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Abstract 

LFV is Sweden‟s major provider of air navigation service. The organisation continuously 
strives towards providing better and safer air traffic control, and to minimize its part in 
incidents and accidents occurring. One part of the safety work is analysis of statistics, 
concerning different types of safety performance indicators; in other words, statistical 
analysis of occurrences. The numbers of occurrences in the investigated and monitored safety 
performance indicators are rising, and LFV therefore wants to find a way to use statistical 
analysis in a proactive way, instead of reactive as the use is today.  

We have identified the way LFV uses statistical analysis today, and compared it to alternative 
approaches. We will give suggestions to LFV on different approaches of statistical analysis, 
which can be used in a more proactive way compared with today. The information is 
collected through investigations of regulations, and of procedures at the organisations 
concerned by the Swedish occurrence reporting system. Experts from LFV have also been 
interviewed. 

We have, after discussions with LFV‟s experts, come up with an alternate approach to 
perform statistical analysis. The new approach is named 24 Hour Approach, and it sets the 
average statistics from a specific safety performance indicator for a specified period, in 
relation to the average amount of traffic for the same period. The occurrences are divided 
between the hours they took place during the day. We have also investigated the Alarm 
Model, an approach used by Transportstyrelsen.  

We discuss the Human Factors Analysing and Classification System (HFACS) as a proposal 
to future development. It is an approach towards the reports for the occurrences. By 
classifying the reports with the human factors involved with the occurrences, statistical 
analyses can be made on the causal factors involved. LFV have started to introduce human 
factors in LFV‟s occurrence reporting system, which will give the possibly to combine 
different occurrences (runway incursion, airspace infringement, clearance bust, etc.) within 
the same safety performance indicator, thus performing statistical analyses on causal factors 
instead of occurrences. 

We conclude and recommend LFV to use the provided 24 Hour Approach on its statistics. 
LFV is also recommended to keep up the on-going work with integrating human factors into 
the Synergi system, and to adapt the Risk Analysis Tool provided by EUROCONTROL. 
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Chapter One – 
Introduction 

LFV (formerly known as Luftfartsverket) is today the biggest air navigation service provider 
(ANSP) in Sweden. Safety is the organisation‟s primary objective whilst providing air traffic 
service (ATS) to thousands of airplanes crossing Swedish airspace, and departing or arriving 
at Swedish airports each year. As a part of its safety work, LFV keeps statistics of occurrence 
reports, which are filed every time an occurrence takes place.  

Today LFV uses the statistics mostly to monitor the development of certain occurrences over 
time, i.e. to monitor trends, and to follow up on safety performance indicators (SPIs); all 
which is a reactive approach. LFV‟s analyses are performed over a 12 months period. The 
statistics, or the analyses thereof, could according to LFV be more useful if implemented in 
the daily work to prevent occurrences at airports and in the airspace. As of now LFV is 
believed to have the right tools, but are yet to figure out how to apply them best on the 
statistics. (Filipsson, 2013)  

1.1 Purpose 

The purpose of this thesis is to develop proposals of approaches on statistical analysis for 
LFV to implement in the work of preventing occurrences in a proactive way. To do so, the 
basics of Sweden‟s occurrence reporting system will be explained, as well as LFV‟s current 
approach towards statistical analysis. 
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1.2 Delimitations 

In the process of defining this thesis, delimitations have been set in order to keep it feasible.  

● The approaches in the thesis are: 
○ The 24 Hour Approach 
○ The Alarm Model 
○ The HFACS 

● The occurrence reporting system will be explained limited to: 
○ LFV‟s regulations 
○ Swedish regulations, including Transportstyrelsen1 
○ European regulations, including EUROCONTROL2 and ECCAIRS3 

 

A method developed by EUROCONTROL (EC), called Risk Analysis Tool (RAT), was 
found late in the writing of this thesis. It contains many useful tools and functions, including 
human factors (HFs) in the analyses of severity in safety hazards. There will only be a small 
discussion regarding this method, and it will not be applied. 

The collection of sample statistics are limited to include three years, and are gathered from 
LFV Production department, and from Transportstyrelsen, the Swedish Transport Agency. 
The thesis‟ goal is to produce possible solutions to statistical analysis, and apply them into 
the daily work, and not to focus on the type of occurrence itself, being used as reference – 
runway incursion (RWYI). 

  

                                                 

1 The Swedish Transport Agency, aviation regulatory body 

2 European organisation for the safety of air navigation; works in areas of air safety, air traffic management, 
flow management, and developing of new technologies and procedures in aviation (EUROCONTROL, 2013 
W). 

3 European Co-ordination Centre for Aviation Incident Reporting Systems, unified database for incident reports 
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1.3 Method 

The methods used for producing this thesis are presented in this chapter. 

1.3.1 Gathering of Information and Sample Statistics 

Information has been collected from, among others, EC, Transportstyrelsen, and LFV. The 
reason for studying international, national, and local regulations and procedures is that many 
of them originate on the international plane, to be interpreted by national regulators, and 
finally adapted by local ANSPs. LFV also continuously produces annual reports and 
documents regarding the work with air safety. The studying of these documents gave a clear 
picture of regulations concerning occurrence reporting, the filing thereof, and how LFV uses 
statistical analysis of occurrence reports today. Numerous of documents were read, i.e. 
articles, case studies regarding incidents and accidents, and investigation papers concerning 
air safety, and statistical analysis, all in order to find relevant information for this thesis, and 
to help reinforce it. Finally, informal interviews were held with the experts at LFV, HSE 
(health, safety, and environment) coordinator Greger Filipsson and his colleague Kerstin 
Bengtsson. 

The sample statistics were collected from the database platform „Synergi‟4 in agreement with 
the LFV experts. They provided necessary information in order to access Synergi 
independent of their presence, as well as education to handle the system and its functions 
accordingly. Transportstyrelsen‟s division of statistics was requested to provide statistics on 
the total number of departures and arrivals at Swedish airports for the, in the sample statistics, 
predefined period. These statistics were put in relation to the statistics received from LFV. 
Transportstyrelsen‟s division of statistics also provided useful information on the handling of 
Alarm Models. The sample statistics were analysed by using the new approaches in order to 
investigate if  eventual regularities, and/or patterns could be found i.e. the testing the 
functionality of the approaches. In the conclusion the thesis tries to motivate if, and why/why 
not the alternate approaches are to be used by LFV in the future in statistical analysis. 

1.3.2 Identifying LFV’s Approach 

The current approaches to statistical analysis used by LFV have been identified. This 
information was extracted from documents regarding LFV i.e. annual reports, safety reports 
etc. Information was also received through conversations rather than interviews, with the 
experts from LFV. The interview technique used was; one of the authors held the 
conversation with the experts, meanwhile the other author took notes. The literature and 
techniques studied before the interviews are described in the Interview technique chapter 
(1.3.4). 

                                                 

4 A system where LFV stores, and handles reports i.e. therefore handles occurrence statistics. 
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1.3.3 Source Reference and Criticism of Sources 

The sources used in this thesis can be divided into printed, web-based, and oral. Some online 
sources have been used, but where printed or published sources have been available; those 
versions have been obtained and used as reference instead of web-based versions. This has 
been done to avoid interpretations or changes in formulations found. 

The printed sources have been thoroughly chosen due to their relevance and credibility. 
Many of these documents contain information regarding rules, regulations and 
recommendations for the whole aviation sector, and affect most stakeholders therein. These 
sources are often state laws, documents from UN or EU organisations, reports from stately 
organisations or similar. These organisations have great influence regarding air safety in the 
whole aviation industry. They are deemed credible because they are thoroughly investigated 
by media, other organisations, and each other. 

1.3.4 Interview Technique 

The interview techniques studied for the interviewing of LFV‟s experts is a combination from 
different interview technique books. These were studied to learn the best way of making the 
interviewees extract relevant information. The books also helped to extract important facts 
when reading between the lines of the interview notes. Before meeting with LFV‟s experts, a 
detailed guide was set to follow during the interview. Kylén (2004) debate the importance of 
planning before an interview. The more detailed the guide is, the more it will steer the 
following work of processing the data. 

