result in a loss of aircraft control and thus, the 

pilot’s priority is to maintain control of the aircraft’s heading. This situation can be 

prevented by planning the route not into the wind, in the opposite direction (Q. 57 UK_24). 

Strong wind on landing can also be challenging especially in the case of an icy surface (Q. 

58 N). Another weather parameter is the low temperature. Pilots, who fly open-cockpit 

aircraft, i.e. no windows, are particularly sensitive to low temperature because they are 

directly exposed to the weather. Low temperature can degrade their motor and cognitive 

performance. Such ultralight pilots are equally sensitive to rain and wind because they 

themselves as well as their notes are exposed to them.  

Cloud ceiling affects the flying altitude because pilots must fly below the clouds for 

visual navigation. It is possible that the desired flying altitude will be higher than the cloud 

ceiling (Q. 59F). Deteriorating weather was only mentioned by one pilot probably due to 

the proximity of the sea that affects the local weather (Q. 61 FU). This pilot experienced a 

situation where it started to rain while he was flying (Q. 62 FU).  

Weather was perceived to be risky (Q. 81 UK24, Q. 82 FU). Bad weather airborne 

might also be a problem in that the pilot must make a diversion or must return earlier 

than planned. Bad weather can be lower cloud ceiling or visibility than the expected and 

such deteriorating weather can degrade the situational awareness of the pilots and 

subsequently, their performance. Some pilots might not be tolerant to flying in such 

weather conditions due to both the individual’s and the aircraft’s capabilities. However, 

there are pilots who will take-off when the weather is forecast to be bad on some legs of 

the flight, e.g. rain and cloud, and they will fly around these areas (Q. 83 UK24). 

7.7.2.2 Airspace design  
The airspace design aspects that pilots studied are controlled/uncontrolled airspace, 

location and shape of controlled airspace, location of the aerodrome and traffic density. 

7.7.2.2.1 Controlled/uncontrolled airspace  

Pilots avoid flying through controlled airspace for two key reasons. Firstly, most 

aircraft are ill-equipped to fly in controlled airspace, i.e. radio and transponder (Q. 63 

UK23, Q. 64 UK23, Q. 65 UK24). Secondly, the aircraft fly at slow speeds when compared to 

the traffic that flies in controlled airspace and the pilot may be unable to maintain the 

instructed flight path due to the aircraft design (Q. 63 UK23, Q. 67 UK23). Furthermore, 
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the aircraft are not always detected by the ATS infrastructure. Hence, such aircraft are less 

likely to be issued a clearance. Pilots might also avoid flying near danger areas or key 

airports, e.g. Heathrow airport, for the same reasons (Q. 65 UK24).  

7.7.2.2.2 Location and shape of controlled airspace 

Whilst pilots avoid controlled airspace, they become aware of the location of 

controlled airspace and divert their route to fly around or beyond such areas. For example, 

a participant planned the route around the CTR of a commercial airport (N). Pilots also 

study the profile and the altitude of the lower boundary of controlled airspace and 

compare it with the ground elevation, the desired flying altitude and the safe flying 

altitude (Q. 69 F, Q. 70 UK23). The latter is defined based on an aircraft’s performance, 

gliding distance and emergency landing places. The altitude of the lower boundary is often 

lower that their desired flying altitude (Q. 69 F, Q. 71 N). 

7.7.2.2.3 Location of the aerodrome airfield 

The opening hours of the Aerodrome Control Tower was studied by a pilot due to 

the differences in airspace procedures (Q. 72 FU). This aspect was only mentioned by the 

Finnish ultralight and fixed-wing motorised aircraft pilots, who departed from the same 

airport in Helsinki. Landing procedures, including communication, are studied as well, 

given the dangers encompassed at this phase of the flight (Q. 88 NU).   

7.7.2.2.4 Traffic density 

Ultralight pilots are concerned about the density and diversity of the traffic they 

may encounter. They identify areas where the traffic density is likely to be high because of 

the small airspace area, an event or a gliding activity (Q. 84). Hence, the pilot prioritises 

his/her tasks to monitor traffic. Ultralight aircraft might interfere with ultralight, glider 

and fixed-wing motorised aircraft. Ultralight and glider aircraft are difficult to see (Q. 85 

NU, Q. 86 NU). Ultralight aircraft are often not fitted with a radio or a transponder and 

thus, the pilots rely on their eyes to see the aircraft. In such cases, pilots may see the 

aircraft on a collision path late (UK24). This dependency on their eyes probably explains 

the pilot’s fear of a mid-air collision.  

Two pilots experienced a situation in which they were near traffic and another pilot 

experienced a situation of flying in dense traffic airspace over Helsinki. Traffic can be 

considered as an important aspect and this is justified by the fact that all ultralight pilots 

feared that they might collide with an aircraft in Question 2 of the interview. It can be 
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concluded that the pilot’s priority is to monitor traffic and to maintain a safe distance from 

it. In order to minimise this collision risk, mitigation measures can be to avoid dense areas 

(Q. 66 UK24), to carry a transponder and a radio, and to adequate monitor. It is noted that 

not all aircraft can carry either a radio or a transponder and that not all the pilots want to 

carry these devices.  

7.7.2.3 Radio communication 
Radio communication was not exhaustively studied by the participants and this 

observation can be generalised for all ultralight pilots. The obvious reason is that 

ultralight aircraft fly in uncontrolled airspace where they are not obliged to talk to 

anybody and their aircraft is often ill-equipped. Only two pilots talked about the radio 

frequencies and information needed for the ground-air communication (N, F). Regardless 

of the actual use of the radio, almost all participants stated the benefits gained from its 

use. For example, pilots can resolve issues with the help of ATCO, e.g. pilots become aware 

of approaching controlled airspace, pilots can improve their traffic awareness (Q. 87 

UK24) and pilots can be informed of airspace restrictions (Q. 73 NU, Q. 74 FU, Q. 75 UK24).  

Participants also highlighted the need to maintain adequate communication skills. 

Participants believe that their peers may tune in to the wrong radio frequency and may 

not listen to the radio at all. This inadequate use of communication affects the safety of all 

aviators and thus, pilots perceive it to be risky (Q. 76 N, Q. 77 N, Q. 78 N).  

7.7.2.4 Emergency landing 
In planning, pilots may look for appropriate areas in the event of an emergency 

landing. Only one pilot included these emergency landing areas in his/her planning (Q. 79 

N). In particular, the pilot modified their flight route to be near these areas whenever 

possible. Emergency landing areas can be farms and rivers but not forests and building 

areas. 

7.7.2.5 Landmarks 
Pilots select such terrain features that are easily seen by the human eye in order to 

facilitate navigation. Landmarks can be high-rise buildings and forests. Only two pilots 

studied the terrain features (Q. 80 N, F). A pilot mentioned the need to select the 

appropriate map scale to match the size of the landmarks as seen from the flying altitude 

(Q. 97 UK24). Pilots, who fly in a familiar area, already know which landmarks to select to 

easily identify aircraft position (Q. 89 NU).  
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7.7.3 Navigation 

For navigation, pilots used a primary and a secondary tool as shown in Table 37. The 

primary navigation tool was the app (SkyDemon and AirNavPro), the paper map and the 

pilot’s memory and the secondary navigation tool was the app, the GPS receiver or nothing 

at all. Three combinations were found. Firstly, pilots use apps as the primary navigation 

tool and they have another electronic device as their secondary tool. It is possible that 

pilots navigate only with the app. Secondly, pilots that use paper maps as the primary 

navigation tool, might use an app to cross-check the aircraft position (Q. 98 UK24). 

Thirdly, pilots that fly in familiar areas might not use any navigation tool because they 

remember the landmarks (Q. 99 F).  

Table 37. Navigation material that would have been used by the ultralight pilots 

Primary tool     
App GPS Paper maps Memory     

    UK24   App 

Se
co

nd
ar

y 
to

ol
 

        GPS 
        Paper maps 
        Memory 

N, UK23     F None 

The efficacy of the paper maps was debated between pilots. For the pilot UK24, 

paper maps helped him to navigate better because he did not stare at the tablet and did 

not expect the app to show the aircraft’s position (Q. 94 UK24, Q. 90 UK24). For these 

reasons, he also believed that pilots, who fly in competitions, prefer to navigate with paper 

maps. On the other hand, paper maps can be difficult to read and to identify landmarks 

and the pilot spends more time doing calculations airborne (Q. 95 UK24). This limitation 

can be overcome by digital maps, which are easier to read (N). However they do not 

overcome the limitation of reading small letters for pilots, who are long-sighted. This is 

related to the size of the tablet screen.  

The use of apps has additional advantages. The tablet occupies much less space on 

the aircraft (N) and less documents are needed on-board (N, UK24). If there is an internet 

connection, the pilot can access further information, e.g. weather updates (N, UK23, 

UK24). Modern navigation tools can improve the geographical awareness of the pilot. 

Pilots may find it easier to see the landmarks using the app that has a user-friendly screen 
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(Q. 91 UK23, Q. 92 UK23) or using the GPS (F1). Digital maps are also updated fast when 

compared to paper maps (UK).  

The use of modern navigation tools also entails dangers. Some pilots might blindly 

follow the route proposed by the app and are likely to rely on it because they are familiar 

with the area and the route (N). Therefore, pilots look more at the screen of the tablet than 

at the ground. Furthermore, not all tablets can connect to the internet and even if they do, 

connectivity can be poor in-flight (Q. 96 N).  Last but not least, these devices can fail, e.g. 

the screen can freeze and the battery can run out (UK24). This can explain why pilots 

carry a secondary electronic device. 

7.7.4 Flight route decision near controlled and restricted airspace  

Almost all participants planned the route in uncontrolled airspace near the 

boundary of controlled airspace either next to or beneath it (FB). Examples include: the 

Norwegian pilot who planned the flight below Oslo TMA and at the side of ENGM CTR, the 

Finnish pilot who planned the route below the controlled airspace of Helsinki. The UK 

pilots also believed that their peers fly FB.  

The FB decision was mainly influenced by the lower boundary of controlled airspace 

and the ill-equipped aircraft with a radio and transponder. The desired flying altitude can 

be higher than the lower boundary (Q. 100 N). In such situations, the planned route is 

planned as close as possible to the boundary so that the aircraft flies at the highest altitude 

possible. Furthermore, ill- equipped aircraft are less likely to be issued a clearance (Q. 101 

UK24). As a result, the pilot decides the second best shortest route by diverting the flight 

route in order to fly around controlled airspace. Pilots rarely chose another path. 

However, in dense traffic controlled airspace, such as those over the capital of the 

countries, the pilot is surrounded by controlled airspace and thus, the pilot has no choice 

but to fly near controlled airspace. The FB decision might be influenced by the use of 

technologies. For example, a pilot might expect the warning of the proximity of controlled 

airspace given by the app (Q. 91, Q. 96 UK23). 

Whilst flying near the boundary, there is a chance of infringing due to the aircraft 

design (Q. 102 UK23), the wind and inadequate pilot’s navigation skills (Q. 103 UK24). 

Pilots that perceive this risk, are tolerant to flying FB even if this decision is dangerous for 

their safety of life. This perception might not be shared by all pilots as a participant stated 
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(Q. 104 UK23). Regarding the distance pilots fly from the boundary, such information was 

not provided by participants. The pilot UK24 said that its aircraft is located at various 

distance from the boundary depending on airspace design. Similarly, the Norwegian pilot 

said that he keeps a greater distance from the boundary and did not specify a distance. 

Possible reasons can be that they preferred to not say and the fact that ultralight pilots not 

always know the exact aircraft’s position unless they use modern navigation tools. 

7.7.5 Summary 

Ultralight aircraft often fly a shorter distance than those with the fixed-wing 

motorised aircraft but their planning strategies are similar. Ultralight pilots start the 

planning closer to the departure time whereas pilots that are familiar with the area are 

less likely to prepare a detailed plan. For longer flights, e.g. cross-country flights, the pilot 

prepares a detailed plan of the flight. The two critical aspects that ultralights study pre- 

and in-flight are the weather and airspace. Weather influences the selection of the 

destination and the flight path and is used to calculate the aircraft headings. In-flight, the 

pilot diverts the route to avoid adverse weather because such weather can degrade their 

motor and cognitive performance in the open-cockpit aircraft. Furthermore, the pilot has 

to know the weather in-advance because he does not have a radio to call the flight 

information service for weather updates. 

The flight route is diverted around or beneath controlled airspace due to the ill- 

equipped ultralight aircraft. The increasing number of controlled airspace areas and the 

inadequate altitude of their lower boundary are among the reasons that the pilots plan 

their route in uncontrolled airspace though near the boundary. Furthermore, the route is 

diverted over dense traffic uncontrolled airspace where GA traffic of various aircraft 

design fly for traffic awareness purposes and subsequently, the risk of an accident. The 

latter was highlighted by participants probably due to the lack of a transponder and radio 

device. As a result, pilots rely only on their eyes to monitor traffic and any avoiding actions 

may not be in coordination with the involved pilot. The route may be modified to fly over 

landmarks that are easier to identify, particularly in situations where paper maps are 

used. 

The key findings concerning flight-route planning by ultralight pilots is outlined in 

Figure 56. 
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Figure 56 Key findings concerning the flight route planning by ultralight pilots 

Summary 7.8

In this Chapter, the design of the interviews was outlined and the results of the 

interviews regarding GA flying were presented as shown in Figure 57. For the first time, 

data from GA pilots were collected from three different European countries that have a 

problem with the number of AIs reported. Both the interview and sample design were the 

key drivers of the analysis. The distinction of pilots based on their aircraft design was 

essential because differences in flying by the three aircraft designs were established. For 

example, fixed-wing motorised and ultralight pilots study more aspects in pre-flight 

planning than glider pilots. The sample size was adequate for the purpose of the 
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interviews whilst a larger sample size will be needed to explore further the planning 

conducted by glider and ultralight pilots. At the country level, similarities were observed 

between the countries. For example, pilots extensively study airspace design for the first 

leg of the flight, if they depart from the capital city. 

 

Figure 57 Outline of Chapter 7 

A key finding related to the flight-route decision making was revealed. Pilots 

deliberately plan their route in uncontrolled airspace near the boundary, at the side or 

beneath, especially when pilots are based in airfields in the capitals. In these areas, the 

optimum or preferred flight route is inside controlled airspace so that the flight will be 

direct to save time and fuel and the aircraft fly at an altitude that is optimal and safe. In 

such controlled airspace areas, pilots of fixed-wing motorised aircraft are less likely to be 

issued a clearance as explained in section 7.5.5 whilst glider and ultralight pilots often do 

not meet the technological requirements to, at least, consider to request for a clearance. 
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Pilots are likely to be aware of the risk of infringement; however, they may wish to fly very 

close to both the horizontal and vertical boundary because the risk of losing their life is 

perceived high. The former is evident in areas that the gliding distance is short and the 

latter in narrow uncontrolled airspace areas.  

The two features that GA pilots are most likely to consider in pre-flight planning are 

the weather and the airspace design. The former determines the extent to which the flight 

will be conducted and determines the flight route and destination. Slight differences were 

observed between the motor and non-motor aircraft as outlined in Figure 58. Pilots of 

motor-aircraft calculate the aircraft’s headings pre-flight whereas gliders only decide the 

direction of the flight pre-flight. Whilst airborne, even in good weather conditions, the 

weather can be responsible for non- or late- noticed deviations of the flight route of the 

motor aircraft. Such deviations can result in loss of a pilot’s situational awareness as 

explained in Chapter 4. Due to this, as well as the uncertainty of the weather, pilots 

perceive the weather to be a challenge to their flight. The impact of non-adverse weather 

was unexpected given that only adverse weather conditions were studied in the past 

(Chapter 4).  

Airspace design was studied by the three aircraft designs and its influence on 

planning was unexpected as it was not particularly studied in the literature. Pilots of glider 

and ultralight aircraft select a route in uncontrolled airspace because their aircraft is ill-

equipped to fly in controlled airspace. Pilots also consider the traffic volumes in 

uncontrolled airspace. For instance, on weekends with good weather, participants expect a 

high volume of GA traffic along their route and near airfields. In such routes pilots of fixed-

wing motorised aircraft are particularly concerned of glider and ultralight aircraft because 

these aircraft are difficult to see and are ill-equipped to be contacted via radio in the event 

of a conflict. Ultralight pilots are concerned of any traffic as they depend on their eyes to 

see any aircraft in a collision path and are not equipped with tools, e.g. radio, to resolve the 

problem. 
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Figure 58 The impact of weather in planning 

The emerging technologies used in planning and navigation have changed the nature 

of planning and subsequently flight-route decision making and navigation. Pilots make 

more decisions in-flight, especially concerning weather. Pilots may rely on the GPS and 

apps to monitor the aircraft’s position whilst the accuracy of these devices is not always as 

good as pilots believe, as stated in section 4.2.6. This over-reliance can also result in a 

poorly planned flight in that fewer landmarks are determined. Furthermore, internet 

access to weather reports in-flight can improve the weather awareness. However, the 

quality of the weather data is neither yet explicitly real-time nor accurate at every point 

between the airports as stated in Chapter 4 section 4.3.2. 

Within the context of decision making, the results indicate that pilots employ both 

case- and rule-based decision making strategies whilst no evidence was found concerning 

the aeronautical decision making models as discussed in Chapter 4 section 4.3.1. Hence, 

both decision making strategies and models used by GA pilots should be research further 

when pilots select a route pre- and in-flight in ordinary conditions.  
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Finally, in these three countries, but especially in Norway and Finland, the majority 

of the pilots rarely fly between October and March due to the short daylight duration and 

the non-flyable weather. This finding is in agreement with the seasonal variation of 

reported AIs found in the incident data (see Chapter 6). Ultralight and glider pilots rarely 

fly in winter due to the low temperature and cloud ceiling. On the other hand, fixed-wing 

motor pilots may fly locally or undertake circuits above the airfield in the winter to 

maintain their skills. Some pilots said that they prefer to fly in winter due to better 

visibility. In March/April, pilots start to fly locally to refresh their skills, e.g. aircraft’s 

handling, monitoring and communication. Pilots start the cross-country flights later when 

the weather becomes less variant and the daylight becomes longer. Their flying activity in 

the summer depends on the weather, e.g. in a rainy summer pilots fly less often. Pilots, 

who are merely active in winter, can see their skills are slightly weak in the spring season 

and improve by the autumn.  

 Conclusions 7.9

In conclusion, the careful design of interviews enables new knowledge on the 

planning of GA pilots to be revealed. In particular, the following were determined: flight-

route decisions, features that pilots consider in the pre-flight planning, purpose of pre-

flight planning, time that pre-flight planning starts and use of emerging planning and 

navigation technologies. Profound differences were observed between the three aircraft 

designs as well as geographical locations, e.g. capital cities. Such findings adds to the 

literature in which GA is not extensively studied as concluded in Chapter 4. The 

contribution of Chapter 7 to the literature is summarised below. 

The diversity of GA should be considered in any safety and operational research 

given the aircraft fleet, rating (VFR, IFR) and flying experience measured in flying hours. 

The former was often neglected in the past whilst this thesis highlighted that there are key 

differences that should be considered, e.g. technological requirements to fly in controlled 

airspace. Planning was primarily studied in the literature within the context of adverse 

weather conditions. Although such conditions are crucial, most flights are operated in 

good and ordinary weather conditions, a subject not studied in the past. This thesis 

succeeds in determining the manner by which pilots plan in ordinary weather, including 

the features they consider and is not limited to weather. Such findings can be added in the 

literature of decision making in flight planning. 
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Similar to past studies of decision making, weather was also the prime feature in this 

thesis. However, airspace design was found to be of equal importance. A range of 

parameters of airspace were determined, e.g. altitude of lower boundary, and should be 

considered in the any future research on decision making. Finally, the increasing use of 

emerging technologies, e.g. planning apps, by GA pilots was also captured in the 

interviews. The findings show that such technologies can change how pilots both plan and 

navigate and can be used as evidence for future research to be conducted as past research 

has focused on GPS.  

Such knowledge is not only of great use to the research community but to aviation 

stakeholders as well, e.g. NAA. With such findings, stakeholders have a better 

understanding of GA flights and the pilot’s performance. Given the detailed findings, the 

findings regarding the GA flying are used to define factors that can contribute to AIs in the 

next chapter.  
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Chapter 8 

Interviews with general aviation pilots –

Results Part B 

8 Chapter 8 Interviews with general aviation pilots – Results 

Part B 

In the previous chapter, the results regarding GA flights were presented using the 

interviews with the GA pilots in the three countries of Norway, Finland and UK. These 

results were presented separately for fixed-wing motor, glider and ultralight pilots given 

both the differences in the flying style and purpose of flight. The objective of Chapter 8 is 

to identify the contextual and contributory factors (CFs) from the perspective of a GA pilot. 

The interviews offer the unique opportunity to extract these factors from two separate 

sections of the interviews. Firstly, the participant’s response to Question 6 of the interview 

are used to study the AIs based on the participant’s description of an AI incident that 

he/she was involved in. These results are illustrated in section 8.1. Secondly, the 

contextual and CFs of AIs are identified based on the manner in which pilots plan the flight 

route, navigate and fly as described in Chapter 7. These findings are presented in section 

8.2.1. In section 8.2.2, the interview findings are used to identify the safety barriers that 

the pilot can introduce.  

 Airspace infringements based on participant’s recall 8.1

In order to explore the nature of AIs based on the participant’s description of an AI 

in which he/she or his/her peer was involved, the participant’s response to Question 6 of 

the interview was analysed. This Question 6 was the following: 

 “Can you recall any cases in which you were near to infringing controlled 

airspace or indeed infringed it or listened to other people’s similar 

experience? What happened?” 
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Participants described 24 AIs and six situations that the AI was prevented, i.e. near-

miss AI, that can be used to identify the contextual factors as well as CFs of the incidents. 

These three findings are presented in turn.  

8.1.1 Contextual factors 
The vast majority of the incidents described were unintentional (92%) for all of the 

aircraft designs. The only two intentional AIs were similar. The participant planned to fly 

through controlled airspace. Once he/she could not establish radio communication with 

the ATCO due to the busy radio frequency, the participant pursued his/her planned route. 

The pilot received the clearance, i.e. to continue flying in controlled airspace, after the 

incident. Regarding the near-miss AIs, most occurred while the pilots were flying in 

uncontrolled airspace near the boundary. Another near-miss AI was the result of poor 

coordination between the ATC units. 

For the unintentional AIs, the following contextual factors were found: 

1. Flight route: For approximately 40% of the infringing aircraft, the flight route was in 

uncontrolled airspace near the boundary of controlled airspace. The aircraft was flying 

below and at the side of controlled airspace for 67% and 33% of these incidents 

respectively. Most of these incidents involved aircraft that flew within a short distance 

from any boundary of controlled airspace, e.g. 300ft. There were only two incidents 

where the aircraft flew cross controlled airspace from a greater distance from the 

boundary, e.g. middle of controlled airspace. 

2. Communications: Following the contextual factor “two-way radio contact” as 

described in Chapter 5 section 5.3.3, approximately 45% of pilots did not call the 

ATCO, i.e. no radio contact. Only 18% of pilots called the ATCO after the infringement 

while they were already inside controlled airspace. Only 18% of pilots requested a 

clearance before the incident.  

3. The manner in which the infringing pilot becomes aware of the incident: Half of the 

participants noticed the incident while they were flying and approximately 7% of the 

pilot became aware of the incident after landing.  

4. Phase of the flight: Approximately 82% of the unintentional AIs occurred en-route and 

approximately 18% of the incidents occurred at take-off and climb phase of the flight. 

5. Outbound/inbound flight: Two incidents occurred during the inbound flight.  
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8.1.2 Contributory factors 
The CFs were grouped into six categories as shown in Table 38. In total, there were 

32 CFs as shown in Appendix XII. 

Table 38 Categories of contributory factors of airspace infringements 

Category Describes factors related to ... 

ATC Air Traffic Control 

Communication Radio communications 

Flying Aspects in-flight 

Navigation Navigation  

Personal Differences between individuals 

Planning Flight planning including flight-route decision making 

As can be seen in Appendix XII, these factors are self-explanatory. A few 

contributory factors have been randomly selected to be further discussed in this section. 

Regarding the planning, the interviews revealed that the change of the flight route airborne 

can lead to an incident. A factor that relates to communication is that of the pilot calls a 

busy radio frequency and thus, the pilot cannot contact ATC. This factor may encourage the 

pilot to purse the planned route even though he will omit the airspace procedures. The latter 

factor is categorised as personal factor. Another factor can be the unnoticed wind drift 

while flying. Navigation also contributes to AIs in that a pilot might lose their situational 

awareness due to the change from the reading the map to looking outside. Last but not least, 

the poor coordination between adjacent ATC units may lead to an AI.  

There are two interesting remarks regarding these new CFs. When these CFs were 

compared to those found in the EUROCONTROL’s Part II study (section 3.2) (European Air 

Traffic Management, 2007b), that provided relatively detailed CFs in the literature, only 

four were similar and a further five CFs that were almost similar. The large number of new 

CFs greatly enhances the current knowledge of CFs based on the EUROCONTROL study. 

Furthermore, there are some noticeable differences in the AIs described by the three 

different types of aircraft. These differences are reflected in the CFs and this makes the 

results richer. For example, whilst all pilots flew near the boundary before the incident, 

gliders infringed at higher altitudes, e.g. FL 100, while they follow the cloud to lift. On the 

other hand, ultralight and fixed-wing motor pilots infringed at lower altitudes, e.g. 4000ft.  
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8.1.3 Types of airspace infringements 
The detailed description of the incidents has allowed the form of types of AIs based 

on the flight-route decision and flying. Seven types have been revealed as described in 

Table 39 of which five relate to the flight-route decision and two types relate to the flying. 

Route Decision 1, 4 and 5 describe planned flight routes in uncontrolled airspace whereas 

the Route Decision 2 and 3 described planned flight routes in controlled airspace. The most 

frequent scenario is the Route Decision 1. The other types seldom occur.  

Table 39 Types of airspace infringements F: Fixed-wing motor, G: Glider, U: Ultralight aircraft 

Name of AI 
Type Description of AI Type Aircraft 

design 
Number 
of pilots 

Route 
decision 1 

Pilot plans the route in uncontrolled airspace near 
the boundary of controlled or danger airspace area F G U 11 

Route 
decision 2 

Pilot plans the route in controlled airspace and in 
that area there is MORE THAN ONE controlled 

airspace area nearby (adjacent or very close by) 
F     5 

Route 
decision 3 

Pilot plans the route in controlled airspace and in 
that area there is ONLY ONE controlled airspace area F     1 

Route 
decision 4 

Pilot plans the route in uncontrolled airspace but the 
pilot is unaware of a controlled airspace area at 

planning 
F G   2 

Route 
decision 5 Pilot plans the route in uncontrolled airspace F G   2 

Flying 1 Pilot notices that he/she is lost F     1 

Flying 2 Pilot wrongly calculates aircraft position and does 
not notice it before the incident F   U 2 

The route decisions are shown in Figure 59. Route decision 1 was identified for 11 

incidents for all aircraft designs. It describes the case in which the pilot plans the route in 

uncontrolled airspace near the boundary of controlled or danger airspace area. There is a 

noticeable difference between fixed-wing motor and glider aircraft, i.e. the latter pilot 

plans such a route whilst he/she follows the cloud. The factors that can lead to an AI are 

the following: unnoticed wind drift on the aircraft, poor aircraft handling to keep the 

planned position, unnoticed error of the altimeter or GPS receiver, unnoticed climb of the 

aircraft due to the distraction caused by passengers or by undertaking other flying tasks. 

Some pilots were aware of the risk of an AI and which they minimised by flying at a 

greater distance from the boundary, e.g. 500ft. They also listened to the right radio 

frequency so that the ATCO could contact them if an AI occurred, turned on their 
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transponder so that the ATCO could identify the aircraft characteristics and its position 

and frequently cross-checked the aircraft’s position.

 

Figure 59 Visual illustration of route decisions in the region of Oslo, Norway 

For Route decision 2 and 3, there were two cases in each AI scenario for the fixed-

wing motorised aircraft. These two flight route decisions represent the flights that the 

pilot planned to fly through controlled airspace. In situations where the pilot plans to fly 

through adjacent controlled airspace, i.e. Route decision 2, the pilot contacts the first ATC 

unit and follows all the procedures but he/she does not follow them in the adjacent 

airspace area. Pilots may expect a clearance in the following airspace area due to the filed 

FPL or the communication with the first ATC. Pilots may also be busy at that time and 

prioritise the task by talking to the ATC later on while the aircraft is inside controlled 

airspace. It is also possible that the pilot intentionally infringes the second airspace area 

because the aircraft’s position is accurately shown on the radar via the transponder and 

the filed FPL. Hence, the safety consequences of the AI will be minor. Pilots might also be 
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convinced that they will be issued the clearance after the intentional infringement. All 

these aspects, e.g. filed FPL, the pilot is busy, can con-occur and lead to an AI incident.  

In Route decision 3, the pilot communicated with the ATCO prior to the incident and 

requested a clearance. Between that time and the planned entry time, the incident 

occurred but was resolved immediately probably due to the prior radio contact between 

the pilot and the ATCO. Therefore, the pilot was aware of the airspace procedures, which 

he followed, and he/she unintentionally infringed. Any communication established prior 

to the incident reduces the uncertainty of the ATCO because the ATCO is aware of the 

aircraft’s identity and flight route intentions.  

The Flying 2 type of AI can co-occur with any of the route decisions because of the 

relationship between the flight-route planning and flying. There was only one case in 

which the participant was lost in which he/she did not recognise any of the landmarks, i.e. 

Flying 1. This pilot was flying in an unfamiliar area and in adverse weather. On the other 

hand, there were two participants that believed that the aircraft was flying in uncontrolled 

airspace, Flying 2. One of these pilots, i.e. the fixed-wing motor pilot, changed the route in-

flight due to the adverse weather and he/she believed that his/her aircraft was located 

away from controlled airspace because that controlled airspace was not shown on the 

map. This is another example of the over-reliance of pilots on modern navigation devices. 

The other pilot, i.e. the ultralight pilot, misidentified a landmark while he/she was flying in 

a competition probably due to the pressure to complete the flight. 

8.1.4 Remarks 
The analysis of the interviews from Question 6 revealed that most AIs described by 

the participants were unintentional. Furthermore, new CFs were found when compared to 

the milestone studies of AIs conducted by EUROCONTROL. Whilst these new CFs are not 

exhaustive, they are of great importance and will be used to develop the taxonomy of CFs 

of AIs. Last but not least, the participant’s response to Question 6 revealed six types of AIs 

including the CFs involved in each type. The most frequent type of AI involves the pilot 

who plans the route in uncontrolled airspace near the boundary of controlled or danger 

airspace area, i.e. Route decision 1.  
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 Airspace infringements derived from general aviation flight 8.2

The tasks that pilots undertake to plan and fly, as presented in Chapter 7, can be 

used to explore AIs further. In particular, the results presented in Chapter 7 are, in this 

section, used to derive CFs of AIs as well as the safety barriers of AIs. 

This section is organised as follows. In section 8.2.1, the manner in which the CFs are 

derived are outlined, followed by the presentation of the CFs organised by their categories. 

In section 8.2.2, the safety barriers are presented. 

8.2.1 Contributory factors 
The analysis revealed 67 CFs. The CFs were grouped into 14 categories shown in 

Table 40. In the third column of Table 40, the sections of Chapter 7 from which these CFs 

are derived are shown. Each CF is not necessarily valid for all aircraft designs and thus, 

aircraft design is noted for each CF. The analysis of the factors faced three challenges. 

Firstly, whilst it might seem that some CFs presented in this section are equally the case 

for all aircraft designs, due to the absence of such evidence, these CFs were not generalised 

for all the aircraft designs in this Chapter. Secondly, whilst some CFs may relate to two 

categories, each CF was assigned to only one category in which the relationship was 

stronger. Thirdly, there were CFs that describe more than one feature due to the inter-

relationships between CFs, e.g. “pilot inadequate navigate due to a physiological limitation 

of the pilot’s vision”. Furthermore, there were situations that the pilot infringed due to the 

pilot’s flight route located near controlled airspace or the loss of his/her situational 

awareness. Both these factors were the result of other factors that can also be described as 

CFs of AIs. The last challenge of representing relationships between CFs was overcome by 

establishing the following two multilevel CFs: 

1. Flight route in uncontrolled airspace and near the boundary; 

2. Loss of situational awareness or misidentification of aircraft’s position. 
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Table 40 Method to derive contributory factors from normal operations 

Contributory factor 
category Description of the category Originate from 

Chapter 7, section 

Two-level: Flight 
route in uncontrolled 
airspace and near the 

boundary 

Refers to the flight route decision that pilots 
make 4.5, 5.6, 6.4 

Two-level: Loss of 
situational awareness 
or misidentification of 

aircraft position 

Refers to the loss of situational awareness or 
misidentification of aircraft position 

4.2.4, 4.2.5, 4.3, 4.4, 4.6 
5.3, 5.4. 5.5 
6.3 

Aircraft design Describes CFs related to the aircraft design 
and flying style of the ultralight aircraft 

5 
6 

Airspace design 
Describes CFs related to airspace design, e.g. 
size, requirements to fly in controlled 
airspace 

4.2.2 
5.2.2 
6.2.2 

Airspace procedures Refers to CFs related to a clearance and the 
communication procedures 4.2.5, 4.2.6,  

Communication skills 
of pilots 

Refers to pilot’s communication skills, e.g. 
selection of radio frequency, pilot’s 
confidence to talk on the radio 

4.2.5 
5.2.4 
6.2.3 

Flight-route decision 
making 

Describes factors that influence the final 
decision of the flight route pre-flight 

4.2.1, 4.2.2, 4.2.4, 4.2.6, 
4.2.8, 4.3, 4.4, 4.7 
5.1 
6.2.2 

Navigation skills of 
pilots Refers to the pilot’s skills used for navigation 

4.6 
5.4 
6.3 

Navigation strategy of 
pilots 

Refers to factors describing the navigation 
method used by GA pilots and the utilisation 
of the navigation devices. 

4.4, 4.6 
5.4, 5.5 
6.3 

Piloting skills 

It refers to factors related to a pilot’s 
performance in-flight other than navigation 
and communication, e.g. flying, control of the 
aircraft. 

4.2.1, 4.2.5, 4.5 
5 
6 

Flight planning 
It represents CFs related to the timeframe of 
flight planning but not to the flight-route 
decision making 

4.1 
5.1 
6.1 

Quality of provided 
data 

It consists of factors describing the 
inadequacy of data that pilots use to plan and 
fly. These data present information about 
weather and airspace. 

4.2.1, 4.6 
5.4 
6.3 

Risk management of 
pilots 

It refers to CFs that describe the risk 
tolerance and risk perception of pilots. 

4.2.1.3, 4.2.2, 4.2.5, 4.5 
5.3, 5.6 
6.4 
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The CFs are shown in Figure 60. Given the importance of the CFs, each CF is briefly 

described. The two-level CFs are presented first in sections 8.2.1.1 and 8.2.1.2 and this is

followed by the description of the remaining CFs organised into categories. The name of 

the CFs is presented in italic letters and is followed by a brief discussion. 

 

Figure 60 Outline of categories of contributory factors 

 

8.2.1.1 Flight route in uncontrolled airspace and near the boundary  
As shown is Chapter 7, more than half of the participants planned a route in 

uncontrolled airspace but near controlled airspace. Flying in such a short distance from 

the boundary can lead to an AI, as illustrated in section 8.1.3. In addition to these factors, 

there are an additional 13 factors that relate to airspace design, airspace procedures, flight 

route decision, navigation strategy and the risk management of pilots. These CFs are 

presented below in italic letters. 
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8.2.1.1.1 Aircraft design 

Landing of a glider aircraft is challenging and the glider pilot's attention is on the aircraft 
performance 

On landing, glider pilot's priority is to maintain aircraft control so that it will land 

at the exact landing spot safely. Gliding is a different flying style from that of motor 

aircraft. Landing is a demanding task for glider pilots. 

8.2.1.1.2 Airspace design 

Departure/arrival airfield is located near dense controlled airspace  

In the capitals of the three countries, the airspace in which the GA pilots wish to fly 

in is controlled because the commercial flights extensively use it. Pilots who depart 

from/arrive to such aerodromes might be discouraged or experience a rejection to 

fly in this controlled airspace. Such access to these controlled airspace areas varies, 

e.g. depending upon the traffic density. Therefore, at the first/final leg of GA flights, 

pilots probably fly as high as possible to their desired altitude but in uncontrolled 

airspace if they cannot or do not want to fly in controleld airspace. 

Size and shape of the uncontrolled airspace is inadequate 

There are areas of uncontrolled airspace that are inadequate for GA flights. Narrow 

corridors of airspace can be formed by controlled or danger areas and pilots have 

no choice but to fly near the boundary especially when there is traffic in the area. 

Narrow corridors can also be formed by the low horizontal boundary of controlled 

airspace and high ground elevation. In such narrow airspace, pilots will fly as high 

as possible in uncontrolled aisrpace to increase the gliding distance. The varied 

shape of the boundaries of controlled airspace can also contribute to AIs. 

Airspace areas that the GA flies in become controlled 

Airspace design is such that airspace currently used by GA flights is increasingly 

becoming controlled. Fixed-wing motorised aircraft pilots, whose aircraft meets 

the technological requirements may not wish to fly in controlled airspace. Hence, 

these pilots will fly the second-best shortest route from the direct flight route, i.e. 

flight near controlled airspace.  

Aircraft does not meet the requirements to fly in controlled airspace 

Aircraft that will fly into controlled airspace have to meet the minimum 

technological requirements for the aircraft. For example, the aircraft must carry a 



Chapter 8 Interviews with general aviation pilots – Results Part B 

278 

 

transponder and radio in a transponder and radio mandatory controlled airspace. 

Such requirements exclude glider and utlralight aircraft from flying in controlled 

airspace because such aircraft are rarely fitted with these devices and thus, these 

pilots will fly the second-best shortest route from the direct flight route. 

Pilot's wished flying altitude is higher than the altitude of the lower boundary of controlled 
airspace 

There is controlled airspace whose lower boundary is lower than the wished-for 

flying altitude of the pilot. Flying at lower altitude reduces the gliding distance in 

an emergency landing or degrades aircraft performance. 

8.2.1.1.3 Airspace procedures 

Instructed flight route in controlled airspace is not optimum for the GA flight 

The instructed route can have many diversions from the straight planned route and 

such changes can frustrate the pilot or result in a longer flight. Such a diverted 

flight-route might also not be optimum, e.g. with a step climb rather than one 

which is straight.  

