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On the nature of serious incidents in air traffic

J. Skorupski
Warsaw University of Technology, Faculty of Transport, Warsaw, Poland

ABSTRACT: International regulations define civil aviation occurrences classification scheme which 
consist of incidents, serious incidents and accidents. Typically, the highest attention is paid to accidents, 
especially those that involve catastrophic consequences. The analysis of accidents is usually focused on 
finding the sequence of events leading to an accident, then on the search for safety barriers that failed, 
and then on determining the recommendations that are intended to prevent a similar sequence of events 
in the future. Currently, proactive approach begins to dominate in air traffic safety analyses. It is based 
on looking for the hazards before they lead to an accident. However, the analysis of literature indicates 
that creating hypothetical accident scenarios and analyzing nonexistent accidents has numerous disadvan-
tages. Therefore, this paper proposes the implementation of a proactive approach through the analysis of 
serious incidents, i.e. those in which an accident has almost occurred. Analysis of many incidents in air 
traffic (mainly in aerodrome traffic) indicates that all serious incidents can be divided into three groups: 
first—with logical dependencies, that is where only one additional event (a failure of one safety barrier) 
would be enough for transformation from the incident into an accident, second—with time dependen-
cies, that is where all safety barriers failed and the fact that there was no accident resulted solely from 
favorable timing, third—hybrid, which is a combination of both. This paper presents examples of serious 
incidents corresponding to all three types. We discuss their characteristics, and also indicate adequate 
methods of analysis, conducted for the determination of the likelihood of converting the incident into an 
accident. Petri nets, fuzzy logic, and simulation methods have been proposed as appropriate for analyses. 
This is justified by the need to take into account concurrency of dynamic events, as well as uncertainty 
and subjectivity in defining participants actions and assessing their probabilities. The paper also contains 
examples of such analyzes for three types of incidents.

traffic occurrences in a systemic way has increased. 
All this resulted in a significant increase in the level 
of safety. Thus, aviation accidents are becoming rare.

Simultaneously with this complex process, 
another social process takes place. It involves the 
search for safer solutions and also the aversion to 
risk. This causes that passengers request guaran-
tees that air transport will take place without any 
disturbances, and what is more important in our 
case—safely.

Given the smaller number of aviation acci-
dents, it appears that the primary historical source 
of information for the safety assurance systems 
becomes insufficient. Therefore, it is necessary to 
pay special attention to the events of lower severity 
of the consequences. Serious incidents perfectly fit 
for this purpose. They can be investigated in a simi-
lar way as accidents—seeking their causes and seek-
ing ways to prevent their repetition in the future.

In this paper, however, we propose a different 
approach, presented in Section  2. It consists in 
defining possible scenarios for the development of 
the real incident in the direction of a hypothetical 
accident. This approach allows one to proactively 

1 INTRODUCTION

Safety is one of the most important criteria for the 
assessment of air traffic. It is carefully organized 
and planned in the available airspace by Air Traffic 
Management (ATM) services. However, its realiza-
tion is subject to numerous random disturbances. 
They increase frequency of mistakes committed by 
pilots and air traffic controllers. They also lead to 
ATM related safety occurrences, which under cer-
tain circumstances can even become accidents.

International regulations define classification 
scheme which consist of five categories differing 
occurrences due to the severity of consequences: 
accidents, serious, major, and significant incidents 
and occurrences with no safety effect. Typically, the 
highest attention is paid to aviation accidents, espe-
cially those that involve catastrophic consequences.

A number of systems supporting pilots and Air 
Traffic Controllers (ATCo) has been developed in 
recent years. Modern materials and technologies 
are used in manufacturing of aircraft and avion-
ics systems. Safety awareness and the knowledge 
about the necessity of looking at causes of air  
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seek safety barriers that could fail in the future. 
An in-depth knowledge of the nature of serious 
incidents in air traffic is necessary to properly per-
form this task. Thanks to the analysis of many of 
them it is possible to divide them into three types, 
which will be presented in Section 3. General rules 
of carrying out scientific research relevant to the 
types of incidents can be formulated as a result 
of the knowledge of their nature. Case studies 
of incidents representing all types, along with the 
proposed approach to the creation of scenarios 
leading up to the accident will be presented in  
Section  4. The paper ends with a summary and 
conclusions presented in Section 5.