The reason for both authors to participate in the interview was for both to learn. To be able to 
focus on what was said whilst one held the conversation the other interviewer took notes. In 
this way, the risk of the interviewee getting a feeling of being disrupted by the writing of note 
was lessened, a fact that could have been in the case of one interviewer. The fact that one 
lead the conversation, and the other took notes also meant the conversation could be more 
structured, and the interviewee less affected by an inferior feeling of the two interviewers 
(Trost, 1997). Also Thomsson (2002) state benefits of being two interviewers, thus both can 
focus on the information extracted and complement each other during the conversation if 
needed. Another benefit achieved by being two interviewers is that you get two people who 
interpret, and try to understand, what the interviewee is telling during the interview. 
Thomsson (2002) also mean that being more than one person conducting the interview could 
entail the interviewers disturbing each other‟s chains of thoughts, leading to 
misunderstandings. 
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1.4 Structure of Thesis 

The thesis is written in the format of a report where the topics and structure are based on 
Magnus Merkel‟s „Lathund för Rapportskrivning‟ (Merkel et al, 2006). Based on the guide, 
this thesis has been divided into seven chapters; Introduction, Literature Study, Existing 
Approaches Towards Statistical Analysis, The 24 Hour Approach, Result, Discussion, and 
Conclusion, and Recommendations (Figure 1).  

 

Figure 1. Schematic structure of the thesis 

The first chapter is the Introduction. Here, a short presentation of the problem is outlined, as 
well as the purpose, delimitations, method, and criticism of sources for the thesis.  

In the Literature Study (chapter two) the background and the theoretical framework is 
explained. The information in this chapter is based on literature, which describes the 
regulations and the current approach for LFV. 

The Existing Approaches Towards Statistical Analysis (chapter three) explains the already 
existing alternate approaches used in the thesis. 

Chapter four, The 24 Hour Approach, describes the new model and approach towards 
statistical analyses that we have developed throughout the writing of this thesis. 

In the fifth chapter, Result, LFV‟s current approach is compared to the 24 Hour Approach 
and the Alarm Model. 

Chapter six, Discussion, analyse the material from Literature Study, and from Result. 

In chapter seven, Conclusion, and Recommendations, the final position of this thesis is 
concluded, as well as its recommendations for LFV. 
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1.5 Structure of Study 

Figure 2 visualises the structure of this study, and the working process leading to the 
finalisation of this report. The purpose of it is to give the reader perception and clarity of the 
progress during the thesis.  

 

Figure 2. Structure of study
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Chapter Two –  
Literature Study 

This chapter will state regulations for occurrence reporting within the aviation industry, and 
how statistics from these reports are used, and approached by LFV. Sample statistic from the 
SPI runway incursion (RWYI) is used to show different approaches in the chapter five, 
Result.  

2.1 Background 

Every year thousands of reports are filed for occurrences in the Swedish airspace and on 
Swedish airports. Since these events have compromised, or could have compromised air 
safety, they will be subject for investigation. All these events are generated by errors from air 
traffic control officers (ATCOs), pilots, airport personnel, technical aids malfunctioning, as 
well as other factors. 

All occurrences are to be reported in accordance with Swedish law. These reports make the 
foundation for statistics of occurrences, statistics that later are analysed and used by 
stakeholders in different ways. LFV is one of these stakeholders. As Sweden‟s biggest 
ANSP, LFV works actively towards minimising its own part, and responsibility for 
occurrences in the airspace and on airports. Statistical analysis makes an important part of 
this safety work, but this approach is mainly reactive. (Transportstyrelsen, 2013) 

2.1.1 Reporting of Incidents 

In accordance with Swedish law, all occurrences in Swedish airspace, and on Swedish 
airports shall be reported. The law LFS 2007:68 applies to individuals involved, and the law 
LFS 2007:9 applies to ANSPs, whom in accordance with this law are obliged to provide an 
occurrence reporting system, thus file occurrence reports. ANSPs shall also conduct an 
objective investigation as soon as possible after an occurrence. (LFV, 2012 Pa; 
Luftfartsstyrelsen, 2007 Pa; Luftfartsstyrelsen, 2007 Pb) 

The law LFS 2007:9 also states that all occurrences shall be reported to an authority 
responsible for investigating such events. In Sweden, this authority is Transportstyrelsen, 
which conducts thorough analyses on all reports received using various methods and tools. 
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To fulfil its obligations stated by law Ds 2006:018, Transportstyrelsen shall have a system for 
the purpose to collect, evaluate, handle, and store all information regarding incidents and 
accidents, occurring in Sweden, in a database. The Swedish Accident Investigation 
Authority 5  (Statens Haverikommission, SHK) shall have full access to the database. 
Transportstyrelsen keeps statistics based on occurrence reports, and together with external 
environmental monitoring Transportstyrelsen gets indications on trend development over 
time. The purpose of these investigations is to learn from the mistakes in occurrences, and to 
identify problems without putting blame. (Transportstyrelsen, 2012 Pa; Luftfartsstyrelsen, 
2007 Pa; Näringsdepartimentet, 2006) 

2.1.2 Safety Performance Indicators, SPIs 

Safety performance indicators, SPIs (sometimes referred to as key performance indicators, 

KPIs) are quantifiable measurements of factors within an organisation. These factors aim 

towards the companies’ goal fulfilment. The factors within this thesis refer to safety within 
the aviation sector, and therefore we use the term SPI. (Reh, 2013) 

Swedish stakeholders in air traffic use SPIs in the air safety work to detect changes in certain 
areas. A SPI is a collection of similar events, in LFV‟s case occurrences, which can be 
monitored or set in relation to other SPIs or information to be analysed. LFV use the 
following SPIs: 

● Loss of separation 
● Airspace infringement 
● Technique 
● Runway incursion (RWYI) 
● Clearance bust 

 

Transportstyrelsen and other stakeholders are using more or less the same SPIs. The SPIs are 
based on thoroughly analysed incident reports, and the development is strictly followed, 
usually on a monthly basis. 

According to Greger Filipsson (2013), LFV approaches its statistics reactively. It uses the 
statistics to find areas where it can do the biggest impact of reducing occurrences. If one SPI 
shows increasing numbers, LFV tries to approach that specific area, either through campaigns 
– sending flyers/letters to draw attentions to the area in question – or change procedures at 
units where the occurrences are more frequent. This is provided LFV is responsible for 
upcoming of the occurrence. Otherwise, LFV address Transportstyrelsen to look at the 
situation. 

                                                 

5 Swedish Accident Investigation Authority shall investigate all serious incidents and accident within Swedish 
territory (SHK, 2013). 
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2.1.3 Encoding of Reports 

All reports submitted to Transportstyrelsen are coded according to a mutual European 
system, assembled, and entered into the European Co-ordination Centre for Aviation Incident 
Reporting Systems (ECCAIRS); a unified database among the European countries. The 
occurrences are coded depending on the severity (A-E), and frequency of the events (1-5) 
(see Figure 3). This system is used for collecting much similar homogeneous data, for the 
purpose of analysing trends. Transportstyrelsen‟s state safety program (SPP) states that 
analysing larger portions of data will be more accurate. (ECCAIRS, 2010; 
Transportstyrelsen, 2012 Pa; Flygsäkerhetsprogram, 2013) 

 

Figure 3. ESARR 2 severity classification of incidents (EUROCONTROL, 1999) 

2.1.4 Statistical Analysis at Transportstyrelsen 

Transportstyrelsen conduct statistics on all reported occurrences; approximately 4,000 to 
6,000 occurrence reports are received annually. All reports are analysed thoroughly, and used 
as a basis for Transportstyrelsen‟s SPIs, whose development are strictly followed. 
(Transportstyrelsen, 2012 W) 

The statistics are used to see changes in the number of occurrences over the year, as well as 
differences between years. The agency is using an Alarm Model for trend monitoring and to 
obtain analyses. Figure 4 shows an example of how Transportstyrelsen use the Alarm Model. 
In chapter 3 the model will be explained thoroughly, and tested to establish if it is suitable to 
be used by LFV. This way, SPIs are used to analyse the development of safety within civil 
aviation, and to discover anomalies in due time. The analysing of Alarm Models sets the 
actual outcome of a specific SPI for the current year in relation to a calculated expected 
outcome for the same year, and gives an indication if  there are any changes in the SPI‟s 
development. (Transportstyrelsen, 2011; Transportstyrelsen, 2012 Pb) 

Authorities around Europe, similar to Transportstyrelsen, cooperate with the European 
Aviation Safety Agency (EASA) to assure the same level of safety throughout Europe 
(Flygtendenser, 2012). 
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Figure 4. Exemplifies an Alarm Model for the number of RWYIs (Transportstyrelsen, 2012 Pb) 

2.1.5 Credibility in Statistical Analysis 

A number of unrecorded occurrences happen every year. Though since the numbers of 
occurrence reports are increasing, it is assumed the desire to write occurrence reports has 
increased among people, and organisations involved as well. A high degree of reporting gives 
better prerequisites for a proactive work of safety, both on a national and international level 
according to Transportstyrelsen. The agency is obligated to provide EUROCONTROL with 
the statistics it retrieves over time. EC then use the statistics to provide its members with 
forecasts and analyses. (Transportstyrelsen, 2012 Pa; Transportstyrelsen, 2012 W; 
Transportstyrelsen, 2013 W; Filipsson, 2013; EUROCONTROL, 2013 P) 

  

Outcome Confidence Limits Estimate 
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2.2 The Safety Work of LFV 

LFV takes its safety work seriously, and the organisation strives to minimise its own part of 
participating in any occurrence in Swedish airspace and at Swedish airports, i.e. a safer 
environment in the Swedish aviation sector. LFV analyses the statistics of SPIs, and tries to 
find trends among the occurrences. The goal is to see if certain occurrences are increasing in 
numbers and, if that is the case, take countermeasures against their development. Such 
measure could be to inform concerned parties to increase the awareness of a problem. If there 
is a continuously returning problem, a change in procedures or in air traffic control (ATC) at 
airports might be necessary. If LFV must change a procedure, underlying factors leading to 
these occurrences must be identified, to eliminate the occurrence from happening again. 