Pilot’s uncertainty that an air traffic control clearance will be issued 

There are airspace areas in which pilots are less likely to be issued with a 

clearance, e.g. in the region of the capital of a country.  

8.2.1.1.4 Communication skills of pilots 

Pilot prefers to not talk to the ATCO 

Pilots prefer to not communicate with the ATCO because they are not confident of 

their communication skills and fear that their workload will increase due to the 

amount of information exchange between themselves and the ATCO using the radio 

phraseology. 

8.2.1.1.5 Flight-route decision making 

Pilot keeps the initial flight route unmodified whilst the initial flight route is in uncontrolled 
airspace and near controlled airspace 

Pilots may prefer to fly in uncontrolled airspace rather than in controlled airspace 

and they are unwilling to increase the distance maintained from controlled 

airspace.  

Pilot makes a small modification of the flight route to avoid controlled airspace 
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Whenever possible, pilots plan the second best shortest route by slightly modifying 

their initial, direct route so that the aircraft can fly around controlled airspace. The 

modified route will be as similar as possible to their initial route.  

8.2.1.1.6 Navigation strategy of pilots 

Pilot integrates emergent navigation technologies in the traditional navigation strategy and 
the pilot does not consider the negative impacts 

Modern navigation technologies can provide pilots with more frequent and 

accurate position information. Such addition information can be misused by pilots 

in that they are confident that they are always aware of the aircraft’s position. 

However, these technologies are not as accurate as pilots believe them to be and 

thus, the aircraft might infringe.  

Pilot notices late or not at all the malfunction of the altimeter reading 

An unnoticed malfunction of the altimeter can result in the wrong calculation of the 

aircraft’s position and this can lead to an AI if the aircraft is located very close to 

controlled airspace.  

8.2.1.1.7 Personal factors 

Pilot’s preference to fly in uncontrolled airspace 

GA pilots may wish to fly in uncontrolled airspace for a range of reasons, e.g. the 

pilot wants to avoid the rejection of a clearance, does not want to change the flight 

route in-flight and does not wish to communicate with the ATCO.  

Pilot wished to fly in controlled airspace 

GA pilots may want to fly in controlled airspace for a range of reasons, e.g. the pilot 

wants to reduce workload by flying in controlled airspace and to fly a direct route 

as far as possible. 

8.2.1.1.8 Risk management of pilots 

Pilot deliberately flies very close to the boundary even though he perceives this distance to be 
risky to infringe controlled airspace 

There are situations where the pilot is forced to make this flight route decision, e.g. 

small uncontrolled airspace or slight diversions of the direct flight route. Pilots, 

who perceived the risk of an AI, minimise this risk by keeping a greater distance 

from the boundary. The horizontal distance can be as short as 0.5 nm. The vertical 

distance can range from a few feet to 500ft and depends on the risk tolerance and 
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risk perception of pilots. It was found that the risk tolerance of pilots would differ 

between areas. Two groups of pilots have been identified regarding their risk 

tolerance. The first group of pilots fly at a greater distance from the boundary, e.g. 

100ft or 500ft because they are intolerant to infringing controlled airspace. The 

second group of pilots fly just a few feet below controlled airspace or almost fly at 

the boundary in situations where the risk of losing their life is high. 

Pilot's flight route decision increases the risk of losing his life due to short gliding distance 

There are airspace areas in which pilots have to fly closer to the terrain. In such 

routes, pilots are concerned of the gliding distance and areas for emergency 

landing. Aircraft at altitude with short gliding distance or aircraft over populated 

area or forest possess a greater risk of an accident in the event of an emergency 

landing. 

Pilot deliberately flies very close to the boundary to minimise the risk of a mid-air collision 

Pilots wish to minimise the risk of a mid-air collision and fly away from traffic. In 

small uncontrolled areas, such a situation can cause the pilot to fly closer to 

adjacent controlled airspace.  

8.2.1.2 Loss of situational awareness or misidentification of aircraft position  
The loss of situational awareness or the misidentification of aircraft position was 

defined as a factor that can contribute to the occurrence of an AI in Chapter 4. The 

interviews revealed CFs that can lead to a loss of situational awareness for the GA pilots. 

There are 10 CFs and will be presented below. 

8.2.1.2.1 Aircraft design 

Glider pilots measure distance in meters than in feet 

The latter is the units used for altitude in the ground-air communication whilst 

glider pilots use the former. The different distance units can lead to a 

miscalculation of the altitude of the lower boundary as well as the aircraft’s 

position. 

The flying style of gliders is different  

Glider pilots look for lift and they follow the cloud. This flying style in itself can 

result in a loss of a pilot’s situational awareness that can subsequently lead to an 

AI. Hence, the flying style of gliders is a CF. 
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8.2.1.2.2 Vision of pilots 

Change of colours of the terrain due to the change of seasons 

The flora changes colours during each season and thus, what pilots see over rural 

areas differs between autumn and spring for example. This change of colours can 

cause problems for visual identification, especially for those pilots who fly 

irregularly, e.g. they stop flying in autumn and fly again in spring.  

Pilot's vision is degraded due to low visibility  

Visibility can degrade in-flight and differ from the forecast and such a situation can 

significantly reduce the pilot’s visual ability to see the landmarks.  

Visual limitation to see things at different distance from the ground 

Landmarks appear different at lower and higher altitudes. For example, a town will 

look bigger at lower altitude and thus, a small town might be misperceived as big 

when descending from a high altitude.  

8.2.1.2.3 Flight-route decision making 

Pilot changes of flight route in-flight in situations that the pilot is faced with non-expected 
and adverse weather  

In-flight, the pilot might be faced with unexpected weather, e.g. clouds, low cloud 

ceiling, low visibility, rain and strong wind. One way to respond to this situation is 

to change the flight route when airborne. Whilst changing the flight route, the pilot 

may spend less time for navigation and aircraft handling. Needless to say, any in-

flight flight-route decision can be inadequate for reasons, such as inadequate 

available information. Once pilots retrieve the control of the aircraft, they will 

probably realise that they are at the wrong place.  

8.2.1.2.4 Navigation skills of pilots 

Pilot poorly selects the landmarks in flight planning 

A useful landmark is one that is distinctive and unique for the altitude. The use of a 

combination of landmarks is beneficial for pilots.  

Pilot does not see the landmarks  

Pilots may not actually see the landmarks on the ground due to physiological 

reasons of the sense of vision.  

Pilot mismatches the information on the map with that on the ground,  
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What pilots see on the ground might be different from what they see on the map 

due to design of the map and for physiological reasons. 

Pilot flies in unfamiliar route in the country or abroad 

Unfamiliarity can result in poor navigation. Landmarks may not be identified or 

landmark names might not be recognised. Pilots unfamiliar with a route are also 

unaware of the “local knowledge” of flying in the area or of the weather. These 

factors directly lead to a poor perception of elements of the current situation (SA 

Level 1) and consecutively, the pilot will make an inadequate decision. 

Furthermore, pilots, who usually fly in one countries, can also be described 

unfamiliar pilots when flying in another country.  

8.2.1.2.5 Navigation strategy of pilots 

Pilot over-trusts the modern navigation devices 

Pilots of the fixed-wing motorised aircraft may over-trust modern navigation 

devices in order to identify an aircraft’s position in that pilots believe that the 

aircraft’s position readings are accurate and precise. Unfortunately, accuracy and 

precision varies between devices and generations.  

Pilot inefficiently monitors his/her aircraft’s position 

Pilots may intentionally decide to confirm the aircraft’s position rarely or do so 

poorly or pilots may study poorly the key parameters required to find the aircraft’s 

position. Monitoring can also be affected by the use of a graphic digital navigation 

tool in that the pilot follows the digital route and he/she only or mostly looks at the 

device rather than at the ground. 

Pilots only navigate with paper maps 

Glider pilots, who only navigate with paper maps, may become aware of the 

aircraft’s position late due to their flying style. Aircraft’s position identification can 

be time-consuming especially when pilots circuit in the clouds and rely only on 

visual landmarks. 

8.2.1.2.6 Piloting skills 

Glider pilot glides in or follows the cloud 

Glider pilots can lose their situational awareness due to the flying style in that they 

follow the clouds. The appropriate clouds are high and probably where controlled 

airspace is. 
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8.2.1.2.7 Flight planning 

Pilot does not estimate the expected arrival time at each landmark 

Pilots that fail to calculate the time at which they expect to fly over each landmark 

may be lost because they are unaware of where they have to be at certain time. 

Pilot ignores the wind drift 

Pilots that do not perceive the impact of the weather on the aircraft’s position, 

especially in moderate weather, may not notice the drift by the wind.  

8.2.1.2.8 Aircraft design 

Pilot is exposed to weather if he flies an open-cockpit ultralight aircraft 

Pilots flying an open-cockpit ultralight aircraft are exposed to weather, e.g. wind or 

light rain, which can degrade their flying performance.  

Pilot is flying an ultralight aircraft with unique wing design 

The wing design and the control system of the wings of an ultralight aircraft varies 

between such aircraft. Some control systems work in such a manner that enables 

the pilot to fly the aircraft by itself in order to follow the wind. Subsequently the 

pilot retrieves the control of the aircraft. Within such a flying style, the pilot may 

inaccurately identify the aircraft’s position.  

8.2.1.3 Airspace design 
Temporary reserved areas are not utilised efficiently.  

Gliders benefit from flying in TRAs rather than in uncontrolled airspace. Flying in 

the TRA, gliders fly less in uncontrolled airspace that is surrounded by controlled 

airspace and is shared with both fixed-wing motorised aircraft that are fast and 

ultralight aircraft that are difficult to see. Although gliders can reserve such 

airspace, there is room for improvement so that glider pilots can easily reserve 

such airspace areas.  

8.2.1.4 Airspace procedures 
Unstandarised communication procedures in the nation and in Europe 

Pilots may assume that the same communication procedures apply everywhere in 

Europe and everywhere in the country; however, such standardised procedures do 

not exist. 
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8.2.1.5 Communication skills of pilots 
Pilot listens to the wrong radio frequency other than that of the infringing area  

Such situation can happen when the pilot unintentionally selects the wrong radio 

frequency, flies in unfamiliar area or believes he/she is flying in another area. Such 

a pilot cannot be contacted by the ATCO to resolve the incident.  

Pilot is unfamiliar with the communication procedures of the area  

In planning pilots do not adequately prepare for communication required with the 

ATCO. Pilots do not determine the radio frequencies that they have to tune in and 

they do not identify the time and the purpose of contact with the ATCO. Such a lack 

of preparation can result in a high workload situation for the pilot.   

Pilot finds it difficult to accommodate the radio communication with the ATCO, pilot poorly 
remembers or misperceives the ATCO's instruction, pilot is not confident to talk to the ATCO 
on the radio. 

Ground-air communications can be demanding for GA pilots. It is also possible that 

the pilot's communication skills are not maintained at the minimum required level 

and thus, pilots will be uncomfortable on the radio. Pilots may also lack the 

confidence to talk to the ATCO. For pilots for whom such radio communications is a 

concern as they can be distracted by the dialogues and fail to prioritise other 

essential flying activities. This loss of control of the situation may lead pilots to lose 

the control of the aircraft and as a consequence infringe. Pilots may also poorly 

remember or misperceive the ATCO's instruction. All these consequences can 

contribute to an AI. 

8.2.1.6 Flight-route decision making 
Flight route passes through many controlled airspace areas 

In cross-country flights, some legs of the flight are modified to avoid passing 

through numerous controlled airspace areas. In such long flights, the fast and short 

flight route will probably be through such controlled airspace areas. The problem 

is that the pilot has to change the radio frequency and contact many ATC units and 

this situation can increase his/her workload. This can cause considerable problems 

for piloting and lead to AIs.  

Flight route decision differs when apps are used 

This factor shows the relationship between the flight route decision making and 

the material used for planning. Pilots that use planning apps might not define the 
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legs of the flight based on key aspects, e.g. weather and landmarks. This change 

may affect the efficacy of the planned route in that the pilots might fail to anticipate 

all the factors needed to prevent an AI from occurring in the first place. For 

example, in good flight planning, pilots determine the landmarks that they will 

follow to ensure that they stay outside controlled airspace, especially when the 

route is close to controlled airspace.  

Unchallenged flight route that is suggested by the planning app 

Pilots that plan using a planning app may not question the flight route it suggests. It 

is possible that the suggested route may not be optimal for the aircraft, the area 

and the weather conditions. 

Pilot lacks of local knowledge regarding weather, airspace and practices 

Some pilots want to avoid certain areas, e.g. an area with a high density of GA 

traffic on a day with good weather or airfields used by gliders. Pilots that lack this 

knowledge do not change the flight route pre-flight and are not be adequately 

prepared for what may happen in-flight. Another type of local knowledge is the 

weather. Weather can change locally and such knowledge is unpublished but 

should be known by pilots that are local or familiar to the area. An example can be 

that the cloud ceiling is lower between Oslo and west coast in Norway. 

Pilot ignores the impact of potential thermals 

Pilots that ignore the impact of potential thermals can find themselves having to 

deviate from their preferred route in-flight. Such information is not included in the 

weather report but is based on the pilot’s experience and local knowledge.   

Pilot fails to correctly calculate the aircraft heading using the wind data 

Pilots, who incorrectly calculate the aircraft’s heading using wind data, may find 

themselves having to deviate from their preferred route. Wind magnitude and 

direction varies along the route and pilots are unaware of the exact wind data 

between the weather stations. A change of the wind during a flight can change the 

aircraft heading and thus, the aircraft will be drift into controlled airspace. Such 

changes can happen quickly and remain unnoticed. 

8.2.1.7 Navigation skills of pilots 
Modern navigation devices change the look-out of the pilot 
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Pilots that use tablets and moving maps might spend more time looking at that 

device rather at the ground to recognise the landmarks. This new visual scan 

differs from the scanning techniques taught to GA pilots during their training. 

Furthermore, GA pilots have not yet to receive any training on the use of modern 

navigation devices and may be unaware of the degradation of their flying 

performance. As a consequence, such pilots may poorly navigate.  

Pilot deliberately uses of out-of-date maps 

It is likely that pilots who use paper maps do not buy the updated versions. It is not 

uncommon that pilots who use digital maps can also fly with out-of date digital 

maps if they unsubscribed from the digital mapping service for expense reasons. 

8.2.1.8 Navigation strategy of pilots 
Some of these factors were belong to the two-level factor of loss of situational 

awareness. Given the strong links between the factors, all the factors related to the 

navigation strategy of pilots will be discussed in this section. 

GA pilots with a VFR rating are expected to navigate by matching landmarks on the 

ground with those on the map (paper or digital). However, this technique has changed 

with both positive and negative impacts on a pilot’s performance. For example, gliders 

benefit from the use of moving maps so that they identify the aircraft’s position faster and 

more accurately by looking at the moving map than matching landmarks after they exit the 

cloud. Therefore, pilots that navigate using visual references might wrongly estimate the 

aircraft’s position. This is represented by the contributory factor pilots navigate using 

visual references. On the other hand, the extensive information of aircraft’s position 

provided by the modern navigation technologies, e.g. apps installed on tablets and a GPS 

receiver, can be excessively used by pilots. Pilots might be confident that they always 

know the aircraft’s position based on the device’s readings and they look less often outside 

the cockpit. However, these technologies are not as accurate as commonly believed by the 

pilots.  

This integration of emergent navigation technologies in the traditional navigation 

strategy’ and the pilots over-trust the emergent navigation technologies are also CFs. Pilots 

can also be unaware of the dangers enclosed to the change of the navigation strategy and 

this affects their perception of these technologies. Hence, pilot is unaware of the negative 

impact of the use of emerging technological advances. The wrong perception and the 



Chapter 8 Interviews with general aviation pilots – Results Part B 

287 

 

misuse of these technologies can also be the result of the lack of adequate navigation 

training using these emerging technologies. In such training, the pilot will become aware 

of the device’s limitations and will develop strategies of maximising the benefits gained 

from such equipment. Consequently, there are two further factors: lack of navigation 

training using modern navigation tools and change of navigation strategy due to the use of 

technological advances. The latter refers to the situation in which the pilot follows the 

digital route on the navigation devices and looks less frequently outside the cockpit to find 

landmarks. 

Poor identification of the aircraft’s altitude can be due to an error of the altimeter. 

Finally, pilots might navigate based on what they remember and do not use any navigation 

device/material at all. Such pilots can be those who fly short, local flights and thus, they fly 

in familiar areas. Such navigation is expected especially after years of flying in the same 

area. 

8.2.1.9 Piloting skills 
Pilot is unable to address airborne weather conditions that are more severe than those used 
in planning 

Whilst airborne, fixed-wing motorised and ultralight aircraft might face adverse 

weather conditions in-flight. In such situations, pilots may be unable to 

accommodate this weather. As a result, they may handle the aircraft poorly and no 

longer control the aircraft’s heading. Even if pilots notice this impact on the flight 

route, it should not be expected that pilots retrieve the control of the aircraft. There 

are two possible reactions. The first reaction is that the pilots purse the planned 

flight route and focus on aircraft control. The second reaction is that the pilots 

decide to change the flight route so as to fly in an area with less severe weather. 

Under such pressure, decision making can be poor and can lead to an AI. If pilots 

fail to notice the influence of weather on flying, they will wrongly estimate the 

aircraft’s position leading to an AI. Adverse weather can be low cloud ceiling,  

Pilot's performance is degraded due to the radio communication  

Radio communication can increase a pilot's workload and subsequently degrade 

his/her flying performance. In particular, pilots can be distracted from their flying 

activities, e.g. maintaining aircraft control. In addition to the routine dialogues 

between the pilot and the ATCO, another example of high workload can be the 

aircraft’s position reporting on the radio. 
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Pilot deliberately slightly deviates from the planned flight route 

Some pilots deliberately do not follow the exact planned flight-route due to 

individual preference of flying, aircraft design, i.e. ultralight aircraft, or less 

accurate information is available about the weather and the aircraft’s position.  

8.2.1.10 Flight planning 
Pilot is inadequately prepared for the airspace area that he will fly 

Pilots might not spend the time needed to prepare for the actual flight in that they 

do not visualise the proximity of controlled airspace, the surface of terrain and the 

traffic.  

Pilot plans the flight route quickly  

The quick preparation can also lead to a poor planning. In particular, in flight 

planning types 3 and 4 as stated in Chapter 7 section 7.7.5, pilots spend less time in 

preparing the flight route. The productivity and not the time spent is the problem. 

Pilots who are familiar with the route and fly frequently are expected to plan the 

route quickly. However, not all pilots, irrespective of their familiarity and 

experience, can efficiently manage their time in planning. Inadequate time 

management can result in the negligence of “less obvious aspects”, e.g. wind drift. 

Furthermore, this simplicity of planning may encourage the pilots to change the 

flight route while airborne; however, not all pilots can effectively plan in-flight.  

Flight planning is made closer to the departure time 

The fast planning that modern planning tools offer has changed the start time of 

the planning process as pilots are confident of the accuracy of the app. This change 

can result in poor planning whilst pilots rush to take-off. 

8.2.1.11 Quality of the data provided 
Weather data are inadequate 

Weather data can be described as inadequate in that they only provide information 

for the airports and thus, pilots have to fly in weather that is based on their 

subjective predictions.  

Pilot finds it difficult to read the information about the restrictions 

Information presented in NOTAMs is provided in a non-user friendly coded report 

and pilots have to read all the report to determine the extent to which their flight is 

affected.  
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Pilot uses a map (paper or digital) that poorly presents the required information for each 
flying activity and altitude. 

The maps do not always meet the needs of pilots regarding the information needed 

for each flying activity and altitude. For example, as glider and ultralight pilots 

often fly locally, they need a map that covers a smaller area than that required for a 

fixed-wing motorised aircraft. Furthermore, gliders need a map that will show the 

landmarks as they see them at lower, e.g. 8000ft, and higher altitude, e.g. FL90. 

Landmarks appear differently at these two altitudes and the maps need to 

successfully provide this information so that the gliders maintain their 

geographical awareness. This vision ability is also evident in the other pilots, e.g. 

flying at 200ft and flying at 8000ft.  

Paper maps are slowly updated  

The pilots do not have access to recent airspace information due to the slow update 

of paper maps.  

Maps have to be purchased 

Pilots are price sensitive to money and may not wish to buy or subscribe to any 

mapping services.  

Paper maps are inefficient due to space requirements in the cockpit 

Paper maps occupy a considerable space in the cockpit and are used along with 

other paper documents. So much paper in such a small space can confuse pilots and 

delay any calculations and decisions that pilots make in-flight.  

8.2.1.12 Risk management of pilots 
Pilot flies in weather conditions that are beyond his personal minimums 

Pilots can be tolerant to flying in weather conditions beyond their personal minima 

because other alternatives are assessed to be non-ideal. Pilots have different 

personal minima and are defined by their individual characteristics and by the 

flight characteristics, e.g. outbound or return flight, flexibility to change the date, 

time or destination of the flight, deteriorated weather airborne, flight duration, etc. 

It must be noted that inexperienced pilots will have conservative personal minima 

and they are expected to relax them with experience. 

The pressure that pilots feels to complete the flight in adverse weather 
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Pilots are willing to fly in weather conditions that are beyond their personal 

minima mostly due to logistical reasons. For example, a pilot that rents an aircraft 

from the flying club has to return it at the planned time so that other pilots will use 

the aircraft as scheduled. Another example can be that the pilot has to return to the 

base airfield so that he/she can return to his/her home or work.  

Priority of pilots to stay up in the air whatever the risk 

This CF is only true for gliders as such the pilots of such aircraft are willing to push 

their aircraft to their flying limits. This enables the aircraft to be up in the air, e.g. 

they follow the cloud that is located at the same altitude as controlled airspace is.  

8.2.2 Safety barriers 
Safety barriers elicited from the interviews refer to those that relate to the GA pilot. 

In particular, safety barriers are actions that GA pilots undertake in order to maintain a 

successful flight and to prevent an AI from occurring. The safety barriers are grouped into 

three categories: technologies used, ATC service used and GA pilot performance as shown 

in Figure 61. These are discussed in turn below. 

 

Figure 61 Safety barriers of airspace infringements 

For the first group of safety barriers, technologies include the use of the radio and 

the transponder devices. Such technologies undoubtedly support the pilot in order to fly 

safely and to prevent or minimise the safety impact of an AI. With a functional 

transponder, the ATCO becomes aware of the aircraft’s position in order to warn the pilot 

regarding a potential AI, to instruct a resolution action to the infringing pilot and divert 

involved traffic. Hence, ultralight and glider aircraft that carry a transponder ensure that 
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these aircraft are shown on the ATCO’s radar screen. Such action overcomes the current 

limitation of the ATS infrastructure. 

Regarding communications, pilots can benefit from both the air-air and ground-air 

communications. Flying in uncontrolled airspace, the pilot becomes aware of the traffic in 

the area by listening to pilot’s position reports. The pilot can also confirm his/her aircraft 

position whilst he/she listens to the names of the landmarks. Pilots can also resolve 

problems with any pilot whose aircraft is on a collision path, especially when the aircraft is 

difficult to see, i.e. ultralight and glider aircraft. Furthermore, the pilot can receive updated 

weather reports and airspace information from the flight information service. Last but not 

least, the pilot who listens to the correct radio frequency can be contacted by the ATCO to 

prevent an AI or resolve an AI that is unnoticed by the infringing pilot.  

In considering the second group of safety barriers, i.e. the utilisation of the ATS 

service by the GA pilots, such pilots can fly in controlled airspace if their aircraft is fitted 

with a radio and transponder. Pilots who fly in controlled airspace have a greater 

awareness of the traffic because the ATCO is another pair of eyes. In controlled airspace, 

the fixed-wing motorised aircraft pilots are less likely to interact with ultralight and glider 

pilots whose aircraft is difficult to see Furthermore, the pilot is likely to benefit from a 

direct route and thus, he/she will not have to fly very close to the boundary.  

The third group of safety barriers refers to those that can improve the pilot’s flying 

performance. Firstly, the pilot has to ensure that his/her planning is adequate. The pilot 

should considered as many aspects as possible before departure so that he/she will have 

as few surprises as possible or unfavourable situations in-flight. For example, a participant 

stated that he/she only plans in uncontrolled airspace but near controlled airspace in 

order to avoid the disappointment of a clearance rejection. In planning, the pilot should 

also identify the key aspects required in order to pay attention in-flight, including: 

maintain the traffic awareness in an area near a busy GA aerodrome, be aware of the cloud 

ceiling reduction over a mountainous area and the degradation of the vision at dusk. In 

planning, the pilot should also carefully select the landmarks and familiarise him/herself 

with the flight route and the area, especially in an unfamiliar area.   

The second aspect that can influence a pilot’s performance is navigation. Pilots 

should use a navigation system that is resilient in the sense that if the primary navigation 

tool fails, the pilot can immediately switch to the secondary navigation tool. Pilots should 
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also not be over-reliant on the modern navigation tools, i.e. the GPS and planning apps. 

The third aspect that can improve a pilot’s performance is the monitoring of aircraft 

position in-flight using a strategy. By doing this, the pilot maintains situational awareness 

and can detect any unplanned deviations imposed by the weather and the pilot’s handling 

of the aircraft. It is important that the pilot monitors the aircraft’s position in both good 

and adverse weather conditions since the former does not equate to full control of the 

aircraft’s heading because this can be changed by wind and thermals.   

The fourth aspect that can maintain or improve a pilot’s performance and act as a 

safety barrier is the lifelong learning of GA pilots. Lifelong learning aims to enhance their 

flying knowledge and skills. Pilots can read trade magazines, blogs, attend the meetings 

organised by their flying clubs and share their experiences with their peers. As the 

participants stated, visits to local ATC centres also aid them to better understand the ATM 

issues and to develop the relationship between GA pilots and the ATCOs. Another action 

can be for the pilots to fly with a flight instructor so as to ensure that their skills are 

maintained at the required level or to develop their skills to fly in a new environment, e.g. 

a strange runway design. Training for an IFR rating may also improve their skills due to 

the increased time of instruction. Last but not least, pilots should maintain their 

communication skills.  

 Conclusions 8.3

The subject of Chapter 8 was the AIs involving GA based on the interviews described 

in Chapter 7. The method to analyse AIs using the interviews with GA pilots is outlined in 

Figure 62. An extensive number of new CFs was found from two sources: the participant’s 

description of AIs in which he/she was involved and the planning and navigation that the 

pilots described in Questions 1, 2 and 3 of the interview. The participant’s response to the 

other questions were also used. The extraction of such information from both adverse 

situations, i.e. the AI incident, and tasks that pilots undertake normally, i.e. flight-route 

planning, makes the results regarding AIs rich. These new CFs add to the factors found in 

Chapter 4, e.g. pilot’s decision making of the route, the pilot’s situational awareness and 

the influence of the emerging technologies.  

The suspicion, which originated from the analysis of the incident data in Chapter 6 

airspace design can contribute to AIs has been confirmed. Indeed, airspace design 
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influences the pilot’s flight-route decision for a range of factors. For example, in situation 

that the desired pilots’ flying altitude is higher than the lower boundary of controlled 

airspace, which is heavily traffic with commercial flights, the pilots probably plan their 

route in uncontrolled airspace and near the lower boundary. This flight-route decision will 

almost similar to the initially planned route through controlled airspace. Furthermore, the 

factors that can degrade a pilot’s situational awareness were also determined and these 

are in agreement with the literature. For example, the poor selection of landmarks or 

navigation in an unfamiliar area can result in a poor assessment of the current situation, 

i.e. the level 1 of the situational awareness model. Such findings prove that the AIs by the 

GA pilots are often unintentional. 
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Figure 62 Analysis of airspace infringements using interviews with general aviation pilots 

The interviews succeeded in determining the types of the AIs based on the flight-

route decision and the flying. Such findings can aid the incident investigation by studying 

the co-occurrence of factors rather than simply individual factors in the reported incident 

narrative. It is also evident that there are safety barriers imposed by the pilot to prevent 

the AI from occurring or even to eliminate the safety impact on ATM, if an AI occurs. The 

safety barriers are grouped into three categories: barriers using technologies, e.g. the pilot 

uses a transponder and a radio, barriers using the ATC service, e.g. the pilot plans to fly in 
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controlled airspace, and finally barriers that can improve a GA pilot’s flying performance, 

e.g. monitoring the aircraft’s position in good weather conditions.  

Finally, differences between the aircraft designs were found, e.g. fixed-wing motor 

compared to glider and ultralight aircraft. Similarities were identified between the 

countries. For example, GA pilots that depart from the capital of a country are likely to 

make similar flight-route decisions, e.g. to avoid flying in controlled airspace and fly near 

the boundary. However, there are also differences especially regarding the potential to fly 

in controlled airspace. For example, Finnish pilots might consider requesting permission 

to pass through controlled airspace in Helsinki during a cross-country or international 

flight. On the other hand, pilots, who depart from areas that are not heavily controlled, do 

not consider flying so close to controlled airspace.   

In conclusion, the key findings of this Chapter are summarised in Table 41. The vital 

findings of this chapter are used to develop a framework to analyse AIs in the next chapter 

and to develop a taxonomy of CFs.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 41 Summary of key findings of Chapter 8 
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Topic Key findings 

Method 

• Semi-structure interviews are suitable data for research questions 
that are explorative 

• Results of the interviews were successfully validated using a SME 
• The separation of the interview in two topics, i.e. tasks that pilots do 

normally and adverse safety situation, e.g. AI, enabled the 
generalisation of the results in GA flying (robust interview design) 

Sample 

• Participants that flew either fixed-wing motor, glider or ultralight 
aircraft was indeed necessary as planning and navigation differ 
between them 

• Selection of participants from three countries enabled the comparison 
of GA flying and thus, the generalisation of the results 

• Selection of participants based in the capitals and another area 
enabled the comparison of GA flying in two different airspace design 
areas 

Results 

• New contributory factors of AIs were found and can contribute to the 
field and literature 

• Contributory factors concerning a pilot’s performance, e.g. pilot’s 
situational awareness, influence of emerging technologies.  

• Safety barriers were identified 
• AIs were often unintentional 
• Pilots were also involved in near-miss AI 
• Seven types of AIs were established and contributory factors were 

associated with 
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Chapter 9 

The prevention of airspace infringements 

9 Chapter 9 The prevention of airspace infringements 

Based on the findings in this thesis, this chapter proposes solutions to improve the 

capability of preventing AIs by reducing the number of incidents and minimise their safety 

effect. In particular, a holistic framework is develop to collect, investigate and analyse AIs 

at the national level. The contribution of both the NAA and the ANSP is specified. 

Furthermore, mitigations actions are proposed.  

Chapter 9 is structured as follows. In section 9.1, the findings of this thesis are 

reviewed. In section 9.2, the framework to collect and analyse AIs at the national level is 

presented and the involvement of all relevant stakeholders is shown. In section 9.3, the 

contextual factors of AIs are presented whilst in section 9.4, the taxonomy of the 

contributory factors of AIs is developed and evaluated for its applicability to other 

incidents that involve GA flights. The safety barriers of AIs are outlined in section 9.5. In 

section 9.6, recommendations of the Safety Management System (SMS) of ANSPs are made 

to improve the analysis of AIs. In section 9.7, a mitigation action plan is designed and in 

section 9.8, a method to assess a mitigation measure is proposed illustrated by an 

example. Finally, in section 9.9 further recommendations are made regarding the overall 

safety of aviation.  

 Review of findings of the thesis 9.1

According to the AI-incident model specified in Chapter 2, AIs are the result of a 

combination of failures originated from both the sharp-end operators, i.e. GA pilot and the 

ATCO, and the blunt-end users, i.e. the ANSP and NAA. Failures can be prevented if the 

assigned safety barriers of each layer of failure work as they are expected to. AIs can be 

the result of different combinations of factors originating from the layers described in the 
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AI-incident model. Hence, AIs differ between them as shown in this thesis, e.g. the country 

and the aircraft design (fixed-wing motorised, ultralight or glider). 

In Chapter 3, it was seen that the relevant stakeholders, i.e. ANSP and NAA, address 

AIs separately. Whilst the ANSP rarely contribute to AIs, it can only undertake work on the 

resolution of the incident. On the other hand, the NAA is responsible for overall aviation 

safety and thus, it is the NAA that is the key to the successful mitigation of these incidents. 

It is evident from the reaction of the stakeholders and the studies of AIs conducted 

by EUROCONTROL and the UK CAA that there is a poor understanding of these incidents, 

especially in regard to issues underlying the actions of GA pilots. As noted in Chapter 4, GA 

is a unique sector that has not been studied in the literature when compared to the 

commercial and military sector. GA pilots may not be pilots-in-profession and their 

experience, measured in flying hours, can be between 10 and 30 hours per year. The 

diverse GA fleet also affects AIs. For example, AIs that involve ultralight aircraft that do not 

carry a transponder or a radio are difficult to resolve. Furthermore, the extensive use of 

emerging technologies by GA pilots can degrade their performance. However, such 

considerations are not particularly well outlined in the studies of EUROCONTROL and the 

UK CAA.  

From the studies of AIs, whilst important CFs were identified; they are not 

exhaustive. They do not relate to a GA pilot’s decision making, personal factors, flying style 

of each GA activity and the use of emerging technologies. Such factors can influence a 

pilot’s performance and lead to AIs as found in interviews with GA pilots in Norway, 

Finland and the UK (Chapter 7 and 8). For example, a pilot decides to fly very close to 

controlled airspace due to the inadequate altitude of the lower boundary of controlled 

airspace. Another example is the decision of the pilot to slightly modify the flight route 

that is assigned by the planning app while not considering all the critical aspects, e.g. 

dense uncontrolled airspace. These findings not only have resulted in an extensive list of 

CFs but also the identification of safety barriers.  

Finally, it is evident that safety analysis of ATM-related incidents is based on the 

reported incidents. The problem is that not all the safety databases are suitable for such 

analysis. As shown in Chapter 6, only the Norwegian database has succeeded in 

systematically analyse AIs. The widespread absence of the required information limits 

statistical analysis and thus, the monitoring of trends is weak resulting in sub-optimal 
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decision making by the stakeholder. Therefore, databases that fail to be used for safety 

analysis as described in Chapter 5, have to be improved to meet the enhanced database 

structure proposed in this thesis. Furthermore, the investigation and analysis of AIs can 

benefit from the extensive findings about the GA flights from the interviews and the 

literature review.  

 Proposed framework to analyse airspace infringements 9.2

It is evident that there is a need for a holistic framework from which the 

stakeholders will benefit from the standarised investigation and analysis of the AI 

incidents. This framework will enable both the NAA and ANSP, whose operations differ, to 

monitor the AIs at the national level. Such reliable results will support their decision 

making. The contribution of this thesis to the development of the framework is outlined in 

Figure 63.  
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Figure 63 Contribution of this thesis to the development of the framework 

The developed framework, named Pro-Saf(Ari)N, is outlined in Figure 64.  
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Figure 64 Overview of the holistic Pro-Saf(ArI)N framework 

 

Such a framework aggregates the relevant AI data in order to investigate and 

analyse in a systematic manner. Reported incidents remain the primary source of data to 
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evaluate aviation safety in controlled airspace. Similar to a SMS, the framework has to 

utilise the knowledge gained from the analysis and thus, the framework allows new 

knowledge in the subject to be added to the framework. While AIs are a persisting 

problem for many countries, the framework needs to be generic and applicable in different 

countries. 

Incident data are collected from the ANSP and the infringing pilot by the NAA. The 

NAA is appointed to collect the data from the stakeholders, investigate and analyse them 

in a systematic manner due to the responsibilities that it has to ensure safety. Each record 

has information stored in datafields as well as in the narrative as shown in Chapter 5 

section 5.3.1. With such a structure, statistical analysis of contextual factors becomes 

faster whilst the information is also stored in the narrative from which contributory 

factors and safety barriers are determined. The ANSP shares both the ATCO’s narrative 

and the investigators comments with the NAA so that the NAA has a complete 

understanding of the context of the AI and the impact that it has on air traffic 

management. 

In order to maximise the information gained, guidelines should be offered to the 

reporters. In particular, ANSPs should ensure that their ATCOs are adequately trained to 

report AI incidents as part of the SMS. Given that such training is not offered to GA pilots, 

guidelines should be published to the infringing pilots about the reporting scheme and the 

information to include in the narrative.  

Once the incident data are collected from the ATCO, pilot and ANSP’s investigator, 

they are merged so that they are investigated together by the NAA based on the AI-

incident model specified in Chapter 2. The investigator reads the incident reports and 

initially determines the context of the incident, e.g. location, aircraft design, flight phase 

and radio communication (section 9.3). Aided by the different types of the AIs outlined in 

Chapter 8, the investigator selects the factors that contribute to the incident from the 

taxonomy GA-Saf(ArI) developed in this thesis (section 9.4). The investigation also 

identifies the safety barriers involved in the incident selected from those established in 

this thesis (section 9.5). The manner that the narratives are analysed is similar to that 

described in framework Pro-Saf(ArI) (section 5.3.6).  
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The investigator’s findings aim to add to the safety database used for the tactical and 

strategic monitoring of AIs at the national level. The analysis of the historical data, using 

the framework Pro-Saf(ArI) steps 3, 5, 7 and 8 (sections 5.3.3, 5.3.7 and 5.3.8) should 

provide a better understanding of AIs in the future and this knowledge should be reflected 

in the monitoring. Monitoring should also consider the impact on AIs due to mitigation 

actions or other aviation changes, e.g. introduction of a new pilot’s licence. Hence, the 

knowledge gained from the analysis and the predicted changes should be included in the 

establishment of the benchmarking values used to monitor the incidents. These values are 

also reviewed annually so that recent data are considered in the analysis.  

Safety risk should be estimated annually to support the decision making of the 

stakeholder. The decisions can be “do nothing” or “do something” and the mitigation 

actions should be proposed both at the tactical level, i.e. immediately after the 

investigation, and at the strategic level.  

The ANSP internally investigates and analyse these incidents due to their impact on 

their services. It also continues to analyse AIs and its objectives are to minimise their 

consequences when it actually happens in its airspace. The investigation and analysis 

undertaken by the ANSP is similar to that already described undertaken by the NAA. The 

improvements of the ANSP’s SMS are further discussed in section 9.4.  

