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Abstract: 

The article presents a proposal for the use of a risk matrix for assessing the safety of the implementation of rail freight 
transport. The starting point for considerations related to risk assessment is the conditions arising from the business need 

and the obligation of entities operating in the railway market to ensure the safety of the implementation of freight tasks. 

The authors presented selected literature within the framework of the issues discussed. The layers of risk assessment, which 
include the analytical layer, the decision layer and the elimination layer, indicate the possibility of considering the problem 

of risk assessment from different perspectives. The identification of direct causes and consequences of undesirable events 

during the implementation of rail freight transport was also made. The article describes one of the methods of risk man-
agement which is the risk matrix. 

The authors stressed that the construction of a risk matrix should be preceded by an analysis of the factors that affect the 

safety of rail transportation. This is possible by determining their probability of occurrence and setting values for the 
consequences of adverse events. The article divides the assignment of levels of adverse events to a five-level risk matrix 

(slight, low, medium, high, very high). Also presented is a case study considering the risk assessment of rail freight transport 

in Poland using the risk matrix method for railway accidents in the area of railway lines. Thanks to the development of the 
risk matrix, a risk management strategy can be used. The last part of the article is a summary, which highlights the possi-

bility of applying the presented approach to risk assessment among entities operating in the rail transport market. 
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1. Introduction 

Analyzing processes in transportation, it can be as-

sumed that the implementation of both freight and 

passenger transportation is affected by many factors. 

An important issue in this context is risk issues, 

which can relate to many areas of the organization's 

operation. Risk assessment is also an indispensable 

part of the railway safety system. Under the Railway 

Transport Law (UTK, 2003) managers, rail carriers, 

users of railway sidings and infrastructure manage-

ment companies are designated as entities that guar-

antee the safe operation of railway traffic and the safe 

operation of railway vehicles. In addition, railway 

managers and carriers ensure that safety is main-

tained and strive to continuously improve it. The ob-

ligation imposed on infrastructure managers and 

railway operators relating to the implementation of 

the necessary risk control measures is key. One of 

the primary tasks of the designated entities is to act 

as a priority to prevent rail accidents. An increase in 

the level of risk to the safety of the implementation 

of rail transportation can result in actions to reduce 

this risk by halting or limiting rail traffic. 

Risk in the literature is presented in various aspects, 

including through: the criteria for division (e.g., risk 

− technical, personal, individual, social, economic), 

reliability and safety or the methods used to identify, 

analyze and evaluate it. At risk can be also looked 

from various perspectives. One instance considers 

risk as an entropy (Duffey & Saull 2002, Duffey 

2020). We however stick to more traditional per-

spective which has been established for multidisci-

plinary purposes and is defined e.g. in (ISO 31000 

Risk management, 2018), (ISO 31010 Risk manag-

ment, 2020), (ISO Guide 73, 2010). Based on these 

boundary conditions we also understand the compo-

sition of risk in following form. Risk (R) consists 

minimally from probability (P) of some undesired 

even happening and consequences (C) of such event. 

Therefore, we consider following minimalistic ana-

lytic form for risk calculations R = P x C. With this 

form we further work both for risk analysis as a 

whole as well as when considering and assessing its 

individual components. When defining the area re-

lated to transportation security, the point is empha-

sized that it is a state that gives a sense of certainty 

of existence and a guarantee of its preservation. In 

transport terms, it means assessing the risk of loss of 

health or life due to communication events (acci-

dents) related to the implementation of the transpor-

tation process (Bałuch et al., 2011) . Relevant in this 

context is the EU Commission Implementing Regu-

lation No. 402/2013 of April 30, 2013 on a common 

safety assessment method for the valuation and eval-

uation of risk (EU, 2013). This document defines the 

basic definitions related to the risk management pro-

cess and indicates, among other things, such ele-

ments as: general description of the risk assessment 

process, indication of compliance with safety re-

quirements, management of hazards. 

The article focuses on presenting issues related to 

risk, pointing out its multifaceted nature. The pur-

pose of this article is to present the risk matrix as a 

method to assess risks in rail transportation. In order 

to apply it, the causes and consequences of undesir-

able events during the implementation of rail freight 

transport were specified. The risk matrix can assist 

rail freight operators to take measures to reduce or 

mitigate medium and high levels of risk. The entire 

content of the article is divided into three main parts. 

The first one presents the general approach to risk in 

the literature of the problem. The essence of the is-

sues raised from the point of view of risk assessment 

as well as risk management is indicated. The second 

part is a description of the risk assessment tool and a 

general notation of the model with an indication of 

defining the scope of the risk matrix. The last part is 

a case study that considers the risk assessment of rail 

freight transport in Poland using the risk matrix 

method for railway accidents in the area of railway 

lines. 

