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Abstract

On the study basis the authors found the presence of a gap in the research area of a risk management of
urban transportation systems. There is relatively small amount of publications on risk analysis for the urban
transportation systems. At the same time, the results already described concern the issues associated with
the safety of infrastructure and the accidents. In the published results of researches conducted in Poland and
around the world there is a lack of an interdisciplinary approach to risk management in urban transportation
systems, in accordance with the holistic approach of ISO 31000. Therefore, it seems important to carry out
interdisciplinary research related to the identification of risk factors present in the systems of urban
transportation, including technical, economic and social aspects. Special importance has also the assessment
of sensitivity of transport processes on the occurrence of defined risk factors and their impact on quality of
inhabitants life. The main aim of the article is to present the assumptions currently initiated by the authors for
the creation of an interdisciplinary model of operational risk management system for the urban transportation
system including buses and trams, which improves the reliability and life quality of inhabitants.
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1. INTRODUCTION

The quality of public transport services depends on their efficiency of normal operations as well as their
performance in case of minor disturbances and major disruptions. The causes of these disturbances can have
very different sources: social, economic and technical. Public transport planning and operations are
traditionally focused on travel time and costs, while overlooking aspects such as reliability and robustness.
However, there is substantial evidence on the impact of unreliable service and service disruptions on
passengers’ perceptions and costs of these impacts (e.g. [1, 2]). The impact of disruptions may extend beyond
direct time losses due to their disproportional effect on travellers’ decisions [3].

There is relatively small amount of publications on risk analysis for the urban transportation systems. At the
same time, the results already described concern the issues associated with safety of infrastructure and
accidents. In the published results of researches conducted in Poland and around the world there is a lack of
an interdisciplinary approach to risk management in urban transportation systems, in accordance with the
holistic approach of ISO 31000. Therefore, it seems important to carry out interdisciplinary research related to
the identification of risk factors present in the systems of urban transportation, including technical, economic
and social aspects. Special importance has also the assessment of sensitivity of transport processes on the
occurrence of defined risk factors and their impact on quality of inhabitants life. The main aim of the article is
to present the assumptions currently initiated by the authors of the research project for the creation of an
interdisciplinary model of operational risk management for the urban transportation system including buses
and trams, which improves the reliability and life quality of inhabitants. For this reason, in the first place the
authors will present an overview of the literature concerning risk management, with particular emphasis on the
transportation risk. The next section will discuss the main directions of research conducted in the area of risk
management in urban transport. On this basis, authors will define a research gap, which the authors want to
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fill with the currently initiated research project. The concept of these studies will be presented in section 4 of
the article.

2, RISK MANAGEMENT - REVIEW

In the literature one can find different definitions of risk, depending on the specialty, for which it is specified. A
common definition is a statement that risk is the probability of harm or damage occurring from exposure to a
hazard, and the likely consequences of that harm or damage [4]. In the social sciences, the risk may be defined
as a situation or an event where something of human value (including humans themselves) is at stake and
where the outcome is uncertain [5]. Partnerships Victoria [6] claims that risk "is the chance of an event
occurring which would cause actual project circumstances to differ from those assumed when forecasting
project benefit and costs". The Project Management Institute [7] defines risk as ‘an uncertain event that, if it
occurs, has an undesirable effect on at least one project objective (e.g., time, cost, scope, quality).

Also, the risk in the area of transport itself is defined in different ways [8]. The first use of the word ‘risk’ is the
probability of an unwanted event; as such, it is a pure number between 0 and 1. A slight variant of this is the
probability per time unit, or frequency, of a class of events. The second use of the word is to mean some
combination of the probability or frequency of an unwanted event and its outcome. The most common usage
is to define risk as the expected or average consequence per time unit of a class of events, such as the mean
number of fatalities per year. In that case, the units in which risk is measured implicitly include the units of the
outcome, such as fatalities per year.