In the following sections, material that can assist the investigator are presented. In 

particular, in section 9.3, the contextual factors of AIs are outlined. In section 9.4 the CFs 

found in this thesis are merged to develop the taxonomy of CFs GA-Saf(ArI). Finally, in 

section 9.4.8, the safety barriers of AIs are presented.  

 The context of airspace infringements 9.3

It is important for the investigator to visualise the events that occurred in the 

incident. As their first step, the contextual factors shown in Table 42 can be used for 

guidance. It is noticeable that the majority of such factors were found in Avinor’s database. 

Nonetheless, other databases have the potential to offer similar information once changes 

of the incident reporting scheme are made. 
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Table 42 Contextual factors used for investigation 

Contextual factors 

Database AI studies 

Av
in

or
 

Tr
af

i 

UK
 C

AA
 

In
te

rv
ie

w
s 

EU
RO

CO
N

TR
OL

 

UK
 

Number of aircraft involved in the incident X X X       
Infringing aircraft type X X X X     

Month  X X X X     
Location of the incident X X X X   X 

Flight path in controlled airspace:  

X     X     Cut the corner 
Constant distance near the boundary 

Well inside 
Light conditions X X     X X 

Flight phase X X X X X X 
Infringing airspace class and type X X X X X X 

Time of establishment of the two-way radio contact X     X X   
Traffic density of the infringing sector X           

ATCOs’ workload at the time of the incident X           
Flight route decision in relation to controlled 

airspace: 

  

  

  X     

Pilot plans the route in uncontrolled airspace near 
the boundary of controlled or danger airspace area   

Pilot plans the route in controlled airspace and in 
that area there is MORE THAN ONE controlled 

airspace area nearby (adjacent or very close by) 
  

Pilot plans the route in controlled airspace and in 
that area there is ONLY ONE controlled airspace 

area 
  

Pilot plans the route in uncontrolled airspace but 
the pilot is unaware of a controlled airspace area at 

planning 
  

Pilot plans the route in uncontrolled airspace   
 

 Taxonomy of contributory factors GA-Saf(ArI) 9.4

The contributory factors (CFs) found in the literature, the incident data and the 

interviews were combined to develop the final taxonomy of CFs of the AIs, referred to as 

the taxonomy GA-Saf(ArI). The development process of the taxonomy is outlined in Figure 

65. 
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Figure 65 Composition of the taxonomy of contributory factors used for investigation 

 

This composition was conducted in two steps. In the first step, all the CFs were 

reviewed to combine similar CFs, redefine CFs, reorganise the CFs and modify the 

categories if necessary. As expected, the CFs found in Chapter 4 and 8 complement each 

other. For example, the factors that influence the loss of SA were ascertained in the 

interviews whereas the CFs of the loss of situational awareness in Chapter 4 were more 

generic. 

At the end of Step 1 in Figure 65, a total of 167 CFs were grouped into factors that 

are related to the following: the flight route decision to fly near the boundary (FB), the 
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situational awareness of the pilot (SA), the factors that are related to the pilot’s 

performance as described in Chapter 4 (CH4) and all the other factors (Single Factors). 

The counts of the CFs are shown in Table 43. As seen in Table 44, the incident data and the 

studies of the AIs had 46 common CFs. There were only 16 factors in common between the 

studies and the interviews, an indication of how the studies failed to reflect the factors 

relating to the pilot’s planning, flying and navigation. Similarly, only 45 of the CFs were 

common between the interviews and the incident data. Again, it can be concluded that the 

incident data fail to adequately reflect the pilot related factors.  

Table 43 Counts of contributory factors per type of data 

Group of CFs 
Single 
factors FB SA Total 

Composition - Step 1         
Incident data 60 0 0 60 

Interviews 66 18 16 100 
Studies 57 0 0 57 

CH4 14 0 0 14 
Composition - Step 2         

Incident data 52 1 1 54 
Interviews 68 18 16 102 

Studies 46 1 2 49 
CH4 11 0 0 11 

Absolute number of CFs 
Step 1 133 18 16 167 
Step 2 111 18 16 145 

FB: Two-level CF Flight route decision in uncontrolled airspace near 
controlled airspace 
SA: Two-level CF Loss of situational awareness 

 

Table 44 Counts of common single factors 

Type of 
data 

Incident data 
& Interviews 

Incident data 
& Studies 

Interviews 
& Studies 

Incident data & 
Interviews & Studies 

Step 1 45 78 46 13 
Step 2 24 29 26 17 

In step 2, single CFs, which represent the majority of the CFs, were reviewed in 

order to further modify the taxonomy. There were certain factors that were generic; 

however, these factors were better represented by factors extracted from the interviews. 
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Hence, these factors were combined so that the taxonomy consists of only the detailed 

factors. As seen in Table 43, the total number of CFs was finally reduced to 145. It is 

evident from Table 44 that 52% of the CFs were derived solely from the interviews and 

thus, significantly contributing to the development of the bespoke taxonomy of CFs.    

The CFs are grouped into 22 categories as shown in Table 45. 

Table 45 Overview of the categories of contributory factors 

Air Traffic Controller Organisation Regulation 

Aircraft design Other Risk Management of pilots 

Airspace design Personal factor Vision of pilots 

ATC infrastructure Pilot - Airspace procedures Weather 

Communication skills of pilot Piloting skills Airspace procedures 

Flight route decision Planning strategy of pilots Personal factor 

Navigation skills of pilot Quality of provided data Pilot - Decision making 
Navigation strategy of pilots     

 

In the remainder of this section, key observations from the developed taxonomy of 

CFs are highlighted. Details of these factors can be found in Appendix XIII showing all the 

CFs, their origin and their definition.  

9.4.1 Route in uncontrolled airspace near the boundary 
The CF flight route in uncontrolled airspace near the boundary of controlled airspace 

refers to the flight route decision that pilots make. A similar factor was found in the UK 

CAA study “Navigation – Planned route close to CAS”. However, the absence of a definition 

in that study generates a degree of ambiguity. Nevertheless, in the UK CAA’s study, the CF 

was found only in ten incident reports and was discussed in neither the study nor any 

other report of the stakeholders. In the incident data, this CF was found in very few 

incidents. The reasons for not finding this CF in the ATCO’s narrative is that the required 

information about the flight route before the incident was not known to the ATCO. The 

ATCO becomes aware of the infringing aircraft after the unauthorised entry of the aircraft 

or when the infringing aircraft is just outside controlled airspace.  

In the EUROCONTROL study, the CF flight route in uncontrolled airspace near the 

boundary of controlled airspace did not appear. In the EUROCONTROL’s Part II study, there 

was a CF that might be similar to this factor; however, its definition does not support this 

argument. EUROCONTROL’s CF is “VFR routes (choke points) close to controlled/restricted 
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airspace”. This CF is defined as “there is often no buffer zone between busy VFR routes and 

controlled airspace, which increased the likelihood of unwanted infringements. The 

presence of many hotspots, which the pilots can decide to avoid, is another major 

contribution”. Given the definition, EUROCONTROL’s CF differs from the UK CAA’s CF as 

well as the CF found in this thesis, i.e. route in uncontrolled airspace near the boundary.  

What is remarkable is that the CF “Route in uncontrolled airspace near the boundary” 

was among the key findings from the interviews conducted in this thesis. This CF shows 

that GA pilots deliberately plan the route in such close proximity to controlled airspace 

and airspace design strongly influences their decision. Due to the potential of an AI 

resulting from this flight route decision, the CF was defined as a two-level CF that consists 

of factors that influence this flight-route decision making as found in the interviews. 

Further details about this CF are found in section 8.2.1.1. This CF shows that AIs are due to 

the flight route selection and that in such flights, the infringing aircraft is likely to fly 

within a constant distance inside controlled airspace. It is possible that this CF can be 

found in the incident reports given that the CF “Inadequate knowledge of airspace 

boundaries by the pilot” was found in the incident data (section 6.1.4.2).  

9.4.2 Loss of situational awareness 
Of particular interest is the CF “Loss of situational awareness or misidentification of 

aircraft position”. The situational awareness of the pilots is critical to the safe flight. This 

CF was found in both the studies of the AIs by EUROCONTROL and the UK CAA. However, 

their CFs do not include factors that can lead to a loss of situational awareness. This CF 

was found a few times in the incident data, including the ATCO’s reported incidents. 

Factors that can lead to a loss of situational awareness were firstly identified in the 

literature and were not specific for AIs (section 4.3.5). In the interviews, these factors 

become specific for AIs. Most situational awareness related CFs affected the perception of 

the current situation, i.e. level 1 of the situational awareness model (section 4.3.1). 

9.4.3 Airspace design  
The interviews revealed that airspace design plays a significant role in the 

development of AIs and airspace design appears as a CF six times. Airspace design factors 

reflect the problem caused by the altitude of the lower boundary of controlled airspace, 

the small volume of uncontrolled airspace that the pilots fly in and the expansion of 
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controlled airspace in those areas in which GA pilots fly. However, in studies conducted by 

the UK CAA and EUROCONTROL identified one and two CFs respectively related to 

airspace, as shown in Table 46. As noted in Chapter 3, these CFs are of limited use. 

In the incident data, airspace design factors were difficult to find (section 6.4). A 

possible reason for this is that airspace design is still to be adequately considered in safety 

analysis of AIs by the stakeholders. Such airspace related factors can be ascertained in the 

incident databases in those situations in which the infringing aircraft position is 

consistently reported in the database. 

Table 46 Definition of factors related to airspace design in the studies 

Factor Definition 

Complex airspace design 
(EUROCONTROL Part II 

p167) 

“The complexity of airspace is major problem which can cause a 
loss of or recurring gaps in situational awareness, and even the 
loss of orientation. Complex airspace can contribute to 
misidentification of ground features. A strong consensus of opinion 
emerged among pilots that the considerable number of restricted 
zones and areas and their dynamic management cannot easily be 
followed by GA. It may also result in pilot’s deciding to take 
shortcuts”. 

High volume of restricted 
airspace 

(EUROCONTROL Part II 
p135) 

“There is a subjective feeling that not only is use of such airspace in 
terms of time very marginal, but also that there are much more 
restricted areas than are actually needed. There is feeling that the 
airspace is “over-crowded” with restricted areas”. 

Airspace allocation 

(UK CAA) 
Definition was not provided. 

 

9.4.4 Pilot’s performance 
The taxonomy developed in this thesis has been particularly enriched from the CFs 

related to the planning, navigation, communication and piloting skills of a GA pilot. The 

taxonomy also succeeds in reflecting the differences between fixed-wing motor, gliders 

and ultralight aircraft and the impact of emerging technologies on a pilot’s flying 

performance. These factors were found exclusively from the interviews. The findings 

regarding flight planning are of particular importance. In order to fly safely, proper 

planning is essential; however, research focused on planning as it is influenced by the 

weather. Hence, the findings of this thesis can be further used to better understand the 
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planning task, especially as pilots increasingly use modern technologies, which have 

changed the nature of their decision making (section 4.3.4). Such pilot performance 

related CFs will probably remain difficult to find in the ATCO’s incident reports for the 

reasons explained in section 9.2. 

The interviews succeed in shedding light on the manner in which pilots plan the 

flight and the aspects that they study. For example, pilots should become familiar with 

their tasks executed during the flight and with the airspace and terrain features. The pilot 

should also identify those aspects that require further attention, e.g. change in the weather 

in the second leg of the flight. If a route in-flight has to be diverted due to adverse weather, 

then the pilot must ensure that the new aircraft’s headings are correctly calculated and 

attention is paid on maintaining the aircraft altitude. In the situation where the route is 

planned below controlled airspace, then the pilot should carefully decide the flying 

altitude to maintain a safe distance.  

From the literature, it was found that the risk management of pilots affects their 

decision making, including that of the route. However, its contribution was not found in 

either the studies of the AIs or the incident data. On the other hand, eleven factors related 

to risk were determined from the interviews. For example, pilots may perceive the risk to 

infringe but they pursue their flight. Another example is that pilots fly very close to the 

lower boundary of controlled airspace so that the gliding distance is greater in an event of 

an emergency landing without an engine.  

9.4.5 Technologies used for planning and navigation 
Technologies are important to the development of AIs. There was no specific 

category of CFs in the taxonomy GA-Saf(ArI); however, other categories comprise such 

technology-related CFs. Such CFs not only refer to GPS but also all the modern devices that 

GA pilots use for planning and navigation. Although some of the CFs refer to the failures of 

these technologies, they also represent the manner in which they are utilised by the pilot. 

It is the latter that makes the developed taxonomy of CFs novel. For example, the use of 

the apps that show the aircraft’s position on a tablet screen can change the ability of the 

pilot to monitor due to a focus on the tablet screen instead of outside. This can cause the 

pilot to lose situational awareness. 

In the studies of EUROCONTROL and the UK CAA, such CFs were specific to GPS 

because by the time these studies were conducted, the GPS was the latest modern device 
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used by GA pilots. Currently, flight planning apps installed in tablets are used. This new 

era of technologies has changed the flight-route decision making, navigation and 

monitoring of pilots. In the incident data, the CFs representing failures of these 

technologies used by the pilot were determined.  

9.4.6 Quality of data provided 
There were 11 CFs related to the quality of the data used by GA pilots. The data 

include weather reports, maps and NOTAMs. The CFs related to weather were only found 

in the interviews and reflected the negative impact of not knowing the exact weather at 

each point of the flight. Issues regarding the maps and NOTAMs that can contribute to AIs 

were also found in the studies by EUROCONTROL and UK CAA, e.g. difficulty to read the 

NOTAM and very large amount of information provided on the maps. However, more 

detailed factors were determined in this thesis.   

9.4.7 Pilot’s compliance with procedures 
Intentional infringements were found in the interview data as well as in the 

EUROCONTROL study and in a few incident reports. Pilots intentionally infringe for a 

range of reasons. For example, the pilot perceived that the activated FPL and the 

transponder would not cause any operational and safety problem to the ATCO in the case 

of an AI. Some pilots believe that such actions should help them to receive the clearance. It 

was also found that the pilot may not comply with the ATCO’s instruction, clearance 

rejection and avoidance action.  

9.4.8 Validation of the taxonomy  

The validation of the developed taxonomy of CFs can be conducted using AI reports. 

As concluded in Chapter 6, the problem is that current AI reports do not allow any analysis 

of a GA pilot’s performance. An alternative way to evaluate the taxonomy involves 

analysing other types of incidents that involve a GA flight as such evaluations offer 

valuable information about a pilot’s performance. Such an incident can be an airprox, 

which is a near-miss precursor, given the “precursor chain AI-incident” outlined in section 

2.5. In the UK, airprox reports are publicly available in English language from the UK 

Airprox Board, which is an independent organisation sponsored by the UK CAA and 

Ministry of Defence, and thus, no translation is needed. The details of the airprox report 
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that used for the validation are shown in Table 47. The method to derive the CFs is similar 

to that described in Chapter 5 section 5.3.4. 

 

Table 47 Airprox report involving GA flights (UK Airprox Board, 2016) 

Feature Description 

Report number 
Date 

Aircraft 
Location 

2016034 
24 February 2016 
Glider/Glider 
5412N00116W 
London FIR (Class G) 

Description The leading glider pilot was notified of the proximity of another glider 
from behind by the FLARM. Avoiding action was taken by both pilots. 

Recorded separation 50ft Vertical / 80 meter Horizontal 

Altitude 2557ft 

Traffic Avoidance 
System 

Both aircraft were fitted with the FLARM. The leading aircraft received 
a traffic alarm 

The CFs of the airprox are shown in Table 48 and based on this taxonomy there are 

eleven CFs. It is evident that the flying style of glider pilots, i.e. all the pilots follow the 

thermals, increases the likelihood that two glider aircraft fly closer to each other (SA-2, L-

30). The fact that many glider aircraft fly in the same area is common in gliding and as 

pilots in the interviews noted (section 7.6), they perceive the risk of a collision due to the 

high density of the airspace; however, they are willing to take the risk and keep following 

the thermal (L-76, SA-14, L-107, CH4-9, CH4-10). For example, in one case the leading 

pilot became aware of the following aircraft by the alert of the FLARM (L-109). This 

resulted in the leading pilot undertaking a turn (avoiding action) without coordinating the 

avoiding action with the following pilot on the radio (air-air communication).  

The following pilot, who could notice the proximity to the proceeding aircraft, 

became aware of the airprox once the latter aircraft turned (L-109). The following pilot 

also turned and again did not use the radio. The following aircraft was also fitted with a 

FLARM though this failed to notify the pilot. According to the investigators, this absent 

alarm was probably caused by the selection of alerts by the following pilot and may have 

been due to a lack of awareness of this aspect (L-48). Given that the aircraft was fitted with 

this device and that the pilot saw the conflict late, it is reasonable to conclude that the 

following pilot over-trusted the FLARM (L-48). 
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In conclusion, the taxonomy of contributory factors can also be used to investigate 

other types of incidents, e.g. an airprox, that involve GA. Clearly, the developed taxonomy 

is not exhaustive given that it is designed primarily for AI incidents. However, it still 

provides valuable information of GA pilot performance.  

Table 48 Contributory factors of the airprox report number 2016034  

Reference Category Contributory factor 

SA-2 Aircraft design Flying style of gliders 

L-15 Communication skills of pilot Inadequate communication skills 

L-30 Flight route decision Pilot ignores the impact of potential thermals 

L-48 Navigation strategy of pilots 
Pilots did not receive adequate training to 
appropriately use the emerging navigation 
devices 

SA-11 Navigation strategy of pilots Pilot over-trust the modern navigation 
technologies 

L-76 Piloting skills Gliders follow the cloud 

SA-14 Piloting skills Glider pilot glides in or follows the cloud 

L-107 Risk management of pilots Priority of pilots to stay up in the air whatever the 
risk 

CH4-9 Risk Management of pilots Pilot is risk tolerant 

CH4-10 Risk Management of pilots Pilots experienced a successful past situation 

L-109 Vision of pilots A physiological limitation to see things 

 Safety barriers 9.5

The development of the AI can be prevented by the pilot and the ATCO, i.e. the layer 

of operator and technologies as defined in the AI-incident development model (see section 

2.5). The ATCO relies on the technologies, i.e. transponder, radar and radio as follows. By 

the time the ATCO notices an aircraft with a potential of an infringement, i.e. the aircraft 

heading is towards controlled airspace, the ATCO attempts to identify the aircraft and 

contact it. The ATCO calls on the radio and uses the call sign, if it is available. If the ATCO 

does not contact the pilot, he/she will ask other ATCOs. In the situation that the ATCO 

contacts the pilot, he/she will warn the pilot. There is another situation that the pilot 

requested a clearance. In the case of a rejection, the ATCO should make it clear that the 

pilot must not fly in controlled airspace under any circumstances.  
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Given the importance of the transponder, the radar and the radio, a comparison is 

made regarding the provision of such information in the incident data as shown in Table 

49. 

From the pilot’s point of view two situations can be identified. Firstly, in the 

situation that the pilot intentionally flies near controlled airspace. The pilot must ensure 

that he/she maintains his situational awareness and control of the aircraft to prevent 

unnoticed heading deviations. These pilots could also prevent from flying in such distance 

from controlled airspace by selecting an alternative flight route, including flying further 

away from controlled airspace. Secondly, pilots, who were denied entry to controlled 

airspace, must follow the ATCO’s instruction to fly outside controlled airspace and be 

ready to fly an alternative route. Under not any circumstance, the pilots must not 

intentionally infringe.  

Table 49 Safety barriers at the layer of operators 

Safety barriers 
Database 

Avinor Trafi UK CAA 
ATCO controllability of the incident       

Transponder X X X 
Pilot responds to ATC call X X   

Radio communication before the incident X X   
Flight plan X X   

Aircraft detected by the radar X X X 

In the AI-incident model (section 2.5), technologies were defined to be a blunt-end 

user. Given that GA pilots are not highly dependent on technologies, the direct 

contribution of technologies to AIs can be the failure of the technology, e.g. running out of 

battery. A safety barrier to this failure can be the supply of better performing technologies. 

The pilot can buy more reliable tools; however, any technology has always the potential of 

a failure. Hence, the pilot should have a secondary system in order to respond to any 

failure of the primary tool. Meanwhile, technologies can be improved in that better tools 

can be produced by the manufactures in regards to accuracy and usability by the 

operators. 

The safety barrier of the layer of organisational failures was also difficult to define. A 

GA pilot is the primary contributor to AIs and is not a part of an organisation as explained 

in Chapter 3. Therefore, it is only the NAA that can be considered as an organisation 
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relevant to the GA. Hence, the decisions that the NAA makes for airspace design and 

procedures to prevent AIs can be considered as a safety barrier at the organisation level, 

e.g. the introduction of a TMZ. 

In the situation that an AI indeed occurs, the AI may develop to a separation 

minimum infringement incident. The latter can be prevented from happening by both the 

infringing pilot and the ATCO. In the situation that the AI incident is unintentional, the 

pilot needs to retrieve situational awareness and to contact the ATCO as soon as possible 

in order to resolve the safety problem.  

In the situation that ground-air communication is not achieved and the transponder 

code of the infringing aircraft is 7000, the reaction of the ATCO to prevent the occurrence 

of a separation minima infringement, i.e. transition barrier -2, is outlined in Figure 66.  
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Figure 66 Transition-Barrier 2 – Ground-air communication is not established: ATCO’s response 

In the situation that the risk of a mid-air collision is high, the ATCO diverts affected 

traffic given the predicted trajectory of the infringing aircraft. Once there is no danger of a 

mid-air collision, the ATCO attempts to identify the aircraft by searching for any filed FPL 

that match the infringing aircraft, calling the radio and other ATCOs that the infringing 

pilot might listen to. By the time two-way communication is established, the ATCO issues a 

resolution action to the infringing pilot and monitors the infringing aircraft until the 

incident is resolved. 
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 Improvement of the SMS of the ANSP 9.6

Though an ANSP rarely contributes to the development of an AI, as outlined in 

Chapter 6, it can, however, be the final barrier in reducing the safety impact of the AI by 

means of the ATCO. AIs affect the ANSP’s service given that the affected traffic has to be 

diverted. Consequently, the ANSP needs to know the extent to which AIs can disrupt its 

operations. The ANSP also needs to assess and manage safety risk and to determine its 

contribution to these incidents regarding its capability in order to prevent or resolve the 

AI. The findings of this thesis are incorporated into the three functions of the ANSP’s SMS: 

safety risk management, safety assurance and safety promotion.   

9.6.1 Safety risk management function 
The function “Safety Risk Management” is the main function of the SMS and aims to 

manage safety risks regarding ATM. This function can be improved by incorporating the 

findings of this thesis. The challenge that an ANSP faces is that its safety data provides only 

partial information about AIs. Its database possesses information about certain 

parameters primarily for ATM, e.g. transponder code, the radio communication and the 

airspace type. What its safety data fail to provide is information regarding the planning 

and navigation of the flight. This limitation can be overcome by calculating safety risk 

based on the ability of the ATCO to address the incident, i.e. controllability by the ATCO. 

Safety risk of a mid-air collision in controlled airspace is calculated as follows.  

It is assumed that by the time the infringing aircraft enters controlled airspace, the 

existing traffic in the infringed controlled airspace area cannot be managed as designed. 

The “potential severity” describes the likelihood of the factor itself to result in a mid-air 

collision and is classified as low, medium and high levels. “Low potential severity” means 

that the factor is less likely to develop into a mid-air collision whilst the opposite is true 

for a “high potential severity” factor. A medium potential severity means that the factor is 

in-the-between situation. There are factors that can co-occur in an incident and these 

combinations of factors are also considered in the safety risk assessment and their 

severity is classified in a similar manner.  

Given that the ATCO may be able to address the AI incident and prevent the AI from 

evolving to a separation minimum infringement (Precursor chain). A factor that can 

support the ATCO to resolve the incident has the potential to reduce the severity of the 
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incident and thus, a high weight, e.g. 0.8, is added so that the potential severity of the 

factor is lower. The frequency of occurrence of each factor is calculated based on the 

incident data. For factors that were revealed only in the interviews, approximate values 

should be made until relevant information is collected. The calculation of safety risk is 

shown in Equation 16. The factors are shown in Table 50.  

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = �𝑃𝑃𝑡𝑡𝑆𝑆𝑆𝑆𝐹𝐹𝑆𝑆𝑟𝑟𝑆𝑆𝑃𝑃 𝑟𝑟𝑆𝑆𝑆𝑆𝑆𝑆𝑟𝑟𝑟𝑟𝑆𝑆𝑆𝑆𝑓𝑓𝐻𝐻𝑓𝑓𝑡𝑡𝑜𝑜𝐻𝐻   
× 𝐶𝐶𝑡𝑡𝐹𝐹𝑆𝑆𝑟𝑟𝑡𝑡𝑃𝑃𝑃𝑃𝑆𝑆𝐶𝐶𝑟𝑟𝑃𝑃𝑟𝑟𝑆𝑆𝑆𝑆 𝐶𝐶𝑆𝑆 𝑆𝑆ℎ𝑆𝑆 𝐴𝐴𝐴𝐴𝐶𝐶𝑂𝑂𝑓𝑓𝐻𝐻𝑓𝑓𝑡𝑡𝑜𝑜𝐻𝐻  
× 𝐹𝐹𝑟𝑟𝑆𝑆𝐹𝐹𝐹𝐹𝑆𝑆𝐹𝐹𝐹𝐹𝑆𝑆 𝑡𝑡𝑆𝑆 𝑡𝑡𝐹𝐹𝐹𝐹𝐹𝐹𝑟𝑟𝑟𝑟𝑆𝑆𝐹𝐹𝐹𝐹𝑆𝑆𝑓𝑓𝐻𝐻𝑓𝑓𝑡𝑡𝑜𝑜𝐻𝐻 

Equation 16 

 

  

Table 50 Factors used for the safety risk assessment 

Factors from the incident data  Factors from the interviews 
Radio communication Flight phase of the infringing aircraft 
Transponder Calendar month 
Flight plan Weather 

Aircraft design Controlled airspace near the departure/arrival 
aerodrome 

Airspace type Size and shape of the uncontrolled airspace 

Traffic density Altitude of the horizontal boundary of controlled 
airspace 

Clearance rejection Recent airspace design changes 
Flight path inside controlled airspace - 
ATCO’s contribution to AI - 

 

The potential severity and the controllability of each factor by the ATCO is presented 

in Table 51. The description of each factor is presented in Appendix XIV. Two examples of 

the assessment of these factors are illustrated below.  

 

 

 

Table 51 Aspects to assist the safety risk assessment 
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1 Flight 
operation GA flight High Low 

2 Radio 
communication No ground-air radio communication High Low 
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3  Radio communication before the incident with 
the right ATC unit Medium Medium 

4  Radio communication is initiated just after the 
incident Medium Medium 

5  Radio communication with the wrong ATC unit Medium Medium 

6 Transponder 
Transponder is on                          (Mode C or S) 

Other than (Mode C or S) 
Low 

Medium Medium 

7  Transponder is off High Low 
8 Flight Plan Flight plan is activated Medium Medium 

9 GA aircraft 
design Fixed-wing motor   

10  Glider, ultralight High Low 
11 Flight phase Departure/Arrival High Low 
12 Airspace type CTR High Low 

13 Airspace traffic 
density High traffic density High Low 

14 Month Start of the summer flying season High Low 
15  Good weather for GA flying High Low 

16 Airspace 
design 

Controlled airspace near to the 
departure/arrival airfield Medium Low 

17  Size of the uncontrolled airspace, i.e. narrow Medium Low 
18  Short gliding distance in uncontrolled airspace Medium Low 

19  Heavily controlled design and/or complex 
design of the boundaries Medium Low 

20  Recent airspace design changes Medium Low 

21 Clearance Clearance will be rejected High Medium/
High 

22  Clearance may be issued High Medium/
High 

23 Flight path Cut the corner Low High 
24  Constant distance near the boundary High Low 
25  Well inside controlled airspace High Low 

The first example is the situation in which the ATCO rejects the pilot’s request for 

entry into controlled airspace (Table 51 factor number 21). In such a situation, the pilot 

requested an entry to controlled airspace. The pilot filed a FPL and planned to fly through 

that area. In the situation in which the pilot used the correct phraseology when calling the 

ATCO, i.e. since the pilot included the aircraft’s identity, its position and the desired flight 

route in controlled airspace, then the ATCO has knowledge of the aircraft and the pilot’s 
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flying path intentions. If the ATCO calls the pilot, the pilot may respond if listening to that 

radio frequency. Therefore, the potential severity is low/moderate. However, the pilot 

may not provide such detailed information and subsequently, the ATCO has limited 

information about that aircraft.  

Due to this range, the potential severity of the factor “Clearance will be rejected” 

(Table 51 Factor number 21) is classified as high. The ability of the ATCO to address this 

factor ranges depending on the pilot’s response to the ATCO’s call. Hence, it is classified as 

Medium/High. 

The second example is the situation whereby the aircraft flies in the middle of 

controlled airspace with no radio contact and with the transponder code showing 7000. In 

this case, the ATCO has no information about the aircraft’s design and flying intentions of 

the pilot and thus, the ATCO has to divert the affected traffic. In this situation, the factor 

“No ground-air radio communication” (Table 51 Number 2) is defined to have high 

potential severity and low controllability by the ATCO. Similarly, the factors “Transponder 

is off” (Table 51 Number 7) and “Well inside controlled airspace” (Table 51 Number 25) 

have high potential severity and the ATCO has reduced control to address the incident, i.e. 

low ATCO’s controllability.  

Given these two examples it can be summarised that the ATCO can resolve the 

incident in situations where: 

1. The aircraft is detected by the radar; 

2. The transponder is turn on, particularly the Mode S transponder; 

3. The pilot responds to the ATCO’s calls; 

4. A FPL is activated; 

5. The aircraft flies in controlled airspace near the corner of the airspace. 

9.6.2 Safety assurance function 
“Safety assurance” aims to provide constant feedback concerning the performance of 

the function “Safety Risk Management”. The findings of this thesis can be employed to 

improve the monitoring of AIs and to enhance AI incident reporting. 

9.6.2.1 Monitoring of incidents 
AIs can disrupt the operations offered by the ANSP with a potential impact on 

aviation safety and thus, the ANSP needs to monitor the AIs. The monitoring of AIs should 
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be conducted in such a manner that the ANSP is able to identify and respond to an 

emerging situation immediately or within a few days. Such tactical monitoring can be 

achieved by introducing “flags” so that by the time the incident is reported, it is prioritised 

for investigation. Furthermore, the ANSP should be able to identify and respond to an 

issue that has been detected in the monthly, quarterly or annual time duration.  

The contextual and contributory factors identified in this thesis should be used for 

such strategic monitoring and combinations of factors should also be used. For example, in 

the case of Norway, a higher number of AIs are expected in the airspace over Oslo in 

spring compared to winter whilst more AIs are expected in the airspace at the west coast 

in the summer season compared to spring season due to the improved weather conditions 

there in the summer. Hence, monitoring should be based on both the location and season.  

Strategic monitoring is based on the benchmarking values that are defined using 

historical data, i.e. the results shown in Chapter 6. The average and the standard deviation 

of the factors can be used. These benchmarking values should be revised annually to 

ensure that recent changes, e.g. introduction of controlled airspace, are reflected in the 

monitoring. Again, in the case of Norway, if an airspace design changes, which affects AIs, 

then a higher number of AIs should be expected in that area than last year and thus, the 

benchmarking value will be higher in the following year. 

9.6.2.2 Improving the incident data 
One conclusion of Chapter 6 was to recognise that the ANSP’s databases do not 

always contain all the required information. As a consequence, the investigation findings 

were limited. Therefore, the ANSPs should improve the quality of their incident data. 

Whilst it is wise to collect as much information as possible from the ATCO, who reports the 

incident, there might be a few challenges. For example, the reporting forms might be 

difficult to change due to the software design, the training needed for ATCOs to use the 

new form and the limited time that ATCOs have to report the incidents. Hence, the 

investigator can also complete the missing required information during the investigation. 

Of course, it is assumed that the investigator has the resources to find this information. It 

should be reiterated that ANSPs with high quality datasets should maintain their high level 

of quality. 

In the case of the Norwegian ANSP, its database was described to be of high quality. 

However, even this database often lacked important information, e.g. the infringing 
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altitude, the position of the incident and the flight path of the infringing aircraft. Any 

improvements of its incident data should aim to consistently collect these pieces of 

information to further improve the quality and to enable a detailed analysis to be 

conducted. 

9.6.3 Safety promotion 

The ATCO can act as a safety barrier to resolve the AI or to prevent the evolution of 

the AI to a loss of separation between the infringing traffic and other traffic in controlled 

airspace. Hence, the ATCO can be trained to respond appropriately to the AI involving a GA 

flight and thus, the ATCO will recover fast from this safety-related situation. The training 

can be based on the types of the AIs and the CFs. The key pillars of the training are shown 

in Table 52. Needless to say that the training of the ATCOs does not ensure successful 

mitigation of AIs given the key role of GA pilots in these incidents. Even though the ATCO 

rarely contributes to AIs, the ATCOs should also be trained to ensure that they will not 

contribute to the development of the incident. 

Table 52 Training of ATCOs 

Pillar What the ATCO should be aware of 

Pilots plan the route near controlled 
airspace in certain areas 

ATCO should be aware of the areas that this flight route 
decision will be made, e.g. capital cities 

Pilots that filed a FPL may insist to fly 
in controlled airspace. Such pilots may 
disapprove a rejection of a clearance 

ATCO should be aware that some pilots may 
intentionally infringed and thus, the ATCO should make 
it clear in their communication with the pilot that the 
pilot cannot enter controlled airspace. 

GA pilots that planned their route in 
controlled airspace may not be willing 
to change their planned route, i.e. to 
fly in uncontrolled rather than 
controlled airspace. 

ATCO should be aware that some pilots may be 
incapable to successfully accommodate a rejection of a 
clearance 

GA pilots might not respond to the 
ATCO’s call 

ATCO should be aware that the pilot may be listening to 
the wrong radio frequency for a range of reasons and 
thus, the ATCO should try possible radio frequencies 
that the pilot may listen to or ask other ATCOs of the 
adjacent units to identify the aircraft. 
ATCO should be aware that ultralight and glider 
aircraft may not be fitted with a radio device at all. 
Hence, the ATCO would not be able to involve the 
infringing pilot in the resolution of the AI incident. 

GA pilots start flying in spring season 
in countries with weather that is not 
suitable for GA flying in winter 

ATCO should expect more AIs in spring season at areas 
that the GA pilots base. 
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Pillar What the ATCO should be aware of 

GA pilots might not adequately 
accommodate the recent airspace 
design changes 

ATCO should expect more AIs in areas that airspace 
design that GA pilots tend to use has recently changed. 

ATCO’s contributory factors ATCO should be trained to not contribute to the AIs 
based on the contributory factors found in this thesis. 

 

9.6.4 Summary 
In this section, improvements of the SMS of the ANSP were proposed based on the 

findings of this thesis. Given that AIs affect the ANSP’s services, the proposed 

modifications aim to monitor AIs and the ANSP’s contribution to AIs, assess safety risk of a 

mid-air collision and subsequently, ensure that the ATCO’s can resolve the AI. 

 Proposed mitigation action plan of airspace infringements 9.7

This thesis can be an extremely useful asset for stakeholders in assisting them to 

prevent AI incidents from occurring. The extensive analysis of AI and GA resulted in a 

bespoke taxonomy of contributory factors of AIs and a detailed description of the 

contextual factors of AIs and safety barriers to AIs. These findings can be employed to 

design a mitigation action plan of AIs at the national level. The process of designing such a 

mitigation plan is outlined in Figure 67. This plan has to be cost-efficient for all the 

stakeholders, to be practical, to ensure safety of the public, to be flexible so that it adjusts 

to the needs of each nation and finally, to be in line with the legislation, operations and 

procedures. 

The first step of the design of the mitigation action plan is to identify the relevant 

stakeholders. Not all these stakeholders have a direct or even a strong contribution to the 

development of AIs. Similarly, not all the stakeholders would be able to mitigate these 

incidents. Hence, in steps 2 and 3, the contribution and the capabilities of the stakeholders 

are identified. In step 4, a list of potential mitigation actions is developed following a 

brainstorming activity. In Step 5, for each mitigation action their priorities and constraints 

in implementation are determined regarding the short- (1 year), medium- (2-5 years) and 

long-term (5-10 years). In step 5, the findings are aggregated and the mitigation action 

plan is designed in step 6. Finally in step 7, after a mitigation action is applied, its 
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effectiveness is measured retrospectively. A quantitative method is proposed in section 

9.8 and a case study is illustrated.

 
Figure 67 Process to design the national mitigation action plan of airspace infringements 

The relevant stakeholders, their contribution to the development of the AIs and 

their capability to mitigate these incidents are outlined in Table 53. The NAA and GA pilots 

are the stakeholders with a greatest potential to mitigate AIs. GA pilots are the sharp-end 

users and any improvement in their performance should have a direct benefit on 

preventing AIs. However, the NAA, who is the blunt-end user, makes decisions about 
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airspace design and procedure that affect the GA flying and subsequently, the AIs by GA. 

The other blunt-end user, the ANSP, rarely contributes to the AIs; however, its ATCOs can 

resolve an AI. A safety authority at a continental level, EASA, can mitigate AIs through 

regulations. The strategy chosen to prevent AIs involving GA should focus on embracing 

the good performance of GA pilots and addressing the problematic aspects. The mitigation 

actions should involve both the sharp- and blunt-end users. 

Table 53 Involvement of stakeholders in airspace infringements 

Stakeholder Contribution to AIs Capability to mitigate AIs 
EASA Regulations concerning licencing, 

ratings, etc. 
YES 
The effectiveness of regulations is 
debatable 

NAA Airspace procedures 
Airspace design 
Training 

YES – Great potential 
CFs originate from the decisions of the NAA 

ANSP ATCO as a contributor to the AIs 
ATCO to minimise the safety 
effect of the AI 

YES – Limited potential 
ATCO rarely contributes to AIs 
ATCO’s resolution, i.e. last barrier 

GA – 
Individual 
pilots 

Pilot as a contributor to the AIs YES – Great potential 
Pilot is the most frequent contributor to AIs 

GA – Flying 
clubs 

Not any direct contribution YES – Great potential 
Flying clubs can communicate mitigation 
actions to the members of the flying club  

GA - 
Associations 

Not any direct contribution YES – Limited potential 
They act as the representative of the GA 
pilots 

 

9.7.1 Mitigation actions concerning the general aviation pilot 
The improved performance of GA pilots can be achieved as follows. GA pilots should: 

1. Ensure that they have become familiar with the flight route prior to departure. 

Examples of a new route are: an unfamiliar flight, a route in an area whose airspace 

design or traffic activity has recently changed, the first flight after a long inactive flying 

time and a flight with a different aircraft. In unfamiliar flights, the pilot should study 

the critical aspects of weather, traffic and airspace design as discussed in Chapter 7.  