2 AVIATION OCCURRENCES AND THEIR 
INVESTIGATION

As everyone knows, accidents are very rare in air 
transport. Years of consistent work has led to a situ-
ation where all the elements responsible for the safety 
of flight operations are linked in a coherent system, 
the aim of which is to eliminate possible sources of 
organizational, human and technical failures (Szamel 
& Szabo, 2015).

The safety assurance system uses the latest 
knowledge from the safety and reliability science, 
psychology and management sciences and applies 
it to all components involved in the transportation 
process. However, aviation accidents still happen. 
Their consequences are loss of life and material 
damages of great value.

The processes leading to aviation accidents are 
usually similar. Air transport has many interac-
tions with the environment, is highly dynamic, 
with a huge role of a human factor. That is why we 
cannot avoid many hazards, among others: mete-
orological conditions, human operators predis-
position, radio communication disturbances, the 
complexity of technical and organizational systems 
etc. They are all external to the broadly understood 
system, which consists of: an Aircraft (AC) which 
directly executes the flight and the ATM which is 
responsible for its safety. Air component of the 
system consists of the aircraft and the pilot. The 
ground component consists of air traffic control-
lers and supporting technical systems. Organiza-
tion and maintenance also play an important role 
as part of both components.

Hazards may cause undesired operation of the 
AC-ATM system. It can consist in human errors, 
technical failures, exceeding the nominal operating 
parameters etc. We will call them events favora-
ble to accident. Usually one event does not cause 
adverse effects thanks to solutions, resulting from 
many years of work within the safety assurance sys-
tems. We say that safety barriers exist. However, the 

emergence of many events can lead to an accident 
involving the collision of two aircraft or an air-
craft with an obstacle—located in the air or on the 
ground. The accident is characterized by the fact 
that it causes losses—deaths, injuries, damage to 
the aircraft or other damages. The problem of how 
many events is necessary in order to create an acci-
dent is analyzed in the context of the vulnerability 
(Zio, 2016). On the other hand, the problem of how 
big is the loss resulting from an accident is exam-
ined in the context of resilience (Woods, 2015).

As already mentioned air traffic accidents have 
been an important source of information for safety 
assurance system for many years. Acquisition and 
processing of this information is carried out by 
specialized committees as part of the accident 
investigation. A typical process of aviation accident 
analysis is usually focused on finding the sequence 
of events leading to the accident, then on the search 
for safety barriers that failed, and then on determin-
ing the recommendations that are intended to pre-
vent a similar sequence of events in the future.

Currently, proactive approach begins to domi-
nate in air traffic safety analyses. It is based on look-
ing for the hazards before they lead to an accident 
(Kontogiannis & Malakis, 2009). Scenarios of hypo-
thetical accidents are created for this purpose, which 
are then analyzed as real occurrences. Of course, 
recommendations for all stakeholders are the most 
important part of this analysis (Cole & Kuhlmann, 
2012). However, the analysis of literature indicates 
that creating hypothetical accident scenarios and 
analyzing non-existent accidents has numerous dis-
advantages (Herrera et al., 2009; Stoop & Dekker). 
Main concern is that focusing on hypothetical 
accidents distracts our attention from events that 
may occur quite real. In addition, the quantitative 
analysis of such hypothetical cases is extremely 
difficult, since we have to take into account a very 
large number of events with unknown probabilities. 
Their estimation errors accumulate, thereby causing 
inaccuracy of the whole analysis.

Therefore, this paper proposes the implementa-
tion of a proactive approach through the analysis 
of serious incidents, i.e. those in which an accident 
has almost occurred. This approach is free from the 
aforementioned drawbacks. We analyze events that 
actually occurred. So they are not hypothetical but 
real. Although these are not accidents but serious 
incidents, we do not need to estimate the probabili-
ties of all events leading to the incident, because we 
do know that such an incident occurred. It is suf-
ficient to know the number of similar incidents to 
obtain the frequency of sequences leading to these 
incidents.