 

2. Literature review 

As mentioned in the introduction, entities operating 

within the rail transportation system should conduct 

risk assessments related to the activities they per-

form. It should be noted that the perception of risk 

has changed over the years. As the authors of the 

work note (Dvorak et al., 2020), (Bernatik et al., 

2021), (Tubis & Werbińska-Wojciechowska, 2017), 

(Lahuta, Kardoš & Hudáková, 2021) risk assessment 

is the subject of research in many transportation in-

dustries. The article  (Sobota et al., 2018) empha-

sizes that the functioning of the transport system is 

also determined by the quality of the services pro-

vided by the infrastructure of various transport 

branches. Within the framework of EU regulations 

and the rationale for merging business areas, it is 

necessary to create audit structures in organizations. 
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Audit departments are based on risk analysis. This 

trend has triggered research in the field of risk man-

agement. The indicated subject area is analyzed for 

both rail and road transport, which have a lot in com-

mon in terms of their approach to risk. Issues related 

to risk in road transportation of dangerous goods are 

presented in the works of, among others. (Ambituuni 

et al., 2015), (Izdebski et al., 2022), (Batarliene, 

2020), (Conca et al., 2016).  In the article (Ambitu-

uni et al., 2015) analyzed accidents taking into ac-

count causal factors of accidents, frequency, conse-

quences and financial impact. In turn, in  (Izdebski 

et al., 2022) the author's model taking into account 

the minimization of the probability of accidents in 

the transportation of dangerous cargoes was deter-

mined, along with a case study conducted in the area 

of the Mazovian province. The authors of the study 

(Batarliene, 2020) showed that the main factors af-

fecting the probability of an accident during the 

transportation of dangerous goods are improper 

loading of cargo, the condition of the vehicle, and 

weather and surface conditions. According to the 

risk management methodology presented in, for 

example (ISO 31000 Risk management, 2018), (ISO 

31010 Risk managment, 2020), (ISO Guide 73, 

2010) issue of risk assessment is presented alongside 

risk analysis and risk valuation as one of the stages 

of risk management in the entire system, including 

railways. It should be emphasized that risk assess-

ment of the implementation of rail transportation, 

like other transportation services, requires decision-

making (cf. (Karoń & Żochowska, 2020), (Jacyna & 

Szaciłło, 2017) under conditions: 

− Certainty - when the effects of the risks are known, 

− Uncertainty - when the probabilities of risk effects 

are unknown or the effects of risks are difficult to 

determine, 

− Risks - when the probabilities of the effects of 

risks are known. 

National and international literature items present-

ing risk assessment methodologies for rail transpor-

tation highlight several important areas. The inclu-

sion related to risk assessment for terrorist events at 

railway stations is detailed in (Luxton & Marinov, 

2020, (Marrone et al., 2013), (De Cillis et al., 2013). 

For example, the work (Luxton & Marinov, 2020) 

distinguished a five-step methodology for dealing 

with adverse events (identification of hazards, prior-

itization of hazards in terms of the most severe ef-

fects, development of mitigation strategies, evalua-

tion of strategies, implementation of strategies). In 

the case of research related to hazards caused by at-

mospheric phenomena, the work should be men-

tioned (Sanchis et al., 2020). An original approach 

related to a mathematical model for assessing the 

safety of school bus travel is included in the paper 

(Murawski et al., 2022). In the work of (Grenčík et 

al., 2020), (Grenčík, 2018) an assessment of the risks 

associated with freight cars in the operation and 

maintenance phase of the rolling stock was carried 

out . In the work (Grenčík, 2018) indicated feasible 

methods of risk assessment with types of risks di-

vided into categories of their sources − individual, 

technical, environmental, social, economic and 

other. In the articles (Berrado et al., 2011), (Abioye 

et al., 2020), (Burdzik et al., 2017), (Bureika et al., 

2017) much attention was paid to the issues of risk 

assessment at level crossings. In turn, the problem of 

risk assessment of the transport of dangerous car-

goes by rail was presented in the papers (Cafiso et 

al., 2006), (Liu, 2016), (Huang et al., 2021), (Rahbar 

& Begheri, 2014). In addition, accidents and inci-

dents during the transportation of dangerous goods 

by rail transport were the subject of research in the 

article (Batarliene & Jarasuniene, 2014) (Batarliene, 

2020). It indicates how respondents estimate the 

main factors associated with risk in rail transporta-

tion, describes starts resulting from accidents, and 

offers recommendations for measures to reduce ac-

cidents. W (Huang et al., 2020) interpretive struc-

tural modeling approach and Bayesian networks are 

presented as methods that can be used to quantita-

tively analyze the relationship and strength of inter-

actions between risk factors or causes of rail acci-

dents in the rail hazardous goods transportation sys-

tem. Safety assessment in rail systems has been de-

fined, among other things, in the standard (PN-EN, 

2018), which provides general guidelines to reduce 

the risk of a hazard to a minimum level according to 

the ALARP (As Low As Reasonably) principle. 

On the other hand, in the items (Sitarz et al., 2011), 

(Cieśla et al., 2020) listed risk assessment methods 

used in the rail transportation system, such as: 

− Checklists − organizations starting to execute the 

process in the transport market, 

− Failure Mode and Effect Analysis (FMEA), Haz-

ard and Operability Study (HAZOP  (IEC, 2016), 

(PN-EN, 2018), COSO II - an organization with 
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extensive experience in the process (e.g., Polish 

carriers with a minimum of 2 years of experience), 

− FTA (Fault Tree Analysis) - an organization with 

extensive experience in the process, with a large 

amount of incident data - major freight and pas-

senger carriers, major infrastructure managers. 