2. Successfully accommodate the weather in planning. The pilots should always be 

vigilant for the minor changes in the weather in good weather conditions, e.g. 

thermals, slight change of the wind direction. 
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3. Establish the features that pilots have to monitor in-flight to ensure that they maintain 

situational awareness. Such aspects can be the wind and visibility, aircraft position and 

traffic. Pilots may establish specific legs of the flight that they must pay attention to a 

particular aspect. For example, in the leg of the flight that the aircraft flies 100ft below 

controlled airspace, the pilot must ensure that the aircraft heading is stable.  

4. Acknowledge the correct radio frequencies to tune in in each area. 

5. Accept to change the flight route in-flight if the pilot requests entry into controlled 

airspace. The reason is that the pilot may fail to reach the ATCO or the entry request 

may be rejected and thus, the pilot has to change the flight route and fly in 

uncontrolled airspace. 

6. Develop a risk management strategy so that the pilots perceive the dangers engaged in 

their flight-route decision and take the necessary mitigation measures. 

The change in the behaviour of GA pilots is challenging. Such changes are likely to be 

observed in the long-term and thus, any mitigation actions in the short-term will not be 

immediately effective. Learning can be the key to success. Within this context, in the short-

term, flying clubs and associations can promote these practices and accommodate them in 

their programme, e.g. monthly lectures, published material in their magazines, including 

the VFR guides that some countries already published annually, e.g. Norway  (Civil 

Aviation Authority Norway 2014). In the medium-term, pilots that renew their licence 

should also be reminded of the above good practices by their flight instructor.  

Meanwhile, the training of the GA pilots to obtain their licence should also change. 

The training of the pilots should consider the findings of this research about the decision 

making of the pilots. As mentioned in section 4.3, pilots make decisions using different 

decision making models and strategies. For example, novices use analytical models that 

require time to evaluate the current situation and select the best option. However, 

experienced pilots often make decisions based on rules or similar cases. Therefore, 

training should be designed to include the diversity of decision making. Furthermore, 

decision making can be influenced by other factors, e.g. the situational awareness and the 

risk management of the pilots, and these factors should also be considered in the training. 

Finally, the training should consider the modern planning and navigation tools that pilots 

currently use. As found in this thesis, such technologies can aid the pilots, e.g. recover the 
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situational awareness; however, they can also result in degrading performance of pilots, 

e.g. lost of situational awareness.  

The above mitigation actions should embrace the flying performance of the pilots; 

however, the problematic aspects must also be addressed. The most frequent problematic 

aspect has been found to be the flight route in uncontrolled airspace near controlled 

airspace. Such a flight route decision can lead to an unintentional AI. The majority of the 

pilots are aware of the high likelihood to infringe and understand the risks; however, the 

other aspects contribute to their decision e.g. lower altitude of the horizontal boundary of 

controlled airspace, the narrow uncontrolled airspace and the low likelihood to fly into 

controlled airspace in the capitals. These aspects should be reviewed by the NAA with 

regards to the safety impact on aviation.  

Airspace design has been determined as a contributory factor. If airspace design 

changes are implemented in order to mitigate this factor, they will probably be effective in 

the medium- or long-term and thus, the pilots have to accommodate airspace design as it 

currently is. It is suggested that the pilot’s aircraft handling skills are improved together 

with their monitoring skills of the weather in order to ensure that they always maintain 

their desired aircraft position. This flight route decision and the good practice can be 

included in the agenda of the flying clubs and associations.  

Another problematic aspect is the situation that the pilot intentionally infringes 

while failing to perceive the dangers of this action. Again, this is related to the individual’s 

personality and pilot’s risk management. Education may be the only effective solution 

while the pilot is trained for the flying licence or during the training for the licence 

renewal. 

9.7.2 Mitigation actions concerning blunt-end stakeholders 
Whilst GA pilots are the sharp-end users, there are mitigation actions that relate to 

the blunt-end stakeholders. These latter stakeholders can implement the following actions 

to prevent the AIs from occurring: 

1. Encourage pilots to respond to the ATCO’s radio call; 

2. Allow the GA flights to pass through controlled airspace; 

3. Address the features that GA pilots fear when they fly in uncontrolled airspace; 

4. Encourage pilots to use the transponder and radio in uncontrolled airspace; 
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5. Support the changes of the training of the pilots as proposed in section 9.7.1; 

6. Ensure that the GA pilots acknowledge the recent airspace design changes. 

Assessment of the effectiveness of a mitigation action 9.8

As shown in Figure 67, a mitigation action should be assessed with respect to its 

efficacy. A quantitative assessment of such a mitigation action can be conducted using the 

Difference-in-Difference method that are illustrated below using reported AI incidents. 

The method are applied to measure the impact of the introduction of the two TMZs near 

Stansted airport (UK) on the AIs. As shown in section 6.3.3.3, Stansted’s controlled 

airspace was extensively infringed. As a mitigation measure, two TMZs were introduced at 

the two sides of the Stansted CTR and were effective from 23rd September 2009 as shown 

in Figure 68. Descriptive statistics of the design change showed that the number of AIs was 

reduced. However, such analysis ignores variables that can indirectly influence the 

reduction of AIs, e.g. the class of controlled airspace and the use of transponder. This 

ignorance of such external factors can lead to biased conclusions.  

 

Figure 68 Airspace design of the Stansted airport (NATS 2011) 

9.8.1 Method Difference-in-difference 
In the literature, research focused on changes of the traffic movements due to an 

airspace design change and use simulations. There was no research to measure the safety 

impact of an airspace change. However, such an assessment of the introduction of a new 

policy or mitigation action was found in road transport (Li et al., 2012) and econometrics 

(Romero & Noble, 2008). In these two fields, policies are frequently introduced and their 

efficacy is quantitatively analysed using statistical modelling. A quantitative method to 

measure the impact of a change is that of the Difference-in-Difference (DiD) method.  
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This DiD method has been applied to road safety to calculate the impact of the 

introduction of a congestion charge of car users in central London on the number of road 

traffic accidents (Li et al., 2012). In that study, road traffic accident data in the period 

2001-2004 in the UK were used and the impact of factors related to the accidents was also 

investigated, e.g. the resident population of the studied area, the employee population, 

geometry of the roads and traffic volumes. The calibration of the model estimated that the 

impact of the congestion charge was a 5.2% reduction in road traffic accidents within the 

charging zone. 

Such previous successes in the application of the DiD method in road safety as well 

as in other domains encourages its use in assessing the impacts of a policy on safety. This 

method will therefore be used in this thesis to estimate the impact of the introduction of 

the TMZs on the number of AIs that are recorded in Stansted controlled airspace. Such 

analysis has not been conducted in aviation and this, to the author’s knowledge, is the first 

application of the DiD method in aviation safety analysis. This section outlines the method 

to compute the impact of the introduction of the TMZ on the reduction of AIs of Stansted 

airspace.  

9.8.1.1 The Difference-in-Difference (DiD) model 
The DiD method calculates the average impact of a programme, e.g. introduction of a 

new TMZ airspace, on a specific outcome, e.g. the number of monthly incidents of airspace 

areas in a country. The impact of the programme is measured by comparing the groups in 

which this programme was introduced, i.e. “treatment group” with those in which it was 

not introduced, i.e. “control group”, before and after the implementation of the 

programme. The DiD estimator is calculated by using the means of the outcomes of these 

groups, in this case the monthly counts of AIs of each airspace area, before and after the 

treatment as shown in Equation 17. 

𝛽𝛽 = �𝑌𝑌𝑡𝑡𝐻𝐻𝑡𝑡𝐻𝐻𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡,𝐻𝐻𝑓𝑓𝑡𝑡𝑡𝑡𝐻𝐻 −  𝑌𝑌𝑡𝑡𝐻𝐻𝑡𝑡𝐻𝐻𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑡𝑡𝑡𝑡𝑓𝑓𝑜𝑜𝐻𝐻𝑡𝑡� − (𝑌𝑌𝑓𝑓𝑜𝑜𝑡𝑡𝑡𝑡𝐻𝐻𝑜𝑜𝑐𝑐,𝐻𝐻𝑓𝑓𝑡𝑡𝑡𝑡𝐻𝐻 −  𝑌𝑌𝑓𝑓𝑜𝑜𝑡𝑡𝑡𝑡𝐻𝐻𝑜𝑜𝑐𝑐,𝑡𝑡𝑡𝑡𝑓𝑓𝑜𝑜𝐻𝐻𝑡𝑡) Equation 17 

 

However, the DiD estimator 𝛽𝛽, as calculated in Equation 17 ignores factors that can 

influence the outcome of one or both of the treatment and control groups e.g. geometry of 

the airspace, month. Therefore, regression analysis is used to estimate the DiD estimator 

by assigning control variables, such as the type of controlled airspace, that can improve 
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the reliability of the DiD estimator. The DiD model can be a Generalised Linear Model 

(GLM) including the Poisson and the Negative Binomial model due to the non-negative 

integer nature of the AI incident counts. A GLM with a Poisson distribution is shown in 

Equation 18. If the variance is equal to the mean then the assumption of the Poisson 

distribution is violated. This limitation can be overcome by introducing a Gamma-

distributed error term to the Poisson regression model. This Negative Binomial model is 

shown in Equation 19 and the corresponding DiD model is shown in Equation 20. 

The dependent variable represents the monthly counts of the reported AIs of the 

airspace of the treatment and control group in the period 2008-2014. It has been 

mentioned that the control variables aim to control the impact of the programme and 

these can be parameters of airspace design and air traffic control, e.g. radio 

communication, issued clearance, use of transponder and traffic volumes in uncontrolled 

airspace. Unfortunately, information for most of these variables is unavailable due to the 

lack of data regarding GA traffic volumes in uncontrolled airspace and the poor reporting 

of the location of the incidents, e.g. very few reports provided the coordinates of the 

location of the incident. The percentage change is calculated as  Equation 21 shows. 

ln(𝑌𝑌𝑖𝑖𝑡𝑡) = 𝛽𝛽0 + 𝛽𝛽𝑋𝑋𝑖𝑖𝑡𝑡  Equation 18 

ln(𝑌𝑌𝑖𝑖𝑡𝑡) = 𝛽𝛽0 + 𝛽𝛽𝑋𝑋𝑖𝑖𝑡𝑡 + 𝜀𝜀𝑖𝑖 Equation 19 

ln(𝑌𝑌𝑖𝑖𝑡𝑡) = 𝛽𝛽0 + 𝛽𝛽1𝐴𝐴𝑟𝑟𝑆𝑆𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆𝐹𝐹𝑆𝑆 + 𝛽𝛽2𝑃𝑃𝑡𝑡𝑟𝑟𝑆𝑆 + 𝛽𝛽3𝐴𝐴𝑟𝑟𝑆𝑆𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆𝐹𝐹𝑆𝑆 ∗ 𝑃𝑃𝑡𝑡𝑟𝑟𝑆𝑆 +  𝛽𝛽4𝑋𝑋𝑖𝑖𝑡𝑡
+ 𝛾𝛾𝑖𝑖 + 𝜆𝜆𝑖𝑖 + 𝜀𝜀𝑖𝑖 

Equation 20 

𝑃𝑃𝑆𝑆𝑟𝑟𝐹𝐹𝑆𝑆𝐹𝐹𝑆𝑆𝑆𝑆𝑃𝑃𝑆𝑆 𝐹𝐹ℎ𝑆𝑆𝐹𝐹𝑃𝑃𝑆𝑆 = 𝑆𝑆𝛽𝛽3 − 1    Equation 21 

   

i: airspace area, which is 1 for treatment group and 0 for control group 

t: month and year that the observation was measured. 

Yit: monthly AI counts in each group 

Treatment: binary categorical variable for whether the monthly AI i is measured for the 

treatment group, 0 otherwise 

Post: binary categorical variable for whether the monthly AI i is measured for the 

treatment group after the airspace design change was introduced, 0 otherwise. 

Treatment * Post: binary categorical variable and represents whether the ith monthly 

AI count was measured before the airspace design change was introduced  
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Xit: control variables 

i: fixed effects for variables that the monthly AI counts can vary between them but are 

invariant over time 

t : fixed effects of time on all monthly AI counts in period t 

i : error term 

The treatment group is the Stansted airspace, as it is the only airspace in which the 

treatment was introduced in the UK. The selected control group is controlled airspace area 

that serves traffic of a key commercial airport. It is also the airspace whose reported 

number of AIs prior to the introduction of the treatment follows a similar trend to that of 

Stansted controlled airspace. Under the above selection criteria, the trends of AIs of 

controlled airspace over the commercial airports of Birmingham, Bristol and Luton were 

studied. As Figure 69 shows, AIs of Stansted airspace follow similar trend with that of 

Luton airspace before the treatment was introduced on 23rd September 2009. Luton is 

also adjacent to Stansted and the GA traffic volumes around these two airspace areas 

might well be similar. Therefore, Luton airspace will be selected as the control group in 

this study. 

 

Figure 69 Time-trend of airspace infringements of Stansted and Luton in the period 2008-2014 

9.8.1.2 Data coding 
In order to calibrate the DiD model, it is necessary to code the data as follows: 

1. Create the datafields (DF) Number of observations of AIs, Year, Month, Airspace Name; 

2. Calculate separately for Stansted and Luton airspace in the period 2008-2014: 
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2.1. Monthly AI counts - DF Yit; 

2.2. Monthly AI counts of CTR;  

2.3. Monthly AI counts of CTA;  

2.4. Monthly mean infringing altitude; 

2.5. Monthly AI counts in which the pilot did not establish radio contact; 

2.6. Monthly AI counts in which the pilot established radio contact before or after the 

incident; 

2.7. Monthly AI counts that the infringing aircraft had a transponder code 7000; 

2.8. Binary categorical variable that represents the observations made in April, May 

and June, i.e. beginning of the flying season; 

3. Create the DF Treatment, Post and Post*Treatment. 

There are a total 168 observations, i.e. 12 monthly observations for seven years in 

the two airspace areas.  

9.8.1.3 Model calibration 
The DiD models are calibrated in two stages. In the first stage, the model is 

calibrated without any control of the observations and is called the “basic DiD model”. In 

the second stage, the model is calibrated with the control variables, which are the 

datafields created in step 2 of the coding. In order to evaluate the calibrated models, the 

goodness-of-fit measures, the “Akaike Information Criterion (AIC)” and “Bayesian 

Information Criterion (BIC)” are used. The lower the values of the AIC or BIC the better the 

model represents the data.  

9.8.2 Results 
The calibrated DiD models are show in Table 54.  

As seen in Models 1-5, the DiD model is improved compared to the basic model 

when control variables are introduced. The results show a significant reduction in 

reported AIs in Stansted airspace. All the models show that the introduction of TMZs in 

Stansted has reduced the number of reported AIs in controlled airspace of Stansted. As of 

Model 1, the DiD estimator (Treatment * Post) is -0.73 suggesting that the introduction of 

the TMZ reduced the number of reported AIs of Stansted by 52%. This is likely due to the 

reduction of AIs of CTR and CTA in that aircraft that fly in TMZs are more likely to be fitted 
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a transponder that transmits the aircraft’s position to the ATCO. Subsequently, the ATCO 

can see aircraft flying in TMZ with a heading towards CTR or CTA.  

Table 54 Difference-in-Difference calibrated models 

  
Model 
Basic Model 1 Model 2 Model 3 Model 4 Model 5 

Log likelihood -529.121 -501.115 -501.041 -500.721 -500.614 -500.68 
Likelihood ratio 

chi-square 22.897 78.908 79.056 76.696 79.91 79.778 

Degrees of 
Freedom 3 5 6 6 6 7 

Significance 0 0 0 0 0 0 
AIC 1066.241 1014.234 1016.082 1015.442 1015.229 1017.36 

BIC 1078.737 1032.975 1037.95 1037.31 1037.069 1042.352 

Intercept 2.481** 1.516 1.532** 1.493** 1.693** 1.506** 
 Exponential -11.952 4.555 4.629 4.450 5.434 4.507 
Treatment -0.662* -0.228 -0.225 -0.204 -0.276 -0.202 

Exponential 0.516 0.797 0.798 0.816 0.759 0.817 
Post 0.165 0.008 -0.001 -0.16 0.002 -0.022 

Exponential 1.180 1.008 0.999 0.984 1.002 0.978 
Treatment*Post -0.169 -0.733 -0.745 -0.704 -0.705 -0.715 

Exponential 0.844 0.480 0.475 0.494 0.494 0.489 
Monthly AIs of 

CTR 
 

0.182** 0.182** 0.166** 0.181** 0.167** 
Exponential 

 
1.199 1.200 1.181 1.198 1.182 

Monthly AI of 
CTA 

 
0.112* 0.113* 0.092* 0.104** 0.094** 

Exponential 
 

1.119 1.120 1.097 1.109 1.098 
Monthly AI of No 

radio contact 
  

-0.018 
  

-0.014 
Exponential 

  
0.982 

  
0.986 

Monthly AIs with 
Transponder 

code 7000 
   

0.039 
 

0.037 
Exponential 

   
1.040 

 
1.038 

Other than 
AprilMayJune 

    
-0.194 

 Exponential 
    

0.823 
 (*) 10% level of significance 

(**) 5% level of significance 
(***) 1% level of significance 
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9.8.3 Discussion 
This section successfully measured the reduction of the AIs imposed by the 

introduction of the TMZs around Stansted’s CTR. The DiD method is shown to be a 

practical way by which to retrospectively assess the effectiveness of an airspace design 

change. This is the first time to the author’s knowledge that such a retrospectively-applied 

quantitative method has been applied in aviation and its benefits are valuable to the 

decision-makers. Such retrospective analysis also evaluates the extent to which the actual 

change is similar to the predicted or desired change. Needless to say that the recognized 

success of the DiD in road safety and econometrics provides further evidence that this 

method is suitable for any retrospective assessment in the aviation sector. There are two 

drivers that underlie the success. The first driver is that a similar area to the studied area 

has been found and thus, the dependent variable was standarised. The second driver is the 

inclusion of externalities, i.e. control variables, so that the model better represents the real 

relationships.  

As for AIs in the Stansted airspace, the DiD model estimates that the TMZ reduced 

the number of reported AIs of the Stansted by 52%. Indeed, from 2010, the number of 

reported AIs in the Stansted CTA and CTR has decreased, with a rapid drop in 2010. 

However, the number of AIs in the TMZ follows an increasing trend. Furthermore, before 

the airspace design change, more AIs were recorded in the CTA than the CTR. This 

increase of reported AIs in the CTA before the airspace design change and in the TMZs 

after the airspace design change shows that this airspace area around Stansted controlled 

airspace continues to be used by the GA flights. If the coordinates of the AIs were provided, 

it could have been established whether the infringing aircraft who flew in TMZs flew at the 

side closer to CTR and CTA or closer to the uncontrolled airspace.  

There are three aspects that should be considered for the interpretation of the 

results in the bigger picture of AI safety. Firstly, the data used in this analysis might under-

represent the AIs that involve glider and ultralight aircraft. The reason is that the current 

infrastructure of the air traffic controllers rarely detects such small aircraft and thus, the 

ATCO is often unaware of such traffic that do not carry a transponder. Secondly, the 

position of the incidents was not provided. For example, it could not be determined 

whether the incident occurred in the CTA northeast or in the CTA southwest. Due to this 

limitation, incidents, which occurred in more than one airspace area by the same pilot in 



Chapter 9 The prevention of airspace infringements 

335 

 

that flight, were considered as separate incidents. Last but not least, the findings should 

not be misperceived as an assessment of the overall safety in the area. The model 

measured the efficacy of the TMZ based on reported AIs of the Stansted airspace. 

In conclusion, the DiD model successfully estimated the impact of the Stansted 

controlled airspace due to the change in airspace design using the reported AIs. This 

finding can be used as evidence of the effectiveness of introducing a TMZ around the 

controlled airspace of key commercial airports that possess similar problems with the 

Stansted airspace, i.e. airspace design, location of GA airfields and infringing altitude. In 

the light of improved reported AIs and GA traffic data in the surrounding uncontrolled 

airspace, the model can be further improved. In the meantime, the DiD method can be 

used by the NAA and ANSP to measure the impact of airspace design and policy changes in 

aviation safety. 

  Overall safety recommendations  9.9

The findings of this thesis can also be used to make further recommendations 

regarding airspace design, planning and navigation technologies and GA flying rules. 

9.9.1 Airspace design 
It has been revealed that airspace design contributes to AIs. It is recommended that 

airspace design that GA pilots use, e.g. up to 6000ft, is reviewed. The priority areas should 

be the areas over the capitals and the areas that consist of many danger and restricted 

areas, e.g. the Gulf of Finland. The review can study the access to controlled airspace for 

each aircraft design and alternative routes that GA pilots can fly in these areas. This review 

should also assess the potential impact of the new flying rating that EASA may introduce 

(section 4.2.3).  Given that the current airspace design accommodates commercial and 

military flights, the study may not actually conclude to radical changes. However, with 

such a study, the stakeholders will improve their awareness of the implications of airspace 

design on GA flying in uncontrolled airspace.  

In addition to the airspace design, the new trend of introducing TMZs should also be 

reviewed. TMZs have been introduced in two forms. The first use of TMZ is its 

introduction in an already controlled airspace area so that only aircraft with a transponder 

will fly in controlled airspace e.g. London controlled zone (since September 2014). The 

second use of TMZ is the design of a defined area in uncontrolled airspace as in Stansted. 
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These two types affect GA flying differently. The latter is located in uncontrolled airspace 

that GA VFR flights fly in. Regardless the type of the TMZ, the TMZ highlights again the 

accessibility issue of GA flights. The pressure on pilots to fly in a smaller uncontrolled 

airspace may affect the safety in the nearby uncontrolled airspace.  

The introduction of a transponder or radio mandatory zone can be perceived as the 

need of the ATCO to be aware of the aircraft’s position even in uncontrolled airspace. The 

traffic awareness of ATCOs is improved and ATCOs may identify aircraft that are likely to 

infringe given their proximity to controlled airspace. GA pilots can also improve their 

traffic awareness if their aircraft is fitted with a traffic detection device, e.g. TCAS. Such an 

action might also address the fear of losing a pilot’s life when a pilot flies in uncontrolled 

airspace because GA pilots can find it difficult to detect other aircraft especially ultralight 

and glider aircraft (Chapter 7). However, such a mandate would affect ultralight and glider 

aircraft that are currently not obliged to be fitted with such devices. This relaxed 

regulation is among the advantages of switching from a heavy fixed-wing motorised 

aircraft to these aircraft designs.   

9.9.2 Planning and navigation technologies 
Emerging planning and navigation technologies are increasingly used by GA pilots. 

Their use can facilitate the flight planning and improve the navigation and piloting. 

However, technologies can change the decision making of pilots and subsequently, they 

can significantly degrade pilot’s performance as found in this thesis. For example, pilots 

reduce the number of the reporting points in their planning due to the use of the emerging 

devices. Another example can be the change of the navigation of GA pilots in that they 

change their visual scanning by looking more on their tablet than outside on the ground. 

Hence, it is recommended that further attention should be paid on these technologies, 

including their introduction in the training of GA pilots. 

As found in the literature review in Chapter 4, human vision has physiological 

limitations that should be considered in the presentation of information on the tablet 

screen, e.g. priority of information, colours, font size (for young and elderly pilots). These 

devices will change the visual scanning of the pilots and thus, further research should be 

conducted regarding the most suitable position of the tablet inside the cockpit. 

Furthermore, the NAAs may consider to support the use of these devices as primary tools, 

given that the technologies are proved ready and the pilots are adequately trained.  
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9.9.3 General aviation flying rules 
There is evidence that the use of the planning and navigation technologies have 

changed the manner that pilots plan the flight and navigate. As revealed in the interviews 

(Chapter 7), among the changes is that in a VFR flight that the pilot navigate with the app, 

pilots might use less visual landmarks to identify their aircraft’s position or the pilot might 

blindly follow the symbol shown on the tablet. Another example can be the pilot that 

navigates with the GPS follows the aircraft position based on the coordinates. It is evident 

that the flying is conducted differently from the VFR using the paper charts and without a 

GNSS. Therefore, it is reasonable to review the requirements for visual navigation in VFR 

rating when emerging navigation technologies are used by GA pilots.  

 Conclusions 9.10

This chapter has presented the application of the findings of this thesis in order to 

prevent AIs. The proposals are the following: 

1. A framework to analyse AIs at the national level 

The developed AI analysis framework offers a novel way of capturing and analysing 

the data relevant to the AIs so that the analysis will benefit from a functional database. 

Such a framework requires a modified reporting scheme, a reliable and efficient method to 

investigate and analyse the incident reports in order to support the decision making of the 

NAA at the tactical and strategic level. The framework employs the findings of this thesis. 

In particular, the context of AIs and the safety barriers to AIs were defined and a bespoke 

taxonomy of contributory factors of AIs involving GA was developed. These findings 

resulted from the literature and the analysis of the incident data and semi-structured 

interviews with GA pilots. The latter had the greatest contribution to the development of 

the taxonomy. 

2. Improvements of the SMS of the ANSPs  

Given the impact of AIs on ATM, the ANSP should continue to consider the AIs in 

their analysis. The proposed modifications aim to monitor AIs, assess safety risk of a mid-

air collision and subsequently, ensure that the ATCO’s can resolve AIs.   

3. Mitigation action plan 

The mitigation actions concerning both the sharp-end and the blunt-end 

stakeholders were proposed.  
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4. Method to assess the effectiveness of mitigation action 

The application of the Difference-in-difference method successfully assessed 

retrospectively the effectiveness of an airspace design change using reported AI incidents. 

5. Overall safety recommendations 

Further recommendations were made regarding airspace design, planning and 

navigation technologies and the GA flying rules to enhance safety in air transport. 
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Chapter 10 

Conclusions 

10 Chapter 10 Conclusions 

Chapter 10 presents the main findings of the research regarding airspace 

infringements (AIs) involving general aviation (GA) flights, by far the largest group of 

flights involved. The findings and the contribution of this thesis are organised following 

the research objectives formulated in Chapter 1 (repeated below for ease of reference). 

This chapter concludes with a series of research proposals for future work, including the 

already planned work in the short-term, and a list of publications based on this thesis.  

  Revisiting research objectives 10.1

The aim and objectives of this thesis are repeated to facilitate the full understanding 

and impact of the main findings. The aim of this thesis was to investigate the reasons 

underlie the occurrence of AI incidents and propose actions to prevent them in order to 

enhance safety. The objectives defined in Chapter 1 are: 

1. Critically review the literature to identify the key features of air traffic management, 

the safety approaches and the stakeholders relevant to GA and AIs;  

2. Critically review both the literature of previous studies of AIs regarding their data, 

methods and findings and the literature concerning a GA pilot performance in order to 

identify the contribution of such pilot related factors to the occurrence of AIs; 

3. Assess the suitability of reported AI incident data from ANSPs and NAAs for their 

subsequent use in the safety analysis of AIs involving GA; 

4. Develop a bespoke and novel taxonomy of contributory factors of AIs that relate to a 

GA pilot’s performance. These factors will be primarily derived from carefully 

designed interviews with GA pilots; 

5. Develop a framework of collecting and analysing reported incidents involving GA at 

the national level. Such a framework will enable stakeholders to monitor these 
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incidents and to subsequently support their proposals of mitigation actions. This 

framework should utilise the taxonomy of contributory factors of AIs developed in this 

thesis. 

 Conclusions 10.2

The objectives of this thesis have been successfully addressed as outlined below. 

10.2.1 Overview of air traffic management, safety management and aviation 
stakeholders 

AIs affect air traffic management and thus, key elements of ATM were identified in 

Chapter 2. Safety approaches and accident models used in the field of ATM were also 

critically reviewed and the key findings are the following: 

• The need to analyse the AIs is undoubtedly the outcome of the proactive safety 

approach that aims to prevent incidents from happening such that the 

likelihood of an accident is minimised. 

• Epidemiological accident models, in particular the “Swiss Cheese Model”, are 

best suited for this thesis. 

• The “AI-incident development” model was developed on the basis of the Swiss 

Cheese Model. It represents that failures from both the sharp-end and the 

blunt-end users can contribute to the AI incident and accident. Barriers at each 

layer can prevent these failures from occurring. Furthermore, the precursor 

chain was modified to include the AI incident. It shows that an AI triggers the 

precursor chain that ends in a mid-air collision in controlled airspace. 

In Chapter 3, the key aviation stakeholders relevant to AIs were identified. These 

stakeholders are: GA pilots, the ANSP, the NAA and the European stakeholders 

EUROCONTROL and EASA. The relationships between these stakeholders were 

determined as well. Due to the involvement of GA flights in these incidents, GA was further 

reviewed in Chapter 4. The key findings are as follows: 

• GA was not well defined in the literature and thus, a practical definition was 

developed in this thesis. Based on this definition, GA was described regarding 

the GA fleet, aerodromes, flying, licences, pilot demographics and technologies 

relevant to GA. 
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• This extensive description was of great importance in this thesis. In particular, 

it contributed to the design of the interviews, the selection of participants and 

the assessment of the reporting of incidents involving GA flights 

• Both the definition and description of GA contribute to the literature and can 

be used by aviation practitioners as well. 

10.2.2 Studies of airspace infringements and a general aviation pilot’s 
performance 

The two milestone studies of AIs conducted by EUROCONTROL and the UK CAA 

were critically reviewed in Chapter 3. The key findings are the following. 

• Although they were conducted in the last decade, certain findings, e.g. 

contextual and contributory factors, were used to analyse the reported 

incidents in this thesis.  

• The critical gaps in these studies concern the adequacy of the incident data and 

the methodology used in these studies to analyse reported incidents. Safety 

data have significantly improved since these studies were conducted and thus, 

recent AI data should be analysed in a novel and robust manner that will 

employ quantitative analysis. 

• Contributory factors found in these studies are not exhaustive, they are generic 

and do not explicitly describe factors related to a GA pilot’s performance. 

Given the poor representation of the contribution of a GA pilot’s performance to AIs, 

the literature in the field of aviation psychology and human factors was critically reviewed 

in relation to GA pilots in Chapter 4. The key findings are the following. 

• A GA pilot’s performance is strongly related to the pilot’s decision making that 

can be affected by various aspects, e.g. situational awareness, expertise, risk 

management of pilots. 

• GA is undoubtedly in a transition period regarding the use of technologies. 

Such technologies can significantly change a pilot’s decision making and 

subsequently his/her performance. 
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• Given the importance of these findings, factors that have the potential to 

contribute to AIs were identified on the basis of the literature and used in this 

thesis. 

10.2.3 Taxonomy of contributory factors 
The contributory factors found in the literature, the incident data and from the 

interviews with GA pilots were combined to develop a novel and bespoke taxonomy of 

contributory factors of AIs GA-Pro-Saf(ArI). This taxonomy was subsequently validated. 

(Chapters 4, 6, 7, 8 and 9). The key findings are the following: 

• The taxonomy mostly consists of contributory factors related to a GA pilot’s 

performance. Such a rich taxonomy in relation to such GA pilot performance 

was developed for the first time. 

• The taxonomy possesses detailed factors relating to airspace design and flight 

planning and these factors replace the generic factors found in previous studies 

of AIs. Similarly, these factors were found for the first time. 

• The success of this bespoke taxonomy is primarily attributed to the interviews 

with GA pilots. For the first time, a rigorous analysis of the GA flying was 

conducted by deriving information directly from the key stakeholder of AIs, i.e. 

GA pilots from three European countries that have a problem with numbers of 

AIs reported. 

• The taxonomy is clearly transferable to other incident types involving GA 

flights. 

10.2.4 Suitability of incident databases 
In order to assess the suitability of incident databases, the framework Pro-Saf(ArI) 

was developed to analyse reported AI incidents collected by two key stakeholders, the 

ANSP and the NAA. Both stakeholders gain benefit from using this framework as it offers 

them a rapid way by which to systematically analyse all the information already collected 

by them. The framework was successfully applied to three safety databases provided by 

an ANSP and two provided by NAAs and their results were validated (Chapters 5 and 6). 

Its key characteristics are the following: 
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• The quality of safety data is assessed to establish the capabilities of the dataset 

concerning the analysis. 

• The framework enables the extensive study of an incident’s contextual and 

contributory factors for the conduct of statistical analysis. 

• The framework is flexible as it is applicable to both small and large datasets, 

irrespective of the data quality. 

The framework Pro-Saf(ArI) was applied in three incident databases to establish the 

extent to which the databases are suitable for the analysis of AIs involving GA. The key 

findings are as follows: 

• The structure of the stakeholder’s database is the same for all types of 

incidents and for all flights, i.e. GA and commercial, whilst the databases were 

primarily designed for commercial flights. 

• The quality of the database, as defined by this thesis, differs among both 

stakeholders and countries. This difference therefore does not allow for the 

aggregation of datasets originating from various stakeholders. 

• The size of the database also differs and only one nation, the UK, possessed a 

relatively large dataset. This feature shows the diversity of GA activity and AIs 

recorded per nation. 

• Essential information is latent in the narrative described by the ATCO and the 

infringing pilot. 

• The ATCO’s narratives represent the majority of the incident data whilst the 

ATCOs, who rarely contribute to the incident, often describe only what they 

observe on their radar screen and their communication with the pilot.  

• The pilot’s narrative can provide more information on what happened inside 

the aircraft cockpit; however, the total number of such incidents are relatively 

low and subsequently, their analysis is limited. 

10.2.5 Framework Pro-Saf(ArI)N 
In order to overcome the absence of a framework that collects, investigates, analyses 

and monitors AIs at national level, the framework Pro-Saf(Ari)N was developed. Such a 
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framework can support the decision making of stakeholders regarding the prevention of 

AIs involving GA. The key characteristics of the framework Pro-Saf(Ari)N are the following: 

• The framework utilises the taxonomy of contributory factors GA-Pro-Saf(ArI) 

developed in this thesis and the framework Pro-Saf(Ari) 

• The framework benefits from analysing incidents centrally, i.e. the NAA  

• Given that the ANSP is directly affected by AIs, the framework also includes the 

ANSP. In particular, it proposes improvements of the assessment of the safety 

risk of a mid-air collision in controlled airspace, of the training of the ATCO 

concerning their reaction towards the development of an AI and the 

monitoring AIs.   

A mitigation action plan is proposed to prevent AIs involving GA from occurring in 

Chapter 9. This involves both the sharp-end and the blunt-end stakeholders and a 

quantitative method to assess retrospectively the effectiveness of a mitigation measure 

was proposed. The measures were the outcome of the findings of the analysis of reported 

AIs, the interviews with GA pilots and the critical review of the literature of a GA pilot’s 

performance. Further recommendations concerning GA were proposed to enhance safety 

in both uncontrolled and controlled airspace 

  Future work and recommendations 10.3

This thesis has exhaustively analysed AI incidents involving GA flights using incident 

data and interviews. It has shed light into various aspects, including the nature of GA, 

safety data analysis and the methods required to collect data regarding a pilot’s 

performance. Meanwhile, the findings of this thesis point to a number of directions for 

further research. These include: 

• The framework Pro-Saf(ArI) and the taxonomy of contributory factors should 

be transferred to other incidents, even accidents, involving GA flights. The 

taxonomy consists of a range of factors related to a GA pilot’s performance and 

also reflects differences between fixed-wing motor, ultralight and glider 

aircraft. 
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• The analysis of reported AIs indicated that the severity assessment tools 

currently used by stakeholders might be unsuitable for incidents that involve 

GA. Therefore, severity assessment tools should be reviewed. 

• The application of the framework Pro-Saf(ArI) to three safety databases 

indicated that not all the databases possess high quality data to enable the 

quantitative analysis of incidents. Hence, the characteristics of an ideal 

database should be communicated to stakeholders. Meanwhile, research 

should be conducted to integrate advanced statistical analysis, similar to the 

analysis of the framework Pro-Saf(ArI), for other reported incidents. This 

implementation will enable the rapid analysis of the continuously increasing 

size of safety databases.   

• Given that AIs are analysed at a European level as well, guidelines for the 

aggregation of nationally reported incidents should be developed given the 

findings of this thesis, to ensure that the diversity of AIs is considered. 

• Safety analysis of AIs should be conducted in nations with major GA activity 

such USA, Canada and Australia.   

• A number of features were determined to influence flight-route decision 

making, indicating that aeronautical decision making models and strategies 

should be researched further with respect to the new knowledge elicited from 

this thesis. 

• Further research should be conducted to study the influence of emerging 

technologies on the flight-route decision making of GA pilots. It was revealed 

from the interviews that these technologies have indeed changed the decision 

making of GA pilots, findings that are supported by the literature. Given that 

technologies such as apps, are increasingly used by GA pilots, their impact on a 

pilot’s performance should be measured.  

• Findings that related to both GA flying and GA pilot performance can be used to 

address problems that ATM faces with respect to GA. Within the context of 

SESAR, findings can be used, amongst others, to improve navigation of GA 

pilots and promote technologies that meet the needs of the diverse GA sector. 

Clearly, successful mitigation of AIs involving GA enhances ATM. 
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• Findings that concern GA flying and AIs can support the changes at regulations 

at both national and European level and thus, the findings should be 

communicated to the NAAs and EASA with respect to such changes.  

• The implementation of the proposed improvements of the SMS of the ANSP as 

described in Chapter 9, will ensure that the data will be improved and the 

analysis of AIs standarised. 

  Publications and awards 10.4

The following conference proceedings have been produced to support this research.  

Psyllou E., Majumdar A. & Ochieng W. (2017) General Aviation Pilots Planning 

using Interviews. Proceeding of the 8th International Conference on Applied 

Human Factors and Ergonomics, Los Angeles, USA. 

Psyllou E., Majumdar A. & Ochieng W. (2017) Interviews of General Aviation 

Pilots: An Insight to Airspace Infringements. Proceeding of the 19th International 

Conference of Aviation Psychology, Dayton, USA. 

Psyllou E., Majumdar A. & Ochieng W. (2016) General Aviation Pilot's Decision: 

Flight in Uncontrolled Airspace near the Boundary. Can it cause an Airspace 

Infringement? Proceeding of the 32nd European Association for Aviation 

Psychology conference, Cascais, Portugal. 