The use of serious incidents instead of accidents 
as a data source for safety assurance systems has 
one more advantage. It allows us to create accident  
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scenarios as a continuation of the actual sequence 
of events leading to the serious incident. Since we 
are talking about serious incidents, such scenarios 
are relatively short and simple—consisting of a 
small number of events. This facilitates their analysis 
and searching for relevant recommendations. This is 
therefore a viable and effective way of conducting 
analyzes that are really proactive (Skorupski, 2013).

The approach proposed in this paper does not 
exclude the traditional way of analysis of the causes 
and circumstances that lead to a serious incident. 
However, we should emphasize that analyses of this 
type of occurrences must be conducted with greater 
attention. Practice shows that analyses of the causes 
of accidents are carried out much more carefully and 
thoroughly than the causes of serious incidents. It is 
enough to compare the volume of reports prepared 
by commissions investigating the occurrences—they 
are much larger for accidents than for incidents.

3 TYPES OF SERIOUS AIR TRAFFIC 
INCIDENTS

If we look at the reports of committees investi-
gating the causes of air traffic incidents which 
occurred in the vicinity of airports (in procedures 
of taxiing, take-off, approach and landing), we will 
see that there are three main types of air traffic 
incidents. This division was made with regard to 
the nature of the factors necessary to transform an 
incident into an accident. Determining these fac-
tors is a typical element of the report prepared by 
an accident investigation committee.

1. Incidents in which the conversion of an incident 
into an accident depends on the occurrence of 
certain events. We will call them incidents with 
logical dependencies. This group includes those 
incidents in which all temporal sequences are 
favourable to the occurrence of an accident, but 
the activation of a safety barrier prevents it from 
happening. We are talking, therefore, about the 
situation when a number of events conducive 
to accident had occurred. There is so many of 
them that we can talk about serious incident. 
However, with proper functioning of the pro-
tective system or the proper response of human 
operator it was possible to prevent an accident. 
But the question arises whether the safety bar-
rier, which prevented the accident is permanent? 
Will it always work, especially in a slightly differ-
ent external conditions? Answers to these ques-
tions are crucial because it could be a matter of 
luck that this safety barrier activated rather than 
of reliability of the barrier.

2. Incidents in which the conversion into an accident 
depends on a favourable or unfavourable time 

sequence, whereas all the premises necessary for 
the accident have, in fact, taken place. We will call 
them incidents with time dependencies. In terms 
of a quantitative analysis, such occurrence is 
equivalent to an accident, because all known safety 
barriers failed. And so it should be treated in the 
analysis—as an actual accident, which thanks to 
a lucky coincidence did not result in losses. How-
ever, it is also worth considering whether favour-
able time dependencies, which prevented from the 
accident, do not represent a previously unknown 
safety barrier. We can then perform the analysis in 
a similar manner as in the case of incidents with 
logical dependencies.

3. Incidents of a hybrid nature in which the con-
version of an incident into an accident needs 
both the existence of a sequence of additional 
events and some specific time dependencies 
between events. This is the most general case. 
It allows us to analyze both the effectiveness of 
existing safety barriers and the search for new 
unknown barriers in the form of a time separa-
tion of objects. This kind of incidents will be 
called the incident of a hybrid type.

4 METHODS OF SERIOUS AIR TRAFFIC 
INCIDENTS ANALYSIS

Examples of serious incidents of particular types, 
along with the guidelines on the methods of quan-
titative analysis focused on the search for the prob-
ability of serious incident transformation into an 
accident will be presented in this section. This kind 
of analysis is extremely important because it allows 
us to find weaknesses in the AC-ATM system, 
before they lead to an accident.

4.1 Serious incident with logical dependencies

As a case study of a serious incident with logical 
dependencies we will discuss an incident which 
took place at the Warsaw Chopin airport in 2007 
(a serious incident No. 344/07). The scheme of this 
incident is shown in Figure 1.