LFV provides Transportstyrelsen with all reports it produces on occurrences: accidents, 
incidents, and ATM-related (technical) incidents. But LFV also keeps statistics to use by 
itself. It always conducts an investigation if the organisation is somehow responsible or 
involved in the outcome of an occurrence, and saves the information for statistics. As 
Sweden‟s major provider of ATC, LFV has a major responsibility for minimising the 
occurrence rate in Sweden, and it starts with its own involvement. The work is performed 
cross-borders in cooperation with other stakeholders (ANSPs, airports, airlines and others). 
(Filipsson, 2013; LFV, 2012 Pb) 

2.2.1 LFV’s Current Handling of Statistics 

LFV saves all occurrence reports in which it has had any involvement in the outcome of the 
situation. The occurrences are judged depending on LFV‟s control of the situation; from 
taking actions and gain full control of a situation, to not having full control of a situation. 
These reports are then saved by LFV into a web-based system called „Synergi‟. 

The „Synergi Life‟ is, “a business solution for risk and QHSE (quality, health, safety, and 
environment) management, managing all non-conformances, incidents, risk, risk analysis, 
audits, assessments, and improvement suggestions”. LFV has deemed the system to suit its 
demands of the handling of occurrence reporting, and statistics. (DNV, 2013) 

When there is an occurrence, the ATCO files a report directly into the Synergi system. Some 
information is mandatory to register into the system, but it is up to the person filing the report 
to describe the occurrence in a detailed way. In LFS 2007:9 it is stated which information is 
mandatory in the reports, and also what the investigations following the occurrence shall 
identify. The more details given in the reports, the easier it will be for the experts 
investigating the occurrence to find underlying factors. According to LFV‟s expert Kerstin 
Bengtsson, Synergi has some categories for human factors. But EC has not yet introduced 
HFs within its system, so LFV does not use them yet (Bengtsson, 2013). According to a HF 
report by Pape and Wiegmann (2001), many accidents and incident reporting systems are not 
designed in accordance with theoretical framework of human error, making it difficult to 
identify and solve the causes of errors. 
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2.2.2 LFV’s Current Statistical Analysis 

LFV analyses statistics on the operative air safety performance, i.e. the handling of air traffic. 
This includes the previously mentioned SPIs mentioned in chapter 2.1.2. LFV analyses the 
statistics on a yearly basis, i.e. compares the number of occurrences with its set goals 
(presented in chapter 2.2.3). This gives an indication whether LFV needs to change or 
improve procedures for the handling of air traffic. LFV presents statistics on a monthly and 
yearly basis in its yearly safety report „LFV och Flygsäkerheten‟ (translated „LFV and the Air 
Safety‟). In these safety reports, the organisation reflects on, and discusses its analyses of the 
statistics according to set goals. To make it simple, LFV‟s current approach is to weight the 
statistics with its safety goals, i.e. if the safety goals are not met, appropriate countermeasures 
must be applied. (Luftfartsstyrelsen, 2007 Pa; Filipsson, 2013) 

2.2.3 LFV’s General Safety Goals 

As mentioned in chapter 2.1.3 all occurrences are classified based to the severity to air safety. 
LFV uses the same severity classification system as EC. LFV‟s goals for air safety are based 
on the number of incidents where its contribution to the events has been any of the two, 
according to the international system, highest classifications of severity; A or B. If an 
occurrence is not classified as A or B it is classified as C. An occurrence with classification C 
will not be included in LFV‟s statistics set towards its goals. LFV considers the incident 
levels as followed: 

A – LFV did not have full control of the situation 

B – LFV has taken precaution to gain control of the situation 

C – LFV did take action to prevent the situation to become an A or B-incident  

The statistics are collected and compared, during a rolling 12-month period, with LFV‟s three 
main goals. The goals apply on all SPIs simultaneously, i.e. all SPI‟s occurrences are added 
together and compared towards the goals, which for the year 2012 were: 

● LFV shall not contribute to any occurrences that result in persons who are injured 
fatally or seriously. 

● The number of occurrences, where LFV‟s part of the situation is classified as A or B, 
shall not be more than eight (8), and the number of occurrences classified as A shall 
not be more than two (2). 

● The number6 of „loss of separation‟ shall not be more than 1.49 per 100,000 hours of 
flying with the classification A or B. (LFV, 2012 Pa) 

  

                                                 

6 This number is set from year to year, i.e. it will probably be a new number the next year. 
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These goals indicate that LFV focuses to limit its own part of incidents. It is the responsibility 
of Transportstyrelsen to work towards improvements in areas, and with factors of air safety 
out of LFV‟s control and responsibility. Reconciliation of the goals takes place every 
calendar year. This reconciliation is basically the statistical analyses performed by LFV. The 
organisation is reflecting, and discussing around the yearly statistics for individual SPIs, but 
as long as its goals are fulfilled, LFV leaves it to Transportstyrelsen to perform any deeper 
statistical analyses. (LFV, 2012 Pb) 

2.2.4 LFV’s Safety Culture 

LFV continuously works towards increased air safety and to create a safer air traffic system, 
so that an increase in air traffic not results in more occurrences. To achieve this LFV strives 
to develop its safety culture at all times, and to keep it independent of commercial pressure as 
well as pressure from its leadership‟s individual thoughts. The focus shall lie on what is best 
for the whole organisation. In James Reason‟s „Achieving a safe culture‟, safety culture is 
explained as follows: “Shared values and beliefs that interact with an organization's 
structure and control systems to produce behavioural norms”. Safety culture is given, but 
nothing to take for granted according to LFV, and it is about a proactive approach towards 
safety. It promotes open attitudes to discuss incidents, and events in a transparent and 
constructive way (Filipsson, 2013; LFV, 2010 W; Reason, 1998; LFV, 2012 Pb). 
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2.3 Use of Statistics 

It is important to remember that by using statistics of occurrence reports, the results from the 
reports are based on the memory of the reporter. The reports can therefore be retrospective, 
subjective, and incomplete. The reporter may be „coloured‟ by the situation, and might be 
limited to consider a more general present context. The sample statistics used in this thesis 
are based on the occurrence itself, so the reporters should not have affected it. It is though 
important to remember that reports might be coloured if factors from the report are selected 
upon which to base the statistical analysis on. When studying accidents, Gopher states that 
the reports are most likely only a biased sample of the accidents reported, thus only a 
fragment of the total number of accidents. He means that legal, financial, social and moral 
factors are so powerful that people tend to hide errors in reports to protect themselves, their 
status, and self-image. He concludes that it is more useful to investigate and report 
difficulties and hazards in the conduct of the daily work and activities in complex working 
environments rather than to investigate error and incident reports. (Gopher, 2004) 

2.3.1 Sample Statistics used in this Thesis 

Statistics have been gathered for the purpose to test and verify the alternate approaches. It has 
been collected from both LFV (Synergi) and Transportstyrelsen. The statistics from LFV are 
the number of RWYI reports on Swedish airports for the years 2010 – 2012. The statistics 
gathered from Transportstyrelsen show the total number of take-offs and landings at all 
Swedish airports (excluding private, school, and military flights) for the same period. These 
two statistics have been put in relation to each other.  