Psyllou E., Majumdar A. & Ochieng W. (2015) Impact of Technology on Airspace 

Infringements by General Aviation, ATACCS, Toulouse, France 

Psyllou E., Majumdar A. & Ochieng W. (2014) Analysis of Airspace Infringements 

in European Airspace, 6th International Conference on Research in Air 

Transportation, Istanbul Technical University, Turkey 

Psyllou E., Majumdar A. & Ochieng W. (2014) Analysis of Airspace Infringements 

in European Airspace, 5th Conference on Advances in Human Factors and 

Ergonomics, Krakow, Poland 

Furthermore, the author was awarded for the best student poster at the Lloyd's 

Register Foundation International Conference (13-14 October 2016) for the poster title 

“When you fly what matters is safety. A robust methodology to analyse airspace 

infringements”. 
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Last but not least, as a continuation of this thesis, an Impact Acceleration Funding 

was awarded in December 2016 to develop an investigation and safety analysis tool for 

airspace infringements. The project is funded by the Economic and Social Research 

Council (ESRC).  
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Appendix I Categories of aerodrome serving GA flights 

 

Category 

Type (average 

annual 

movements in 

2004) 

Example in 

UK 
Definition 

A Regional 

airports 

(32,600) 

Luton, 

Bournemouth, 

Southampton 

Large commercial airports with scheduled airline traffic, 

which also handle a significant level of GA movements 

B Major GA 

airports 

(67,900) 

Gloucester, 

Shoreham, 

Kemble, 

Biggin Hill 

Large, GA airfields, which are likely to be close to urban 

centres with significant maintenance and hangarage facilities. 

They are likely to be licensed and to serve the business 

aviation market to some degree and have at least one Fixed 

Base operator to handle such flights. They mostly have at 

least one hard runway and are generally run by independent 

companies charging landing fees. 

C Developed GA 

airfields 

(27,700) 

Goodwood, 

Sywell 

They are more likely to be located in rural areas and have 

grass runways or a hard runway or a mixture. 70% of 

airfields in this category offer maintenance facilities, most 

have club facilities for pilots, most have one or two flying 

schools and most charge landing fees. About half are operated 

by flying clubs and most are CAA licensed.  

D Basic GA 

airfields 

(13,900) 

Henstridge, 

Saltby 

It is similar to Category C but with less infrastructure and 

fewer facilities. They are mostly unlicensed airfields, some 

have significant glider operations and around a quarter do 

not provide air to ground communications. A third of these 

airfields do not provide fuel or maintenance and only some 

provide flying training.  

E Developed 

Airstrips 

(2,800) 

 80% of airfields in this category have grass runways with 

very limited or no facilities. None are licensed, few charge 

landing fees, and they are generally operated by individuals 

or by flying clubs.  

F Basic Airstrips 

(300) 

Farm strips, 

etc. 

These are short airstrips, often no more than a farmer’s field. 

All have grass runways, but no or very limited other facilities.  
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Appendix II GA aircraft fleet 
 

Fleet Picture EASA 
classification 

Occupants 
excluding 

the pilot are 
less than 

Maximum 
certificated 

take-off 
weight (kg) 

ICAO 
classification 

Light fixed-wing 
motor  

CS-23 9 5670 Aeroplane 

 19 8.618 Aeroplane 

Small Rotorcraft 

 

CS27 9 3175 helicopter 

Very light 
aeroplane 

  

CS-VLA 2 750 Aeroplane 

Amateur aircraft 

 

-   

Aeroplane for 

powered 

amateur aircraft 

Gliders 

 

CS-22 2 750 or 850 Aeroplane 

Very light 
rotorcraft  

CS-VLR 2 600 Helicopter 

Ultralight aircraft 

 

Controlled by 

national 

regulations 

2 Low Aeroplane 

Hang gliders 

 

-   Aeroplane 

Historic and 
Vintage aircraft

 -   Aeroplane 

Para gliders  -   Aeroplane 

Gas and Hot air 
balloons 

 - -

Free balloons  -   - 

Airship/Dirigible  -   - 

Motorised/non-
motorised 
parachutes 

 
-   - 

 

http://www.google.com/url?sa=i&rct=j&q=amateur%20aircraft&source=images&cd=&cad=rja&docid=onO6qUSv426-GM&tbnid=2NuTvEFHPD03HM:&ved=0CAUQjRw&url=http://www.ultralightnews.com/antulbg/ritz_ultralight.htm&ei=FgL9UZqjMsX80QXIxIH4BA&bvm=bv.50165853,d.ZG4&psig=AFQjCNE-QgcwhNj3DGJ9mop2N6u-sA4lIw&ust=1375622029551119
http://www.google.com/url?sa=i&rct=j&q=very+light+rotorcraft&source=images&cd=&cad=rja&docid=Kf_XNhy_LcTOsM&tbnid=LF_W1c8cyBf8gM:&ved=0CAUQjRw&url=http://www.propcopter.com/&ei=FwH9UdJhzJvUBYGpgOgN&bvm=bv.50165853,d.ZG4&psig=AFQjCNFw5KQ2bpQxOG4XpNvHt2_507GbHQ&ust=1375621768141914
http://www.google.com/url?sa=i&rct=j&q=hang+glider&source=images&cd=&cad=rja&docid=WawMfJzdJBXsGM&tbnid=Y7fTGbIduj65jM:&ved=0CAUQjRw&url=http://adventure.howstuffworks.com/hang-gliding3.htm&ei=YAH9Uef9O6SW0AXFvoCADA&bvm=bv.50165853,d.ZG4&psig=AFQjCNEJJ7ReLpyr2S_u5-Q8dZJc_2eSuA&ust=1375621827404852
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Appendix III Airspace design of Oslo, Norway 
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Appendix IV Airspace design changes in Norway as of June 2016 

 

No 
Airspace 

area 
AIP 

Norway 
Date 

effective Change 

1 Expansion 
Farris TMA ENR 6.3-1 13-Nov-14 ESOSI Added and extention of Farris TMA at west 

Lbis 5500ft. 

2 
Flesland 

TMA; Sola 
TMA 

ENR 6.3-5 13-Nov-14 
Change of east boudnary  of Flesland and Sola 
TMA so that there is a straight west boudnary in 
these two airspace areas 

3 

Norway 
CTA LB 

east of 
TMAs 

ENR 6.3-5 13-Nov-14 Change of the LB of Norway CTA west of the 
TMAs from FL95 to 7500ft 

4   ENR 6.3-5 13-Nov-14 Rename of TMAs Flesland has become West coast 
north and Sola becomes West coast south 

5 New TMA 
- Mora C ENR 6.3-7 13-Nov-14 

New TMA which is named More TMA C and has 
replaced Vigra and Kvernberget TMAs and there is 
straight boundaries at the west 

6 New TMA 
- Mora C ENR 6.3-7 13-Nov-14 LB of the new TMA  is different NE of tMA 

7 H and LB 
changes ENR 6.3-9 23-Jul-14 the intersect area has been replaced. There are only 

two TMAs with clear boundaries between them.  

8 H change ENR 6.3-9 23-Jul-14 Expansion of the Varnes TMA at the west. 

9 CTR shape ENR 6.3-9 23-Jul-14 Change of Varnes CTR shape from square to 7-side 
shape.  

10 LB changes ENR 6.3-9 23-Jul-14 
Change of airspace of TMA above and around th 
eVaenres CTR. Now there are 3 steps of LB of 
Vaernes TMA 

11 
Shape of 
STOKA 

TIZ 

ENR 6.3-
11 19-Sep-13 Change of the shape of Stoka TIZ 

12 TIZ shape ENR 6.3-
13 13-Nov-14 Change of Leknes ENLK TIZ shape 

13 TIZ shape ENR 6.3-
13 13-Nov-14 Change of Vaeroy ENVR TIZ shape 

14 TIZ shape ENR 6.3-
13 13-Nov-14 Change of Rost ENRS TIZ shape 

15 
New 

Danger 
area 

ENR 6.3-
13 13-Nov-14 New Danger areas in Andoya TMA  

16 Expansion 
TMA 

ENR 6.3-
13 13-Nov-14 Expansion Evenes TMA south boudnary 
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Appendix V Data Quality assessment of Avinor’s database - Calculations 
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Appendix VI Contributory factors found in Avinor’s database 

 

N
um

be
r 

Category Contributory factor 

Av
in

or
 

EU
RO

CO
N

TR
O

L 

U
K

 

Definition 

1 Air Traffic 
Controller 

ATC does not ask for 
intentions and not 
provide with 
information about 
airspace and traffic 

X   X 

When the pilot is in contact with the 
ATC unit, the controller does not ask 
the pilot for the intentions for the 
flight or the controller does not 
provide traffic information.  

2 Air Traffic 
Controller 

ATC does not follow 
procedures X     The controller does not follow the 

procedures. 

3 Air Traffic 
Controller 

ATC does not instruct 
the pilot to switch 
frequency 

X     

When the pilot is in contact with the 
wrong ATC unit, the controller does 
not instruct the pilot to switch to the 
correct radio frequency. 

4 Air Traffic 
Controller 

Lack/poor coordination 
between ATC units X X   

The coordination between the ATC 
units or the ATC positions is poor 
including the inadequate 
coordination and the lack of any 
coordination. 

5 Air Traffic 
Controller 

Late entry/refusal 
clearance by ATC X X X 

The controller issue a clearance late 
or the controller refuses the entry to 
the aircraft. 

6 Airspace design Change of airspace 
design X     

Change of boundaries of controlled 
airspace, of airspace class or 
requirements to fly in controlled 
airspace.  

7 Airspace 
procedures 

Clearance not 
requested/obtained X X   

The pilot does not request clearance 
when the two-way radio contact is 
established before the infringement. 

8 Airspace 
procedures 

Flight plan FPL is 
perceived as clearance X     

Pilot believes that filing the FPL 
corresponds to fly in controlled 
airspace without contacting the 
correct ATCo unit or requesting 
clearance when there is a prior 
contact between pilot and controller.  

9 Airspace 
procedures 

Inadequate avoiding 
action X     

The pilot fails to implement avoiding 
action and the aircraft enters 
controlled airspace.  

10 Airspace 
procedures 

Non-compliance with 
rules and procedures of 
airspace 

X X X 

Deliberate or intentional non-
compliance with rules and 
procedures of airspace. Pilot knows 
the procedures and he/she flies in 
controlled airspace. 

11 Airspace 
procedures Urgency X     The flight is an emergency. 
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Definition 

12 Airspace 
procedures 

Wrong expectations for 
obtaining clearance X     

The pilot confuses the existence of 
the FPL, the establishment of the two-
way radio contact with the issue of a 
clearance.  

13 ATC 
infrastructure 

Inadequate radar 
capture X     

Failure of radar provision at 
particular areas due to equipment 
failure or limitations of the 
equipment. 

14 Communication 
skills of pilot Foreign language X X   

The message of the pilot is unclear 
due to the fact that English is not 
his/her mother language of the pilot. 

15 Communication 
skills of pilot 

Inadequate 
communication skills X X   

Pilot should be remember about the 
way to established radio contact, the 
communication requirements for a 
penetration into a controlled airspace 
and the time to ask for clearance. A 
relationship may be exist between 
this contributor and the inadequate 
knowledge of the airspace 
procedures.  

16 Communication 
skills of pilot 

No radio 
contact/Loss/Switch off 
the on-board 
communication 
equipment 

X X   

The pilot does not established radio 
contact with the pilot during the 
flight, the pilot intentionally switch 
off the radio or the radio contact is 
lost due to ATM or on-board 
equipment failure. No other factor is 
true for the incident unless a 
telephone contact is established 
between pilot and controller 
afterwards.  

17 Communication 
skills of pilot 

Pilot faces difficulty to 
obtain radio contact 
with ATC 

X X X 
Reasons can be poor radio coverage, 
high frequency demand and other 
factors related to pilot's personality.  

18 Communication 
skills of pilot 

Pilot poorly remembers 
or misperceives the 
ATCO's instruction 

X X X 

Pilots might poorly remember or 
misperceive the ATC instructions due 
to high workload imposed by the 
radio communication and the flying. 

19 Communication 
skills of pilot 

Poor phraseology/Lack 
of briefness  X     

Pilot's phraseology is poor and 
inadequate for radio contact with the 
controller, the pilot's message is not 
brief or the pilot's message is 
complex regarding to the structure of 
the sentence.  
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20 Communication 
skills of pilot 

Unawareness of pilot to 
switch to correct 
frequency 

X     

Pilot has inadequate knowledge of 
his/her responsibility to switch to the 
correct radio frequency. This factor is 
more specific than the factor 
"Inadequate knowledge of airspace 
procedures". 

21 Communication 
skills of pilot Use of wrong frequency X     

Pilot is in contact with the wrong 
frequency or the pilot calls late while 
he was in contact with another ATC 
before 

22 Environment Bad weather X X X 

When it is cloudy, windy, raining, 
icing or the visibility is low. Weather 
conditions contribute to the incident 
when the AVINOR provides the 
weather report.  

23 Environment Extreme weather 
situation X     Volcanic ash in the atmosphere or 

similar environmental events.  

24 Human factors High workload of 
controller X X     

25 Human factors Honest mistake by ATC X       

26 Human factors Honest mistake by PIC X X     

27 Navigation skills 
of pilot 

Aircraft position 
misidentified X X X This factor is known when the pilot 

says so at the controller.  

28 Navigation skills 
of pilot Inadequate airmanship X X X 

Pilot's actions are perceived as poor 
navigational skills of the pilot by the 
reporter and the analyst. Examples 
can be the inadequate visual 
crosscheck, the planned route closed 
to controlled airspace or misreading 
aeronautical data.  
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Definition 

29 Navigation skills 
of pilot 

Inadequate knowledge 
airspace boundaries X X   

The aircraft enters controlled 
airspace only at the peripheral of the 
current airspace. Two scenarios 
occur: 
(a) The aircraft flies at constant 
distance close to the boundaries 
inside the notified airspace (b) The 
aircraft flies at constant distance 
close to the boundaries inside the 
notified airspace and then leaves 
controlled airspace.  

30 Navigation skills 
of pilot 

Inadequate knowledge 
airspace procedures  X X   

The pilot is unaware or has 
inadequate knowledge of the correct 
procedure to enter a notified 
airspace. The correct procedure is: 
(a) The pilot establishes early R/D 
contact with the controller when the 
aircraft is outside controlled airspace 
and hence, asks for a clearance and, 
(b) when the controller issues the 
clearance, the pilot will follow exactly 
the clearance. Otherwise, when the 
controller refuses the clearance, the 
pilot will follow the instruction to 
keep flying in uncontrolled airspace.  

31 Navigation skills 
of pilot 

Inadequate knowledge 
airspace structure X X   

The pilot is unaware of the 
theoretical distinction of airspace 
classification into ICAO classes 

32 Navigation skills 
of pilot 

Loss of situational 
awareness X X   

The pilot is unaware of the location 
that the aircraft is in relation to the 
terrain features and controlled 
airspace.   

33 Navigation skills 
of pilot 

Misidentification of land 
mark X   X 

The pilot does not correctly observe a 
landmark. This factor gives a reason 
that the pilot lost his situation 
awareness. This factor is known 
when the pilot says so at the 
controller.  

34 Navigation skills 
of pilot 

Unfamiliar airspace 
and/or route X X X 

Unfamiliar and inexperience 
equipment, procedures and general, 
location, type of flight. Foreign pilots 
are consider as unfamiliar pilots. 

35 Navigation skills 
of pilot 

Wrong interpretation 
maps X X X 

The pilot fails the map crosscheck or 
the map reading. This factor is known 
when the pilot says so at the 
controller.  
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Definition 

36 Other Poor/lack of Flight Plan 
FPL X X X 

Inadequate FPL exists when no 
mention of FPL is made by the 
reporter (value equals to 3) and when 
it is clearly mentioned that there is no 
FPL (value equals to 1). 

37 Personal factors Intentional violation X X X The pilot wills to enter controlled 
airspace despite the procedures.  

38 Personal factors Non-compliance with 
ATC instructions X X   

The pilot does not follow the ATC 
instructions for "stand-by" or other 
instructions. 

39 Personal factors Student pilot X     The pilot is student or the pilot is on a 
military exercise. 

40 Piloting skills Direction and speed of 
aircraft X   X The direction and the speed of the 

aircraft result in the infringement. 

41 Quality of data 
provided 

Inadequate maps and 
charts X X X 

Charts are unclear, inaccurate, no-
detailed or old-version. Pilot said this 
fact to the controller. Heavy 
information, out of date. Pilot uses a 
map (paper or digital) that poorly 
presents the required information for 
each flying activity and altitude. 

42 Quality of data 
provided Use out of date maps X       

43 Technologies Altimeter setting wrong X       

44 Technologies 
Fail of on-board 
communication 
equipment 

X X X   

45 Technologies Inattention to 
equipment error X       

46 Technologies Lack/failure of 
transponder mode X X     

47 Training Student ATC X       
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Appendix VII Airspace design in the region of Helsinki, Finland 
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Appendix VIII Data quality assessment Trafi – Calculations 
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Appendix IX Contributory factors found in Trafi’s dataset 
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Definition 

1 Air Traffic 
Controller 

ATCO inadequately 
monitored the traffic X    

2 Air Traffic 
Controller 

ATCO inefficiently used 
the equipment X    

3 Air Traffic 
Controller 

Inadequate clearance 
issued by the ATCO X X  

The clearance issued by the controller 
is inadequate for the incident. 

4 Air Traffic 
Controller 

Lack/poor coordination 
between ATC units X X  

The coordination between the ATC  
units or the ATC positions is poor 
including the miscoordiantion and the 
lack of any coordination. 

5 Air Traffic 
Controller 

Late entry/refusal 
clearance by ATC X X X 

The controller issue a clearance late or 
the controller refuses the entry to the 
aircraft. 

6 Airspace 
procedures 

Flight plan FPL is 
perceived as clearance X   

Pilot believes that filing the FPL 
corresponds to fly in controlled 
airspace without contacting the 
correct ATCo unit or requestinf 
clearance when there is a prior contact 
between pilot and controller. 

7 Communication 
skills of pilot 

Inadequate 
communication skills X X  

Pilot should be remaindered about the 
way to established radio contact, the 
communication requirements for a 
penetration into a controlled airspace 
and the time to ask for clearance. A 
relationship may be exist between this 
contributor and the inadequate 
knowledge of the airspace procedures. 

8 Communication 
skills of pilot 

Pilot poorly remembers 
or misperceives the 
ATCO's instruction 

X X X 

Pilots might poorly remember or 
misperceive the ATC instructions due 
to high workload imposed by the radio 
communication and the flying. 

9 Communication 
skills of pilot 

Poor phraseology/Lack 
of briefness X   

Pilot's phraseology is poor and 
inadequate for radio contact with the 
controller, the pilot's message is not 
brief or the pilot's message is complex 
regarding to the structure of the 
sentence. 
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10 Communication 
skills of pilot 

Unawareness of pilot to 
switch to correct 
frequency 

X   

Pilot has inadequate knowledge of 
his/her responsibility to switch to the 
correct radio frequency. This factor is 
more specific than the factor 
"Inadequate knowledge of airspace 
procedures". 

11 Communication 
skills of pilot Use of wrong frequency X   

Pilot is in contact with the wrong 
frequency or the pilot calls late while 
he was in contact with another ATC 
before 

12 Environment Bad weather X X X 

When it is cloudy, windy, raining, icing 
or the visibility is low. Weather 
conditions contribute to the incident 
when the AVINOR provides the 
weather report. 

13 Human factors Honest mistake by PIC X X   

14 Navigation skills 
of pilot 

Aircraft position 
misidentified X X X This factor is known when the pilot 

says so at the controller. 

15 Navigation skills 
of pilot Inadequate airmanship X X X 

Pilot's actions are perceived as poor 
navigational skills of the pilot by the 
reporter and the analyst. Examples can 
be the inadequate visual crosscheck, 
the planned route closed to controlled 
airspace or misreading aeronautical 
data. 

16 Navigation skills 
of pilot 

Inadequate knowledge 
airspace boundaries X X  

The aircraft enters controlled airspace 
only at the peripheral of the current 
airspace. Two scenarios occur: 
(a) The aircraft flies at constant 
distance close to the boundaries inside 
the notified airspace (b) The aircraft 
flies at constant distance close to the 
boundaries inside the notified airspace 
and then leaves controlled airspace. 
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N
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r 

Category Contributory factors 

Tr
af

i 

EU
RO

CO
N

TR
O

L 

U
K

 

Definition 

17 Navigation skills 
of pilot 

Inadequate knowledge 
airspace procedures X X  

The pilot is unaware or has inadequate 
knowledge of the correct procedure to 
enter a notified airspace. The correct 
procedure is: (a) The pilot establishes 
early R/D contact with the controller 
when the aircraft is outside controlled 
airspace and hence, asks for a 
clearance and, (b) when the controller 
issues the clearance, the pilot will 
follow exactly the clearance. 
Otherwise, when the controller refuses 
the clearance, the pilot will follow the 
instruction to keep flying in 
uncontrolled airspace. 

18 Navigation skills 
of pilot 

Loss of situational 
awareness X X  

The pilot is unaware of the location 
that the aircraft is in relation to the 
terrain features and controlled 
airspace. 

19 Navigation skills 
of pilot 

Misidentification of land 
mark X  X 

The pilot does not correctly observe a 
landmark. This factor gives a reason 
that the pilot lossed his situation 
awareness. This factor is known when 
the pilot says so at the controller. 

20 Navigation skills 
of pilot 

Pilots does not follow 
the procedures even if 
they knew them 

X    

21 Navigation skills 
of pilot 

Wrong interpretation 
maps X X X 

The pilot fails the map crosscheck or 
the map reading. This factor is known 
when the pilot says so at the 
controller. 

22 Personal factors Intentional violation X X X The pilot wills to enter controlled 
airspace despite the procedures. 

23 Personal factors Non-compliance with 
ATC instructions X X  

The pilot does not follow the ATC 
instructions for "stand-by" or other 
instructions. 

24 Personal factors Pilot is overconfident X    
25 Personal factors Student pilot X   

The pilot is student or the pilot is on a 
military exercise. 

26 Piloting skills Direction and speed of 
aircraft X  X The direction and the speed of the 

aircraft result in the infringement. 

27 Piloting skills 
Pilot climbs over the 
cloud to improve his 
visibility 

X    

28 Piloting skills Pilot climbs 
unintentionally X    

29 Piloting skills Unnoticed wind 
especially wind drift X    



Appendices 

374 

 

N
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r 

Category Contributory factors 

Tr
af

i 

EU
RO

CO
N

TR
O

L 

U
K

 

Definition 

30 Planning 
strategy of pilots 

Change of the flight 
route in-flight X   

Flight due to bad weather, ATC 
instruction, or other reasons. This 
shows that pilots may fail to 
successfully fly a route that were not 
initially prepared for 

31 Planning 
strategy of pilots 

Flight route was near 
controlled airspace X    

32 Quality of data 
provided 

Inadequate maps and 
charts X X X 

Charts are unclear, inaccurate, no-
detailed or old-version. Pilot said this 
fact to the controller. Heavy 
information, out of date. Pilot uses a 
map (paper or digital) that poorly 
presents the required information for 
each flying activity and altitude. 

33 Quality of data 
provided 

Maps represent heavily 
information X    

34 Quality of data 
provided Use out of date maps X    

35 Technologies Altimeter setting wrong X    
36 Technologies Engine failure X    
37 Technologies GPS failure X  X  
38 Technologies Lack/failure of 

transponder mode X X   
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Appendix XI Data quality assessment UK CAA – Severity ABC 
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Appendix XII Contributory factors found in interviews Question 6 

 
N

um
be

r Category of 
contributory 

factors 
Contributory factor N

ew
 

M
od

ifi
ed

 

Ex
is

te
d 

in
 

EA
TM

 2
 

Comments regarding 
EATM Part II study 

1 Air traffic control Poor ATC coordination 
between adjacent units N     N/A 

  Air traffic control The ATCO did not issue a 
clearance in the first call N     N/A 

2 Communication The pilot was told "stand-by" N     N/A 

3 Air traffic control Clearance does not fit the 
aircraft performance     E N/A 

4 Communication 
Pilot calls late while he was in 
contact with another ATC 
before 

N     N/A 

5 Communication Pilot calls the ATCO but the 
radio frequency is busy N     N/A 

6 Flying Distraction of pilot due to 
passengers on-board   M   Distraction 

7 Flying Gliders follow the cloud N     N/A 
8 Flying High taskload   M   High workload 
9 Flying Pilot's poor aircraft handling N     N/A 

10 Flying Unnoticed wind drift N     N/A 

11 Flying 
Pilot flew in bad or moderate 
weather conditions     E Bad weather 

12 Flying Distraction due to other tasks N M   Distraction 
13 Navigation Pilot over-trusts the GPS     E Over reliance on GPS 

14 Navigation 

Lose the situational 
awareness due to the change 
from the reading the map to 
looking outside 

N     N/A 

15 Navigation The pilot misidentifies aircraft 
position N     N/A 

16 Navigation Pilot forgets the position of 
the boundaries while flying N     N/A 

17 Navigation Pilot misidentified a landmark N 
    

Loss of situational 
awareness; Insufficient 
navigation skills 

18 Navigation Pilot is lost N     
Loss of situational 
awareness 

19 Navigation 
Pilot misidentifies aircraft 
position N     N/A 

20 
Navigation 

Pilot flies in an unfamiliar 
area   

M   

Unfamiliar airspace 
structure and 
classification 

21 Navigation Pilot navigates without a map N     N/A 
22 Navigation Problems using GPS     E Problems using GPS 

23 Navigation 
Pilot navigates with a 
different navigation device N     N/A 

24 Personal 
Pilot intentionally infringes to 
pursue the planned route in 
controlled airspace 

N     N/A 
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N
um

be
r Category of 

contributory 
factors 

Contributory factor N
ew

 

M
od

ifi
ed

 

Ex
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d 
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EA
TM

 2
 

Comments regarding 
EATM Part II study 

25 

Personal 

Pilot believes that clearance is 
guarantee due to filed FPL or 
previous contact with 
adjacent ATC unit 

N 

    

N/A 

26 

Personal 

Pilot perceives that the safety 
impact of AI is minor because 
the ATCO can see the aircraft 
position via transponder 

N 

    

N/A 

27 
Personal 

Pilot expects that bending the 
common practice or rules will 
give him what he wanted 

N 
    

N/A 

28 Personal 
Pilot decides the action with 
the minimum risk N     N/A 

29 Planning Change of flight route in-flight N     Insufficient flight 
planning/preparation 

30 Planning Inadequate preparation 
regarding airspace   M   Insufficient flight 

planning/preparation 

31 Planning Pilot is unaware of airspace 
boundaries N     N/A 

32 Planning 
The route is planned in 
uncontrolled airspace near 
the boundary 

N     N/A 
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Appendix XIII Taxonomy of contributory factors of AIs GA-Pro-Saf(ArI) 

Gl
ob
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N
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be
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l n
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Category Contributory factors 
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Q
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L 

U
K
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Definition 

1 L-1 Air Traffic 
Controller 

ATC does not follow 
procedures X               The controller does not follow the procedures. 

2 L-2 Air Traffic 
Controller 

ATCO inadequately 
monitored the traffic   X               

3 L-3 Air Traffic 
Controller 

ATCO inefficiently used 
the equipment   X               

4 L-4 Air Traffic 
Controller 

ATCO rejects the entry 
clearance X X   X   X X   The ATCO rejects the entry requests 

5 L-5 Air Traffic 
Controller 

Complex/unclear 
controller           X       

6 L-6 Air Traffic 
Controller 

Inadequate clearance 
issued by ATCO   X   X   X     

The clearance issued by the controller is inadequate for 
the incident. It is given late or does not consider the speed 
of the aircraft or the altitude that the aircraft is initially. 

7 L-7 Air Traffic 
Controller 

Lack/poor coordination 
between ATC units X X   X   X     

The coordination between the ATC  units or the ATC 
positions is poor including the miscoordiantion and the 
lack of any coordination. 

8 L-8 Air Traffic 
Controller Student ATC X                 

9 L-9 Air Traffic 
Controller 

Unfavourable attitude of 
ATCO towards VFR 

flights 
        X   X     
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Definition 

10 L-10 Aircraft design Engine failure   X               

11 L-11 Airspace design Change of airspace 
design X       X       Change of boundaries of controlled airspace, of airspace 

class or requirements to fly in controlled airspace.  

12 L-12 ATC 
infrastructure 

GA aircraft is not 
detected by the radar X               

Failure of the monitor to provide clear information to the 
controller. Failure of radar provision at particular areas 
due to equipment failure or limitations of the equipment. 

13 L-13 ATC 
infrastructure 

Inefficient location of 
navaids             X     

14 L-14 Communication 
skills of pilot 

English is the second-
language of the pilot X         X     The message of the pilot is unclear due to the fact that 

English is not his/her mother language of the pilot. 

15 L-15 Communication 
skills of pilot 

Inadequate 
communication skills X X     X X     

Pilot should be aware of the communication procedures 
and requirements for a penetration into a controlled 
airspace and the time to ask for clearance. A relationship 
may be exist between this contributor and the inadequate 
knowledge of the airspace procedures.  

16 L-16 Communication 
skills of pilot 

Pilot does not comply 
with the 'Stand-by'       X         Pilot calls the ATCO but he is told 'Stand-by' and the pilot 

keeps on flying into controlled airspace 
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Definition 

17 L-17 Communication 
skills of pilot 

Pilot does not respond 
to the ATC call X     X   X     

The pilot does not established radio contact with the pilot 
during the flight, the pilot intentionally switch off the radio 
or the radio contact is lost due to ATM or on-board 
equipment failure. No other factor is true for the incident 
unless a telephone contact is established between pilot 
and controller afterwards.  

18 L-18 Communication 
skills of pilot 

Pilot faces difficulty to 
obtain radio contact 

with ATC 
X         X X   

Reasons can be poor radio coverage, radio device 
malfunction on-board, high frequency demand. The latter, 
Pilot calls the ATCO but he cannot talk to the ATCO 
because it is busy. 

19 L-19 Communication 
skills of pilot 

Pilot poorly remembers 
or misperceives the 
ATCO's instruction 

X X     X X X   
Pilots might poorly remember or misperceive the ATC 
instructions due to high workload imposed by the radio 
communication and the flying. 

20 L-20 Communication 
skills of pilot 

Pilot takes clearance 
meant for other aircraft           X     Pilot takes clearance that is issued for other aircraft. 

21 L-21 Communication 
skills of pilot 

Poor phraseology/Lack 
of briefness  X X             

Pilot's phraseology is poor and inadequate for radio 
contact with the controller, the pilot's message is not brief 
or the pilot's message is complex regarding to the 
structure of the sentence.  



Appendices 

382 

 

Gl
ob

al
 

N
um

be
r 

Lo
ca

l n
um

be
r 

Category Contributory factors 

Av
in

or
 

Tr
af

i 

M
O

R 

Q
ue

st
io

n 
6 

Q
ue

st
io

ns
 1

-4
 

EU
RO

CO
N

TR
O

L 

U
K

 

Li
te

ra
tu

re
 

Definition 

22 L-22 Communication 
skills of pilot 

Unawareness of pilot to 
switch to correct 

frequency 
X X             

Pilot has inadequate knowledge of his/her responsibility 
to switch to the correct radio frequency. This factor is 
more specific than the factor "Inadequate knowledge of 
airspace procedures". 

23 L-23 Communication 
skills of pilot Use of wrong frequency X X X X X       Pilot is in contact with the wrong frequency or the pilot 

calls late while he was in contact with another ATC before 

24 L-24 Communication 
skills of pilot 

Pilot finds it difficult to 
accommodate the radio 

communication with the 
ATCO 

        X       

Radio communications with the ATCO can be demanding 
for GA pilots. It is also possible that pilot's communication 
skills are not maintained at the minimum required level so 
that pilots will be comfortable talking on the radio. For 
such pilots, radio communications can distract pilots from 
their flying activities. 

25 L-25 Communication 
skills of pilot 

Pilot is not confident to 
talk to the ATCO on the 

radio 
        X       

The lack of confidence can be caused, among others, by the 
lack of training of the radio communication, the workload 
caused by the dialogues. 

26 L-26 Communication 
skills of pilot 

Pilot is unfamiliar with 
the communication 

procedures of the 
airspace area  

        X       

In planning pilots do not adequately prepare for the 
communication. Pilots do not find the radio frequencies 
that they have to tune in and, they do not identify the 
times that they have to call the ATCO and the purpose of 
that call.  
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Definition 

27 L-27 Flight route 
decision 

Flight route decision 
differs if flight planning 

apps are used 
        X       

Pilots that use the planning apps might not define the 
flight legs given the landmarks or other key parameters. 
This change may affect the efficacy of the planned route  

28 L-28 Flight route 
decision 

Flight route passes 
through many 

controlled airspace 
areas 

        X       

Planned flight route may pass through many controlled 
airspace areas especially in long flights and the pilot will 
have to change radio frequencies often. The change of 
radio frequency can cause considerable problems for 
piloting including high workload and thus, the flight route 
is modified to fly through less controlled airspace areas. 

29 L-29 Flight route 
decision 

Flight route was near 
controlled airspace   X   X X X X   

The planned VFR route is closed to controlled/restricted 
areas due to the airspace design. Definition is in 
disagreement between EUROCONTRO Part 2 and UK CAA 
(navigation).  

30 L-30 Flight route 
decision 

Pilot ignores the impact 
of potential thermals         X       

Thermals can drift the aircraft into controlled airspace. 
Such information is not included in the weather report but 
is based on the experience of pilots and local knowledge.  
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Definition 

31 L-31 Flight route 
decision 

Pilot lacks of local 
knowledge regarding 
weather, airspace or, 

practices 

        X       

Local weather knowledge can be the weather change due 
to terrain or that certain weather conditions can last for a 
certain duration. Such knowledge is unpublished but it 
should be known to the local or familiar pilots. 
Furthermore, pilots may want to avoid heavily dense 
areas, e.g. on a good weather on a weekend, gliders near 
airfields that gliders use.  

32 L-32 Flight route 
decision 

Unchallenged flight 
route that is suggested 

by the planning app 
        X       

Pilots accept the flight route as suggested by the planning 
app. This route may not be optimal or may engage dangers 
including infringing.  

33 L-33 Navigation skills 
of pilot Inadequate airmanship X X       X X   

Pilot's actions are perceived as poor navigational skills of 
the pilot by the reporter and the analyst. Examples can be 
the inadequate visual crosscheck, the planned route closed 
to controlled airspace or misreading aeronautical data.  

34 L-34 Navigation skills 
of pilot 

Inadequate knowledge 
airspace boundaries X X   X   X     

The aircraft enters controlled airspace only at the 
peripheral of the current airspace. Two scenarios occur: 
(a) The aircraft flies at constant distance close to the 
boundaries inside the notified airspace (b) The aircraft 
flies at constant distance close to the boundaries inside the 
notified airspace and then leaves controlled airspace.  
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Definition 

35 L-35 Navigation skills 
of pilot 

Inadequate knowledge 
airspace structure X         X     The pilot is unaware of the theoretical distinction of 

airspace classification into ICAO classes 

36 L-36 Navigation skills 
of pilot 

Level SA - Aircraft 
position misidentified X X X X   X X   The pilot disposition the aircraft regarding its altitude.  

37 L-37 Navigation skills 
of pilot 

Level SA - Loss of 
situational awareness X X   X   X     The pilot is unaware of the location that the aircraft is in 

relation to the terrain features and controlled airspace.   

38 L-38 Navigation skills 
of pilot 

Pilot navigates with a 
different navigation 

device that he is familiar 
with 

      X           

39 L-39 Navigation skills 
of pilot 

Pilot navigates without a 
map       X           

40 L-40 Navigation skills 
of pilot 

Unfamiliar airspace 
and/or route X     X   X X   

Unfamiliar and inexperience equipment, procedures and 
general, location, type of flight. Foreign pilots are consider 
as unfamiliar pilots. 

41 L-41 Navigation skills 
of pilot 

Modern navigation 
devices change the 

monitoring of the pilot  
      X X       

Pilots might spend more time looking at the device than 
looking outside. The latter is the way that pilots were 
trained to navigate. This change of look-out can degrade 
pilot's performance. Including the reading the map to 
looking outside 
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42 L-42 Navigation skills 
of pilot 

Pilot deliberately uses 
out-of-date maps         X       

Pilots that use paper maps might not buy the updated 
maps. Pilots might also use of out-of date digital maps if 
they stop the subscription. Out-of-date maps do not have 
the recent airspace design changes. 

43 L-43 Navigation 
strategy of pilots 

Late/Not seeing of 
failure of the navigation 

tools 
X X   X     X     

44 L-44 Navigation 
strategy of pilots 

Pilot has changed his 
navigation strategy due 

to the use of 
technological advances 

        X       

Pilots monitor the aircraft position through modern 
navigation tools and they look outside the cockpit less 
often. The pilot follows the digital route on the navigation 
devices. 

45 L-45 Navigation 
strategy of pilots 

Pilot is unaware of the 
negative impact of the 

use of emerging 
technological advances 

        X       
Pilot's navigation strategy changes with the use of modern 
navigation tools. If pilots are unaware of the dangers 
enclose in such change, an AI can happen. 

46 L-46 Navigation 
strategy of pilots 

Pilot navigates based on 
what they remember         X       

There are flights that the pilot might not plan the flight as 
they are supposed to do. Such pilots may navigate based 
on their memory. Navigation by memory can be made in 
short flights and in familiar areas. Although navigation by 
memory is reasonable and expected after years of flying, it 
engages dangers, including infringing. 
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47 L-47 Navigation 
strategy of pilots 

Pilot navigates using 
visual references         X       

The navigation based on visual references only can causes 
problems to the pilot due to physiological factors as well 
as workload. this is evident in gliding that glider pilots 
benefit from the use of moving maps in that they calculate 
aircraft position faster and more accurately by looking at 
the moving map than matching landmarks after they get 
out from the cloud. Therefore, pilots that navigate using 
visual references in such demanding flying might mis-
identify aircraft position and thus they will infringe.  

48 L-48 Navigation 
strategy of pilots 

Pilots did not receive 
adequate training to 

appropriately use the 
emerging navigation 

devices 

        X X     
Pilots use modern navigation technologies that are not 
part of the training of pilots. Such technologies engage 
dangers that can lead to, among others, an AI.  