In the last few years one have seen significant growth and evolution of the concept of risk management. In the
70s of the twentieth century, the obligations of the person responsible for risk management in the enterprise
was limited to hazard identification and purchase appropriate insurance [9, 10]. Today it is a complex
management process, described as the concept of Enterprise Risk Management, whose aim is the holistic
management of all risk groups in the enterprise [11]. This concept also has its own ISO standard (/SO 371000
Risk Management Standard). Thanks to several years in the study of risk prevailing view about the need for a
holistic, interdisciplinary approach to the risk assessment and management [12]. This change has also resulted
in the industry - it is particularly important to the idea of Operational Risk Management [13]. The Operational
Risk Management - ORM helps organization avoid unexpected losses, improve their operational efficiency,
promote more efficient use of capital, satisfy stakeholders and to comply with regulations [14]. Therefore the
authors in their research will use the definition in line with the ISO 31000 standard [15]. According to it the aim
of risk management is usually to assess the risk in terms of the likelihood that particular consequences
(negative or positive) will be experienced flowing a defined event, taking into account the possible initiating
sources and causes of harm (or benefit). That information provides a qualitative, and often quantitative, basis
to develop controls to eliminate, reduce, or modify the risk in a continuous process of review and mitigation.

The risk is a subject of research in all transport systems (e.g. [16, 17, 18, 19]). However it should be noted,
that the concepts of risk management methods in transport by rail, air and water are more developed than in
road transport [20]. At the same time, analysis of the publications in the EBSCO database from years 2006 to
2016, concerning risk management in transport, allows to distinguish 5 dominant thematic groups, which relate
to ongoing research in this area: (1) the risk of accidents in transport (including [21, 22, 23]); (2) the risk of
transport of dangerous goods (e.g. [24, 25, 26]); (3) the risk of terrorist threats in transport (number of
publications connected with it increased after the year 2001, (e.g. [27, 28])); (4) the risk of road infrastructure
(e.g. [29, 30]); (5) the risk of delayed transport (e.g. [31, 32]). These studies were focused on a selected group
of threats (typically: technical) occurring in the transport system. Thus it can be concluded that they did not
meet guidelines standards of ISO31000. Because, according to the standard, the risk management should be
holistic and should take into account not only technical factors, but also human and cultural [15]. The analyzed
publications definitely lacked such a holistic approach. It can be concluded that in the current published
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research in the area of risk management in transport research vulnerability exists a lack in the form of
interdisciplinary risk management models which would be compatible with the concept of Enterprise Risk
Management.

3. RISK MANAGEMENT IN URBAN TRANSPORTATION SYSTEM

There is a growing interest in recent years in the analysis of public transport vulnerability and measures to
improve its robustness. While network unreliability refers to variations due to inherent uncertainty and recurrent
perturbations, network vulnerability refers to exceptional disruptions with severe impacts on system
performance [33]. This topic already attracted a lot of attention in road traffic research (e.g. [34, 35]) and in the
last decade also entered the public transport research domain [36, 37]. Vulnerability is however limited to the
consequences of disruptions on network functionality once they occur. Its antonym, robustness is defined as
the capability of a system to absorb shocks and withstand disruptions [35, 38]. Network resilience requires
robustness as well as a rapid recovery back to normal operations and performance [39]. Finally, risk integrates
the extent to which the system is exposed to various disruptions (i.e. failure probabilities) and their respective
impacts.

Among the research conducted in Poland in the area of risk management in transport systems, noteworthy is
a project ZEUS, and subsequent projects strictly on urban transportation. The project ZEUS developed general
principles of integrated risk management, which has been given the name of the TRANS-RISK [20]. Under the
Integrated System of Transport Safety it has not been taken any specific actions related to risk management
of hazards in urban transport. However, in the context inference conducted it indicated the need for individual
transport modes specific procedures, models and risk measures for use in the context of the general principles
of integrated risk management in transport. Continuation of the work initiated by the project ZEUS become a
concept TRAM-RISK described, inter alia [40]. This method is dedicated to trams risk management. During
the work on the development of the method, the authors took on to build a specific model, procedures and risk
measures corresponding to the requirements of the tram. The authors in their first publications [40] pointed out
that their study will combine the issue of the reliability of tram with the problems of management of its security.
However, later publications [41] closely targeted are already on the implementation of this method in the field
of security management, and presented the results of studies focused primarily on the risk of an accident.
Omitted in these studies issues related to the reliability of transport, which covers three areas [42]: (a) reliability
of any connection (terminal reliability) - meaning the probability that all passengers reach their destination; (b)
reliability of travel time (travel time reliability) - probability of reaching the destination within a given period of
time; (c) reliability of execution of transport network passengers' demand (capacity reliability) - in relation to its
capacity.