Since the deregulation of air traffic management (ATM) at Swedish airports in 2010, LFV no 
longer has monopoly of ATC in Sweden. As a result, LFV has lost procurement of ATC at 
some airports to other actors, which means that the sample statistics used may show numbers 
not fully relatable to LFV. (CAPA, 2010; LFV, 2010 P) 

The amount of data used in the sample statistics consists of three years. This is partly due to 
the availability at LFV when collecting some of the statistics. To be able to collect data from 
before 2010, more education regarding Synergi would have been needed. The remaining time 
for writing the thesis was deemed to be insufficient for getting this extra education. Also, a 
big change in the reporting system was made in 2007, leading to a change in the number of 
reports received.  

Another fact is that Transportstyrelsen, the regulatory authority of air safety in Sweden, base 
their Alarm Models on three years, which will be investigated in chapter 3.1. Because of 
these factors, we have decided to base our sample statistics according to the same limitations. 
(Transportstyrelsen, 2012 Pb) 
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2.3.2 Why Using RWYI as Sample Statistics 

A number of the occurrences happening on Swedish airports are runway incursions (RWYIs). 
The ICAO definition of RWYI is: “Any occurrence at an aerodrome involving the incorrect 
presence of an aircraft, vehicle, or person on the protected area of a surface for the landing 
and take-off of aircraft” (ICAO, 2007). 

RWYIs are one of the more serious occurrences on airports, and they happen about a hundred 
times each year in Sweden. RWYI is one of the SPIs investigated, and kept track of by both 
LFV and Transportstyrelsen. It is an occurrence that brings an enormous risk if it occurs in 
close proximity to an arriving or departing aircraft. Chapin (2010) concluded in a study, 
where several pilots from the United States were interviewed, that an improper runway 
crossing during take-off is to be one of the most severe RWYIs possible. This is due to the 
aircraft can have a high speed and low manoeuvrability during these occurrences, thus harder 
to „repair‟ the situation. The high-speed convergence it suggested to be perceived by pilots as 
a greater risk than lack of horizontal separation. (Transportstyrelsen, 2013 P; Chapin, 2010) 

Nazeri (2008) has investigated a number of operational error reports on commercial flights 
within the US between the years 1995 to 2004. Nazeri means that ATC factors are influenced 
by different complexity factors. The number of aircraft, and airspace design proved to have 
the biggest influence. The study also shows an increase in ATC related factors causing 
incidents and accidents, and that these factors are mostly related to complexity in traffic and 
airspace. It is stated the number of aircraft movements are expected to rise even further, 
which might increase complexity for ATCOs even more. Also ICAO Doc 9870 states that the 
amount of traffic has great influence on number of occurrences (ICAO, 2007). 

We do not know if it is a suitable SPI to use for testing the new approaches in this thesis. We 
do know that it is a commonly used SPI among the authorities in both the US and in Europe, 
so we believe it is an arbitrary SPI to use. We have not found any indications of the SPI to be 
more common during any seasons of the year, but we will investigate if it is more common 
during specific periods of the day. 
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Chapter Three – 
Existing Approaches Towards 
Statistical Analysis 

We have selected two existing approaches to use in statistical analysis. The first approach is 
the Alarm Model, which is being used by Transportstyrelsen. It is used to calculate the 
estimated value of occurrences for the upcoming year, based on the three previous years, and 
set in relation with the actual outcome (when available), i.e. a trend monitoring tool for SPIs. 

The second approach is the Human Factors Analysing and Classification System, HFACS, 
which is an approach that is applied on the reports rather than the statistics. Although 
statistical analysis could be made on the reports if they were classified according to the 
HFACS categories. 

Finally in this chapter EUROCONTROL‟s Risk Analysis Tool (RAT) will be mentioned. It 
was found late in the process so it will only be described shortly.  
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3.1 The Alarm Model  

Transportstyrelsen uses the Alarm Model for some of the statistical analyses performed by 
the authority. Alarm Models are used to analyse the development of safety within civil 
aviation, and to discover anomalies in due time i.e. a trend-monitoring tool. The Alarm 
Models gives an expected outcome for the following year, and when put in relation to the 
actual outcome, the model indicates the trend, thus giving an indication if any joint 
arrangements need to be done to reduce the risk of incidents. Transportstyrelsen applies the 
alarm model on each SPI, and reconciliation of the SPIs takes place monthly (when actual 
outcome is received) (Transportstyrelsen, 2012 Pa). 

Transportstyrelsen uses Alarm Models as a tool for monitoring SPIs development over time. 
The model calculates the expected outcome for a specific SPI based on the actual outcome of 
the three previous years. First the probability for an occurrence of the specific SPI is 
calculated. The probability for an occurrence is then multiplied with the number of 
movements at Swedish airports for each month. The model is set to trigger if the actual 
outcome falls outside the 80% confidence interval, which is based on the estimated values. 
The trigger tells the analyst to take a closer look on the data to verify and verify the trend. If 
it is up going, countermeasures might be necessary against the development of the trend. 
Even though there are a lot of influencing factors for specific occurrences, 
Transportstyrelsen‟s Alarm Model only use the average traffic density as a determining factor 
for occurrences.  The fact that occurrences do, or do not happen, means that the Alarm Model 
is based on „Binomial Distribution‟. 

3.1.1 Formulas for the Alarm Model 

The binomial distribution is the distribution of the number of occurrences in a series of 
independent trials in which the probability of the occurrence is the same in each trial. 
Independence means that an occurrence does not affect the probability for another occurrence 
in any other trial. 

A random variable   has a binomial distribution with parameters   and   if its probability 
mass function is: 

 岫   岻   {(  )  岫   岻                                                                         

where   is a positive integer (the number of trials) and       is the probability of the 
occurrence (Taboga, 2010). 

In our case   is the number of occurrences (e.g. RWYI) in   flights. 

Each attempt to take-off or land is associated with a certain risk, i.e. a probability that an 
occurrence will happen.   is the probability for an occurrence while 岫   岻  is the 
probability for no occurrence. 
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The probability   of an occurrence is calculated by dividing the total number of a specific 
occurrence for a defined period, with the total amount of movements (take-offs and landings) 
for that same period.  

The expected value (Mean), the variance, and the standard deviation for the binomial 
distribution is: 

Expected value:    岫 岻     

Variance:      岫 岻    岫   岻 
Standard deviation:          岫 岻 
Transportstyrelsen set the confidence interval to 80%, and it is calculated from the estimated 
numbers for each month (see example Figure 4). The actual fallout is, when available, 
extracted from ECCAIRS to be compared with the estimates, and if it falls outside the 
confidence interval the model is set to trigger. As long as the actual outcome is within the 
confidence limits, the calculations are believed credible and show the trend for the SPI. That 
is why both the upper and lower limits are used. Transportstyrelsen calculates the confidence 
limits by using the following formula:  

Confidence interval:   岫 岻        

The level of confidence decides the confidence limits.     get a value depending on the level 

of confidence, see examples in Table 1.     is multiplied with the standard deviation to get the 

margin of error (Taylor, 2014). 

Table 1. Values for level of confidence 

 

 

(Yates et al., 2003) 

Calculations are made for each period depending on the focus of the Alarm Model, i.e. 
Transportstyrelsen focus on months (12 different periods). We will focus of the hours of the 
day (24 periods), which will be shown in chapter 5.2. As can be seen in Figure 4, 
Transportstyrelsen rounds the estimated values as well as the confidence limits to integers. 

To clarify the Alarm Model used by Transportstyrelsen; the model is used to monitor trends 
by calculating the estimated outcome per month for the upcoming year, based on the actual 
outcome of the three previous years. During the year for which the expected outcome has 
been calculated, monthly reconciliation takes place. (Transportstyrelsen, 2011; Blom, 2004; 
Transportstyrelsen, 2012 Pb) 

Confidence 
Level 

    Value 

80% 1.28 
90% 1.64 
95% 1.96 
99% 2.58 
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3.2 Human Factors Analysing and Classification System (HFACS) 

Shappell and Wiegmann developed the Human Factors Analysing and Classification System 
for the US Navy, due to increasing problems with aviation accident caused by human 
performance. It is based on the four barriers in James Reason‟s Swiss-cheese Model of 
accident causation (Figure 5). 