49 L-49 Organisation Inadequate stated ATC 
procedures           X X     

50 L-50 Organisation 
Lack of published 

opt/procedure 
requirements 

                  

51 L-51 Organisation Lack/poor VFR guide for 
GA           X     It is an assessment by pilots. It is assumed that VFR guide 

is good.  
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52 L-52 Other High workload of 
controller X         X       

53 L-53 Other Honest mistake by the 
ATCO X                 

54 L-54 Other Honest mistake by the 
pilot X X       X       

55 L-55 Other Routine           X       
56 L-56 Other Stress, fatigue           X X     
57 L-57 Other Urgency X               The flight is an emergency. 

58 L-58 Personal factors Pilot does not comply 
with the ATC resolution X X       X       

59 L-59 Personal factors 

Pilot expects that 
bending the common 
practice or rules will 

give him what he 
wanted 

      X         

  

60 L-60 Personal factors 

Pilot intentionally 
infringes to pursue the 

planned route in 
controlled airspace 

      X         

  

61 L-61 Personal factors Pilot is overconfident   X               

62 L-62 Personal factors Pilots fail to maintain 
their good navigation 

        X X X   Flying abroad, air-ground communication, navigation, 
radio contact 
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and communication 
skills 

63 L-63 Personal factors Student pilot X X X           The pilot is student or the pilot is on a military exercise. 

64 L-64 Pilot - Airspace 
procedures 

Pilot does not request an 
entry clearance X         X     The pilot does not request clearance when the two-way 

radio contact is established before the infringement. 

65 L-65 Pilot - Airspace 
procedures 

Flight plan (FPL) is 
perceived as clearance X X   X         

Pilot believes that filing the FPL corresponds to fly in 
controlled airspace without contacting the correct ATCo 
unit or requesting if clearance when there is a prior 
contact between pilot and controller.  

66 L-66 Pilot - Airspace 
procedures 

Inadequate knowledge 
airspace procedures  X X       X     

The pilot is unaware or has inadequate knowledge of the 
correct procedure to enter a notified airspace. The correct 
procedure is: (a) The pilot establishes early R/D contact 
with the controller when the aircraft is outside controlled 
airspace and hence, asks for a clearance and, (b) when the 
controller issues the clearance, the pilot will follow exactly 
the clearance. Otherwise, when the controller refuses the 
clearance, the pilot will follow the instruction to keep 
flying in uncontrolled airspace.  
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67 L-67 Pilot - Airspace 
procedures Intentional violation X X   X   X X   The pilot wills to enter controlled airspace despite the 

procedures.  

68 L-68 Pilot - Airspace 
procedures 

Make a shortcut/change 
the FPL without 

informing 
          X     This factor refers to the changes of the flight route if the 

FPL is filed 

69 L-69 Pilot - Airspace 
procedures 

Pilot does not comply 
with rules and 

procedures of airspace 
X X   X   X X   Pilot knows the procedures, even if he knows them 

70 L-70 Pilot - Airspace 
procedures 

Pilot does not comply 
with a clearance 

instruction 
                The pilot does not follow the ATC message for speed and 

climb/descend. 

71 L-71 Pilot - Airspace 
procedures 

Pilot fails to change the 
direction of the aircraft 

to remain in 
uncontrolled airspace 

X               
Whilst flying in uncontrolled airspace, the pilot fails to 
implement avoiding action and the aircraft enters 
controlled airspace.  

72 L-72 Pilot - Airspace 
procedures 

Pilot has wrong 
expectations for 

obtaining clearance 
X     X         

The pilot confuses the existence of the FPL, the 
establishment of the two-way radio contact with the issue 
of a clearance.  

73 L-73 Piloting skills Direction and speed of 
aircraft X X         X   The direction and the speed of the aircraft result in the 

infringement. 

74 L-74 Piloting skills 
Distraction of pilot due 

to passengers on-board 
or other tasks 

      X   X X     

75 L-75 Piloting skills Glider pilots loses the 
aircraft control due to 

        X       Gliders might lose the aircraft control due to gliding in the 
cloud or following the cloud. 
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gliding in the cloud 

76 L-76 Piloting skills Gliders follow the cloud       X           

77 L-77 Piloting skills High task 
load/workload of pilot       X   X       

78 L-78 

Piloting skills 

Late/Not seeing of the 
failure of on-board 

communication 
equipment 

X         X X     

79 L-79 
Piloting skills 

Late/Not seeing of the 
failure of the 

transponder mode 
X X       X       

80 L-80 Piloting skills 
Pilot climbs over the 
cloud to improve his 

visibility 
  X               

81 L-81 Piloting skills Pilot climbs 
unintentionally    X               

82 L-82 Piloting skills 
Pilot deliberately 

slightly deviates from 
the exact flight route 

        X       
Pilots might not follow the exact planned flight route while 
they fly due to individual preference of flying or aircraft 
design, e.g. ultralight flex-wing aircraft. 

83 L-83 Piloting skills 
Pilot is unable to 
address airborne 

weather conditions that 
are more severe than 

        X       

In such situations, pilots might be unable to address this 
weather. As a result, they may poorly handle the aircraft 
so that pilots do not control aircraft heading and altitude 
anymore.  
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those used in planning 

84 L-84 Piloting skills 
Pilot's performance is 

degraded due to the 
radio communication 

        X       

Radio communication can increase the pilot's workload 
and subsequently degrade pilot's flying performance. In 
particular, pilots can be distracted from their flying 
activities, e.g. maintaining aircraft control. 

85 L-85 Piloting skills Pilot's poor aircraft 
handling       X           

86 L-86 Piloting skills Unnoticed wind 
especially wind drift   X   X           

87 L-87 Planning 
strategy of pilots 

Change of the flight 
route in-flight    X   X         

Flight due to bad weather, ATC instruction, or other 
reasons. This shows that pilots may fail to successfully fly 
a route that were not initially prepared for 

88 L-88 Planning 
strategy of pilots 

Flight planning is made 
closer to the departure 

time 
        X       

The fast planning that modern planning tools offer has 
change the start time of the planning. Pilots are confident 
on the punctuality of the app. This change can result in 
poor planning whilst pilots rush to take-off. 

89 L-89 Planning 
strategy of pilots 

Inadequate preparation 
regarding the airspace       X   X     Modified insufficient flight planning/preparation  
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90 L-90 Planning 
strategy of pilots 

Pilot is inadequately 
prepared for the 

airspace area that he 
will fly 

        X       

Pilots might do the planning but they do not spend the 
time needed to be prepared for the actual flight in that 
they visualise the surrounding environment, including 
radio communication, proximity of controlled airspace, 
traffic, etc.    

91 L-91 Planning 
strategy of pilots 

Pilot plans the flight 
route quickly         X       

The time spent itself is not the problem but the 
productiveness of the time. Familiar and frequent pilots 
are expected to plan faster. However, not all pilots, 
whether they are familiar, unfamiliar or, inexperience, can 
efficiently manage the time in planning. Inadequate 
manage of time can result in negligence of ‘less obvious 
things’, e.g. wind drift. Furthermore, this simplicity of 
planning may encourage the pilots to do any modifications 
airborne because they feel over-confident. However, not 
all the pilots can effectively resolve flight planning aspects 
while airborne.  

92 L-92 Quality of data 
provided 

Inadequate maps and 
charts X X     X X X   

Charts are unclear, inaccurate, no-detailed or old-version. 
Pilot said this fact to the controller. Heavy information, out 
of date. Pilot uses a map (paper or digital) that poorly 
presents the required information for each flying activity 
and altitude. 

93 L-93 Quality of data 
provided 

Maps have to be 
purchased.         X       Pilot may not wish to purchase the maps. 



Appendices 

394 

 

Gl
ob

al
 

N
um

be
r 

Lo
ca

l n
um

be
r 

Category Contributory factors 

Av
in

or
 

Tr
af

i 

M
O

R 

Q
ue

st
io

n 
6 

Q
ue

st
io

ns
 1

-4
 

EU
RO

CO
N

TR
O

L 

U
K

 

Li
te

ra
tu

re
 

Definition 

94 L-94 Quality of data 
provided 

Maps represent heavily 
information   X               

95 L-95 Quality of data 
provided 

Non-available airspace 
status information for 

current changes 
          X     Unavailable or difficult to get on-time the airspace status 

mainly for military restricted areas.  

96 L-96 Quality of data 
provided 

NOTAMs difficult to be 
obtain and read         X X     When the NOTAMS are difficult to be obtained and read by 

the pilot. 

97 L-97 Quality of data 
provided 

Paper maps are not 
efficient due to the space 

they need in the cockpit 
        X       Paper maps are large and they need folding and unfolding. 

98 L-98 Quality of data 
provided 

Paper maps are slowly 
updated         X       Paper maps have the limitation of slow update. 

99 L-99 Quality of data 
provided 

Pilot finds it difficult to 
read the information 

about the TSAs 
        X       

Information presented in NOTAMs can be difficult to read 
in general because it is not presented in a robust way. 
Pilots read all the NOTAM to find if the TSAs along the 
flight route are activated. 

100 L-100 Quality of data 
provided 

Unstandarised maps and 
charts           X     Charts are unstandarised. 

101 L-101 Quality of data 
provided Use out of date maps X X               
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102 L-102 Quality of data 
provided 

Weather data are 
inadequate         X       

The weather data only provide information for the 
airports and thus, pilots have to fly in a weather that is 
based on their subjective predictions. 

103 L-103 Regulation Inadequate licensing 
regime           X       

104 L-104 
Risk 

Management of 
pilots 

Pilot decides the action 
with the minimum risk       X         

  

105 L-105 
Risk 

Management of 
pilots 

Pilot flies in weather 
conditions that are 

beyond his personal 
minimums  

        X       

Pilots can be tolerant to fly in weather conditions beyond 
their personal minimums because the alternative is 
assessed as not the best. Pilots have different personal 
minimums and are defined by the individual 
characteristics and by the flight characteristics, e.g. 
outbound or return flight, flexibility to change the date, 
time or destination of the flight, deteriorated weather 
airborne, flight duration, etc.  

106 L-106 
Risk 

Management of 
pilots 

Pilot perceives that the 
safety impact of AI is 

minor because the ATCO 
can see the aircraft 

position via transponder 

      X         

  

107 L-107 
Risk 

management of 
pilots 

Priority of pilots to stay 
up in the air whatever 

the risk 
        X       

Gliders are willing to push their flying limits so that the 
aircraft will be up in the air, e.g. they follow the cloud that 
is located very high.  



Appendices 

396 

 

Gl
ob

al
 

N
um

be
r 

Lo
ca

l n
um

be
r 

Category Contributory factors 

Av
in

or
 

Tr
af

i 

M
O

R 

Q
ue

st
io

n 
6 

Q
ue

st
io

ns
 1

-4
 

EU
RO

CO
N

TR
O

L 

U
K

 

Li
te

ra
tu

re
 

Definition 

108 L-108 
Risk 

Management of 
pilots 

The pressure that pilots 
feels to complete the 

flight in adverse 
weather 

        X       
Weather can deteriorate while flying and pilots are willing 
to fly in weather conditions that are beyond their personal 
minimums mostly due to logistic reasons. 

109 L-109 Vision of pilots A physiological 
limitation to see things         X         

110 L-110 Weather Bad weather X X   X   X X   
When it is cloudy, windy, raining, icing or the visibility is 
low. Weather conditions contribute to the incident when 
the AVINOR provides the weather report.  

111 L-111 Weather Extreme weather 
situation X               Volcanic ash in the atmosphere or similar environmental 

events.  

112 FB-1 Aircraft design 

Landing of a glider 
aircraft is challenging 
and the glider pilot's 
attention is on the 
aircraft performance 

        X       

At landing, glider pilot's priority is to maintain the aircraft 
control so that the aircraft will land at the exact landing 
spot safely. Gliding is a different flying style from that of 
motor aircraft. Landing is a demanding task for gliders.  
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113 FB-2 Airspace design 
Aircraft does not meet 
the requirements to fly 
in controlled airspace 

        X       

Aircraft that will fly in controlled airspace have to meet 
the minimum technological and procedural requirements 
for the aircraft. For example, the aircraft must carry a 
transponder and radio in a transponder and radio 
mandatory controlled airspace. Such requirements 
exclude glider and ultralight aircraft from flying in 
controlled airspace because these aircraft are rarely fitted 
with such devices.  

114 FB-3 Airspace design 
Airspace areas that the 
GA flies in become 
controlled  

        X   X   

Todays airspace design is such that more and more 
airspace that is used by the GA flights become controlled. 
Technological requirements, personal preference to fly in 
uncontrolled airspace and access problems of GA flights in 
controlled airspace result in more GA flights to share the 
increasingly small uncontrolled airspace. 

115 FB-4 Airspace design 

Departure/Arrival 
airfield is located near 
dense controlled 
airspace 

        X       

Pilots, whose departure/arrival airfield is located near 
dense controlled airspace, are more likely to fly in 
uncontrolled airspace for a range of reasons, e.g. pilots 
might be discouraged or experienced a rejection to fly in 
this controlled airspace. This often affects the first/final 
leg of the flight. Such airspace is often found in the capitals 
of the countries.  
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116 FB-5 Airspace design 

Pilot's wished flying 
altitude is higher than 
the altitude of the lower 
boundary of controlled 
airspace 

        X       

Lower boundary of controlled airspace can be lower than 
the wishing flying altitude of the GA pilot. Flying at lower 
altitude reduces the gliding distance in an emergency 
landing. 

117 FB-6 Airspace design 
Size and shape of the 
uncontrolled airspace is 
inadequate 

        X       
There are uncontrolled airspace areas that GA flies in that 
are narrow or have a varied boundary shape. Hence, these 
areas are inadequate for safe GA flying. 

118 FB-7 Airspace 
procedures 

Instructed flight route in 
controlled airspace is 
not optimum for GA 
flight 

        X       

The instructed route in controlled airspace might not be 
straight and simple and such alternations can frustrate the 
pilot or make the flight longer. Such alternated flight route 
might not be optimum for GA flights. 

119 FB-8 Airspace 
procedures 

Pilot's uncertainty that 
an air traffic control 
clearance will be issued 

        X       

There are airspace areas that pilots are less likely to be 
issued a clearance. For example, clearance to GA VFR 
flights are less likely to be given in dense airspace with 
commercial flights. However, there are other airspace 
areas that clearance might be given but the pilot will know 
once he requests the clearance.  

120 FB-9 Communication 
skills of pilot 

Pilot prefers not to talk 
to the ATCO         X       For reasons that are further explained in the category of 

'Communication factors' 
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121 FB-10 Flight route 
decision 

Pilot keeps the initial 
flight route unmodified 
whilst the initial flight 
route is in uncontrolled 
airspace but near 
controlled airspace 

        X       

Pilots that wish to fly in uncontrolled airspace will 
probably not change the flight route. In such situation, the 
pilot that will modify the distance from the boundary will 
be that pilot who perceives the risk of infringing and is not 
tolerant to infringe. 

122 FB-11 Flight route 
decision 

Pilot makes a small 
alternation of the flight 
route to fly around or 
below controlled 
airspace 

        X       

Pilots might plan the second-best shortest route by slightly 
diverting the initial-direct flight route so that the aircraft 
will fly around or below controlled airspace. Such 
alternations are not always possible due to the increasing 
controlled airspace areas.  

123 FB-12 Navigation 
strategy of pilots 

Pilot integrates 
emergent navigation 
technologies in the 
traditional navigation 
strategy and the pilot 
does not consider the 
negative impacts 

        X       

Modern navigation technologies can provide pilots with 
more frequent and accurate positioning. This knowledge 
can be over-used by pilots in that they are confident that 
they always know the aircraft position. However, these 
technologies are not as accurate as pilots believe they are. 

124 FB-13 Navigation 
strategy of pilots 

Pilot notices late or not 
at all the malfunction of 
the altimeter reading 

X X     X       
Altimeter might provide a wrong altitude reading. Most of 
the pilots are aware of this potential error; however, it is 
difficult to detect such an error. 
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125 FB-14 Personal factor Pilot wished to fly in 
controlled airspace         X       

GA pilots may want to fly in controlled airspace for a range 
of reasons, e.g. the pilot wants to reduce his workload by 
flying in controlled airspace, the pilot wants to fly as 
straight flight route as possible, etc. However, a clearance 
is not always issued and thus, they fly the second-best 
flight route. 

126 FB-15 Personal factors Pilot wishes to fly in 
uncontrolled airspace         X       

GA pilots may wish to fly in uncontrolled airspace for a 
range of reasons, e.g. the pilot wants to not be frustrated 
by a rejection of a clearance, the pilot does not want to 
change of plan in-flight, the pilot wishes not to talk to the 
ATCO, etc. Given these reasons, the pilots will plan the 
flight route in uncontrolled airspace and near controlled 
airspace. 

127 FB-16 
Risk 

management of 
pilots 

Pilot deliberately flies 
very close to the 
boundary even though 
he perceives this 
distance to be risky to 
infringe controlled 
airspace 

        X       

There are situations that the pilot is forced to make this 
flight route decision, e.g. small uncontrolled variance or 
small alternations to the direct flight route. The risk 
perception and risk tolerance of the pilot will affect the 
distance that the aircraft will be from the boundary. 
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128 FB-17 
Risk 

Management of 
pilots 

Pilot deliberately flies 
very close to the 
boundary to minimise 
the risk of a mid-air 
collision 

        X       

Pilots wish to minimise the risk of a mid-air collision and 
they fly away from traffic. In small uncontrolled areas, 
such a situation can cause the pilot to fly closer to 
controlled airspace. 

129 FB-18 
Risk 

Management of 
pilots 

The pilot's flight route 
decision increases the 
risk of losing his life due 
to short gliding distance 

        X       

Pilots are concern of the gliding distance and the spots of 
safe landing in an emergency. Pilots fly at shorter distance 
from the ground whilst this distance is beyond their 
personal minimum 

130 SA-1 Aircraft design 
Glider pilots measure 
distance in meters than 
feet 

        X       

Gliders measure distance in meters than feet. The latter is 
the units used for the pilot-ATCO radio communication. 
The different distance units can lead to a wrong 
calculation of the altitude of the lower boundary and the 
aircraft position. 

131 SA-2 Aircraft design Flying style of gliders         X       Gliders fly differently and the flying style itself engages 
dangers of loss of situational awareness. 

132 SA-3 Vision of pilots 
Change of colours of the 
terrain due to the 
change of seasons 

        X       

Plants change colours each season and thus, what pilots 
see on the ground also differs. This change of colours can 
cause problems to pilots to identify the landmarks, 
especially if the pilots have been inactive for some time. 

133 SA-4 Vision of pilots 
Pilot's vision is 
degraded due to low 
visibility 

        X       
Low visibility can form airborne and it can significantly 
reduce the visual ability to see the landmarks for 
navigation  
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134 SA-5 Vision of pilots 

Visual limitation to see 
things at different 
distance from the 
ground 

        X       
Landmarks look different at different altitudes. For 
example, a town looks bigger at lower altitude than at 
higher altitude.  

135 SA-6 Flight route 
decision 

Pilot changes of flight 
route in-flight in 
situations that the pilot 
faces non-expected and 
adverse weather 

        X       

In-flight, the pilot might face adverse weather that has to 
avoid. In such situation, the pilot changes the flight route; 
however, this change may be poor and can lead to loss of 
situational awareness.  

136 SA-7 Navigation skills 
of pilot 

Pilot poorly selects the 
landmarks in flight 
planning 

        X       
A useful landmark will be the one that is distinctive and 
unique for the altitude. Pilots also need to select a 
combination of landmarks to identify aircraft position. 

137 SA-8 Navigation skills 
of pilot 

Pilot mismatches the 
information on the map 
with that on the ground 

X X X X X X X   
What pilots see on the ground might be different from that 
seen on the map due to design of the map or physiological 
reasons. 

138 SA-9 Navigation skills 
of pilot 

Pilot does not see the 
landmarks          X       It is not always easy to actually see the landmarks from 

the aircraft mostly due to physiological reasons. 
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139 SA-10 Navigation skills 
of pilot 

Pilot is unfamiliar with 
the route or area in their 
country or abroad 

        X       

Unfamiliarity can result in poor navigation. Landmarks 
may not be identified correctly or landmark names might 
be unknown. Unfamiliar pilots are also unaware of the " 
local knowledge" of flying in the area or of the weather. 
Furthermore, Pilots who fly in other countries can also be 
described unfamiliar pilots. 

140 SA-11 Navigation 
strategy of pilots 

Pilot is over-trust the 
modern navigation 
technologies 

        X X X   
Pilots over-trust the modern navigation devices to identify 
aircraft position in that pilots believes that the position 
readings are accurate and precise. 

141 SA-12 Navigation 
strategy of pilots 

Pilot inefficiently 
monitors his aircraft 
position 

        X       Pilots inefficiently monitor aircraft position while flying 
and thus, the change of heading is noticed late or not at all. 

142 SA-13 Navigation 
strategy of pilots 

Glider pilot that 
navigates with paper 
maps, identifies the 
aircraft position late due 
to the flying style. 

        X       

Glider pilots who only navigate with paper maps may 
identify the correct aircraft position late due to the flying 
style, especially in situations that pilots circuit in the 
clouds.  

143 SA-14 Piloting skills Glider pilot glides in or 
follows the cloud         X       Gliders fly differently and the flying style itself engage 

dangers of loss of situational awareness. 

144 SA-15 Planning 
strategy of pilots 

Pilot does not estimate 
the expected arrival 
time at each landmark 

        X       

Pilots that do not calculate the time that they expect to be 
over each landmarks are likely to be lost. The reason is 
that they are unaware where they have to be at certain 
time after they depart. 
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145 SA-16 Planning 
strategy of pilots 

Pilots fail to correctly 
calculate the aircraft 
heading using the wind 
data including the wind 
drift 

        X       

Pilots that do not perceive the danger enclosed in good 
weather conditions as well as moderate conditions can 
notice the wind drift late or not at all. Local weather can 
also cause unnoticed deviations.  Weather. Wind 
magnitude and direction varies along the route and pilots 
are not aware of the exact wind data between the weather 
stations. A change of the wind in-flight can change the 
aircraft heading and thus, the aircraft will be push into 
controlled airspace. Such changes can happen fast and the 
pilot might not notice them. 
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1 Flight operation GA flight High Low GA pilots are the key contributors to the 
AIs and a range of factors related to the 
pilots can contribute to the AIs. Hence, an 
AI of a GA aircraft is considered to 
increase the safety risk. 

2 Radio 
communication 

No two-way radio 
communication 

High Low The ATCO cannot contact the infringer to 
resolve the incident. The ATCO attempts 
to minimise the safety consequences by 
not involving the infringer.  

3  Radio communication 
before the incident 
with the right ATC unit 

Medium Medium The extent which the ATCO will be aware 
of the required information about the 
infringing aircraft depends on the 
information exchange. If, for instance, the 
infringer requested a clearance that was 
later rejected, the ATCO may suspect the 
flight path in controlled airspace. 

4  Radio communication 
is initiated just after 
the incident 

Medium Medium If the radio contact is established within 
short-time, the AI incident can be resolve 
assuming that the pilot will follow the ATC 
instruction. 

5  Radio communication 
with the wrong ATC 
unit 

Medium Medium The pilot will not listen to the correct 
radio frequency and thus, the ATCO will 
only know that, if he calls on other radio 
frequencies and asks other ATC units.  

6 Transponder Transponder is on Low 
(Mode C 

or S) 
Medium 

Medium The ATCO can monitor the flight path of 
the infringing aircraft and can issue 
avoiding action to the affected aircraft. 
The limitation is that the ATCO is unaware 
of the next-step of the infringing aircraft. 

7  Transponder is off High Low The ATCO is unaware of the aircraft 
identity and position. Any avoiding action 
is less optimal than the avoiding action 
issued if the transponder is on. 

8 Flight Plan Flight plan is activated Medium Medium An activated FPL means that the ATCO 
expects the aircraft to request a clearance. 
The problem is that if a clearance is 
rejected, the pilot may intentionally 
infringed and the pilot’s reaction may 
obstruct the ATC, e.g. the pilot does not 
respond to the ATC call. On the other 
hand, the ATCO can successfully call back 
the infringer and resolve the matter. 

9 GA aircraft 
design 

Fixed-wing motorised 
aircraft 

  This aircraft design does not particularly 
contribute to the safety risk 

10  Glider, ultralight High Low These aircraft are less detectable by the 
radar, often do not carry a transponder or 
a radio. Hence, the ATCO may be unaware 
of their existence in controlled airspace 
and thus, the ATCO cannot resolve the 
incident. 

11 Flight phase Departure/Arrival High Low At departure/arrival, the pilot may give 
priority to the flying at these flight phases 
and thus, he may not be contactable by the 
ATCO and thus, the ATCO has limited 
control on the AI. In the situation that the 
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aerodrome is controlled, it is more likely 
that the ATCO will achieve to contact the 
pilot. 

12 Airspace type  CTR High Low In the CTR, more traffic is expected to fly 
in and at the altitude that the GA flights 
will fly and thus, the safety risk increases. 

13 Airspace traffic 
density 

High traffic density High Low High traffic density airspace areas means 
that there are more aircraft that the 
infringing aircraft may be in a collision-
course.  

14 Month Start of the summer 
flying season 

High Low More incidents are expected due to the 
long inactive period in winter that 
degrade the piloting skills (flying, 
navigation, planning) 

15  Good weather for GA 
flying 

High Low More incidents are expected due to the 
higher traffic demand, i.e. more flyers, 
who were probably not going to fly 
otherwise. 

16 Airspace design Controlled airspace 
near to the 
departure/arrival 
airfield 

Medium Low Pilots who depart/arrive from such 
airfields might be discouraged or 
experienced a rejection to fly in this 
controlled airspace. This access to this 
controlled airspace varies with the traffic 
density, among other factors. Therefore, at 
the first/final leg of the GA flights, pilots 
probably fly as high as possible to their 
desired altitude but in uncontrolled 
airspace if they cannot or do not want to 
fly in controlled airspace. Increase the risk 
to make an AI in such a busy airspace. 

17  Size of the uncontrolled 
airspace, i.e. narrow 

Medium Low There are uncontrolled airspace areas 
that are inadequate for GA flights. Narrow 
corridors can be formed by controlled or 
danger areas and pilots have not any 
choice but to fly near the boundary 
especially when there is traffic in the area. 

18  Short gliding distance 
in uncontrolled 
airspace  

Medium Low There is controlled airspace whose lower 
boundary is lower than the wishing flying 
altitude of the pilot. Flying at lower 
altitude reduces the gliding distance in an 
emergency landing or degrade aircraft 
performance. If the terrain is high, then 
the gliding distance becomes smaller. 

19  Heavily controlled 
design and/or complex 
design of the 
boundaries 

Medium Low Such airspace design may encourage the 
GA pilots to plan to pass through 
controlled airspace.  (see a clearance) 
Other pilots may force themselves to fly in 
uncontrolled airspace but near the 
boundary and the likelihood of infringing 
is high. Such flight route will also be flown 
by pilots whose aircraft does not meet the 
technological requirements of controlled 
airspace.  

20  Recent airspace design 
changes 

Medium Low Airspace changes can be re-size of 
controlled airspace, introduction of 
controlled airspace areas, TIZ, danger, etc., 
change of radio frequency. Such changes 
will affect the AIs by GA if the modified 
airspace is in the area that the GA pilots 
would fly in. 

21 Clearance Clearance will be High Medium If a clearance is rejected, the pilot may 
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rejected /High intentionally infringed because the pilot 
does not want to change the planned flight 
route. If the rejection was due to traffic in 
controlled airspace, then the incident will 
have a greater potential to lead to a mid-
air collision. 

22  Clearance may be 
issued 

High Medium
/High 

The pilot may plan to fly in controlled 
airspace and see (a clearance will be 
rejected).  

23 Flight path Cut the corner Low High The aircraft will fly in controlled airspace 
for less than a minute. The disruption 
caused by that incident is likely to be 
minor.  

24  Constant distance near 
the boundary 

High Low The distance that the aircraft is from the 
boundary affects the safety risk in the 
further inside controlled airspace, the 
more risky the incident is. However, the 
ATCO will know that the aircraft flew at a 
constant distance later than the time that 
the ATCO will notice the AI.   

25  Well inside controlled 
airspace 

High Low Such an incident will disrupt a lot of the 
flights in controlled airspace as well as 
flights that are about to use that airspace 
area. 
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Appendix XV Quotes from the interviews 

Format Example: Q1 UK4 refers to Quote Q1, pilot UK4 (from UK) 

There are two parts 

Part A 

 

Q 1 UK 4 “On the next day, when I woke up the wind seemed to be gusting around the time that I will be 
landing here. So I thought, I am going to leave that one and I am going to try Dansoford I think it was, then I 
realise that it was almost half the distance of the initial route. Then it was gusting for around an hour, two 
hours or something, it was going to take me over an hour to get me, may be a little bit longer. So I thought I will 
stay here for about an hour-ish, I thought I could land for an hour or two hours or whatever and then take off 
when the gust stops. Die down a little bit. Then I realised that it was close so I thought “ok”. I decided instead 
to go to Popman, so planning .. that I was going to Popman check first of all the weather. Can I actually fly 
there? then I guess I would go down if Popman is open, what time is open, how long are the runways, is there 
any slup in the runways, what are the runways? Are they grass? Are they long grass? Concrete?”  

Q 2 F6 “There is no point to plan if the weather wouldn’t be ok. So we have to check that weather at the origin 
Malmi and of course in Finland what the services have to offer and then of course the destination at Estonia. 
We have to take care that the met reports we get from there they are not updated as seldom as we have here. 
It’s once in an hour and we have twice per hour.” 

Q 3 N3 “The most important for me being a VFR pilot is obviously to look at clouds and precipitation and this 
app is basically a general weather app” N3 

Q 4 UK 1 “The wind is 27 knots gusting 38 which is outside our limits of flying. Simply I wouldn’t take off. The 
scatter cloud of 3200 which is possible the cloud base is high enough for us to fly the wind certainly isn’t, the 
visibility is good enough. It is not hazing. But it’s the wind stopping us to fly today. I don’t normally like taking 
off about 2000ft cloud base. 1200 you could do circuits.”  

Q 5 N6 “P: Also typical when I fly back there is western wind – I get more wind so I try to pick up. E: so the 
wind reduces the duration of the flight when you come back. So you ask for clearance from the beginning 
because you want to fly at 6000ft. F9 P: Absolutely.” 

Q 6 F9 “take time when something happens and to see better. Probably for example summertime to get more 
smooth because no thermals – it can be very bumping when you are 2000.” 

Q 7 N5 “The weather is not really great, I think I will go by c because over here there are a lot of mountains so I 
don’t have to go that high even if the cloud base is touching some of the high mountains I can still make it 
there. Where I will have to go north, I will have to consider how is the weather in the west coast and how is the 
weather in land. Sometimes I would go north in one of the big valleys or I will try to make it to the coast here. 
But if the weather is really great I will not continue the flight over vast… Flying over vast… is a place that you 
really want to land. So I will not do that unless there is a possibility to either fly on top of Skateblanket or just 
clear sky. If there is a cloud base I don’t want to be white all over the place.” 

Q 8 F2 “Luckily in the summer time, you see that thunderstorm systems are moving quite quickly. It might 
come like this from west to east. You can see it really well from the precipitation radar on the internet how it is 
moving. You know approximately this point will be worst at Malmi and then cleared. I’ve done that before. I 
was waiting a couple of hours, make the thunderstorms pass and make a nice evening flight.” Weather - 
thurderstorm 

Q 9 UK2 Once I had in a nasty weather, they literally helped you to see everything. This is on your right, this is 
on your left. It was a very gusty day. I didn’t expect the weather, talking about weather, it was fine because if 
you go for a long day, now it’s fine.  Then when you come back in, some people have to choice of staying like 
France. The alternative is that someone will fly there and get you. Sometimes the pressure to get back. People 
say, “I’ve got to go back to work”. When I went with Julian in German, we waited for 1 day but no more. In 
france, what was interesting is that Linda the other airplane cover the radio for us and we formed a formation.  

Q 10 N3 I will go to another app to have a look at what the weather is supposed to be like. The most important 
for me being a VFR pilot is obviously to look at clouds and precipitation and this app is basically a general 
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weather app. It’s pretty good in that, this is Norway, wherever you have blue colour you have for instance rain, 
when it’s more grey it could be over coast or at least cloudy, and of course when it is transparent it is nothing. 
N3 AB_Information easier to find  

Q 11 F2 The wind become stronger when we came back and we called Malmi and they gave us updates of how 
it is because the wind was supposed to blow up. 

Q 12 F6 There is no point to plan if the weather wouldn’t be ok. So we have to check that weather at the origin 
Malmi and of course in Finland what the services have to offer and then of course the destination at Estonia. 
We have to take care that the met reports we get from there they are not updated as seldom as we have here. 
It’s once in an hour and we have twice per hour 

Q 13 N4 “Sometimes when I fly into Sweden and southwards, I will very easy choose to just leave Norway here 
to avoid the Farris terminal [He means TMA]. You have Oslo and Farris terminal [TMA].”  

Q 14 F5 “I usually, probably the difficult part is Helsinki Vantaa airspace and the terminal area. There is not 
much traffic but sometimes it’s difficult to get clearances. Sometimes they are restricted. For example, I am 
asking 4000, we can climb to 2500ft first and then later on they might recleared us to what we wanted. It’s 
always a bit of a gamble of what you get from them. Usually it’s ok but sometimes when we come back, they 
request that “now you have to start descend and descend below 1300ft” earlier that you plan. So it’s always a 
bit.”  

Q 15 F5 “I mean 1300ft you are already a bit narrow feeling not that confident to be that close to the ground. 
Then when you have to look at your map and you try to keep that 1300ft then I was considered too much at 
looking at the altitude you kind of being in the danger to get lost.”  

Q 16 N3“At this point I have 2500ft maximum and I have 3000ft maximum there, and the terrain is 2500ft and 
not landable.” N3 

Q 17 F2 “it comes the tricky part here – the corridor. {E: I like tricky parts} the corridor as I call it between 
Morka and Malmi area at the south side, we have a danger area here which is a military area.” 

Q 18 F6 “I will fly in the TMA. Usually the Malmi is not going to get, give clearance to higher. So you have first 
to fly outside the control zone. Then you change frequency to radar {Helsinki Vantaa} and request the higher 
altitude.”  

Q 19 N4 Anyway, I often get pushed away from these sectors just to avoid all this frequency. So, I choose to fly 
a little bit oversea. So this is the route I will follow [showing on skydemon].  

Q 20 UK2 “On Friday it can be quite busy. When we came back to Stapleford there was one opposite direction 
but they were quite close to Stansted. we tend to go a bit on this side in case we drift but there was a plane 
going the other way and they were very close I don’t know why they chose to. Sue will do the radio and I 
reason the acquired”  

Q 21 F2 “small plane all of them are of course general aviation but some of them of course are microlights. 
Some helicopters. These normal Cessna and Pipers fix-wing. Those with twin engines like 4 or 6-seaters, 
sometimes bigger planes that I can’t remember the name a little bit bigger than a propel aircraft obviously. Not 
like ATR but still, maybe 6 seats, they are quite fast compare to a 100knot Cessna.”  

Q 22 N6 I just have to be aware of the TMAs and going to this part of Oslo area there is much traffic. Maybe the 
most GA heave traffic in Norway. Because it’s a flying school here. There is a flying school here and it’s quite 
busy. If I go northbound, it’s easy.  

Q 23 UK5 “So it’s quite nice here [Southern South England] flying on your own, there is a plenty of space on the 
south coast”.  

Q 24 UK 5 “there is a gliding field there, it’s a very intense gliding activity there so we need to get clear with 
those guys.  

Q 25 UK5 “west of London. Then we went North so that we kept outside London airspace”  

Q 26 UK1 “The next problem we count you can get to Luton if you got a clearance you have to ask them. We 
didn’t particularly choose to do that, so we said the next thing to do is to fly north up that corridor”  

Q 27 F11 “I have to make a round of controlled airspace. So I have a couple of legs. For example, if I go to 
Kummi at the east side of Helsinki, I go south of Helsinki avoiding controlled airspace, and circle and navigate 
around Helsinki airspace.” 
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Q 28 N3 “At this point I have 2500ft maximum and I have 3000ft maximum there, and the terrain is 2500ft and 
not landable.” 

Q 29 F4 I will get clearance from Malmi for the CTR, here under 1300ft and here under 2500ft and here is 
FL65, which is G. and here, in 4000ft is … here back to/coming south, I will get a checkpoint here {at west of 
Helsinki town}. There is a water tower, then a helicopter airfield, then outside of CTR. Here I can fly under 
2500ft, then under 1300ft. F4 P_P_Lower boundary 

Q 30 UK4 the base is 2000 here, 2500 here and 3000 here, 2500 here as well. I was aiming for about 2000 
because I didn’t … to touch this bit here.  

Q 31 N6 Here the routes are 1500ft, so there is only 1000ft buffer. It’s not enough. When the engine failed, he 
was under the TMA, one minute later he was. 

Q 32 N5 “we are not exactly invited in the TMA. So, going out from Gardemon I would fly 1500 and stay within 
the controlled airspace of Gardemon and leaving the airspace I would stay first below 2500 then below 3500 
and then below 4500. I will have different airspaces. I would start flying underneath the TMA and then in 
uncontrolled airspace I would normally choose to cruise, if weather permits, I will keep the same height.” 

Q 33 N4 “the biggest uncertainty is the clearances I can receive by the controllers. Cleared to a certain level, “I 
want to stay VFR 5000ft.” “no sorry descend” [ATCo reply]” 

Q 34 N3 “In a sense yes because when you come in Oslo you normally get a bit more time in the TMA. They 
understand. If you are flying 1000ft, which I was the week ago then the controller understands that I am not 
gonna be at 1800ft in two minutes. They understand that there are some law of physics which means that even 
though they don’t have airspace or radio time for me, they understand that I am already heading towards 
24:45 Basically the controller, this is not controlled airspace. It’s uncontrolled up to 9500ft. so if I am flying 
9500ft I am basically in uncontrolled but I get traffic information from the above CTA. So they know that I 
already fly there so obviously the hand me over to the TMA, so the TMA or the Approach sector for us already 
expecting me and they understand that I can’t by magic being 7000ft less than what I am right here so they will 
normally give me some time to descend and at least they give me radar time because they understand I am 
already on the way.” 