Two aircraft—Boeing 737 (B737) and Boeing 
767 (B767) participated in the incident. B737 was 
the first to line-up the runway 29, then it waited 
for the take-off  clearance. Then B767 lined-up the 
runway 33 and also waited for the permission to 
take-off. Then, the Air Traffic Controller (ATCo) 
cleared the B767 aircraft for take-off, and both 
aircraft started the take-off  procedure. ATCo was 
not watching the airfield as he was busy coordi-
nating and providing other authorization. A pilot 
of ATR72 aircraft queuing at the taxiway noticed 
the simultaneous take-off  and informed about 
this by the radio. As a result, B767 pilot looked 
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to his right and saw the B737 taking off. Then on 
its own initiative aborted the take-off. At the same 
time assistant controller informed ATCo that B737 
performed unauthorized take-off. ATCo, after 
16 seconds of take-off  run, ordered B737 to abort 
the operation. B737 crew followed this command. 
Both aircraft stopped about 200 meters from the 
intersection of runways.

In the case of incidents with logical dependen-
cies the most efficient method of research is the 
analysis with the use of the Event Tree (ETA), 
which allows to specify scenarios leading up to 
the accident and then to determine the probabili-
ties of these scenarios. This method was used in 
(Skorupski, 2011), where usefulness of Petri nets 
for an analysis of similar cases was shown. Six 
scenarios leading to an accident were determined. 
One additional event was necessary to cause an 
accident in all scenarios. For instance Scenario 4 
concerned the situation where pilot of ATR72 air-
craft observes a dangerous situation, but does not 
immediately inform about it on the radio, instead 
discusses it with other members of his own crew.

The method proposed for the analysis of such 
cases can be characterized as follows. One should 
create a Petri net where transitions correspond to 

the events that took place in a real incident and 
places correspond to the system states. Next, the 
net must be modified by adding the events included 
in the analyzed scenarios, transforming the serious 
incident into an accident.

The final Petri net should be examined with the 
use of a reachability graph, which is a standard 
approach in the analysis of these structures. In 
this graph we can distinguish final states, which 
correspond to the transformation of the incident 
into an accident. Then, we should extract appro-
priate partial subgraphs, which describe the ways 
to reach those final states indicating an accident. 
This allows us to easily determine the likelihood 
of the transformation from the incident into an 
accident. An example of partial reachability sub-
graph is presented in Figure 2. State M19 represents 
an accident, and M0 the initial state. In this case, 
the probability that the system will move from the 
state M0 to M19 depends only on the probabilities 
of firing of immediate transitions t2, t5, t6 and t8, 
and is described by the two sequences σ1 (M0, M8, 
M19) and σ2 (M0, M8, M12, M19).

In the situation where some of the events in the 
event tree are related to human error, we have to 
determine their likelihood by using expert judgment 
(Rogerson & Lambert, 2012). This leads to an uncer-
tainty, mainly of a linguistic nature, which forces us 
to search for solutions in the field of fuzzy systems 
(Dubois & Prade, 1992). Such an approach, based 
on an analysis of event trees with fuzzy probabilities, 
was used in (Lower et al., 2013; 2016). It has been 
shown that elimination of one of the safety barriers 
leads to an accident. Moreover, the fuzzy probability 
of such an elimination was calculated. It was pointed 
out that, unfortunately, the recommendations aris-
ing from the standard procedure of searching for 
the causes of incidents do not relate at all to this 
important issue. The use of fuzzy probabilities has 
one major advantage. Probabilities of some events in 
fault trees or event trees must be estimated by experts, 
as there are no data to estimate them by statistical 
methods. They are therefore subjective probabilities, 
defined imprecisely and in linguistic terms. They can 
be perfectly modeled by fuzzy probabilities.

Figure  1. Situational diagram of serious incident no 
344/07.