In the study (Kycko & Zabłocki, 2019) the authors 

point out the necessity of risk assessment at each 

stage of a railway investment, starting from the fea-

sibility study stage, through design and construction 

to the operation stage, without ignoring the impact of 

human factors and equipment reliability. In addition, 

they note that it is very important to select the appro-

priate methodology, from the many available, for the 

stage being evaluated. Of the methods not previ-

ously mentioned, the authors cited the following: 

− Delhi method - applicable at any stage of the pro-

ject, but not applicable to assessing human factors 

or equipment reliability, 

− Event tree analysis - a universal methodology that 

can be applied to all analyzed cases, 

− Unfitness tree analysis - useful only at the stage of 

assessing the service life and reliability of equip-

ment, 

− Human reliability analysis - applicable only to the 

evaluation of human factors. 

The above-mentioned list of risk assessment tech-

niques of course is not exhaustive. We are aware that 

some of the risk assessment techniques are success-

fully applied in other fields (e.g. reliability) and also 

have individual standardized form. Therefore, for 

much more relevant list of techniques for different 

purposes of risk assessment we can refer to (ISO 

31010 Risk managment, 2020). It is also inherent in 

rail systems to ensure and then assess the reliability 

of the systems. The higher the system reliability, the 

lower the probability of adverse events. This paper 

(Kornaszewski & Pniewski, 2016) shows how the 

use of simulation can help assess the reliability of 

railway traffic control equipment. The paper 
(Grabowska–Bujna, 2016) analyzed the defective-

ness of individual components of the railway traffic 

control system, based on real data collected, taking 

into account the geographical location of each sta-

tion, traffic volume and year of construction. The 

analysis shows that isolated sections are the most 

fault-prone component of the signaling systems, 

which may give an indication of what should be fo-

cused on to increase their reliability. Based on the 

analysis, a forecast for the future is also provided. 

It is crucial that the application of the risk assessment 

method be done based on the identified research ob-

jective and input data, which should come from reli-

able sources. The literature analysis shows that the 

issue of risk assessment is multifaceted and requires 

an individual approach to solving specific problems. 

 

3. Characteristics of risk assessment layers 

Risk assessment in rail transportation can refer to 

both freight and passenger transportation. Within the 

framework of this article, a systematic approach to 

risk assessment during the implementation of rail 

freight transportation is proposed. Assumptions re-

lated to risk assessment in this context are presented 

in the paper  (Szaciłło et al., 2021), it proposes a de-

scription taking into account various aspects, con-

ventionally called layers. The basis for risk assess-

ment in rail freight transport can be provided by sta-

tistics on serious accidents, accidents and incidents, 

which are collected as part of the activities of bodies 

such as the Railway Transport Authority (Urząd 

Transportu Kolejowego) and the State Commission 

for Investigation of Railway Accidents (Państwowa 

Komisja Badania Wypadków Kolejowych). A train 

accident is an unwanted or unintended sudden event 

or series of such events that have severe conse-

quences. They are divided into: collisions, derail-

ments, level crossing accidents, accidents involving 

persons caused by rolling stock in motion, fires and 

others. A serious accident is an accident with at least 

one fatality or at least five seriously injured people, or 

causing significant damage (which can be immedi-

ately estimated by the investigator at least €2 million) 

to rolling stock, infrastructure or the environment. 

An incident, on the other hand, is any event other 

than an accident or serious accident affecting rail-

way safety (Bałuch et al., 2011), (UTK, The Railway 

Transport Act (2022), 2003). 

Considering the range of data that are published in 

publicly available reports (for example, in the (UTK, 

The Office of Rail Transport, 2020), it is possible to 

identify three layers that can be subject to risk as-

sessment (Figure 1). 

As part of the analytical layer, statistical data can be 

used to study the current status of adverse events on 

rail lines and rail sidings. Data on these events can 

be included, for example, in tabular summaries, 

which are updated at specific intervals and contain 

all information about disruptions during the imple-
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mentation of rail freight transport. The selected in-

formation can be used to determine parameters such 

as the probability of occurrence of adverse events 

and the severity of the consequences of adverse 

events. On this basis, it is possible to make a risk 

assessment for the route of travel from the moment 

when the train is loaded at the railway siding through 

the sending station, intermediate station (if any), 

destination station up to the unloading point located, 

for example, on the railway siding. The collection of 

information in the analytical layer facilitates the sta-

tistics necessary to determine the risk assessment of 

the rail transportation system. A general diagram for 

the process involved in the implementation of rail 

freight transportation is shown in Figure 2. 

 

 
Fig. 1. Layers of risk assessment during rail freight operations 
 

 
Fig. 2. General view of the process involved in the implementation of rail freight transportation 
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During the implementation of rail freight transport, 

adverse events occur, the consequences of which of-

ten prevent the continuation of the freight task. In 

order for cargo to be delivered to recipients with the 

least possible delay, it may be necessary to determine 

alternative routes. When doing this, you can be 

guided by the criterion of minimizing the risk asso-

ciated with the effect of an accident or incident (e.g., 

injured persons, financial implications). This layer, 

called the decision layer, supports decision-

makingin selecting alternative routes with given se-

lection criteria relating to the consequences of inci-

dents defined by the decision-maker. 