 

Figure 5. James Reason's Swiss-cheese Model 

For each layer of the model, causal categories have been developed to identify active and 
latent failures that occur, causing incidents (Figure 6). All different sub-items are defined, 
and described in Appendix A. By using the HFACS framework, accident investigators can 
systematically identify active and latent failures within the organization that ends as an 
accident. The HFACS also gives the opportunity to compare two very different events 
because the underlying factors could be similar in the latent conditions within the 
organisations that allowed these acts to happen. It is the matter of comparing and analysing 
historical accident and safety data. (HFACS, 2010 Wa) 
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Figure 6. HFACS causal methodology categories (HFACS, 2010 Wa) 

3.2.1 Why Focus on Human Factors? 

James Reason stated “Human rather than technical failures now represent the greatest threat 
to complex and potentially hazardous systems”. He means that it does not matter how much 
we try to eliminate human errors, it is impossible to eliminate all errors. Our ability to 
remember, and to maintain attention is limited, and most people overestimates their own 
abilities, thus thinking they are stronger, faster, and/or more clever than they actually are. The 
human brain tends to automate certain tasks when able to be more efficient. Of course, people 
often have the best of intentions, but despite that sometimes end up in a bad situation, causing 
an occurrence. These are some reasons to why human factors are so important to investigate, 
and why systems need to be adapted to help humans with their limitations. The system is 
there to minimize the risk that an occurrence happen, and/or minimize the severity of the 
occurrence when it happens. (Reason, 1995; Human Factors Steering Group, 2010) 

It is hard to find sources that do not agree with using human factors to try to identify deficits 
within an organisation. We do however believe that it is important to consider the knowledge 
regarding the human factors. If the people within the organisation does not understand human 
factors, or know how to describe them, it will affect the statistics negatively. This because if a 
report is filed by someone who does not know what he/she is to report and what to describe, 
it might lead to faulty statistics if the information is used as a category in statistics. 
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3.3 EUROCONTROL ’s Risk Analysis Tool (RAT) 

Late in the process of writing this thesis, we found information regarding EC‟s Risk Analysis 
Tool (RAT). LFV‟s experts had mentioned the RAT, but no information regarding its 
functions was to be found until too late. The first thought was to disregard the RAT in total, 
but after a shorter investigation of the model the conclusion is that the model is too well 
developed not to be mentioned. The RAT takes causal factors into consideration, which we 
discuss with the HFACS approach.  

The RAT was developed by EC in 2009, as a part of the ESARR 2 project and to determine 
to what extent ATM contributes to occurrences, and to establish the severity of different 
safety risks. Underlying factors to different types of incidents has been identified, valued and 
put in relation to each other, and in context with other events, to be used in harmonised 
processes for all the member states. It is not a risk mitigation tool; it is a tool for quantifying 
the level of risk associated with ATM. EC‟s aim is for the tool to be simple, easy to use, 
efficient, and reliable, though the users must be aware of its limitations. The tool will not 
provide the truth, it might not work well with complex incidents, and it relies on expert‟s 
knowledge and experience. The model gives the possibility to weight many different factors, 
which contribute to the severity of an occurrence. If the RAT is used throughout the whole of 
Europe, it will contribute to a lot of collected, homogenous data, which the analyses will 
benefit from. (EUROCONTROL, 2013 P) 
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Chapter Four – 
The 24 Hour Approach 

The 24 Hour Approach is named by the authors, and handles statistics divided between the 24 
hours of the day, depending on which hour the occurrence was filed for. This approach 
emerged from the discussions with LFV‟s experts when looking through the available 
categories, and selections of which to sort statistics by in the Synergi system.  

We have developed the 24 Hour Approach during the writing of this thesis. The idea with the 
24 Hour Approach is that statistics for the average amount of traffic for a period (e.g. two or 
three years) is put in relation to the statistics for an average numbers of a specific SPI for the 
same period. The reason to why the amount of traffic has been chosen to weigh number of 
occurrences against is that several reports argue that amount of traffic is one of the greatest 
factors to occurrences (ICAO, 2007; Nazeri, 2008). 

The statistics are presented over the 24 hours of the day, on respective hour for when the 
occurrence came about (see Figure 7, chapter 5.1). This way, the hours of the day where the 
occurrences for a SPI is overrepresented can easily be identified. The concerned organisation 
then has the opportunity to identify contributing factors for those very hours, and then apply 
appropriate countermeasures to that very SPI. 

To emphasise the statistical approach: The purpose is to put the occurrences in relation with 
the average traffic in a graph, and show at which hours of the day where the amount of 
occurrences are relatively greater. The important part is that by doing this, certain hours of 
the day may be highlighted as more prone for occurrences. 

If certain hours of the day are highlighted as more prone for occurrences, one has the 
possibility to search for factors that are outstanding at these hours, thus trying to pinpoint 
which factors that contributes to occurrences from the ATCOs point of view. 

Of course there are several factors contributing to occurrences, and this approach does only 
take the traffic density into account when weighting the relative occurrence rate along the 
day. But as mentioned in chapter 2.3.2, Nazeri (2008) means that the amount of traffic is 
highly related to the accident and incident rate. Nazeri also state the airspace complexity to 
be a big contributor to occurrences, which we interpret to include the airport design as well, 
i.e. complex runway and taxiway systems. 
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Chapter Five – 
Result 

The Result chapter will describe differences between the current approach used by LFV, and 
the alternate approaches described in chapter three and four.  

5.1 Result from the 24 Hour Approach 

The 24 Hour Approach is applied to the sample statistics. The approach sets the RWYI 
reports in relation to the average traffic for the years 2010 – 2012, which are distributed over 
the hours of the day depending on hour of occurrence.  

Figure 7 shows the distribution of RWYI reports depending on which hour of the day they 
occurred (was filed for), and the Synergi system divides the X-axis in 24 hours; from zero (0) 
– occurrences between 00.00 to 00.59 – to twenty three (23) – occurrences between 23.00 to 
23.59. The figure presents the average number of RWYI reports (blue line) in relation to 
average number of take-offs and landings (dotted line) for the years 2010 – 2012. The left 
axis represents the average number of RWYI reports, whereas the right axis represents the 
average number of take-offs and landings.  

 

Figure 7. The relationship between RWYI reports and number of flights for the hours of the day 

0

2

4

6

8

10

12

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

0

7500

15000

22500

30000

37500

45000

AVG FLIGHTS AVG RWYI



5. Result 

26 

5.1.1 Comparing LFV’s Current Approach with the 24 Hour Approach 

The differences between LFV‟s current approach and the 24 Hour Approach will be 
described here.  

Table 2 will show the differences between the approaches in an abbreviated list of items. 

 LFV‟s current approach is reactive because they look back in time and compare the 
number of occurrences with set goals, and does not apply improving measures unless 
they have to, i.e. if they fail with goal fulfilment. The 24 Hour Approach pinpoints 
which hour of the day where the relative amount of occurrences are higher, thus 
giving a chance for a proactive choice for improving measures. 

 LFV‟s current approach only considers occurrences with high severity, A or B, 
because they believe these are the most important occurrences to focus on. The 24 
Hour Approach can set all occurrences in relation to the traffic density for all hours. 

 LFV‟s current approach applies on all SPIs simultaneously, so if the number of 
occurrences with the severity of A or B is more than the set goals an effort has to be 
made. The 24 Hour Approach only applies on one SPI at the time.  

 LFV‟s current approach sets the number of occurrences with the severity A or B for a 
12-month period in relation to set goals. The 24 Hour Approach is based on statistics 
from a specific period which is set in relation to the average amount of traffic for that 
same period. This in order to show the relative occurrence rate for the hours of the 
day, and highlight if any period of the day is distinctive.  

 LFV‟s current approach measures number of occurrences to set goals. If those goals 
are not met it alerts LFV that improvement might be needed for the upcoming period. 
The 24 Hour Approach measures a SPI in relation to the average traffic. If any hours 
are apparently highlighted the approach gives the user an opportunity to search for 
causal factors during the highlighted period, thus being proactive. 

Table 2. Differences between LFV's current approach, and the 24 Hour Approach 

LFV’s Current Approach 24 Hour Approach 

● Reactive approach 
● Only occurrences with severity A or B 
● Relate to set goals 
● Applies on all SPIs simultaneously 
● Goals not directly related to statistics 
● Improve? Depends on goal fulfilment 

● Proactive approach 
● Occurrences independent of severity 
● No goals, pinpoints hours 
● Calculated per SPI7 
● Based on statistics 
● Highlights hours with more 

occurrences 

                                                 

7 A SPI could be basically anything from the ones used by LFV, or using HFs, or to divide SPIs between the 
average ages of the people involved in the occurrences investigated. Thus it is important not to be limited to 
previous used SPI. 
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5.2 Result from the Alarm Model 

The statistics received from LFV concerning RWYIs have been inserted into the Alarm 
Model. The model has been changed from how Transportstyrelsen uses it. Instead of 
calculating the estimated occurrences for each month of the upcoming year, the estimated 
number of occurrences for each hour of the day will be calculated. This has been done since 
we want to test the Alarm Model in another way than previously used by Transportstyrelsen. 