Figure 2. Partial reachability subgraph for state M19.
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4.2 Serious incident with time dependencies

Serious incident no 031/07 which also took place 
at the Warsaw Chopin airport will be used as an 
example of a serious incident with time dependen-
cies. The participants were two aircraft: Learjet 60 
(LJ 60) and Embraer ERJ 170-100 LR (ERJ 170). 
Learjet 60 crew has received clearance to line up 
the runway 29 (“line up runway 29”) without the 
command for waiting at the runway for permis-
sion to take-off  (“line up and wait runway 29”). 
The LJ 60 crew confirmed command (“lining up”) 
and took the runway 29, and then started take off, 
in accordance with the procedure, but without 
the actual permission from the controller. TWR 
controller did not observe LJ 60 take-off. Detach-
ment from the runway occurred 88  seconds after 
the beginning of take-off  procedure. One second 
later the aircraft was over the runways 11–29 and 
15–33 intersection. At the same time the ERJ 170 
performed a landing procedure, under the authori-
zation of the controller, and was on the runway 
33  in the roll-out phase, at a distance of 300  m 
from the intersection of the runways.

This case was analyzed in (Skorupski, 2012). In 
this example of an air traffic incident a fundamental 
role is played by time dependencies. The probability 
that two aircraft taking off will be at an intersection 
of the runways is in this case equal to 1. Only the 
time when they reach this point decides whether 
an accident will occur or not. In (Skorupski, 2012), 
both analytical and simulation methods for deter-
mining the probability of an accident were shown.

The proposed approach to the analysis of this 
kind of serious incidents is as follows.

First we should create a model of the event in 
the form of Petri net. There is no need to modify it 
by adding events leading to the accident. Accord-
ing to the analysis presented in Section 3 we can 
say that the actual course of the serious incident is 
equivalent to the scenario leading to an accident. 
However, different values of time variables are 
necessary to bring about an accident. Therefore, 
in the analysis of this type of event, it is neces-
sary to modify the initial Petri net by replacing the 
constant values of time by random variables with 
appropriate probability distributions. Of course, 
these distributions should be determined by statis-
tical methods or estimated by experts.

A series of Monte Carlo simulations is the next 
step of the analysis. Random time variables adopt 
values according to their probability distributions. 
We have to register the number of simulation runs 
in which the accident occurs in relation to the total 
number of experiments to determine the probabil-
ity of transformation from the incident into an 
accident. Given that these probabilities are small—
the number of simulations must be significant.

In some cases it is also possible to find the prob-
ability of transformation from the incident into an 
accident analytically, but generally simulation is 
easier to apply, so it is proposed in analysis of this 
type of incidents.

4.3 Serious incident of a hybrid type

Incident no 270/06 which took place at the  
Warsaw Chopin airport in 2006 will be examined as 
an example of a serious incident of the hybrid type. 
Two aircraft, Airbus A320 and Embraer EMB170, 
were the participants. The crew of the Airbus (A320) 
was approved by ground controller GND to taxi via 
taxiway A, then taxiway E to the runway threshold 
RWY 29 (Figure  3). The pilot acknowledged the 
permission properly, but then taxied incorrectly, i.e. 
by taxiway A4 straight to the runway, rather than 
turning left into taxiway E1 and then via taxiway E2 
and E3 to the runway threshold. At the same time 
the EMB170 aircraft began take-off on runway 
RWY 29. Taxiing by A4 resulted in a safety hazard 
for take-off on runway RWY 29. In this situation 
the airport tower controller TWR issued the com-
mand to stop to the EMB170 crew. The same deci-
sion was made by the ground controller for A320. 
Both crews carried out the commands.

This case was analyzed in (Skorupski, 2015). Six 
scenarios which lead to the transformation of the 
incident into an accident were found. Of these, five 
relate to logical dependencies, and one relates to 
specific time dependencies between the events.

Figure 3. Diagram of serious incident no 270/06.
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A serious incident of a hybrid type is the most 
general case. A combination of methods used for 
serious incidents with logical dependencies and 
with time dependencies is necessary. The approach 
proposed to the analysis of this kind of serious 
incidents is as follows.

As a first step, it is necessary to build a model 
that can reproduce both the additional events that 
may cause that the incident becomes an accident as 
well as to describe time values as random variables. 
It is also possible to model the aircraft dynamics in 
accordance with the principles of physics, including 
for example, weather conditions instead of explic-
itly defining random variables. This applies also to 
human operators response times. This approach 
was successfully used in (Skorupski, 2015). This 
requires expanding the model but frees from pains-
taking observations to obtain statistical data. It 
has yet another advantageous feature. It converts 
binary events into those described in terms of time. 
For example, in Scenario 3 the event “the aircraft 
crew does not respond to the command to break the 
take-off” is considered. It has a binary nature, but it 
can be converted into an event described by a very 
long time before the crew reacts. With this formula-
tion, we can seek the boundary time that allows to 
avoid an accident which could be an important con-
clusion from the analysis. An example of colored 
Petri net describing the process of monitoring 
the situation by ground controller is presented in  
Figure 4. It contains both the equations of aircraft 
dynamics and reaction times of human operators 
(ground controller and A320 crew).