The last layer is the elimination layer. During the 

analysis of alternative crossing routes for the deci-

sion layer, it may be crucial in the evaluation of the 

influencer to determine the crossing route to identify 

specific factors that can cause an undesirable situa-

tion. In such a case, it is necessary to examine all pos-

sible points along the travel route where an undesir-

able event may occur, such as the selected category 

of level crossings. When an undesirable event occurs 

as a result of which it is necessary to choose an al-

ternative route, in addition to the criterion presented 

in the decision layer, an additional criterion may also 

be the determination of a specific category of direct 

cause. Adverse event data and routes of travel are 

indicated based on the information in Table 1. 

4. Causes and consequences of adverse events 

in the rail transport system 

The basis for the risk management process is to 

specify the cause of adverse events. Data on adverse 

events (i.e., serious accident, incident) are collected 

and analyzed at three levels (UTK, The Office of 

Rail Transport, 2020): 

− European within the framework of the European 

Union Railway Agency (data is related to the Eu-

ropean Union's publicly accessible rail network), 

− national within the Railway Transport Authority 

and the State Commission for Investigation of 

Railway Accidents (the data is related to the public 

railway network, railway sidings and narrow-

gauge railways), 

− as part of the activities of railway operators, infra-

structure managers or entities responsible for 

maintenance (data includes activities covered by 

the safety management system). 

A division of the causes of accidents and incidents 

is presented in Figure 3. 

In Poland, the classification of a serious accident, ac-

cident or incident into a specific category is indicated 

by a specially appointed commission based on the 

determination of the direct cause of its occurrence 

(Figure 4). The classification of the direct cause of 

serious accidents, accidents and incidents is detailed 

in the  (MIiB, 2016). 

 

Table 1. Scope of data characterizing adverse events 
Lp. Group Subgroup Scope of data Source 

 

1 

Railway infra-
structure 

Railway lines 
Line number, starting kilometer, final 

kilometer 
(PKP PLK S.A., 2022) 

2 
Points where train service takes 
place 

Geographical coordinates 
(UTK, The Office of Rail 
Transport., 2022) 

3 
Points where loading and unload-

ing of goods takes place 
Geographical coordinates 

(UTK, The Office of Rail 

Transport., 2022) 

 
4 Adverse events 

in rail freight 
transport 

Serious accidents Geographical coordinates, locations 

of the adverse event, date of occur-

rence, category and number of the 
event, description of the cause of the 

event, consequences of the event 

Obtained data from the 

Railway Transport Authority 

and the State Commission for 
Investigation of Railway Ac-

cidents 

 

5 
Accidents 

6 Incidents 

7  
Itinerary 

Starting point of the travel route Geographical coordinates Own data based on assumed 
parameters 8 End point of the driving route Geographical coordinates 

9 

 
Detour route 

Starting point of the detour route Geographical coordinates Own data based on assumed 

parameters and  (GUGiK, 
Head Office of Geodesy and 

Cartography., 2022), 

(GUGiK, Head Office of 
Geodesy and Cartography., 

2022). 

10 End point of the detour route Geographical coordinates 

11 
Rail-road crossings along the 
route of the trip 

Transit category, 
geographic coordinates 
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Fig. 3. Types of causes of adverse events in the rail transport system  

Source: own elaboration based on  (MIiB, 2016). 

 

 
Fig. 4. The process involved in categorizing serious accidents, incidents and accidents into an established 

direct cause 

Source: own elaboration based on  (MIiB, 2016). 

 

Some of the most common causes of disruptions 

during rail operations include (Placido, 2017): 

− poor condition of infrastructure: tracks, points, 

subgrades, sleepers, bridges and flyovers, as well 

as sudden emergency damage to these elements, 

− track work plans carried out, 

− lack of service or damage to horns, or reduced vis-

ibility at points of contact between different 

branches of the same transportation system, 

− failure of rolling stock in the course of the trans-

portation task, 

− no power supply on electrified lines, 

− atmospheric and environmental factors, such as 

snow blizzards, washout of tracks due to heavy 

precipitation, buckling of rails due to high summer 

temperatures, 

− the human factor related to the transportation sys-

tem or outside the transportation system. 

 

5. Assumptions of risk assessment model using 

risk matrix 

This article focuses on the risk assessment aspect by 

identifying the most important assumptions and con-

straints. The model of risk assessment of the imple-

mentation of rail freight transport includes elements 

related to the upstream and downstream operations, 

which include: loading points (tracks of general use, 

station sidings, trail sidings other points designed to 

perform loading and unloading of goods), the station 

of shipment, the station of destination. On the other 

hand, the output determines the risk assessment of 

rail freight transport. A general view of the risk as-

sessment model is shown in Figure 5. 
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Fig. 5. General scheme of the risk assessment model  

 

In the work (Szaciłło, 2021) the model is based on 

an approach to modeling transportation systems with 

respect to aspects presented in the works of (Jacyna 

i Semenov, 2020), (Jacyna et al., 2020), (Tavasszy i 

De Jong, 2013) and on a risk management approach 

based on the definition of a risk matrix. The model 

of risk assessment for the implementation in rail 

freight transport (MORKPT) is defined as an or-

dered four: 
 

𝑴𝑶𝑹𝑲𝑷𝑻=⟨𝑮𝑲,𝒁𝑭,𝒁𝑷,𝑴𝑹⟩  (1) 
 

In order to build a model for risk assessment of the 

realization of rail freight transport, it is necessary to 

know the structure of the GK rail network, the char-

acteristics defined on the elements of the ZF struc-

ture, the ZP transport tasks, the MR risk matrix de-

scribed in, among others (ISO 31010 Risk manag-

ment, 2020), (IEC 60812, 2019). 