The estimated number of RWYIs per hour of the day (for a whole year) is calculated based 
on the average amount of traffic per hour of the day for the years 2010 – 2012 (Figure 8). The 
confidence limits are based on the estimates per hour. Compared to Transportstyrelsen, the 
estimated values, and the confidence limits are not rounded. This is not done because the 
values are so small and the result would be affected significantly. Although the lower 
confidence interval has been rounded to zero if the calculated value for an hour was negative 
(below zero). 

 

Figure 8. Showing estimate of RWYIs in an Alarm Model 

In Figure 8, the actual outcome for the number of RWYIs is not included, since it has not yet 
been made public. So in difference to the example from Transportstyrelsen (Figure 4, chapter 
2.1.4), Figure 8 only shows the calculated expected outcome and the confidence limits. When 
the actual number of RWYIs is published, it is possible to compare the two numbers in order 
to seek trends in the statistics. 

  

0

2

4

6

8

10

12

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

est Confidence limits



5. Result 

28 

5.2.1 Calculations for the Alarm Model 

The calculations for the model will be described here, and the numbers used in the 
calculations are found in Appendix C, Table 4. 

                            
As stated in chapter 3.1.1,   is the probability for an occurrence, and in the sample statistics 
we use RWYI reports. When calculating the   for an analysis, the probability for an 
occurrence can differ depending on how many years that are included in the analysis, because 
the number of occurrences as well as the total number of movements for each year differs.            : The sum of all RWYIs during the period included in the analysis, divided 
by the number of years in the analysis.               : The total amount of traffic for the period included in the analysis, divided 
by the number of years in the analysis.   is the number of RWYIs in   number of flights. 

The estimates (expected value), and the variation, are calculated for each hour   based on the 
average traffic for each hour from 0 to 23. The standard deviation is based on the root of the 
variation for each hour.            : The average amount of traffic for each hour   for the period used in the 
analysis. The flights are registered for the hour they were active on the runway.  岫 岻                                                               岫 岻                岫   岻                         √   岫 岻                                                                
The confidence interval is calculated for each hour  .  岫 岻                                                                              is based on the numbers received from Transportstyrelsen (see Appendix C, Table 4 and 

Table 5) and compared with the value in Table 1 to verify the accuracy.     has been 

calculated by using the formula for calculating the confidence interval in reverse, i.e. the 
confidence limits, expected value, and standard deviation are known so     can be resolved. 
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Figure 8 shows the estimated number of RWYIs calculated for all the hours of the day. 
Because the estimates are based on the same probability and the traffic density for each hour, 
it means that the estimates will be higher where the traffic is high, and not necessarily high 
where the most occurrences have happened before. So the model will show the average 
occurrences (estimated) depending on the amount of traffic, but the occurrences will be 
distributed over the hours of the day depending on the traffic pattern of the day. When put in 
relation with the actual outcome it will indicate the trend. 

5.2.2 Comparing LFV’s Current Approach with the Alarm Model 

The differences between LFV‟s current approach and the Alarm Model will be described 
here. Table 3 will show the differences between the approaches in an abbreviated list of 
items.  

 LFV‟s approach is to compare the number of occurrences with the severity A or B, 
from the previous 12-month period, with the set goals for that period. The Alarm 
Model will give a trend indication, and sets the estimated number of occurrences per 
hour of the day for the following year in relation to the actual outcome for that year.  

 LFV‟s current approach applies on all SPIs simultaneously, so if the number of 
occurrences with the severity of A or B is more than the set goals an effort has to be 
made. The Alarm Model monitors the trend only on one type of occurrence at the 
time, i.e. for one SPI at the time. 

 LFV‟s current approach sets the number of occurrences with the severity A or B for a 
12-month period in relation to set goals. The Alarm Model is based on statistics from 
the three previous years when the estimated values are calculated.  

 LFV‟s current approach measures number of occurrences to set goals. If those goals 
are not met it alerts LFV that improvement might be needed for the upcoming period. 
The Alarm Model is set to trigger if the actual outcome is outside the confidence 
limits. Here a decision needs to be made, if a countermeasure is to be done.  

Table 3. Differences between LFV's current approach, and the Alarm Model 

LFV’s Current Approach Alarm Model 

● Looks back on a 12-month period 
● Measure towards set goals 
● Applies on all SPIs simultaneously 
● Goals not directly related to statistics 
● Improve? Depends on goal fulfilment 

● Indicating trends 
● Estimated outcome for following year 
● Calculated per SPI  
● Based on statistics 
● Alerts if actual outcome outside CI 
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5.3 Differences Between the 24 Hour Approach and the Alarm Model 

Since we have decided to use the same periods in Alarm Model as in the 24 Hour Approach 
(24 periods), the approaches are quite similar to each other. The differences lie in the purpose 
and in the outcome of the models. The Alarm Model calculates estimated values (depending 
on probability) for the upcoming periods and set in relation with the actual outcome, i.e. 
shows the trend. It is important to know that the traffic density for the hours of the day sets 
the distribution of the estimated occurrences. The 24 Hour Approach looks at the average 
amount of a specific SPI during a specific period, thus showing the relationship between 
traffic and occurrences. In our case we have taken occurrences from the years 2010 – 2012, 
and divided them between the hours of the day to identify which hour(s) the most 
occurrences have happened. 

The big difference is that the calculations in the Alarm Model are based on probability of an 
occurrence, which spreads the estimates evenly with the traffic. So if a specific hour has a lot 
of traffic it will automatically have more expected occurrences in the Alarm Model, whereas 
the 24 Hour Approach simply visualises facts. The same statistics are used in Figure 7 and 
Figure 8, and we can see that they differ pretty much. In Figure 7 the reports is not evenly 
spread with the traffic, which is the case in the Alarm Model Figure 8, and we had seen it 
more clearly if the average traffic curve had been included. In the 24 Hour Approach, the 
occurrences might have been more evenly spread in Figure 7 if all traffic had been included 
(military, school, and private flights). 
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Chapter Six – 
Discussion 

In the process of finding alternate approaches to statistical analysis to the one LFV uses 
today, several approaches were investigated. In this chapter we will discuss the approaches 
brought up in this thesis. 

During the research, regression models were found in several reports investigating incident 
and accident statistics e.g. in car traffic, wind turbines etc. Regression analysis is a process of 
estimating relationship among variables, i.e. to understand how the value of one variable 
depends on changes to other variables. Al though regression models might be useful for 
investigating occurrence statistics, we discarded the regression models due to their 
complexity. Our belief is that if to imply statistical analysis into the daily work, the 
approaches need to be simple, both too use and to understand. The approaches in this thesis 
were selected because we believe that they are easy to understand for the user. 
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6.1 Discussing the 24 Hour Approach 

This approach could give an alternative way of measuring the relation between occurrence 
rates depending on traffic. We believe that shorter period investigations make causality 
factors easier to identify, i.e. goes deeper into the statistics and show more details. When 
comparing greater periods, e.g. months or years, we believe that details in the statistics are 
lost, making identification of casual factors impossible. Thus dividing statistic between the 
hours of the day gives the possibility to relate SPIs towards factors appearing during the same 
hour of the day. 

These factors could take place during a specific period, e.g. ATCO staffing, and scheduling, 
lunch breaks, shift change, traffic density, vehicles operating close to the runway etc. Putting 
the average traffic density during 24 hours in relation to different occurrence statistics, gives 
the possibility to look at other factors that ATCOs might be the cause of. For example, if the 
relative occurrence rate is higher at a period of the day – check how many movements there 
are per ATCO, check ATM routines, or what type of traffic that is active etc. We do know 
that the number of aircraft movements and the complexity in traffic have an influence on the 
number of occurrences. Maybe ATCOs are more alert during different periods of the day, or 
during specific periods of their shift: lunch break, coffee break, or the shift soon to take its 
leave. We do also think that it is important to consider all occurrences, and not only the 
accident or incidents that have a high severity. The margins between high and low severity 
are small so we debate the importance to consider all occurrences because all of them could 
lead to serious incidents or accidents. We also believe it should be easy to use the approach, 
and by using one SPI at the time this is achieved. 

6.1.1 How and when to use the 24 Hour Approach 

We think the approach can be applied on all SPI currently used by LFV because of what 
Nazeri (2008) stated concerning the relation of traffic density and occurrences. The 
importance with the 24 Hour Approach is to find at what period of the day the most 
occurrences in relation to amount of traffic are apparent.  