Q 35 N6 “Oslo TMA is the worst. Farris, they are quite willing to help you. I think the two guys sitting on Oslo 
approach, because they are two. They are … They should have one more dealing with VFR traffic. In this TMA, 
the one controller or they have two sometimes, are 50 or 70% dealing with GA traffic. Vice-versa??? In this 
area, they are dealing with a good amount of GA, they don’t like it but they think that it’s their job. Here, they 
don’t deal with GA and they think it’s just a … even if they sit in the same room in Rygge.” 

Q 36 N4 “the biggest uncertainty is the clearances I can receive by the controllers. Cleared to a certain level, “I 
want to stay VFR 5000ft.” “no sorry descend” [ATCo reply] or “deviate flight 200 degrees” and I have to turn, 
new heading. The can easily … send me to another place, which I have to accept. The controllers are the boss.” 
N4 

Q 37 F5 “I usually, probably the difficult part is Helsinki Vantaa airspace and the terminal area. There is not 
much traffic but sometimes it’s difficult to get clearances. Sometimes they are restricted. For example, I am 
asking 4000, we can climb to 2500ft first and then later on they might recleared us to what we wanted. It’s 
always a bit of a gamble of what you get from them. Usually it’s ok but sometimes when we come back, they 
request that “now you have to start descend and descend below 1300ft” earlier that you plan. So it’s always a 
bit.” 

Q 38 N3 we are not exactly invited in the TMA. So, going out from Gardemon I would fly 1500 and stay within 
the controlled airspace of Gardemon and leaving the airspace I would stay first below 2500 then below 3500 
and then below 4500. I will have different airspaces. I would start flying underneath the TMA and then in 
uncontrolled airspace I would normally choose to cruise, if weather permits, I will keep the same height. 

Q 39 F2 I depart from Malmi and depending if the Tower is open or not, if it is not open, then we have 700ft 
available in the Malmi controlled zone. If the tower is open they will assign you 700ft or 1000ft if they borrow 
permission from Helsinki Vantaa. Which is a normal procedure here. 

Q 40 F2 “I depart from Malmi and depending if the Tower is open or not, if it is not open, then we have 700ft 
available in the Malmi controlled zone. If the tower is open they will assign you 700ft or 1000ft if they borrow 
permission from Helsinki Vantaa. Which is a normal procedure here.” 

Q 41 F5 We were flying around 4000 there and at the same altitude back. The route if I remember well was 
from Helsinki Malmi airspace via the reporting point, then to Helsinki radar that gave us permission to Vantaa 
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airspace and we climbed to 4000ft which was in terminal area in Helsinki Vantaa. Then there was a switch at 
the Finnish-Estonia border to Tallin control for Tallin terminal area. From there, there was, we went to 
uncontrolled airspace but we were in communications with the Tallin, Estonian control for general traffic 
information. Just to be in some frequency. Then we contacted the Parnu. At that time when we got back there, 
there was nobody at the Tower, so it was G airspace, but when we went there it was AFIS airspace so we fly 
information but not with traffic control.  

Q 42 UK7 Here we spoke to Farnborough, I spoke to them. On the way back I just used listening squawk from 
Farnborough. So don’t have to call them but I was listening to the frequency and I had my transponder with the 
code so they could see that I am listening to the frequency without me having to tell them. 

Q 43 F2 when tower is open I will not say anything and they can see from the radar where I am flying. But if 
the tower is close and there is the traffic only, then I will let the traffic know that I am coming “over this 
corridor in the vicinity of Mokka at this altitude and continue to west or east”.  

Q 44 F5 At that time when we got back there, there was nobody at the Tower, so it was G airspace, but when 
we went there it was AFIS airspace so we fly information but not with traffic control.  

Q 45 UK4 Instead I, the radar that we use around this area is usually Farnborough (farnab) radar. So 
Farnborough has two frequencies: one here 125.0 which is what I was using and then there is another one up 
here {showing on the map}. so I decided to tune into this one {the 125.0) and listen out. I didn’t have a listen 
squawk on I just squawked 7000 but I was listening to their frequency. So I knew that it was a nice day it was a 
weekend, I knew it will be some traffic and I knew I should be on the frequency if I was in this area. So I didn’t 
request anything, I thought it was a really short flight. I got there with no problem. Straight from x, over to 
Farmax, I identified Farmaz, then I went to Papman. 

Q 46 UK3 “If my route when through controlled airspace, I like to write down what I am going to say to the 
ATC to have a sort of a script in a way. I like to have in a separate piece of paper in my flight planning and I just 
try to fill in as much as I can in that. My call sign, what I am going to do, as many numbers and any information 
that I know already, I write them down and I try to anticipate what they say. So I always have a sort of script 
for controlled airspace.” 

Q 47 F2 “Then we continue to Espoo area. It’s nice because there is not any restricted areas, or danger areas. 
There are some semi-tall buildings and at this point I would like to use all the altitude that I can so 1300ft to be 
able to comply with the minimum safe altitude rules really. If I was … you have to take the altitude as well. 
1000ft of the highest obstacle rule that’s the thing.” 

Q 48 UK6 “minimum safety altitude is 1300ft so you can see in that block the highest obstacles is 1300ft. so I 
want to be above that. I look down here the minimum safety altitude is 1200ft. these number say what is the 
minimum safety altitude is. So somewhere within that block might be a mast or a mountain, hill or something. 
If you fly, you have to fly above that to make sure that you are cleared of everything. I will probably go up to 
2500ft. it’s not too high that you can’t see anything and you are not so low that you are going to interfere too 
much. Also down here, you’ve got this bird x, those things that you have to be above 1500ft. nothing to get into 
your way really. It’s quite an easy flight..”  

Q 49 N2 The flight to Bergen was approximately 1 hour and 15 minutes and I was alone and just one engine in 
the front and it’s the North sea. It’s nothing you can navigate, so you just have to trust the GPS.  

Q 50 N4 The distance from land to land overseas is critical to me. I do carry a life-vest.   

Q 51 F6 So you have to trust the map. But when I am in the middle of 800km of water, in one way and the other 
way there are 400km water so. You need to have something else. Not only the map. The GPS is good. 

Q 52 F9 for safety reasons I do some turns. For example, when I fly over the sea to Sweden and the direct flight 
I will be over open seas for an 1 hour so I do an arc route to be quite close to islands 

Q 53 N2 “I am always checking the weather very good and I am always checking the NOTAM any kind of 
military actions, airspace closed. These can be checked on the internet or on the phone. If I am very busy, I can 
just phone from my car and ask if any specific things happen in this route. Sometimes. There are some areas 
that are used for air sports and military.” 

Q 54 UK7 “You need to look at AIP which is available either online or in books for you to read the regulations 
for landing on this airport, any noise abatements, if there is any special procedure.”  

Q 55 N4 I can change my plan en-route. I have to plan with an alternative. From Norway to Denmark, I will 
include an alternative, which possibly a bit closer if I am uncertain of the weather at the final destination. So, I 
could have an alternative in Sweden but there are a number of alternatives. There are a lot of airports on my 
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route. Even if I didn’t list these airports as an alternative initially, I can easily add them by radio en-route. So, 
no problem.  

Q 56 N5 “The weather is not really great, I think I will go by c because over here there are a lot of mountains so 
I don’t have to go that high even if the cloud base is touching some of the high mountains I can still make it 
there. ... If there is a cloud base I don’t want to be white all over the place. Then I would definitely go out by the 
coast and choose one of the fjords and cross very close to places that I can lay and land.” N5 

Q 57 F7 “Another thing that we need to follow is the changing of the weather condition. The report was that 
the weather was going to be – weather was coming with heavy rain. And when we were there we diverted to x 
and we waited until the weather was better. We were trained to consider also the weather and then the 
decision is always to the pilot. Even if it is possible to fly with 1.5km of sight we don’t do it. It comes to a 
danger. The same goes with the ceiling and visibility. Weather conditions that we are safely search the area.”  

Q 58 UK1 It has happened so many times to me. I thought I could do it. To ____ the corridor between luton and 
Stansted and the wind was __ and we weren’t happy so we turn back. You and I ___ and the cloud just 
descended. And we set off, we were nearly 12 __ which is a very short distance and the cloud base came down 
to about 800 and there was a lot of traffic we could hear on the radio so we said no. We did a 180 degree turn 
and back to Stapleford. Because we though it might be worst and we thought it might be better to get back in 
because we know the airfield pretty well and we can get in on bad weather at 800ft. we can actually do it 
lower. It’s better than going to a strange airfield.  

Q 59 F6 “the difficulties that could be expected the deteriorating weather. That would require to turn back. 
Lower clouds.”  

Q 60 UK6 I could have sat in the Isle of Wight three days and wait for the weather to go. But I had to get back, 
it’s the pressure to go to work on the next day. My dog need feeding etc. so you get in and you go. I mean you 
make the best judgment that you can at the time but it’s not always right because there things that can happen. 
Risktolerance_Fly in bad weather when approaching 

Q 61 F10 “Temperature. Humidity. Very important because if the temperature is low so the humidity could be 
very near. I don’t like coming back when it is very heavy fog. Sometimes I have to but I don’t like it. Because 
our air strip is quite short. I have trees along the runway. So if it’s fog, I can come down because I see the trees. 
I have marks here. I know where I am. I know that here is the telephone tower. I know that when I am 600 
meters west of this tower and when my nose is south I am coming to my airfield. I have these stepmarks so 
that I can walk home. I have also marks for the other way. If I see a tree here, I know that I must come here. I 
have a little, maybe I see about 50meters. But I know that is ok. But I don’t prefer it.” 

Q 62 UK7 “I am not familiar with this airspace at all {British airspace}. I have only started flying here for a few 
hours. So if I don’t have that {SkyDemon}, I am not going to be able to fly as much as I am flying now or as 
confident as I fly now because I don’t know the airspaces. I’ve started to learn when I’m flying that’s Reading, 
Deham {town names}. Before or on my first two-three flights or now when I go to further away that I’ve never 
been there, I don’t know what is it. I have to look at the map and then I have to learn in advance and this will 
take time to look outside.”  

Q 63 UK5 “it’s much more stress and much less workload to fly down here in the south coast because it’s much 
less airspace to worry about and especially weekends when there isn’t military activity which is easier to fly. 
Generally they are not used so much in the weekend. Going that way {north} clearly it is quite challenging. I’ve 
never flown in this area on my own.”  

Q 64 N3 “We very frequently once we get to the first reporting point, very frequently report our position, 
altitude and intention blind so that other people in the traffic can picture in their head where we are.”  

Q 65 N3 but sometimes I am a bit afraid because we only rely on blind transmission. We very frequently once 
we get to the first reporting point, very frequently report our position, altitude and intention blind so that 
other people in the traffic can picture in their head where we are. Which is ok of course for Norwegians with 
our accent and strange names, if you are not Norwegian you don’t not necessarily recognise that x is spell like 
this. “Where the hell is he?” I think that is an issue but it’s not linked to the airspace and I would not 
recommend towering it because it works nicely as it does; however, a route which is actually .. like we are 
saying here is south of Kjeller aerodrome it’s lake. 

Q 66 F2 We actually didn’t see it and they were coming quite close to us because the ultralight sees us. When 
we are in such situation, both of us have to turn right. Because we didn’t see the ultralight in the first place, we 
turn left and we ended up in this kind of situation where both turn left and he was just 100-200ft below me. 
And I said to myself “ops there was a plane right under” and he obviously called the frequency immediately 
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and he only spoke finish and I don’t speak finish. So we had to coordinate it a bit with Malmi as well. And to top 
it all off, it was just outside Malmi’s radar coverage, so they couldn’t actually see it. But they obviously 
understood and for that I made a report of course. 

Q 67 F2 “The wind become stronger when we came back and we called Malmi and they gave us updates of how 
it is because the wind was supposed to blow up.”  

Q 68 F7 “We could do it VFR but since I had my youngest son with me, I thought that we should go back. In that 
case, we flew to one area  - we were a little bit lost if we are honest, and I thought that we were in another 
place and we were in controlled airspace. But then the air controllers in Sweden were very polite and helpful 
and they guided us. It was not a bad experience actually it was fun.”  

Q 69 F5 “T: yes, there are a lot of danger areas but they are not active always but there are a few prohibited 
areas that they are always active. But yes, they are south of Helsinki. E: does this affect your route to Tallinn? 
T: yes, it affects. Usually the Helsinki radar they inform us when we go directly to them {danger areas}, as we 
usually are which is so narrow that we fly closely just getting around and continue. They usually warned us 
“Delta Alpha are you familiar that there is prohibited areas in front of you?” we reply that we are.”  

Q 70 N2 “when, I come down to the Swedish border, I am aware of that, I asked if I should change to Sweden or 
the Farris guy, the controller, tell me to switch to Sweden. Because he can see the aircraft approaching and 
may be ask me or I can say “Please advice me when to contact Sweden”. “ yes I will in two minutes”. He will 
come back and he will tell me to switch to Sweden.”  

Q 71 UK1 “You are flying along here {showing on the map} and you are near to the boundary “oops” you work 
it out with the ruler and these things tell you know now {tablet} you are too busy thinking “hang on there is a 
plane there, I need to start climbing” so you say “standby” and if they two of you are flying it’s easier “Amy can 
you work it out?” so the other person can work it out for you. They are really helpful, they warn you about the 
traffic in the area, they will give you advice and help but you need to stick to the right language and format of 
the messages. Also keep it very short.” Com_ATC can help pilots 

Q 72 UK1 What happens is that you don’t realise it but a voice on the radio says “you are in controlled airspace. 
Turn right now” 

Q 73 UK4 “E: do you think that talking to the controller increases your workload? T: yes, I think it does 
increase the workload. I think it’s very helpful and I think it’s a very good thing to have. I think sometimes you 
should weight up the workload towards the advantages towards someone to talk to. But what you don’t want 
is during conditions that you are not keen to you try to get somewhere, to do something and the controller is 
going “Golf … Do you read?” and sometimes it gets quite snappy. It’s not you don’t do anything and sit there is 
beautiful conditions and say “yes, I’m going to ignore this guy call”. That can be quite frustrating. But I do think 
it’s very good to have, they are the eyes of the sky for you. Like I said, if anything goes wrong, they know 
exactly who you are and they will be able to help you immediately. So I think it’s always good to be able to talk 
to them but you know it’s aviate, navigate, communicate. Isn’t it? Communicate is the last one.”  

Q 74 UK1 “when you are going to Southend you are talking whole the time and it’s hard to concentrate and 
there was appoint when I was coming in following a tiny narrow little beam right and _ “what’s your 
intention…” {strange representing sound} and you have to repeat everything they say and I just wanted to say 
“shut up and let me fly the airplane”. I was overload. it was the last minute that you have to make the change 
and you twingle knots to make a check of what you’ve got.”  

Q 75 UK4 “So in order to lower my workload I didn’t request the service again.”  

Q 76 UK3 “If my route when through controlled airspace, I like to write down what I am going to say to the 
ATC to have a sort of a script in a way. I like to have in a separate piece of paper in my flight planning and I just 
try to fill in as much as I can in that. My call sign, what I am going to do, as many numbers and any information 
that I know already, I write them down and I try to anticipate what they say. So I always have a sort of script 
for controlled airspace.”  

Q 77 N6 Peers “A plane flying from this airport to this airport, below 3000ft is uncontrolled, very nice. fine 
enough. And they had a GPS moving map. The commission said that there was so much talking in the cockpit 
and they were not actually using the GPS. So they were flying just south of ENGM on this frequency {not the 
ENGM frequency}. So, they stopped the traffic because the ATC saw the incoming plane 800ft and they tried to 
contact it but they couldn’t. Then, they asked this tower to use their frequency. Then the pilot answered and 
the aircraft was here.”  

Q 78 N4 It will be 5-7 minutes in each controlled airspace. Next frequency, the next frequency.  E: Is it possible 
in that time period to do all the transitions and to request clearance and get the permission? T: in all my trips 
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to this island, I had to change the frequency from x to the next one, to the next one, to the next one to Denmark. 
So from this distance to here, it’s 30/40 minutes of flight time, 6 different frequencies and airspace not 
included the controlled zone at the airports.”  

Q 79 N3 “Even though I am on the radio. He said radio service terminates somewhere here. Already he didn’t 
really have me on the radar. There isn’t radar coverage there at the first place because it’s in the middle of 
nowhere. There is no radar. They only have to trust my reporting. So I was in contact with him, I can’t 
remember if I said “requested to enter CTA at FL105”. Not sure if I did.”  

Q 80 F2 “he obviously called the frequency immediately and he only spoke finish and I don’t speak finish. So 
we had to coordinate it a bit with Malmi as well.”  

Q 81 N2 “Some old pilots from inside Norway they don’t talk at all, they just fly without talking. If they talk, 
they talk Norwegian and they keep under the TMA all the time. So they talk. for the other planes in the area. Or 
dialect.”  

Q 82 UK3 “Pilots might not speak adequately English   “I can’t understand the accent as well which is really 
hard””  

Q 83 N3 if you are not Norwegian you don’t not necessarily recognise that x is spell like this. “Where the hell is 
he?” I think that is an issue 

Q 84 UK3 I find it so hard that the places are names that you don’t pronounce how they are written, so I can’t 
find things on the map because it doesn’t sound the same to me. It’s really hard.  

Q 85 UK1 However, a lot of people are pretty _ about it. It’s something you need to keep practising  

Q 86 UK6 Some people see them as a barrier to not call someone because they are concern about looking like a 
fool or they feel that they can’t talk to someone about it. 

Q 87 UK2 “this is the crucial thing AVIATE, NAVIGATE, COMMUNCIATE. Once, I had to shut at Farnborough 
once saying that I cannot change frequency because, it was a gasting weather and I can barely hold my plane. 
They understand and they leave you alone because they know what is important. They know where you are. I 
couldn’t hold the wheel. It was so windy. I was busy flying.”  

Q 88 UK4 “When you are training my instructor was very good at putting me into that pressure because he put 
me in a place that he gave me lots of questions, he made me plan using obviously only my map and the 
compass not using any GPS, listening to the radio and looking out of the window and identifying things, the 
workload was massive and I missed out very often if the QNH changed , the pressure changed and there is a 
call saying “ change the QNH 016”. There were times that I missed hearing that, I was so focused on what I was 
doing and it came last the communication. Hearing stuff came last.”  

Q 89 UK5 “I also like to fly with traffic service from the controllers because (a) it’s another pair of eyes looking 
out for you and also they don’t also always ask you, you know sometimes you get very close to this airspaces 
they will talk to you and warn you.”  

Q 90 N4 “Staying below the terminal is more dangerous for me. There is a lot more traffic, some even without 
radio, they [without the radio] fly all over the place.” 

Q 91 F5 “yes. At 1300ft we got the clearance so we went directly to 4000ft.” 

Q 92 N2 “I prefer to fly in the TMA in an altitude around 6-7-8000ft. that’s perfect for my plane.” 

Q 93 N3 “At this point I have 2500ft maximum and I have 3000ft maximum there, and the terrain is 2500ft and 
not landable.”  

Q 94 UK6 These are at a higher level. These are FL75, which is 75000ft effectively. I wouldn’t been flying at this 
level. I would have been flying at low level 2000 or 3000ft. it doesn’t matter what is the airway high up. I will 
go underneath all that. 

Q 95 F11 It’s just that we want to keep it simple. I am not bored with the air traffic controllers. I want to keep it 
as simple as possible.  

Q 96 UK4  “it’s quite hilly around here and it was a really warm day so it was really thermally. So in order to 
lower my workload I didn’t request the service again. so this is the first time that I flew and I didn’t request the 
service because I was kind x the plane because we were constantly up and down, couldn’t hold the level  and 
I’m trying to correct my drift. I thought “it’s not too far away”. I still had the listening frequency at 
Farnborough.”  
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Q 97 N6 “The thing is that if there is good tail en-route wind I climb high to get as quick as possible. What cost 
me is the xresime of the ATC. if you see what I mean. Ok I can go high and get a quick flight but I have to talk to 
somebody. I did go quite high but then I was forced to go down here because they had traffic in here so I was, 
when I was approaching this areas, I was asked by the Approach Farris to go around this area. Then I regretted 
that I was going so high because I lost. I was happy with that, I did a straight line here and then I did a course 
to go directly there. So two different headings.”  

Q 98 N2 “not stressed. You know, you sit here having a lunch and a nice flight. You don’t want to go down and 
then up again.”  

Q 99 N4 “I don’t need airfields to justify my navigation. We have so many other signs, of course railways and 
highways and in Norway the fjords and the lakes. There are so many lakes which are unique. All lakes are 
unique so I can easily navigate. So here, I will follow the river.”  

Q 100 UK4 “Because you really recognise this mark when you are learning to fly. If you have ever seen maps in 
GPS and out of the window of a car, it’s very different when you are on top of them.”  

Q 101 UK4  “Also it shows you some little towns or villages or whatever but you might misinterpreted a couple 
of houses to be a small village. Equally a small town to a big town if you are not used to see big towns, if you’ve 
never seen a big town from the sky. You know your mind will see what you want to see sometimes. It’s very 
hard sometimes, even though it might be a river here, it might be a river over here and a town here, what 
about everything else? Features can share very similar things you’ve really got the means to identify if it’s 
wrong.”  

Q 102 UK3 “these charts are so … [too much information on the charts] I should have brought a copy of the 
Australian charts for you. These are so complicated.”  

Q 103 F5 “I mean 1300ft you are already a bit narrow feeling not that confident to be that close to the ground. 
Then when you have to look at your map and you try to keep that 1300ft then I was considered too much at 
looking at the altitude you kind of being in the danger to get lost.”  

Q 104 F6 “But sometimes having more precise maps on the ipad, it enables you to have more accuracy 
navigation at unknown or unfamiliar place. Like if you go to France for example, there is a specific route to fly 
and the maps that are on the plane-GPS are not so accurate. The airspace structure and some obstacles on the 
ground, maybe some lakes but you can’t follow a road or a river. So you get much more accuracy and zoom in 
on the map. It’s easier to compare it to the ground.”  

Q 105 F5 “I think GPS is the most beneficial but I don’t know about the ipads. They might be a distraction. 
Myself doesn’t use ipad for the flight. Sometimes it’s not easy to use as the GPS and you start looking here {on 
the tablet} and you don’t look outside the window”  

Q 106 N2 “BUT you can also see if it is the kinf of areas that are for the sail planes on the moving-map. And this 
information, and this is important, was coming up before the TMA, so when I was checking, because I can on 
my GPS I can use some apps to check what is coming next, and then you are marking the TMA and the areas of 
the sail planes and military areas and I could say that the next border was for sail planes. But this information 
was on the top of the TMA.”  

Q 107 N3 The only thing I don’t necessarily know is my exact altitude. Then it comes to the issue, have you put 
the QNH correctly or not? This [tablet] shows the altitude but that’s the GPS altitude. How does that relate to 
what the controller’s see? So they work on QNH do they work on 23 pascal or GPS altitude?  

Q 108 F5 “Usually the Helsinki radar they inform us when we go directly to them {danger areas}, as we usually 
are which is so narrow that we fly closely just getting around and continue. They usually warned us “Delta 
Alpha are you familiar that there is prohibited areas in front of you?” we reply that we are.”  

Q 109 F2 “I would like to use all the altitude that I can so 1300ft to be able to comply with the minimum safe 
altitude rules really. You have to take the altitude as well. 1000ft of the highest obstacle rule that’s the thing.”  

Q 110 F2 “I like to be higher if the engine fails, then I will have a few seconds may be half a minute extra that I 
can glide. It might be an important time.”  

Q 111 UK4  “So what I do is I check, if I am going over to Peter’s field, and then I’m going to Popham, my origin 
plan was to swing around here , start from x, go straight up to Fareham and then go up to Popham. So I knew I 
was going to get close to controlled airspace but the base is 2000 here, 2500 here and 3000 here, 2500 here as 
well. I was aiming for about 2000 because I didn’t want to touch this bit here. At 2000, and I sat en-route to 
Fareham and I usually do 10 degrees either side sometimes. Go to Fareham and then to Popham. So I try to get 
any controlled airspace, any areas with radio activities.”  
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Q 112 N6 “2500ft that’s it. Very easy flight. But when I flew on this day, I flew higher because it was tail wind. 
Then I tried to climb even 4500ft or something to get really good wind because the higher you get the better 
the wind is.”  

Q 113 UK5 not sure. Because there are some many ways you can go there. potentially. Perhaps. It’s not a set 
route, they can do whatever they want to really. It might be more logical to them to stick to the east of Solent 
airspace on the way towards Popman rather going around. It’s a short distance but which way they are going 
on, the sort of town and villages will use on the way to map themselves or GPS routeing I’m not sure. But 
something similar I would presume, it’s not that far away. But I should have thought something similar. 
Hopefully not through controlled airspace on the way back.  

Q 114 F11 E: if other people want to fly from Inkoo to Kummi, will the choice the same way? Below the TMA? 
T: yes. There is a lot of controlled airspace in Finland.  

Q 115 N6 When you do it for a year or two, “aaa, this is much easier to fly in a straight line. When you are half 
way, you will say 20 estimated to arrive. Enough fuel. That’s ok". You simplify the whole thing quite quickly 
after a few years. I think there are two types VFR pilots. The ones that go by the book and the ones that have 
solved the code and think “ok, I just can fly a straight line” and do my own checks on in my head “ok, I’m 
passing this fjord, what is this compared to the route? Almost half-way. How am I doing? Fine”  

Q 116 UK7 poor planning when they didn’t think of that part of the route and they went near to controlled 
airspace 

Q 117 N5 when I see people that they have never flew at the west coast before they fly a direct route and they 
don’t really realise that there is a huge mountain in front of you.  

Q 118 N4 Many people I know are reluctant to file a flight plan because that involves hassle some burrocracy 
and it means that you have to talk to the controller. You can easily choose to fly below the terminal without 
talking to controllers. It’s a bit easier. 

Q 119 UK4 I think one of the things if you are more comfortable with being able to make changes en-route and 
again this probably comes with experience then you probably like to pick routes where you have Plan A, Plan B 
or maybe Plan C. you might plan a route which is more direct that it requires going through controlled 
airspace, maybe through an ATZ, so I will just talk to them and they may be to go around the ATZ or have a 
Plan B whereas if it’s a route that I am not familiar with I wouldn’t make that a primary choice to be dependent 
on flying through an ATZ but probably more experience pilots will do that kind of thing because they are much 
more comfortable to changes at short-notice from the flight plan. 

Q 120 UK7 Quite often because I have my GPS I fly very, very close. You can see here, 2500ft that means you 
can fly up to 2499ft not infringe but still be on the radio.  

Q 121 F2 “I will usually fly at 1200ft because the TMA starts at 1300ft. even if I could go to 1300ft, I would stay 
preferably at 1200ft to have the margin for the altitude for not making an infringement.”  

Q 122 N3 “And also remember that VFR pilots we are not supposed to be very precise, I think we have 
tolerance of +-100ft or whatever the regulation says. So if we think we are flying at 3100ft, we may actually be 
at 3200ft before being illegal. If we are already a bit imprecise, you know GPS is not so difficult to be precise 
but if you have altimeter on the aircraft or not or if you are bad on your flying skills which is not that 
uncommon - we fly maybe 10 or 15 hours per year, so we may not be so precise. We are already imprecise 
probably flying 3300ft then we get at updrift and go to 3500ft well into the controlled airspace. This is what is 
happening.”  

Part B 

Q. 1 N4 “I will have to adjust outside the Gothenburg airport and Gothenburg-x airport.”   

Q. 2 UK4 “the base is 2000 here, 2500 here and 3000 here, 2500 here as well. I was aiming for about 2000 
because I didn’t … to touch this bit here.”  

Q. 3 F5 “What I am always considering when I fly from ENKJ is the TMAs. I realised that my first though is “Can 
I go high or do I go low if I am not going to talk to anybody?” For these two TMAs, here [Oslo and Farris TMAs] 
I have to go low to have an easy quick flight. Me, on my own just flying a straight line. If I fly up in the TMA I 
know I will be under separation and have to be ready for some course changes. So it’s easy for me to crawl 
underneath. That’s the easy way.”  
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Q. 4 N6 “I usually, probably the difficult part is Helsinki Vantaa airspace and the terminal area. There is not 
much traffic but sometimes it’s difficult to get clearances. Sometimes they are restricted. For example, I am 
asking 4000, we can climb to 2500ft first and then later on they might recleared us to what we wanted. It’s 
always a bit of a gamble of what you get from them. Usually it’s ok but sometimes when we come back, they 
request that “now you have to start descend and descend below 1300ft” earlier that you plan. So it’s always a 
bit.”  

Q. 5 F11 “It’s just that we want to keep it simple. I am not bored with the air traffic controllers. I want to keep it 
as simple as possible.”  

Q. 6 N3 “What will happen then because this is obviously close to Oslo Gardermoen airport depending on how 
busy they are, they may even not want to talk to me at this point, they even may not want to open the flight 
plan, they may say “DDS stand by”. This depends on mood of the controller and also the attitude of the 
controller. We have one woman who we call “Miss Standby” because she always says to amateurs like me, she 
will always say “LN… standby”. So we just call her Ms Standby. Then you have other controllers who are more 
service minder for us in our opinion who will find a spot and give us some radio time between Lufthansa and 
Scandinavia. Depending on where the incoming traffic is, we may or may not be able to climb here.”  

Q. 7 F2 “I depart from Malmi and depending if the Tower is open or not, if it is not open, then we have 700ft 
available in the Malmi controlled zone. If the tower is open they will assign you 700ft or 1000ft if they borrow 
permission from Helsinki Vantaa. Which is a normal procedure here.”  

Q. 8 F5 “I usually, probably the difficult part is Helsinki Vantaa airspace and the terminal area. There is not 
much traffic but sometimes it’s difficult to get clearances. Sometimes they are restricted. For example, I am 
asking 4000, we can climb to 2500ft first and then later on they might recleared us to what we wanted. It’s 
always a bit of a gamble of what you get from them. Usually it’s ok but sometimes when we come back, they 
request that “now you have to start descend and descend below 1300ft” earlier that you plan. So it’s always a 
bit.”  

Q. 9 F2 “I depart from Malmi and depending if the Tower is open or not, if it is not open, then we have 700ft 
available in the Malmi controlled zone. If the tower is open they will assign you 700ft or 1000ft if they borrow 
permission from Helsinki Vantaa. Which is a normal procedure here.”  

Q. 10 F2 “I would like to use all the altitude that I can so 1300ft to be able to comply with the minimum safe 
altitude rules really. You have to take the altitude as well. 1000ft of the highest obstacle rule that’s the thing.”  

Q. 11 N6 “2500ft that’s it. Very easy flight. But when I flew on this day, I flew higher because it was tail wind. 
Then I tried to climb even 4500ft or something to get really good wind because the higher you get the better 
the wind is.”  

Q. 12 N5 “... we are not exactly invited in the TMA. So, going out from Gardermoen I would fly 1500 and stay 
within the controlled airspace of Gardermoen and leaving the airspace I would stay first below 2500 then 
below 3500 and then below 4500. I will have different airspaces. I would start flying underneath the TMA and 
then in uncontrolled airspace I would normally choose to cruise, if weather permits, I will keep the same 
height.”  

Q. 13 NG “what we do, in the morning we do a briefing. We pay attention to the weather. The atmosphere and 
how unstable is going to be. It’s like a weather briefing that is much more detailed than any power-pilot will 
do. We will see the temperature differences between altitudes, the moisture in the air and all these things. 
They give us a picture of how we will stay up there without an engine. The weather situation will dictate where 
and how far we can go.  If it is a great day, people will plan to go far. … you are release 600meters from the 
token plane, then strong lift will take you quickly up to maybe 2300meters and then we go.”  

Q. 14 FG “we are preparing to flight more or less, checking the weather of course and we plan the route 
roughly so how fine is the weather to go gliding and then noting where are the borders of the controlled 
airspace and, where are the borders of controlled airspace if I continue my flight.”  

Q. 15 NG some people jump into the aircraft and they fly. They know that TMA is a little bit south and I will stay 
away. I will fly north today. A lot of people fly like that. They just stay away and they fly in the north because 
they know about it.  

Q. 16 UKG “E: let’s say for one of the flight we discussed before, your colleagues will follow pretty much the 
same parameters to consider. G: everyone is taught the same principles. You have the tasks of the route, you fly 
where the weather is best obviously but you always watch out for airspace”  
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Q. 17 NG This makes [tablet] it easier but before really had to make a lot of calculations. Now I see the altitude, 
I can glide home, this [tablet] will tell me/consider wind and it will consider a lot of things and it usually works 
correctly.  

Q. 18 NG “As you can see our maps are not so great. This map [paper map] is the map from ENKJ airport. As 
you can see “where am i?” it’s actually impossible. You have to stay far away to be sure because you can’t 
navigate with this. If you look down [what the pilots see from the aircraft] it’s forest and lakes and if you look 
here [paper] you see two lakes. The map it’s not so detailed. We always to navigate close we need to have this 
[tablet]. E: is it Skydemon? airNAvPro. G: No, it’s Google.  It’s an android thing. I use something that is called 
exprof which is a free software.” 

Q. 19 NG “This helps me a lot because now I can fly very close to the line [border of the airspace]. I can see 
exactly where I am. With the map [paper], it’s difficult. With the tablet is easy. Female voice will say “airspace, 
airspace” if I get too close. {he turns on the tablet “not sure if I can get any satellite” he said}. For airspace 
reasons, people will use this kind of computers. It also helps a lot to navigate because I can figure out how far I 
can glide and all these things, what altitude I need to reach next. In here I have all the airspaces. All the 
altitudes and warnings – female voice warns me I’m entering or two minutes before entering I will get a 
warning.”  

Q. 20 NG the thing is that I have to understand a little bit. I upload the airspace file to get the correct airspace 
showing on my map and I have to download it from the internet and I have to put it into this box and I get 
airspace correctly. That’s an issue. This is a cheap version. I have to do a lot of things by myself. It works fine. 
You can also more expensive kind of solutions that are glider pilot specific instruments. It costs a lot more. 
Many, many solutions available now. N6_Glider AW_Data to add based on the app 

Q. 21 NG In Norway it will warm up around noon to get enough lift.  

Q. 22 NG see where the wind is blowing from, if it is a rich air and it blows this way, the wind will blow up and 
will go at this side of the valley  

Q. 23 NG Unfortunately had an accident at x. we can fly at these thermals of cumulus clouds but there are also 
different waves. Norway is famous for waves. We get mountain waves. The wind blows across the mountains, 
high mountains and the valley and it’s like a wave type of wind blowing to describe it briefly. But these 
mountains make a wave and the wave goes very, very high. It’s like an altitude challenge. Then, we will easily 
bust this altitude there, we need to controllers and to make a deal with them. Because we go high, we … oxygen 
and we fly high.   

Q. 24 FG In Finland it might be that in April, May or June the cloud base can be quite high even more than 
2000m. That might mean that in a very good weather, you might be higher than FL65 and you are still below 
the cloud  

Q. 25 NG Because if we don’t find the lift we will land at 10 minutes. In a day like this it’s not exciting to fly, we 
are looking for summer days with the cumulus. Finding the clouds and lift and we start circle and we are going 
higher and higher.  

Q. 26 FG Normally most in the season the cloudbase is about 1200 and 1600meters.  

Q. 27 UKG We can tell that by what the clouds look ahead because clouds indicate where air is rising. We 
generally link the dots by finding the different clouds.  

Q. 28 UKG I got to a point where the weather was bad and I was stuck between this little gap and the next 
thermal was either in Southampton airspace or in the danger area. I was completely stuck. I headed this way 
because going that way was really bad. See there is a danger area and we were told that this was not a penalty 
zone so we could fly in on that day. I flew round the Wholope ATZ up to the point B and by that time I was 
quite low and I couldn’t find any thermal. So by that time I called Whilope and told them I was a bit in a 
trouble. I’m going to land on a field or if you’d be really nice can I land on your airfield? They didn’t ask for my 
transponder because my transponder didn’t work properly but another guy I was with him, they told him he 
could land and I followed him. That was interesting.  

Q. 29 NG I have actually been in such a situation in a wave right under the control zone in 2700meters {8859ft} 
approximately. Clouds started to form around my airplane and I had to go down.  That can happen. Typical for 
wave flying. They are called Lee wave cloud. This is where you accidentally fly into cloud. Flying into cumulus, 
sometimes you stretch because the wind blows upwards and the air reaches a concentration temperature and 
that’s where the cloud forms. You are in this thermal that goes up and up and up. You have this thing that tells 
you “bip, bip, bip” it’s a happy sound and you go up and up and up. You reach a cloud.  



Appendices 

419 

 

Q. 30 UKG In the summer, when we fly in thermals the way we climb is you find the best area of lift, the 
strongest, and you circle in it, you go around, around in circles. And if you are concentrating on flying as 
sufficiently as you can, you try climbing as quickly as you can, you lose sense of where you are in the circle.  If 
you think I will stop circling now, you might roll out and fly off in the wrong direction, in a direction that you 
didn’t think. If we are going out this way, and I find a thermal here and I start circling away and I want to roll 
out and fly this way, there is a delay on the moving map so it might show that I am at the back side of the circle 
while I am actually 90 degrees further out. So if I start rolling out then, I will be pointing on the wrong 
direction. So you need to watch the landmark around you move rather than watching the moving map. But that 
happens as well. You probably wouldn’t lead to an airspace incident because you have a bit of time to realise 
your mistake and then correct it. I mean it’s possible if you don’t recognise your mistake quickly then you 
could end up on airspace then that person will be an idiot.  

Q. 31 NG If you start to go into the cloud you will lose situational awareness and you will just fallout from the 
cloud. You will still be 2000meters above the ground when you come out from the cloud again. Wave type of 
flying is dangerous. N6_Glider E_Pilot lost aircraft control because he was following the cloud  

Q. 32 UKG If it was me and I realised that I was in the middle of controlled airspace and I haven’t realised for 
the past 20 minutes, first thing I will do is to try to get out and at the sometime I will get the map out, see what 
is the frequency and tell them “sorry I am in the middle of it”.  