In order to conduct a risk assessment, the direct 

causes of adverse events must be specified and de-

scribed accordingly. In order to identify the causes 

of adverse events in the rail transportation system, a 

nationwide classification of direct causes of acci-

dents and incidents was used  (MIiB, 2016). 

Table 2 shows the direct causes of railway accidents 

in rail transportation. 

 

Table 2. direct causes of railway accidents 
Lp. Description of the direct cause Category Symbol 

1 Other than the causes listed below, or an overlap of several causes at the same time, 

creating equivalent causes 

0 W00 

2 Launching a railway vehicle on an occupied, closed or opposite to the main track or in the 

wrong direction 

1 W01 

3 Acceptance of a railway vehicle into a station on a closed or occupied track 2 W02 

4 Launching, receiving or driving a railway vehicle on an improperly laid unprotected route or 

improper operation of traffic control devices 

3 W03 

5 Failure of a railway vehicle to stop before the signal "Stop" or at the place where it should 
stop, or starting a railway vehicle without the required authorization 

4 W04 

 

6 

Failure to exercise caution after a railway vehicle has passed an automatic clearance sema-

phore indicating a "Standstill" signal or a doubtful signal after stopping before these signals 

 

5 

 

W05 

7 Exceeding the highest speed limit 6 W06 

8 Performing a maneuver that poses a traffic safety risk trains 7 W07 

9 Runaway railway vehicle 8 W08 

 

 
10 

Damage to or poor maintenance of a structure, such as a pavement, bridge or overpass, in-

cluding improper execution of work, such as improper unloading of materials, pavement, 
leaving materials and equipment (including road machinery) on the track or 

in the gauge of a railway vehicle, or invading elements of the structure by a railway vehicle 

 

9 

 

W09 

 

 
11 

Damage or poor condition of powered railway vehicle, special-purpose railway vehicle (in-

cluding invasion of the 
an object that is a structural part of a powered railway vehicle, a special-purpose railway ve-

hicle) and the failure or malfunction of the on-board part of the equipment that enables the 

control of railway vehicle guidance (ERTMS) 

 

10 

 

W10 

12 Damage or poor condition of the wagon (including raiding a structural part of the wagon) 11 W11 

13 Failure or malfunction of railway traffic control equipment 12 W12 

14 Railing over a railway vehicle or other obstacle (e.g., brake skid, baggage cart, mail cart) 13 W13 

15 Criminal assassination 14 W14 
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Lp. Description of the direct cause Category Symbol 

16 Premature dissolution of the route or abrogation of the closure and flipping of the switch under 
the railway vehicle 

15 W15 

17 Incorrect combination of train or shunting yard formation 16 W16 

18 Improper loading, unloading, irregularities in cargo securing or other irregularities in loading 

operations, or improper train or shunting combination 

17 W17 

 
19 

Invasion of a railway vehicle on a road vehicle (other road machinery, agricultural machinery) 
or vice versa at level crossing with turnpikes (cat A according to the crossing metric) 

 
18 

 
W18 

 

20 

Invasion of a railway vehicle on a road vehicle (other road machinery, agricultural 

machinery) or vice versa at a level crossing equipped with an automatic crossing system with 
traffic lights and horns (cat. B). 

 

19 

 

W19 

 

21 

Invasion of a railway vehicle into a road vehicle (other road machinery, agricultural 

machinery) or vice versa at a level crossing equipped with an automatic crossing system with 
traffic lights and without horns (cat. C). 

 

20 

 

W20 

 

22 

Invasion of a rail vehicle on a road vehicle (other road machinery, agricultural machinery) or 

vice versa at a level crossing not equipped with a crossing system 

(Cat. D) 

 

21 

 

W21 

23 Invasion of a railway vehicle into a road vehicle (other road machinery, agricultural machin-

ery) or vice versa at a level crossing of private use (cat. F) 

22 W22 

 

24 

Invasion of a railway vehicle on a road vehicle (other road machinery, agricultural machinery) 

or vice versa outside of level crossings at stations and routes or on a communication and 
access track to a siding 

 

23 

 

W23 

25 Fire in a train, shunting yard or railway vehicle 24 W24 

 

26 

Fire in a building structure, etc. within the boundaries of the railway area, forest fire within 

the boundaries up to the end of the fire lane, grain, grass and track fires arising within the 

boundaries of the railway area 

 

26 

 

W26 

27 Explosion in a train, shunting yard or railway vehicle 27 W27 

28 Natural disasters (e.g., floods, snowdrifts, ice jams, hurricanes, landslides) 28 W28 

29 Construction disasters in the immediate vicinity of railway tracks on which normal train traffic 
runs 

29 W29 

 

30 

Malicious, hooligan, or reckless misconduct (e.g., throwing rocks at a train, stealing cargo 

from a moving train or shunting yard, placing an obstruction on the track, vandalizing power, 

communications, traffic control, or track surface equipment, and 
interfering with such equipment) 

 

30 

 

W30 

31 Invasion of persons by a railway vehicle while crossing the tracks at a level crossing or a 

guarded crossing 

31 W31 

32 Invasion of persons by a railway vehicle while crossing the tracks at a level crossing with an 

automatic crossing system (cat. B, C) 