We believe that the best way to use the 24 Hour Approach is to perform yearly calculations, 
as of today. During the next coming period, efforts should be put into finding the underlying 
factors causing occurrences where the occurrences/traffic-ratio is at its greatest. 
Countermeasures taken against identified casual factors have to be thoroughly documented. 
When new calculations are performed, comparison should be performed towards earlier 
statistics in order to identify if enforced measures have had any effect on concerned SPI. We 
do believe that it is important to investigate similar periods when looking at statistics, even 
though Gopher (2004) mean comparisons of incident statistics are useless. We do however 
agree with Gopher that it is important to investigate procedures and systems continuously, 
regardless if an occurrence has taken place or not. The 24 Hour Approach is therefore a way 
of finding which periods of the day to start investigating in the hunt for casual factors. 
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6.2 Discussing the Alarm Model  

This approach is a way of showing the current trend. As long as the actual outcome lies 
within the confidence limits it gives no warning, even if the outcome is fairly high. The basic 
understanding is that occurrences are inevitable, and as long as the outcome is within the 
limits it is acceptable. It is easy to say that since Transportstyrelsen, the Swedish regulating 
authority uses this model it has to be a good tool. But we are not so convinced by this 
statement. We think that focus should be on investigating the factors leading to occurrences 
rather than on the number of occurrences itself. Of course, trend monitoring is not bad, but 
since Transportstyrelsen does this on a regular basis, it is not suggested that LFV should do 
this as well. 

6.3 Further Discussion 

The core of LFV‟s safety work is to limit its own part, i.e. ATCOs part, and by using the 24 
Hour Approach, LFV might be able reach a bit further towards its goals. If factors, causing 
occurrences, are found in the investigations, these could still be addressed as before while 
awaiting adequate arrangements i.e. campaigns, flyers, education etc., just to increase the 
awareness among the ATCOs and/or affected ATS units of the „threats‟ until an adequate 
solution is applied. 

As written in chapter 2.1.5, Transportstyrelsen‟s state safety program states the importance of 
collecting lots and lots of homogenous data for the accuracy to improve in statistical 
analyses. In the case of RWYIs at Swedish airports, there are not that many occurrences per 
year to build reliable statistics on. Due to the small number of occurrences in Sweden, LFV 
might not benefit from changing its way of analysing the occurrence statistics. If applied on a 
larger amount of statistics, e.g. RWYIs for all EC‟s member states instead of Sweden only, 
the interval would be more applicable, and give a more fair view and expectation. Therefore, 
a joint effort by EC would provide more adequate statistics on which to base efforts, based on 
statistics from all EC members.  
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6.4 Future Work and Development 

This chapter will suggest some improvements for the future. 

6.4.1 Develop the Information for the Occurrence Reporting System 

There is a possibility to develop the occurrence reporting system for the future. The analyses 
can be improved by expanding/changing the obligatory information, stated in law LFS 
2007:9 (Appendix B), that shall be written into the Synergi system. Setting some bullets so it 
will be easier to explain an occurrence based on the HF perspective could do this. If the 
person writing the occurrence report had these bullets to start with, maybe it would be easier 
to file the report, giving a better „picture‟ of the situation. This could make the investigation 
easier. If such bullets were to be entered into the forms, it would be important that all people 
filing those reports got an adequate education of the HFs meaning. Otherwise it might be 
misleading for the investigators. This could give a better foundation for the statistical 
analyses performed on statistics of HFs. It is important to have all effects mentioned in the 
discussion in mind. 

6.4.2 Discussing the HFACS Approach 

The HFACS is a further development of James Reason‟s Swiss Cheese-model, which has 
been broken down from the original four slices of cheese into smaller segments in an attempt 
to identify single HFs as being cause of/to occurrences (Figure 6, chapter 3.2).  

We have an idea of how HFACS can be included in the daily safety work in the future. The 
idea is to create different categories in the reporting system for each HF based on the 
HFACS, so experts, according to these categories, can rate each occurrence. Every report 
could have more than one HF affecting the outcome. Of course the investigators need 
expertise within the HFs area. By creating posts for the different HF categories within the 
Synergi system, statistics based on HFs could be collected by LFV. Figure 9 shows an 
example on how HFs could be divided into different categories, and then used in statistical 
analysis. Only abbreviations are used in Figure 9, but the explanations can be found in 
Appendix A. In this way the investigators could find if a specific HF is frequent among 
occurrences, and then be able to suggest improving actions. When looking for statistics in the 
system, different occurrences (airspace infringement, RWYI, clearance bust, etc.) could be 
listed under the same category since the HFs affecting these occurrences could be the same. 
So if „inadequate supervision‟ was a HF affecting a lot of different occurrences, maybe an 
effort towards helping humans improve their supervision, or relieve them from certain 
supervision could help solve these situations, thus reducing the number of occurrences. This 
approach could provide stakeholders with statistics on which to base their conclusions on, 
whether they need to replace old equipment/procedures to help improve safety. This could be 
a solution to what Pape and Wiegmann report (chapter 2.2.1). To introduce the theoretical 
framework of human errors into occurrence reporting system, and making it easier to identify 
causes of errors. 
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The HFACS approach is basically applied on the reports rather than the statistics. Although, 
when the contributing HFs are determined, it will be possible to keep statistics on the new 
categories within the reports, i.e. keep statistics depending on the HFs (see example in Figure 
9). There are many on-going projects on how to help humans with their tasks in complex 
environments, and by using HFACS in combination with statistics, organisations might easier 
select which project to focus on – that is the area where effort needs to be put! 

 

Figure 9. Example on how HFs could be used in statistics (abbreviations explained in Appendix A) 

After discussing this approach with LFV‟s experts, they shared information that LFV is about 
to integrate a way of keeping statistics on HFs into the Synergi system. Is has been discussed 
on an international level, and EC is to integrate a similar possibility in the mutual system 
ECCAIRS. The idea is that LFV shall use HFs in Synergi when EC has established a 
foundation for the HFs, and integrated them into ECCAIRS. But for now it probably lies a 
few years into the future.   
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Chapter Seven – 
Conclusions, and Recommendations 

The following chapter will present the conclusions, and recommendations drawn from the 
writing of this thesis. The idea is that LFV will gain new aspects based on the report, and that 
the recommendations will give LFV an indication on where to start, and what can be 
achieved. 

7.1 Conclusions 

Since there is a possibility to identify causal factors by using statistical analysis in a different 
way, we think it is worth the effort for the organisation. The analysis of statistics of 
occurrences divided per hour of the day makes it possible to investigate contributing factors 
for different occurrences. The approaches in this thesis look at the statistics from other 
perspectives, and might be helpful. By using the 24 Hour Approach, LFV can identify certain 
hours of the day where ATCOs have a higher rate of participation in certain occurrences.  

We conclude the Alarm Model not to be used by LFV. It is best used as Transportstyrelsen 
does today, i.e. monitor trends over the year(s), divided per month. Usage per 24 hour is 
possible, but concluded as not being a usable method.  

We also conclude the categories in HFACS to be very useful if implemented into Synergi. If 
the possibility to compile statistics on causal HFs in occurrences were given, it would provide 
the opportunity to combine different occurrence categories. Through this, LFV could get 
more homogenous data where the deficits in the system might be found. 
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7.2 Recommendations 

LFV is recommended to keep up the on-going work with integrating HFs into Synergi. The 
importance while developing the HFs categories will be to establish the same categories that 
EC will use in the future, when introducing the HFs in ECCAIRS. 

LFV is also recommended to apply the 24 Hour Approach on its statistics.  

Only a short glimpse has been spent on the RAT model. The recommendation will be to 
implement, and use the RAT model since it is further developed by EC. A system harmonised 
with all other member states will provide a solid statistical base to use in order to prevent 
occurrences. 

LFV has always strived to be on top on the development within air safety. The approaches in 
this thesis might provide a possibility to continue its development towards improved air 
safety. 
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Appendix A 
The HFACS Definitions 

Organizational Influences 

● OC, Organizational Climate: Prevailing atmosphere/vision within the organization 
including such things as policies, command structure, and culture.  

● OP, Operational Process: Formal process by which the vision of an organization is 
carried out including operations, procedures, and oversight among others.  

● RAM, Resource Management: This category describes how human, monetary, and 
equipment resources necessary to carry out the vision are managed. 

 

Unsafe Supervision 

● IS, Inadequate Supervision: Oversight and management of personnel and resources 
including training, professional guidance, and operational leadership among other 
aspects.  

● PIO, Planned Inappropriate Operations: Management and assignment of work 
including aspects of risk management, crew pairing, operational tempo, etc.  

● FCP, Failed to Correct Known Problems: Those instances when deficiencies among 
individuals, equipment, training, or other related safety areas are “known” to the 
supervisor, yet are allowed to continue uncorrected.  