The second step of the proposed method of 
analysis of serious incidents of hybrid type is cre-
ating a reachability set and then reachability graph 
of a Petri net and creating a partial subgraphs 
leading to states representing accident. This step is 
similar to the approach used in analyzing the inci-
dent with logical dependencies.

The probability that the system falls into one of 
the states representing accident should be exam-
ined in the third step. It is possible to perform 
such calculations analytically. However, within 
individual partial subgraphs not only simple prob-
abilities or intensities of transitions will occur. 

This makes some computational difficulty. Some 
of the transitions will depend on random variables 
with probability distributions determined empiri-
cally or through the dynamical analysis of events. 
Therefore, it is suggested to use simulation analy-
sis similarly as in the case of incidents with time 
dependencies.

5 SUMMARY AND FINAL CONCLUSIONS

Accidents are no longer adequate and sufficient 
source of information in the era of high aviation 
safety and simultaneously high individual and soci-
etal expectations regarding this issue. Events with 
lower severity of consequences such as serious inci-
dents are an alternative. Their specificity consists 
in the fact that they are “almost an accident”. This 
allows us to test the durability and reliability of 
active safety barriers and to search for new safety 
barriers hitherto unknown.

Analysis of incidents should be conducted in 
order to find possible scenarios leading to acci-
dents, not only for exploration and elimination 
of their causes. Such an approach is a practical 
realization of a reasonable proactive approach. It 
allows us to analyze accidents before they occur, 
and mainly those which have a significant prob-
ability of occurrence.

Three types of serious incidents: with logical 
dependencies, with time dependencies and of a 
hybrid type were defined based on the analysis of 
many aviation occurrences. In practice, the inci-
dents are analyzed as accidents, but this should be 
regarded as insufficient. In this paper, methods of 
analysis aimed at determining the probability of 
transforming the incident into an accident for each 
type of incidents were proposed.

For incidents with logical dependencies the 
method consists of the following steps:

1. creating a model of the incident in the form of 
Petri net,

2. modification of the model by including events 
from accident scenarios,

3. creating the reachability graph,
4. defining partial subgraphs showing the ability 

to achieve states representing an accident,
5. analytical determination of the probability 

of transformation from the incident into an 
accident.

For incidents with time dependencies the 
method consists of the following steps:

1. creating a model of the incident in the form of 
Petri net,

2. modification of the model by changing the con-
stant values of time to random variables,

Figure 4. Part of the model of the accident raised from 
serious incident no 270/06.

Po
br

an
o 

z 
ht

tp
://

re
po

.p
w

.e
du

.p
l /

 D
ow

nl
oa

de
d 

fr
om

 R
ep

os
ito

ry
 o

f W
ar

sa
w

 U
ni

ve
rs

ity
 o

f T
ec

hn
ol

og
y 

20
23

-0
5-

24



27

3. carrying out a series of simulation experiments 
in which random variables take values in accord-
ance with defined probability distributions,

4. calculation of the probability of transforming 
the incident into an accident by determining the 
frequency of accidents during experiments.

For incidents of a hybrid type the method con-
sists of the following steps:

1. creating a model of the incident in the form of 
Petri net,

2. modification of the model by including events 
from accident scenarios and by changing the 
constant values of time to random variables; 
alternatively by taking into account the aircraft 
dynamics,

3. creating the reachability graph,
4. defining partial subgraphs showing the ability 

to achieve states representing an accident,
5. carrying out a series of simulation experiments 

in which random variables take values in accord-
ance with defined probability distributions,

6. calculation of the probability of transforming 
the incident into an accident by determining the 
frequency of accidents during experiments.
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