32 W32 

33 Invasion of persons by a railway vehicle while crossing the tracks at other level 

crossings and road crossings 

33 W33 

34 Invasion of persons by a railway vehicle while crossing the tracks outside level crossings or 

crossings at stations and routes 

34 W34 

 

35 

Incidents with persons related to the movement of the railway vehicle (jumping, falling out of 

the train, railway vehicle, strong approach or sudden braking of the railway vehicle) 

 

35 

 

W35 

36 Disregard by the driver of a road vehicle of signals prohibiting entry to a level crossing and 

damage to the turnpike or traffic signals 

36 W36 

37 Train or shunting yard breakup that resulted in runaway cars 37 W37 

38 Improper tripping of structures and equipment intended for railway traffic or railway vehicles 
caused by theft 

38 W38 

39 Entry of a railway vehicle using catenary power supply on unoccupied non-electrified track 39 W39 

 

40 

Uncontrolled release of dangerous goods from a wagon or package requiring the intervention 

of authorities or the application of measures to eliminate fire, chemical, biological hazards at 
a station or on a route 

 

40 

 

W40 

Source: (MIiB, 2016).
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For the purpose of building the risk assessment 

model, it was assumed that adverse events of real-

ized freight transportation could occur on: 

− railway (lkol), 

− railway siding (bk). 

As indicated earlier, in each of the areas mentioned, 

there may be multiple causes of accidents or inci-

dents that could result in an adverse event, i.e. the 

risk of cargo damage, for example. For each type of 

adverse event determined, the causes of the occur-

rence of this type of event have been identified. 

Therefore, in order to determine the probability dis-

tributions of the occurrence of an adverse event, a 

set of ZN categories of causes of adverse events of 

the form was defined: 
 

𝒁𝑵={𝑧𝑛: 𝑧𝑛=1,…,ZN} (2) 
 

An adverse event may occur for the following cate-

gories of direct causes: 

− accidents for the railway line area, 

− incidents for the railway line area, 

− accidents for the railway siding area, 

− incidents for the railway siding area. 

In each of the categories listed in each area, there 

may be multiple causes of accidents or incidents that 

could result in an adverse event, such as the risk of 

damage to a freight car. For each type of adverse 

event determined, the cause of the occurrence of that 

type of event was identified. These causes are de-

noted by the subscript p, while the vector of factors 

influencing the type of risk is written as follows: 

 

𝐙𝐍=[(𝑧𝑛,1),(𝑧𝑛,2),...(𝑧𝑛,𝑝),...,(𝑧𝑛,P)]  (3) 

 

where the pair (zn, p) denotes the p-th factor influ-

encing the occurrence of the zn-th adverse event cat-

egory. 

 

With this in mind, the vector of factors for each area 

was written as follows: 

− for the causes of direct accidents or incidents iden-

tified on the railway: 

  

𝐑(𝑙𝑘𝑜𝑙)=[((𝑙𝑘𝑜𝑙,(𝑧𝑛,1)),((𝑙𝑘𝑜𝑙,(𝑧𝑛,2)),..., 

((𝑙𝑘𝑜𝑙,(𝑧𝑛,𝑚)),...,((𝑙𝑘𝑜𝑙,(𝑧𝑛,M))] 

(4) 

 

− for the causes of direct accidents or incidents iden-

tified on the railway siding: 

 

𝐑(𝑏𝑘)=[((𝑏𝑘,(𝑧𝑛,1)),((𝑏𝑘,(𝑧𝑛,2)),...((𝑏𝑘,(𝑧𝑛,𝑐))
,...,((𝑏𝑘,(𝑧𝑛,C))] 

(5) 

 

The probabilities of adverse events are in the <0,1> 

range. On the other hand, the five-point scale ac-

cording to the risk matrix can be written as in Table 

3. 

 

Table 3. Adverse event occurrence levels allowing risk assessment for direct causes 
Level Slight Low Medium High Very high 

The value of the 

level of occurrence 

of an adverse event 

 

 

1 

 

 

2 

 

 

3 

 

 

4 

 

 

5 

Probability of occurrence of an event (lower limit- upper limit) 

A
r
e
a
 

Accidents for the 

railway 

Line 

0,000 - GGNZ 
(w,lkol) 

DGNS(w,lkol) - 
GGNS(w,lkol) 

DGSD(w,lkol) - 
GGSD(w,lkol) 

DGW(w,lkol) - 
GGW(w,lkol) 

≥ DGBW(w,lkol) 

Incidents for the 

railway line 

 
0,000 - GGNZ 

(i,lkol) 

 
DGNS(w,lkol) - 

GGNS(i,lkol) 

 
DGSD(w,lkol) - 

GGSD(i,lkol) 

 
DGW(w,lkol) - 

GGW(i,lkol) 

≥ DGBW(i,lkol) 

Accidents for the 

railway siding 
0,000 - GGNZ 

(w,bk) 

DGNS(w,bk) - 

GGNS(w,bk) 

 
DGSD(w,bk) - 

GGSD(w,bk) 

 
DGW(w,bk) - 

GGW(w,bk) 

≥ DGBW(w,bk) 

Incidents for the 

railway siding 

0,000 - GGNZ 

(i,bk) 