● SV, Supervisory Violations: The wilful disregard for existing rules, regulations, 
instructions, or standard operating procedures by management during the course of 
their duties. 
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Preconditions for Unsafe Acts 

 

Environmental Factors 

● TE, Technological Environment: This category encompasses a variety of issues 
including the design of equipment and controls, display/interface characteristics, 
checklist layouts, task factors and automation. 

● PhyE, Physical Environment: The category includes both the operational setting (e.g., 
weather, altitude, terrain) and the ambient environment, such as heat, vibration, 
lighting, toxins, etc.  

 

Condition of the Operator 

● AMS, Adverse Mental States: Acute psychological and/or mental conditions that 
negatively affect performance such as mental fatigue, pernicious attitudes, and 
misplaced motivation.  

● APS, Adverse Physiological States: Acute medical and/or physiological conditions 
that preclude safe operations such as illness, intoxication, and the myriad of 
pharmacological and medical abnormalities known to affect performance.  

● PML, Physical/Mental Limitations: Permanent physical/mental disabilities that may 
adversely impact performance such as poor vision, lack of physical strength, mental 
aptitude, general knowledge, and a variety of other chronic mental illnesses.  

● CC, Personnel Factors Communication, Coordination, & Planning: Includes a variety 
of communication, coordination, and teamwork issues that impact performance.  

● PR, Fitness for Duty: Off-duty activities required to perform optimally on the job 
such as adhering to crew rest requirements, alcohol restrictions, and other off-duty 
mandates. 
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Unsafe Acts 

 

Errors  

● DE, Decision Errors: These “thinking” errors represent conscious, goal-intended 
behaviour that proceeds as designed, yet the plan proves inadequate or inappropriate 
for the situation. These errors typically manifest as poorly executed procedures, 
improper choices, or simply the misinterpretation and/or misuse of relevant 
information.  

● SBE, Skill -based Errors: Highly practiced behaviour that occurs with little or no 
conscious thought. These “doing” errors frequently appear as breakdown in visual 
scan patterns, inadvertent activation/deactivation of switches, forgotten intentions, 
and omitted items in checklists often appear. Even the manner or technique with 
which one performs a task is included.  

● PE, Perceptual Errors: These errors arise when sensory input is degraded, as is often 
the case when flying at night, in poor weather, or in otherwise visually impoverished 
environments. Faced with acting on imperfect or incomplete information, aircrew run 
the risk of misjudging distances, altitude, and decent rates, as well as responding 
incorrectly to a variety of visual/vestibular illusions.  

 

Violations 

● RV, Routine Violations: Often referred to as “bending the rules” this type of violation 
tends to be habitual by nature and is often enabled by a system of supervision and 
management that tolerates such departures from the rules.  

● EV, Exceptional Violations: Isolated departures from authority, neither typical of the 
individual nor condoned by management. (HFACS, 2010 Wb) 
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Appendix B 
LFS 2007:9, Appendix 1 

This is a translation of the Swedish law LFS 2007:9, appendix 1 (since a published 
translation of the document could not be found in English). 

Content of reports 

Reports of accidents, serious incidents, incidents and operational deviations shall contain the 
following information if available: 

1. Aircraft involved and transponder codes if applicable 
2. Damage to aircraft 
3. Aircraft type, model, and flight number 
4. Nature of flight 
5. Type of activity (GAT or OAT) 
6. Flight phase 
7. Flight rules 
8. Type of ANS exerted 
9. Airspace class 
10. Other airspace areas (the restricted areas, prohibited areas, hazardous areas) 
11. Type of alarm (STCA, MSAW, GPWS, APW, ACAS, SMGCS) 
12. Vehicles involved 
13. Persons involved 
14. Animal involved 
15. ATS unit 
16. The date and time as the accident, serious incident, incident or operational deviation 

occurred 
 
17. How many of the following categories of persons with life-threatening injuries: 

a. Crew 
b. Passengers 
c. Third parties 

18. Number of serious injuries. 
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Content of investigations 
Investigations shall identify the reasons in collaboration has resulted in an accident, serious 
incident, incident or disturbance over so that it is possible to determine: 

1. Severity, 
2. The extent to which the air traffic control, airspace management and air traffic flow 

management has contributed to the accident, serious incident, incident or operational 
deviation 

3. Of such an effect is direct or indirect, or if air traffic control, airspace management 
and air traffic flow management has had no impact on the accident, serious incident, 
incident or operational deviation, and 

4. The chain of events leading up to the accident, serious incident, incident or 
operational deviation. 

Investigations shall identify the causes of each event in the chain took place to develop safety 
recommendations and corrective actions. The reasons shall be divided into the following 
categories: 

1. Staff in air navigation services, airspace management and air traffic flow 
management, in particular with regard to 

a. Physical, physiological and psychosocial factors, 
b. Interaction between man and man, 
c. Interaction between people and technology, 
d. Work environment, and 
e. Skills shortages. 

2. Operational procedures and instructions for staff, especially with regard to 
a. Operational procedures 
b. Methods for service, maintenance and modification. 

3. Interaction between air traffic services units. 
4. Service delivery infrastructure, facilities, and technical systems, particularly with 

regard to 
a. Hardware, 
b. Software, 
c. Integration of technology systems, and 
d. Airport layout and infrastructure. 
 

5. Airspace, in particular with regard to 
a. Degree of flight paths, 
b. Capacity, 
c. Sectorisation 
d. Airspace class, and 
e. Restriction and dangerous areas (R and D areas). 
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6. Organization and leadership, especially with regard to 
a. A operational management, 
b. System of safety management, and 
c. Personnel matters. 

7. Conventional requirements in the form of 
a. Regulations and general guidelines, 
b. Management decisions, and 
c. Instructions and techniques within their own organization. 
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Appendix C 
Calculations of the Alarm Model 

Table 4. Numbers received from LFV and Transportstyrelsen 

  Av traffic  
Av 

RWYI  E(X) VAR(X)  σ   
t N   Np Np(1-p) √VAR(X) Confidence limits 

hour 2010-12 2010-12 est VAR  stdev low high 
0 4048 0 1 0,6984 0,84 0,00 1,77 
1 2203 0 0 0,3800 0,62 0,00 1,17 
2 1381 0 0 0,2383 0,49 0,00 0,86 
3 3279 0 1 0,5656 0,75 0,00 1,53 
4 14758 1 3 2,5462 1,60 0,50 4,59 
5 27526 3 5 4,7489 2,18 1,96 7,54 
6 33116 3 6 5,7132 2,39 2,65 8,77 
7 34332 6 6 5,9231 2,43 2,81 9,04 
8 30951 8 5 5,3397 2,31 2,38 8,30 
9 25504 10 4 4,4001 2,10 1,72 7,09 
10 24392 9 4 4,2081 2,05 1,58 6,83 
11 24023 10 4 4,1446 2,04 1,54 6,75 
12 26903 11 5 4,6414 2,15 1,88 7,40 
13 30050 7 5 5,1843 2,28 2,27 8,10 
14 35770 6 6 6,1711 2,48 2,99 9,35 
15 39215 4 7 6,7655 2,60 3,44 10,09 
16 39067 6 7 6,7400 2,60 3,42 10,06 
17 35991 5 6 6,2092 2,49 3,02 9,40 
18 30886 3 5 5,3285 2,31 2,37 8,28 
19 24927 1 4 4,3004 2,07 1,65 6,95 
20 18924 1 3 3,2648 1,81 0,95 5,58 
21 14083 1 2 2,4297 1,56 0,43 4,42 
22 9348 0 2 1,6127 1,27 0,00 3,24 
23 6358 0 1 1,0968 1,05 0,00 2,44 
  

    
      

Sum 537034 93 93 92,6507 9,63 80,33 104,97 

        p 0,000173 
      λα/2 1,28 
      Cl 80% 
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Numbers received from Transportstyrelsen 

Table 5. Numbers received from Transportstyrelsen, independent from table 3 

p n np npq σ low high 
(high-
low)/2 λα/2 

0,000122 45000 5,49 5,49 2,34 2,49 8,49 3,00 1,28 

0,000122 50000 6,10 6,10 2,47 2,94 9,26 3,16 1,28 

0,000122 55000 6,71 6,71 2,59 3,39 10,03 3,32 1,28 

0,000122 60000 7,32 7,32 2,71 3,86 10,78 3,46 1,28 

0,000122 65000 7,93 7,93 2,82 4,33 11,53 3,60 1,28 

     has been calculated according to the following formula:     岾         峇 / σ 