Q. 33 FG “In the cross-country flights, you might either plan the route so that you avoid the controlled airspace 
in such a way either you don’t go straight or you almost try to fly around. Sometimes, that is a must to do 
because you don’t always get the clearance to controlled airspace especially when you don’t have a 
transponder. In modern gliders or new, they are better equipped gliders. Maybe some wealthy pilots maybe 
can or they have transponders. But in many cases, they don’t. That sometimes creates a problem. Then you 
have to set a route to circle {go around} or avoid controlled airspace.” F8 P_Fly in uncontrolled airspace 

Q. 34 NG “if we call the controller with our requests, we is used to say “maintain 5000ft”. our nature, we can’t. 
we need to be between this and that. We don’t know exactly where we are going. To explain this to the 
controller can be difficult I guess. Maybe the controller should be a little bit aware of our nature of flying. How 
we do it. That we never stay at the same altitude. Either we go up or we go down. We will have a general 
direction not a course that is 280 degrees. We are in a general course. It could may be that air traffic 
controllers have a two-hour course with glider pilots on how we fly. You can have 30 airplanes in the air in this 
area that are gliders. Lot of traffic. On a good summer day in July you will have a lot of glider traffic.”  

Q. 35 NG “people are a bit afraid of the controllers. For some reason. We end up, we use the boxes that have 
been assigned. SAS captains will occasionally speak to the Oslo TMA. The majority of the gliders will just stay 
out and never talk to the controller. Only be on the local frequency. We will be on the local frequency here, we 
will change on the local frequency here and just tell them that we are passing along. Controlled airspace with a 
glider. That’s very seldom that a glider enters controlled airspace talking with controller.”  

Q. 36 FG sectors can be reserved for gliding. There are TSA areas that can be reserved for glidign activity. It 
means that inside this area the upper limit is reserved you don’t have to contact the ATC at all. Which makes 
the flying much easier. 

Q. 37NG Every day we open these boxes, if can’t open Bravo [area name], we get frustrated because it will 
influence the way we will fly on that day.   

Q. 38 FG So, we are always right at the bottom. If we have 7000ft we fly at 6000ft, some people fly 6999ft. we 
just don’t enter. We need the altitude and we can’t get it, so we use everything we are allowed to.  

Q. 39 UKG I can see that my track, if I go straight that takes me into areas with different altitudes. So I will look 
at each of them to see what is going on. I might have to avoid them somehow. What we do in gliding, we find a 
thermal, we climb and then climb to the next one, climb to the next one. This one, when we start at LSH we 
can’t go higher than 5500ft above sea level. as soon as I jump that gap, I can go an extra 1000ft, soon as I get 
into here, I can go up to 6500ft and that hasn’t change. Into here, this is up to base 19500ft but I can see here as 
well all these danger areas – army firing. I don’t really want to go too close to that and then once I get out to 
the turning point here. This is FL105. This is nice clear airspace. I have to watch my altitude on all the way out 
and also just to keep an eye.  

Q. 40 FG In the vicinity of the airfield that you are going to land, if there is a cumulus cloud nearby might turn 
the surface wind quickly and at different direction. You should be aware or if you are at a rain shower weather 
or whatever in a cross-country flight, and then you have a situation that you have a rain shower and you are 
losing the thermal and you are going to make the field landing and there is a CB cloud somewhere nearby that 
is turning the wind. Of you have to be aware of this kind of situation.  
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Q. 41 UKG One of the main worries with gliding is obviously because launching and landing is when you are 
really close to the ground and things happen quickly so launching and landing accidents where you mess up. 
Coming back into LSH, when we are coming back from a cross-country flight, there will be a point around here 
where I need to take my last climb that I can glide all the way in and I don’t need to climb again and I don’t 
need to worry about altitude airspace. What we do is we always plan our tasks on this way north and west 
because Heathrow is here and London is here. These lines that you can see here they step down very, very 
quickly. to there is a point that if you jump into the ground you are in airspace.  

Q. 42 NG We want to fly where there are farmer fields that we can land on. There is forest. It’s not good to be 
low over a forest. We have not any guarantee that we will continue flying. It’s better to fly closer to the river 
[North of Oslo TMA] because you have farmland.   

Q. 43 NG We are unfamiliar with it because all we do, we talk with each other, we are talking with each other 
when we are landing and things like this.  

Q. 44 N6 This is another issue – 7000ft. Gliders in Europe, at least in Norway and in most Europe, they fly using 
meters and km/hr. so 7000ft I don’t have a gage in my cockpit to tell me how many feet I am. I have to convert 
it to meters. So we use meters. We have to be able to calculate it. My thing [tablet] will give me the altitude in 
feet. {“I don’t get a GPS fix so I can’t use it”}. E: do you have a convertor? G: it will tell me the feet. 7000ft on this 
map is 7000ft above sea level. A glider pilot will set his meter cage to 0 at the airport which is already at 212 
meters above the sea level. To fly correctly without this thing, you have to subtract 250m and you have to 
convert it to feet. Which is not easily done by some people. E: the workload of the glider pilots to see the 
clouds. G: you tell them “don’t go above 7000ft above sea level.” If they don’t have a sea level gage, they have to 
convert. The fact that they took off 212km above sea level and they are now in meters, it’s a calculation to be 
done. This one [tablet] will tell me exactly. without it [tablet], I have to do that. 700ft approximately is 
600meters and to subtract. Something like that. This is room for error. This will make some glider pilots to 
enter the airspace without actually being aware.  

Q. 45 FG For that purpose there is a GPS navigation aid that they get you much more better view how near you 
are in practice in the border compared to having a look from the plane from the paper map if you are very near 
to the border. It’s more precise with the GPS. GPS that shows the border and your dot, where is your location. 
It’s easier to look at the GPS than the map.  

Q. 46 UKG The idea is you look at GPS where you are and you look at the map to see what you are allowed to 
do. What you should be doing looking at the moving map and using that for all your primary navigation and 
performance and stuff and then every now and then cross-checking on the map and looking on the ground to 
see what is going on to be sure where you are. 

Q. 47 NG With the GPS, first we have the displays that just showed right or left and these things. The fact that 
you have a stand-alone system with a GPS and a moving map like this, it’s very new. 6 years ago maybe that 
you were able to get this [tablet] that the GPS is not connected to something else. It’s the thing that you have on 
your knee and it shows everything. It’s new technology. It’s fantastic. It’s so helpful especially for navigating 
along the TMA. This is why I have it because of the Oslo TMA. It allows me to fly along here [NE Oslo TMA 
border] easily. I can stay 200meters outside. With the map only, it’s very difficult to know exactly where you 
are. For the last 10 years or something, these kind of solutions were available.  

Q. 48 FG For that purpose there is a GPS navigation aid that they get you much more better view how near you 
are in practice in the border compared to having a look from the plane from the paper map if you are very near 
to the border. It’s more precise with the GPS. GPS that shows the border and your dot, where is your location. 
It’s easier to look at the GPS than the map.  

Q. 49 NG if the battery runs out. E: for how long does it work? G: 6 hours. I must remember to charge it. But if I 
run out of battery I know it will be more difficult to fly around here. I will stay under it. Not outside. I have to 
make these calculations feet to meters.  

Q. 50 UKG If we are going out this way, and I find a thermal here and I start circling away and I want to roll out 
and fly this way, there is a delay on the moving map so it might show that I am at the back side of the circle 
while I am actually 90 degrees further out. So if I start rolling out then, I will be pointing on the wrong 
direction. So you need to watch the landmark around you move rather than watching the moving map.  

Q. 51 NG So, we are always right at the bottom. If we have 7000ft we fly at 6000ft, some people fly 6999ft. we just 
don’t enter. We need the altitude and we can’t get it, so we use everything we are allowed to.  
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Q. 52 UKG If there is a cloud that I can see is near airspace, such as near Southampton, even though there is a risk 
of going into controlled airspace some pilots would take the risk and head towards it hoping it might drift out of 
controlled airspace.  

Q. 53 UKG after that coming back to LSH, there is a lot of airspace crossings. I’ve done this route a lot so I am 
familiar with. A lot of people get call out by this box here. As you can see this is Heathrow, this is the departure 
route for Heathrow. It steps up from sea level to 45, 55, 65 as we climb out. We have to go under that. That’s 
4500ft, that’s quite low for us. What we consider doing is to go around and then we get to these two danger areas. 
These are nuclear plants as well. We are not allowed to go over as well. You are but above 5000ft. to be safe 
because I am not usually in a hurry, I avoid them. Cause there are too small, I go around them. 

Q. 54 NG We need the altitude and we can’t get it, so we use everything we are allowed to. In these cases I am 
confident that sometimes people misjudge and enter inside the TMA with 15meters for a few seconds before they 
realise that they are inside. It will probably never be on purpose. It will never be a pilot who doesn’t give. 

Ultralight aircraft 

Q. 55 FU Also making my flight plan which will be the road that I will do. If I just make a round here, I know the 
area. I have been there many times. For example, if I go somewhere there, there might be something that I 
don’t know. I need to draw the line that I am flying so that I can look at these landmarks here so that I know 
where I am.  

Q. 56 UK24 I did a lot of research because it was the first I had done it. First time I went outside, I read a lot of 
blogs online of what people have done.  

Q. 57 UK24 And I always pick a destination into wind so it’s easier to get back. So you are flying into the 
weather, you are flying the hardest leg first, which is into the wind, and when you return is much quicker and 
you just run away from the weather. Because you don’t see what it is coming towards you. 

Q. 58 NU “wind. If it’s too much wind I don’t want to fly because then it’s difficult to land. Flying in the wind it’s 
not a problem but landing in wind can be especially on the ice.”  

Q. 59 FU So I need also to think, “is it safe to go there if, for example, the clouds are coming down?” so if there 
are under 1000ft it is not safe to go there.  

Q. 60 UK24 typically, I would fly anywhere between 1000ft above ground lever to maybe 3/4000ft above 
ground level based on the airspace and on temperature because mine it’s an open cockpit and I don’t want to 
get a cold. 

Q. 61 FU Weather might change even if there are some dots that look good. Always the weather. E: even within 
30-60 minutes that you fly, the weather can change. T: there might change. I have to decide before I go there if 
the weather is good to go there. Because we are near to the sea. There might be some sea wind or something 
like that or it might come very quickly. And also the weather can be here very bad and here it can be very good. 
If I just look at the sky here, it might be good but it might not be good at the destination. 

Q. 62 FU when we had the training flights, sometimes the weather was changing and we were just need to be 
very quickly. For example, rain was coming, thunderstorm was coming. Sometimes, near the situation we need 
to be very careful. For example, when it is raining, it’s not so easy to keep the flight. It will start x on the level 
that you are coming down, you need to have certain speed. But when it’s raining, the speed is not as low as in 
good weather. One thing is that, usually you don’t fly when it’s raining. But it might happen that it starts 
raining and you need to come back and you need to be very, very. 

Q. 63 UK23 some does. My flex-wing doesn’t have, the 3-axis has. Again, that’s another barrier in controlled 
airspace. If I’ve got a transponder, I’m much more confident to go into controlled airspace, if I’m not “will you 
let me in?”. I am not going to absent anyone. Most controllers are pretty good, but some are more reluctant if 
you don’t have a transponder. I understand that in busy airspace like over London but there are some 
controllers that they don’t like to have two folks in the circuit and they don’t want you in unless you have a 
transponder. UK_D Procedures – microlight/glider and technology requirements 

Q. 64 UK23 “flex-wings we don’t use the radio a lot. We use it only when we are near somewhere and we need 
to be in touch.”  

Q. 65 UK24 no, I tend because I don’t have a transponder I tend not to try and do transit across zones. I tend to 
go around them, almost always, because the performance of my aircraft if I am without transponder and a 
slow speed it will take me a lot of time to get across an ATZ for example. It’s easier for me just to fly around 
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than try and get permission because they can’t give it. I can’t get through the airspace quick enough and they 
can’t tell accurately where I am anyway  

Q. 66 UK24 So usually if I fly into weather, I fly away from the nearest controlled airspace which Brize Norton. 
Lalliham is a NOTAM, TSA it’s no longer, it’s only NOTAM when it is used. Apart from that you just fly through, 
it’s not a problem at all. Brize Norton is very busy, as one the UK’s primary military sort of thing. I don’t have a 
transponder so they don’t let me fly through. I have flown over on the top on a Sunday, on a weekend military 
base looks a bit quieter. So I have flown over the top of it but I normally fly around.  

Q. 67 UK23 The other thing you need to know, the type of microlight that I fly the most, the flex-wing, is not the 
kind of aircraft that goes in an accurate straight line. It doesn’t work that way. You let it do its thing and then 
you push it back in the right direction. That’s it. While you may have a magnetic, then adjust it to the truck with 
wind speed taken into account. The chances then executing that flight in a flex-wing is pretty much zero. It’s 
you intend to fly as you planned it and you use the map. In flex-wing flying and in particular in microlight 
flying because we fly slow, we generally use x rather than headings because heading in microlight is going to 
go off. It’s never going to be accurate.  

Q. 68 NU This will be ENKJ. It’s just outside this CTR. Then I see that I will cross this CTR but as you know I will 
not cross this. Then I will go outside. What I usually do and then I go off to ENKJ, a right turn and then go at this 
corner here and north, then I go up to x [south end of the lake Hammar], then to x [middle point of Hammar], 
and then to Lillehammer [north end of Hammar river].  

Q. 69 FU And here it might be 700ft or 1000ft. it’s not over 1000ft because there is the limitation of Vanta and 
we have to be under 1000ft. but when I go further [north of Shape 2], I will go under this area so below 1300ft.  

Q. 70 UK23 basically the weather that we fly is to stay below controlled airspace so you are basically looking of 
what are your upper limits.  

Q. 71 NU we always have a distance because we are flying, if it’s 2500ft I will be 2495ft. if I do that I will be at 
2600ft. I don’t want to do that so I am at 2200ft. so I have this space left.  

Q. 72 FU As you see is just 1300ft because we need to be down, under of this Helsinki TMA lower area. If I take, 
for example, a local flight here, then I make a flight plan. If it is the time that the tower is open, and there is a 
limitation that I need to have 30 minutes before I will have my departure time. Then I have in the plan that I 
will take this area, then I just make a point here that I will make a round.  

Q. 73 NU It’s very scary if I don’t know the frequencies because then I don’t change from the ENKJ frequency 
and when I am up here [NW of ENGM CTR] it’s no use because I don’t listen to other pilots. Because the pilots 
say “I am here at this side of … heading ” and then I know if it’s a conflict.  

Q. 74 FU Also understand what yourself is doing. If you don’t see others, say “I can’t see” if there is a plane that 
you can’t see, say it. So the other one that is at the same situations knows that you don’t see the plane.  

Q. 75 UK24 If it is a flight for the first time to an area that will be busy for traffic yes. If I am going to, whenever 
I fly, flying a microlight you often go to airfields that are private fields, airfields, if there is a radio service you 
are lucky. Usually it’s just SAFETYCOM and blind calls  

Q. 76 NU The communication radio is not difficult but it’s special. You have to know the routines {phraseology} 
you have to train on it. Now I am flying in Varnes in an airfield x, it was controlled area.  

Q. 77 NU Then we have to use the radio all the time so I had some training. But it was five years ago. I have to 
train again. You have to train. You have to be aware that it’s not too easy.  

Q. 78NU other traffic – there is not any tower to control me. I have the transponder on, always on, but there is 
nobody that follows the transponder. I have to have a good view. The problem can be a guy without a radio 
who is on the way. 22:54 or he is on the wrong frequency or he doesn’t respond because he doesn’t listen. 
That’s a challenge. Not often because most of the pilots are aware of these problems. Then we have these 
paraglide pilots who can be there and they don’t have radio. It’s difficult to say them. They are small. It’s not 
every many of them. If I am in an area let’s say it has mountains and I am flying beside of the mountain there 
will be a paragliding activity there then I don’t fly there. {E: you avoid the area.} to have a respect for each 
other.  

Q. 79NU  I also have runways over here [near the destination] there are also a lot of farms in the area where I 
can land. They are very very. You think a lot about places to land because there are a lot of things that can 
happen [with the aircraft – the engine to stop]. 12:26 I don’t want to die you know.  
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Q. 80 NU 3000ft maybe. It would be not use to be higher. Not too low either. There is very much wood – it’s 
forest. If I am going straight over I would not have these landing areas which are my alternative and then I will 
go higher. If the engine stops then I would just glide and when I will fly higher I will glide longer and I will 
reach these farms. Then I will go higher than I need to at 3000ft 2500-3000ft that’s the best height.  

Q. 81 UK24 Well the first decision on the route that I will take is always based on weather. Because I fly for 
leisure. I almost always look at the weather and I look at which direction the weather is nicest. And I always 
pick a destination into wind so it’s easier to get back. So you are flying into the weather, you are flying the 
hardest leg first, which is into the wind, and when you return is much quicker and you just run away from the 
weather. Because you don’t see what it is coming towards you. That’s the primary concern when I pick a 
destination or a place that I am going to go to.  

Q. 82 FU if I have to look, for example the weather, the weather might change while I am flying. So I need to 
look also at the weather that it is at the time and I also need to look at the weather after a few hours – if 
something special is coming {forecast}. I need to know. During the time that I am flying, the weather might also 
change. So I need also to think, “is it safe to go there if, for example, the clouds are coming down?” so if there 
are under 1000ft it is not safe to go there. Weather might change even if there are some dots that look good. 
Always the weather.  

Q. 83 UK24 workload increase when the weather deteriorates. The weather starts deteriorating the workload 
can increase. The weather deteriorates and then you start being unsure of where you are. You know, it 
increase. It takes more to fly the plane when the weather is not so good.  You start, you might fly around rain, 
you might fly around cloud, so you are not flying a straight line anymore, you deviate from the line you put on 
the chart. After that you then have to work harder on the navigation to do that, you might be working harder to 
actually fly the plane because it’s more turbulent and there is not an autopilot, it’s all manual. You might start 
working harder to actually fly the aircraft and also if the weather deteriorates it might get colder. It sounds a 
bit silly but your performance drops off. If you get cold, your concentration can go and that makes the 
workload higher.  

Q. 84 UK24 The other that can increase the workload is how busy airspace is. 19:53 If you navigating and 
attempting to navigate and with that, you are quite rightly know you are getting close to somewhere where 
will be other traffic. Typically for a microlight, the sort of traffic you will come across are microlights, you will 
come across gliders. Gliders are frequent other traffic to come across. And you don’t relly have a 
communication with them at all. That’s all about look out and that’s all paying attention. So if you know where 
you are and you know that you will be somewhere which is popular with glider because of the terrain or the 
particular weather on the day or NOTAMs because there is a competition on or something like that, that can 
increase the workload. Then you need to work harder to keep an eye because glider are bloody hard to see. 
That’s all stuff that increase the workload.  

Q. 85 NU many pilots fly at 2000ft and then they say if I am at 2200ft I will not be at the same as the others. To 
get some space. At ENKJ we have 1800ft in and 2200ft out so we have different altitude for in and out just to 
separate the traffic. In this area you don’t have to have radio.  

Q. 86 NU other traffic – there is not any tower to control me. I have the transponder on, always on, but there is 
nobody that follows the transponder. I have to have a good view. The problem can be a guy without a radio 
who is on the way. 22:54 or he is on the wrong frequency or he doesn’t respond because he doesn’t listen. 
That’s a challenge. Not often because most of the pilots are aware of these problems.  

Q. 87 UK24 The only time, the most busy time I have ever had was when I went up to Scotland and I went 
through the low level corridor between Manchester and Liverpool. And that again without a transponder, I 
actually listened in I didn’t received a basic service but I listened the controllers anyway just to get a notion of 
the traffic, what was going on.  

Q. 88 NU Then when I decide I want to go to Lillehamer then I have to use the map. the first thing that I do is to 
go the map to see the place of the airfield. Do I have to call them [airfield for landing]? Is it difficult to land 
there? are there some obstacles or dangerous things? If I haven’t been there before I would call them and say 
“how is it?” they always say “it’s easy.” Then I go there and I see that it’s not easy. N_M RiskPriority – Runway 
condition 

Q. 89 NU What I actually do is that, because I know the nature [environment-landscape] because I drive there, I 
will be outside this area and then I will follow this road. Then I will not get lost  

Q. 90 UK_24 Whiles they have lots of benefits they have disadvantages as well. One the disadvantages is the 
overall tendency with SkyDemon to follow the magenta line. you don’t look out of the cockpit. Are you familiar 
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with SkyDemon? People don’t look outside the cockpit. They look if they are following the magenta line. That’s 
dangerous.  

Q. 91 UK23 I am always cautious of the TMA, where I am on the TMA. Btu again SkyDemon, you pop it into 
your aircraft and it will bip if you get near. I am quite x, I ‘ve never done an infringement. That’s why I use that 
kind of technology.  

Q. 92 UK23 I always have two GPSs. If both go down, I will go landing. There will be no chance I will get lost in 
the sense I don’t know where I am and where I am going, I hope.  

Q. 93 UK23 The idea that CAA thinks that the map is the best way for navigate makes them look even more 
stupid than they are. I use SkyDemon. I have two devices.  They are separated with two separate GPS receivers.  

Q. 94 UK24 You find a lot of competition pilots prefer to fly in a paper chart and not fly on SkyDemon. The 
reason is the inherent danger. I would say I think there is an inherent danger in SkyDemon. Whiles they have 
lots of benefits they have disadvantages as well. One the disadvantages is the overall tendency with SkyDemon 
to follow the magenta line. you don’t look out of the cockpit. Are you familiar with SkyDemon? People don’t 
look outside the cockpit. They look if they are following the magenta line. That’s dangerous. UK_M Peers – 
competition microlight prefer to navigate with paper maps 

Q. 95 UKD I won’t get lost because I use SkyDemon and it puts a great pin on the map of where I want to go. 
There is a little plane on the map I can see where I am.  

Q. 96 The problem is that this one doesn’t use SIM-card and then it doesn’t communicate without a wi-fi. So I 
need an extra device to make this communicate it.  

Q. 97 UK24 I will more often fly on the paper chart than I will on a GPS software. I won’t use electronics, I’ll use 
chart and at 1000ft, the ground references are much easier to read when navigating.  

Q. 98 UK24 It’s paper chart first and then SkyDemon as a backup. Also the SkyDemon is great. It’s about 
workload. When the workload is light it’s really easy. When the workload starts to get complicated, like going 
through the low level corridor, it’s best to have the SkyDemon sitting next to you as. You look out, you think 
“that’s that” and come back to the paper chart and then check it at the SkyDemon as well. You’ve got two ways 
of checking what you are doing.  

Q. 99 FU As I was saying that this is the area, that I know the area, and I don’t need a map.  I can see that there 
is the city, there is the towers, the island so it’s easy to see the city. But if I am somewhere here, I also need to 
use the GPS. It is also possible to get the road {road=flight path} on the GPS. But as I said, I draw it on the map.   

Q. 100 NU 3000ft maybe. It would be not use to be higher. Not too low either. There is very much wood – it’s 
forest. If I am going straight over I would not have these landing areas which are my alternative and then I will 
go higher. If the engine stops then I would just glide and when I will fly higher I will glide longer and I will 
reach these farms. Then I will go higher than I need to at 3000ft 2500-3000ft that’s the best height.  

Q. 101 UK24 no, I tend because I don’t have a transponder I tend not to try and do transit across zones. I tend 
to go around them, almost always, because the performance of my aircraft if I am without transponder and a 
slow speed it will take me a lot of time to get across an ATZ for example. It’s easier for me just to fly around 
than try and get permission because they can’t give it. I can’t get through the airspace quick enough and they 
can’t tell accurately where I am anyway. 

Q. 102UK23 One of the things of flying flex-wings, as I said it doesn’t go in a particular straight line, if it is 
bumping and rough and you are near to controlled airspace, there is a chance you can sting the wing and to 
safely come back out you have to make a gentle turn. You could swing in by a quarter of mile. Maybe. I’m 
guessing.  

Q. 103 UK24 Being close to the edge of the airspace and not looking at the bigger picture. Becoming very 
focused on a specific thing of navigation. It’s usually navigation because you try to navigate and you get it 
wrong.  You get fix on, if you are not careful, you get fixed on something big, “that must be the railway station, I 
am looking for a railway station, there is a railway station”. And you don’t use three points of reference “ok, the 
railways station that I am looking for is next to a river with a big lake to the north of it and there is a town to 
the south of it”. if you use, what I tend to do, I choose three points of reference. I must have three things to 
make it right. You don’t just assume that the railway station is the railway station. It’s got to have the river and 
the lake and the town. It’s the combination of things that makes it. if you get focused on something, then that’s 
when you can make a mistake I think because you become fixed on that being the railway station that you 
want it to be. If you’ve got it wrong, which it is easy to do to get it wrong. If you get it wrong you might be 
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infringing. If you are in busy airspace then you might end up infringing because you are that close and you 
concentrate that “that’s must be it”. that’s the danger in my opinion.  

Q. 104 UK23 I think when you are first qualified in a flex-wing, I would imagine that most pilots think they can 
fly quite close to controlled airspace and that there will be no risk of drifting or any of this kind. as you become 
a bit more experience, maybe you give it a bit of a wider. I’m normally like a half of mile or a mile outiside so I 
can give it up. There is no point skip the edge. In the 3-axis aircraft, I might because it’s a bit more controlled 
but in the flex, there is not point.  

Q. 105 UK24 Quite a few people that I know tend to remain local. With the exception of a few who are fully 
prepared to fly the length of the country and are quite happy with their skill levels but for all those, I know 
those who are less confident and tend not to go far from the airfield.  

Q. 106 NU We have different routes but they will never cross these lines [enter into ENGM] and they will try to 
get under the altitude.  

Q. 107 UK24 Then we have the experience guys maybe don’t plan too much they just fly. Experience is good 
but when you don’t plan it can be bad.  

 

 


	1 Chapter 1 Introduction
	1.1 Background
	1.2 Aim and objectives
	1.3 Outline of thesis

	2 Chapter 2 Fundamentals of air traffic management and aviation safety
	2.1 Air traffic management
	2.1.1 Airspace design
	2.1.2 Phases of the flight
	2.1.3 Air traffic services
	2.1.4 Communication, navigation and surveillance systems
	2.1.4.1 Communication
	2.1.4.2 Navigation
	2.1.4.3 Surveillance

	2.1.5 Summary

	2.2 Review of safety approaches
	2.2.1 Reactive safety approach
	2.2.2 Proactive safety approach
	2.2.3 Predictive safety approach
	2.2.4 Remarks

	2.3 Safety analysis of air traffic management incidents
	2.4 Review of accident models
	2.4.1 Sequential accident models
	2.4.2 Epidemiological accident models
	2.4.2.1 Adapted versions of Swiss Cheese Model
	2.4.2.2 Human Factors Analysis and Classification System

	2.4.3 Relevance of the accident models for the airspace infringements

	2.5 Proposed accident and incident development model
	2.5.1.1 Critique of the model

	2.6 Conclusions

	3 Chapter 3 Airspace infringements, aviation stakeholders and safety studies in Europe
	3.1 Overview of stakeholders
	3.1.1 General aviation pilots
	3.1.2 Airspace navigation service provider
	3.1.3 National aviation authority
	3.1.4 European aviation stakeholders
	3.1.5 Summary

	3.2 Studies of airspace infringements
	3.2.1 Critical gaps of studies

	3.3 Conclusions

	4 Chapter 4 General aviation definition and review of pilot performance
	4.1 What is “General Aviation”?
	4.1.1 Review of definitions of general aviation
	4.1.2 Proposed definition of general aviation

	4.2 General aviation flying
	4.2.1 Fleet
	4.2.2 Aerodromes
	4.2.3 Flying
	4.2.4 Pilot’s licence
	4.2.5 Pilot demographics
	4.2.6 Technologies
	4.2.6.1 Cockpit design
	4.2.6.2 Planning and navigation
	4.2.6.3 Surveillance
	4.2.6.4 Communication

	4.2.7 Summary

	4.3 General aviation pilot performance
	4.3.1 Decision making of pilots
	4.3.1.1 Situational awareness
	4.3.1.2 Expertise
	4.3.1.3 Pilot hazardous attitudes, behavioural traps and biases
	4.3.1.4 Risk management

	4.3.2 Weather decision making
	4.3.3 Vision of pilots
	4.3.4 Influence of technologies
	4.3.5 Summary of the literature review
	4.3.6 Contributory factors of airspace infringements

	4.4 Conclusions

	5 Chapter 5 Development of the framework Pro-Saf(ArI)
	5.1 Objectives and Requirements
	5.2 Development process
	5.3 Pro-Saf(ArI) framework
	5.3.1 Coding the dataset
	5.3.2 Data quality assessment
	5.3.3 Contextual factors
	5.3.4 Contributory factors
	5.3.5 Safety and transition barriers
	5.3.6 Illustration of the analysis of the narrative
	5.3.6.1 Example 1
	5.3.6.1.1 Description
	5.3.6.1.2 Contextual factors
	5.3.6.1.3 Contributory factors
	5.3.6.1.4 Safety barriers

	5.3.6.2 Example 2
	5.3.6.2.1 Description
	5.3.6.2.2 Contextual factors
	5.3.6.2.3 Contributory factors
	5.3.6.2.4 Safety barriers

	5.3.6.3 Example 3
	5.3.6.3.1 Description
	5.3.6.3.2 Contextual factors
	5.3.6.3.3 Contributory factors
	5.3.6.3.4 Safety barriers


	5.3.7 Statistical associations
	5.3.8 Frequency and severity models

	5.4 Conclusions

	6 Chapter 6 Analysis of reported incidents
	6.1 Avinor’s database
	6.1.1 Avinor’s database description
	6.1.2 Avinor’s dataset quality assessment
	6.1.3 Contextual factors
	6.1.3.1 Infringing aircraft
	6.1.3.2 Airspace
	6.1.3.3 Incident location
	6.1.3.3.1 Oslo and Farris
	6.1.3.3.2 Kjevik
	6.1.3.3.3 West Coast South and North
	6.1.3.3.4 More

	6.1.3.4 Infringing altitude
	6.1.3.4.1 Airspace type TMA
	6.1.3.4.2 Airspace type CTR

	6.1.3.5 Seasonality
	6.1.3.6 Ground-air communication
	6.1.3.7 Severity ESARR 2 ATM

	6.1.4 Contributory factors
	6.1.4.1 Airspace
	6.1.4.2 Navigation
	6.1.4.3 Flying
	6.1.4.4 Planning
	6.1.4.5 Communication
	6.1.4.6 Clearance to enter controlled airspace
	6.1.4.7 ATCO
	6.1.4.8 Equipment on-board
	6.1.4.9 Infrastructure
	6.1.4.10 Organisational factors
	6.1.4.11 Personal factors

	6.1.5 Associations between factors
	6.1.6 Severity modelling
	6.1.7 Safety barriers
	6.1.8 Summary of Avinor’s database

	6.2 Trafi’s dataset
	6.2.1 Trafi’s dataset description
	6.2.2 Trafi’s dataset quality assessment
	6.2.3 Contextual factors
	6.2.3.1 Infringing aircraft
	6.2.3.2 Airspace
	6.2.3.3 Incident location
	6.2.3.3.1 Airspace of the region of Helsinki

	6.2.3.4 Infringing altitude
	6.2.3.5 Seasonality
	6.2.3.6 Ground-air communication
	6.2.3.7 Severity ESARR 2 ATM

	6.2.4 Contributory factors
	6.2.4.1 Navigation
	6.2.4.2 Flying
	6.2.4.3 Planning
	6.2.4.4 Communication
	6.2.4.5 Clearance to enter controlled airspace
	6.2.4.6 ATCO
	6.2.4.7 Equipment on-board
	6.2.4.8 Personal

	6.2.5 Summary of Trafi’s database

	6.3 UK CAA’s database
	6.3.1 UK CAA’s dataset description
	6.3.2 UK CAA’s dataset quality assessment
	6.3.3 First dataset – Contextual factors
	6.3.3.1 Seasonality
	6.3.3.2 Location
	6.3.3.3 AIs of Stansted

	6.3.4 Second dataset – Contextual factors
	6.3.4.1 Location
	6.3.4.2 Seasonality
	6.3.4.3 Ground-air communication

	6.3.5 Second dataset – Contributory factors
	6.3.6 Summary of UK CAA’s database

	6.4 Capabilities of safety databases
	6.5 Conclusions

	7 Chapter 7 Interviews with general aviation pilots – Design and results Part A
	7.1 Review of qualitative data
	7.2 Interview design
	7.2.1 Participants
	7.2.2 Interview questions

	7.3 Analysis of Interviews
	7.4 Overview of the results
	7.4.1 Sample characteristics
	7.4.2 Themes
	7.4.3 Validation

	7.5 Pilots of fixed-wing motorised aircraft
	7.5.1 Planning strategies
	7.5.2 Aspects that pilots study in planning
	7.5.2.1 Weather
	7.5.2.1.1 Weather parameters
	7.5.2.1.2 Quality of weather data
	7.5.2.1.3 Risk management of weather

	7.5.2.2 Airspace design
	7.5.2.2.1 Uncontrolled/Controlled airspace
	7.5.2.2.2 Proximity of controlled airspace at departure/arrival aerodrome
	7.5.2.2.3 Location and shape of controlled airspace
	7.5.2.2.4 Adjacent controlled airspace areas
	7.5.2.2.5 Traffic density and diversity

	7.5.2.3 Notice to Airmen (NOTAM)
	7.5.2.4 Landmarks
	7.5.2.5 Radio communication
	7.5.2.5.1 Radio communication as a risk mitigation measure

	7.5.2.6 Air traffic service
	7.5.2.7 Airfield procedures
	7.5.2.8 Emergency landing

	7.5.3 Familiarity with the area
	7.5.4 Influence of emergent technologies on flight planning
	7.5.5 Flight route decision near controlled and restricted airspace
	7.5.6 Navigation
	7.5.7 Impact of flying activity
	7.5.8 The planning and flying of their peers
	7.5.9 Summary

	7.6 Glider pilots
	7.6.1 Planning strategies
	7.6.2 Aspects that glider pilots study in planning
	7.6.2.1 Weather
	7.6.2.2 Airspace design
	7.6.2.2.1 Controlled/uncontrolled airspace
	7.6.2.2.2 Proximity of controlled airspace

	7.6.2.3 Landing
	7.6.2.4 Radio communication

	7.6.3 Risk of losing the pilot’s life
	7.6.4 Navigation
	7.6.5 Influence of emerging technologies on flight planning
	7.6.6 Flight route decision near controlled and restricted airspace
	7.6.7 Summary

	7.7 Ultralight pilots
	7.7.1 Planning strategies
	7.7.2 Aspects that ultralight pilots study in planning
	7.7.2.1 Weather
	7.7.2.2 Airspace design
	7.7.2.2.1 Controlled/uncontrolled airspace
	7.7.2.2.2 Location and shape of controlled airspace
	7.7.2.2.3 Location of the aerodrome airfield
	7.7.2.2.4 Traffic density

	7.7.2.3 Radio communication
	7.7.2.4 Emergency landing
	7.7.2.5 Landmarks

	7.7.3 Navigation
	7.7.4 Flight route decision near controlled and restricted airspace
	7.7.5 Summary

	7.8 Summary
	7.9 Conclusions

	8 Chapter 8 Interviews with general aviation pilots – Results Part B
	8.1 Airspace infringements based on participant’s recall
	8.1.1 Contextual factors
	8.1.2 Contributory factors
	8.1.3 Types of airspace infringements
	8.1.4 Remarks

	8.2 Airspace infringements derived from general aviation flight
	8.2.1 Contributory factors
	8.2.1.1 Flight route in uncontrolled airspace and near the boundary
	8.2.1.1.1 Aircraft design
	8.2.1.1.2 Airspace design
	8.2.1.1.3 Airspace procedures
	8.2.1.1.4 Communication skills of pilots
	8.2.1.1.5 Flight-route decision making
	8.2.1.1.6 Navigation strategy of pilots
	8.2.1.1.7 Personal factors
	8.2.1.1.8 Risk management of pilots

	8.2.1.2 Loss of situational awareness or misidentification of aircraft position
	8.2.1.2.1 Aircraft design
	8.2.1.2.2 Vision of pilots
	8.2.1.2.3 Flight-route decision making
	8.2.1.2.4 Navigation skills of pilots
	8.2.1.2.5 Navigation strategy of pilots
	8.2.1.2.6 Piloting skills
	8.2.1.2.7 Flight planning
	8.2.1.2.8 Aircraft design

	8.2.1.3 Airspace design
	8.2.1.4 Airspace procedures
	8.2.1.5 Communication skills of pilots
	8.2.1.6 Flight-route decision making
	8.2.1.7 Navigation skills of pilots
	8.2.1.8 Navigation strategy of pilots
	8.2.1.9 Piloting skills
	8.2.1.10 Flight planning
	8.2.1.11 Quality of the data provided
	8.2.1.12 Risk management of pilots

	8.2.2 Safety barriers

	8.3 Conclusions

	9 Chapter 9 The prevention of airspace infringements
	9.1 Review of findings of the thesis
	9.2 Proposed framework to analyse airspace infringements
	9.3 The context of airspace infringements
	9.4 Taxonomy of contributory factors GA-Saf(ArI)
	9.4.1 Route in uncontrolled airspace near the boundary
	9.4.2 Loss of situational awareness
	9.4.3 Airspace design
	9.4.4 Pilot’s performance
	9.4.5 Technologies used for planning and navigation
	9.4.6 Quality of data provided
	9.4.7 Pilot’s compliance with procedures
	9.4.8 Validation of the taxonomy

	9.5 Safety barriers
	9.6 Improvement of the SMS of the ANSP
	9.6.1 Safety risk management function
	9.6.2 Safety assurance function
	9.6.2.1 Monitoring of incidents
	9.6.2.2 Improving the incident data

	9.6.3 Safety promotion
	9.6.4 Summary

	9.7 Proposed mitigation action plan of airspace infringements
	9.7.1 Mitigation actions concerning the general aviation pilot
	9.7.2 Mitigation actions concerning blunt-end stakeholders

	9.8 Assessment of the effectiveness of a mitigation action
	9.8.1 Method Difference-in-difference
	9.8.1.1 The Difference-in-Difference (DiD) model
	9.8.1.2 Data coding
	9.8.1.3 Model calibration

	9.8.2 Results
	9.8.3 Discussion

	9.9  Overall safety recommendations
	9.9.1 Airspace design
	9.9.2 Planning and navigation technologies
	9.9.3 General aviation flying rules

	9.10 Conclusions

	10 Chapter 10 Conclusions
	10.1  Revisiting research objectives
	10.2 Conclusions
	10.2.1 Overview of air traffic management, safety management and aviation stakeholders
	10.2.2 Studies of airspace infringements and a general aviation pilot’s performance
	10.2.3 Taxonomy of contributory factors
	10.2.4 Suitability of incident databases
	10.2.5 Framework Pro-Saf(ArI)N

	10.3  Future work and recommendations
	10.4  Publications and awards

	References
	11
	Appendices