DGNS(i,bk) - 

GGNS(i,bk) 

DGSD(i,bk) - 

GGSD(i,bk) 

DGW(i,bk) - 

GGW(i,bk) 
≥ DGBW(i,bk) 

Indications: 

DGBW - lower limit for cause or effect category very high; DGNS - lower limit for cause or effect category low; DGSD - 

lower limit for cause or effect category medium; DGW - lower limit for cause or effect category high GGNS - upper limit 
for cause or effect category low; GGNZ - upper limit for cause or effect category insignificant; GGSD - upper limit for 

cause or effect category medium; GGW - upper limit for cause or effect category high. 
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For each type of adverse event determined, the s-th 

effects of occurrence (SZ) of that type of event were 

identified. For the unambiguousness of further re-

search, the effects of adverse events were labeled 

with the index s, respectively, and it is assumed that 

the set of SZs will be a set of the form: 

 

𝑺𝒁={𝑠: 𝑠=𝑧,𝑐𝑟,𝑟𝑎,𝑑𝑝,𝑝𝑑,𝑜,𝑓}  (6) 

 

where: 

z  - killed, 

cr  - seriously injured, 

ra  - injured, 

dp  - invasion of a road vehicle on a train, 

pd  - the invasion of a train on a road vehicle, 

o - freight train delays, 

f  - financial implications. 
 

6. Risk matrix for risk assessment in rail 

freight transportation 

The risk matrix is a method of concisely presenting 

the result of risk assessment. The analysis of unde-

sirable events in the rail transport system makes it 

possible to determine the risks so that those involved 

in the implementation of rail freight transport can ef-

fectively counteract them  (Szaciłło et al., 2021). 

Risk assessment during the performance of freight 

tasks is currently a management challenge for rail-

way companies. Appropriate methods must be used 

to assess risks. One of the methods that can support 

risk assessment during the implementation of rail 

freight operations is the risk matrix method. Its main 

task is to classify risks, prioritize sources of risk and 

deal with risks. As indicated in (ISO 31000 Risk 

management, 2018), (ISO 31010 Risk managment, 

2020), (IEC 60812, 2019) these methods provides 

support in the process of determining which risks re-

quire further analysis and against which preventive 

measures should be taken. Examination of the con-

sequences of events, taking into account the proba-

bility of their occurrence, makes it possible to assess 

whether a given level of risk meets the criteria for 

acceptability. The risk matrix method uses two basic 

factors that affect the value of the determined risk 

see e.g.  (ISO 31010 Risk management, 2020), (IEC 

60812, 2019) and (Elmontsri, 2014): 

− the probability of a given adverse event, 

− the effects (consequences) of an adverse event. 

The risk matrix method is represented by a two-di-

mensional matrix on a scale of several levels. Data 

on adverse events in 2019 obtained from the Rail-

way Transport Authority and the National Railway 

Accident Investigation Commission became the ba-

sis for creating a model risk matrix for the sums of 

cause and effect values shown in Figure 6. It also 

made it possible to determine the percentage of each 

field of the risk matrix. 

Since adverse event data occurred in reality, it was 

decided that the insignificant level would reflect a 

marginal percentage of all events. The numerical 

ranges of the individual risk level values were estab-

lished with the following assumption: 

− the slight level is a range between 0.0% − 1.3%, 

− the low level represents a range between 1.3% − 

13, 3%, 

− the average level represents a range between 

13.3% − 46.7%, 

− the high level represents a range between 46.7% − 

81.3%, 

− very high level occurs above 81.3% of all adverse 

events, for a given direct cause and effect. 
 

 
Fig. 6. Percentage of each field of the risk matrix 

Source: (Szaciłło, 2021). 
 

Quantification of the ranges of risk assessment lev-

els is shown in Figure 7. 

Risk assessment levels may reflect the following ac-

tivities: 

− Slight level – current activities are acceptable, ad-

verse events in the implementation of rail freight 

should be monitored, 

− Low level – organization of training courses and 

workshops to address adverse events. Develop al-

ternative scenarios for adverse events including, 

for example, making organizational, functional 

changes, etc. 
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Fig. 7. Risk assessment levels for causes and consequences of adverse events  

 

− Medium level – incidents should be reported in 

annual reports and railway company reports. Ad-

ditional safety measures should be introduced. 

− High level – a recovery plan should be drawn up 

and immediate action taken to reduce the level of 

risk. 

− Very high level – the need for intervention of a 

body authorized to prevent undesirable events 

(such as the Railway Transport Authority). Take 

immediate action to eliminate undesirable events. 

The developed risk matrix is a universal tool to sup-

port the decision-making process in assessing the 

risk of freight transportation on the rail network. It 

can be used to analyze scenarios of adverse events 

for both railway lines and railway sidings. 

 

7. Application of the risk matrix for railway 

accidents on railway lines 

In order to assess the risk of carrying out rail freight 

transport, data obtained from the Railway Transport 

Office and the State Commission for Investigation 

of Railway Accidents were analyzed. To determine 

the probability relating to the occurrence of accidents 

on railway lines in Poland for direct causes, the num-

ber of accidents per accident category was related to 

the number of accidents in the calendar year under 

review. The numerical ranges for the effects of rail-

way accidents were determined based on the follow-

ing assumptions: 

− it was considered that a given category of effects 

would be subject to analysis when their number 

exceeded three events in the calendar year under 

review, 

− for the categories: killed, seriously injured and in-

jured - the upper limit was determined based on 

the definitions contained in the  (MIiB, 2016), 

− for the categories: invasion of a road vehicle by a 

train, invasion of a road vehicle by a train – the 

upper limit was set as the sum of all adverse events 

in the calendar year under review, 

− for the categories: freight train delays, financial 

impact - the average for a single incident per acci-

dent or incident category that occurred in the cal-

endar year under review was considered as the up-

per limit. 