According to the authors of this article it is therefore necessary to initiate further research devoted to the
concept of risk management in urban transport, which will be focused on both security issues and the problems
of service reliability. It is reasonable to also extend these research and in addition to the tram, the bus system
should be examined. Especially since this is the mode of transport most frequently used in public transport
systems in Poland.

4. CONCEPTION OF RISK MANAGEMENT DEDICATED FOR URBAN TRANSPORT COMPANIES

Based on the analysis of literature and current achievements of Polish researchers, the authors of this articles
found that it is essential to carry out interdisciplinary research related to the identification of risk factors present
in the urban transport systems. These studies should take into account not only the technical aspects of the
analyzed system, but also elements of economic and social conditions. The main objective of this study should
be a widening of the current state of knowledge regarding risks associated with the organization of public
passenger transport in large urban areas and the development of theoretical, interdisciplinary model of
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operational risk management for the public transport including bus and tram, improving reliability and safety of
transport, and quality of life.

The starting point of the analyzes should be process approach for the studied phenomena. This is due to the
fact that, according to The Risk Management Association process, as risk category, has the largest share of
operational risk (65%). Process approach also takes into account the fact that the transport services are carried
out in a complex system which is characterized by behavioral, social, economic and technical factors.
Perspective process will therefore identify the source of the risks associated with any resource of transport
service process on the input. The scope of the proposed resources to be considered in the analysis is shown
in Figure 1.

MATERIAL RESOURCES (eg. infrastructure,
vehicles)
INTANGIBLE RESOURCES (eg. passenger
information) e
\
]

PERSONAL RESOURCES (eg. driver, | —
dispatchers, mechanics)

URBAN TRANSPORT
PASSENGERS

FINANCIAL RESOURCES (eg. investment
reserve, subsidies for transport)

OPERATING PROCESS OF

Figure 1 The input resources in the service process of urban transport which are sources of potential risk

Process approach at the urban transport system will also reduce the phenomenon, which has been formulated
in the form of one of its hypotheses. On the basis of observations and interviews, the authors found that often
the risk management systems of urban transport is individually performed by different groups of stakeholders,
in a limited way and does not take into account the existing relationship, which should be included in an
integrated strategy to reduce the risk in urban transportation. The organization and implementation of transport
involved several entities (organizations) - the organizer of public transport, infrastructure manager and the
carrier. The lack of a coherent risk management strategy, common to all of these entities, limits the
effectiveness of prevention activities. To verify this hypothesis, the authors provide as part of research to
analyze the current risk management procedures applicable to the organizer of public transport, the owner of
infrastructure and enterprises of urban passenger transport. It will be evaluated by the degree of formalization,
mutual consistency and the scope of monitored groups of threats. These procedures should also be checked
for their compliance with the standards defined by ISO 31000.

To the research, it was selected 5 largest agglomeration in Poland with communication of bus and tram:
Warszawa, Wroctaw, Poznan, Gdansk, Krakéw. This enables diagnosis of multifactorial risk inherent in the
system of public transport in large cities. ldentification of risk factors belonging to three main groups highlighted
in studies (technical, economic and social) will provide a basis for assessing the sensitivity of the test of
transport system and impact analysis on the transport processes. It will also examine the impact of the
identified risk groups on the quality of life of residents surveyed agglomeration, comfort and communication
behavior of people traveling.

The result of the proceedings of the research will be the concept of an integrated, interdisciplinary model of
operational risk management systems in urban transport, in line with the standard ISO31000. The model of
risk management should take into account the role and the specificity of functioning of public transport in large
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cities. It will be focused primarily on the risk factors affecting the reliability and safety of the implementation of
passenger transport, but also the source of the danger that determine quality of life will be identified.

5. SUMMARY AND CONCLUSIONS

Research carried out by the authors so far indicate the presence of vulnerabilities research in the area of risk
management systems of the urban transport. Research reported in the literature relate primarily to the risks
associated with damage of the infrastructure and the occurrence of accidents. There is no publication taking
into account a broad analytical look, focused on interdisciplinary risk assessment. For this reason, there was
an initiative to launch a study on the risk of urban transport taking into account the standards of ISO 31000.

The article guidelines provide an introduction to the study initiated by the authors. The need for such research
arose on the basis of an annual internship realized in the public transport carrier in Wroclaw and detailed
analysis of the projects implemented so far by the Polish scientists. It seems that the development of these
will be important for management science, sciences of security and transport. The results will increase the
current state of knowledge concerning the management of operational risk in the system of public transport in
large cities.
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