The values of the risk of the cause of the accident for 

the accident category (in the figures, the values pre-

sented on the x-axis), together with the determina-

tion of measures of the risk of the consequence effect 

for the accident category on the railway (in the fig-

ures, the values presented on the y-axis), made it 

possible to present the risk assessment in the form of 

a risk matrix. 

Based on the numerical ranges for the probability of 

direct causes and for the consequences of adverse 

events, risk assessments were made for accidents in 

the railway lines area (see Figures 8 – 14).
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Fig. 8. Risk assessment of rail freight implementation for the effect of killed  

Source. based on (Szaciłło, 2021). 
 

 
Fig. 9. Risk assessment of the implementation of rail freight for the effect of severely injured 

Source: based on (Szaciłło, 2021). 
 

 
Fig. 10. Risk assessment of the implementation of rail freight for the effect of the injured  

Source: based on (Szaciłło, 2021). 
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Fig. 11. Risk assessment of the implementation of rail freight services for the effect of a road vehicle invad-

ing a train 

Source: based on (Szaciłło, 2021). 
 

 
Fig. 12. Risk assessment of the implementation of rail freight services for the effect of a train invading a 

road vehicle 

Source: based on  (Szaciłło, 2021). 
 

 
Fig. 13. Risk assessment of rail freight performance for the effect of freight train delay  

Source: based on (Szaciłło, 2021). 
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Fig. 14. Risk assessment of rail freight implementation for financial impact  

Source: based on (Szaciłło, 2021). 
 

Table 4. Aggregate risk assessment of rail freight implementation for selected impacts 

Effect Slight (2) 
Low  

(3-4) 

Medium 

(5-6) 

High 

(7-8) 

Very high 

(9-10) 

Killed 
1, 2, 5, 6, 16, 22, 

28, 37, 38 

0, 3, 4, 7, 8, 10, 11, 12, 15, 17, 

18, 23, 24, 30, 32, 35 
9, 13 

19, 20, 31, 

33 
21, 34 

Severely injured 
1, 2, 5, 6, 16, 22, 

28, 37,38 
0, 3, 4, 7, 8, 10, 11, 12, 15, 17, 
18, 19, 23, 24, 30, 31, 32, 35 

9, 13, 20, 33 
 
- 

21, 34 

Injured 
1, 2, 5, 6, 16, 22, 

28, 37,38 

0, 3, 4, 7, 8, 10, 11, 12, 15, 17, 

18, 19, 23, 24, 30, 31, 32, 33 
9, 13, 35 20, 34 21 

Invasion of a 

train by a road vehicle 
22 18, 19, 23 20 - 21 

Invasion of a road ve-

hicle by a train 
22 18, 19, 23 20 - 21 

Delay of a 

freight train 

1, 2, 5, 16, 22, 28, 
37,38 

7, 8, 10, 12, 18, 23, 24, 30, 
31,32, 35 

6, 13, 15, 19, 
20, 33 

0, 3, 4, 11, 
17, 21, 34, 

9 

Financial 
1, 2, 5, 16, 22, 28, 

37, 38 

7, 10, 12, 18, 23, 30, 31, 32, 33, 

35 

3, 6, 8, 15, 17, 

20, 34 

0, 4, 11, 19, 

21, 24 
9, 13 

Source: own elaboration based on (Szaciłło, 2021). 
 

8. Summary 

The issue of assessing the risk of carrying out trans-

portation on the rail network is very important due 

to the role of rail transport in cargo transportation. 

Transmission of cargo by rail is carried out using 

various transport technologies, and this causes the 

occurrence of various adverse events. Determining 

the risk assessment of the realization of rail freight 

transport, requires solving a complex decision-mak-

ing problem. The presented assumptions of the 

model for the risk assessment of the realization of 

rail freight transport indicate a universal approach to 

support the decision-making process for the risk as-

sessment of the realization of freight transport on the 

rail network. They can be used to analyze adverse 

event scenarios for both railways and rail sidings. 

The developed approach to risk assessment using a 

risk matrix enables risk management. 

Of decisive importance in the correctness of the 

model's operation and the possibility of its use in 

practical solutions is the quality of the input data. 

The presented approach is primarily driven by the 

need for business practice, i.e. to align the reliability 

and safety of freight transportation by rail with cus-

tomer expectations. 

The risk matrix is a useful tool for presenting the re-

sults of risk analysis to support risk assessment for 

various event scenarios that may occur in the system 

under study, including in rail freight. Risk estima-

tion, if not based on historical data or statistical anal-

ysis, requires expert judgment. The risk matrix 
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method can be considered a universal method to sup-

port risk management. Among other things, it can be 

applied to rail freight operators and rail infrastruc-

ture managers to identify the most dangerous loca-

tions of adverse events. 
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