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Abstract: The paper focuses on the presentation of key results of the project of applied research oriented on evaluation of the increased safety and reliability of the railway network 
due to the implementation of relevant railway network projects and their projection into the investment project socio-economic evaluation using Cost-Benefit Analysis. The subject 
research described in the article is the design and verification of the functionality of the methodological procedure for the evaluation of these benefits for their further use in the 
assessment of public projects on railways. The methodological part summarizes the basic outputs of the previous research. These outputs were subsequently applied at the 
formulation of basic rules for the assessment of benefits connected with increased railway reliability and safety, which were later processed into the form of simplified methodological 
procedure. The simplified approach uses average data on the occurrence impact for the entire railway network, broken down into line and station sections. The functionality of 
individual approaches was checked on case studies of actually implemented projects. 
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1 INTRODUCTION 
 

The article is oriented on the introducing of the final 
outputs of the research activities oriented on the evaluating 
the benefits connected with increased user level of the 
railways as an output of the carrying out of appropriate 
measures. The key output is a methodological procedure for 
evaluating the benefits connected with increased safety and 
reliability level of the railways designed to complement the 
socio-economic analysis of construction projects in the field 
of railways. This paper presents the key principles, 
approaches, methods and values which form the basis of the 
methodological approach. The contribution is based on the 
outputs of previous already published articles [1-4]. These 
results are reached using an extensive database of 
extraordinary events [5], which involves nearly 6,000 
occurrences from 2011-2018 arising in the Czechia and 
represents a key data set for the subsequent analysis and final 
synthesis of information into the final version of the 
methodological procedure for the socio-economic impacts of 
classified occurrences evaluation. In addition to the above-
mentioned Database of Occurrences, statistical data on the 
Czech railway network [6-9] were used as inputs. The 
presented paper presents the final unit impact values of sub-
categories of occurrences related to the year and transport 
performance unit (train kilometre) usable within the 
simplified methodological approach. The functionality of the 
proposed methodological procedure was consequently 
checked on two railway infrastructure projects oriented on 
the modernization divided into a line and station sections. 

The benefits described above will be used for the socio-
economic evaluation of rail-way infrastructure projects using 
Cost-Benefit Analysis which is explained in many scientific 
texts. The Guide to CBA [10] can be considered a basis for 
the evaluation of transport infrastructure project at the 
European level. The Departmental Guideline of the Ministry 
of Transport [11], which developed an approach for the 
economic and financial assessment of projects of road 
transport, rail transport and transport-significant water 
structures is used for the evaluation of transport infrastructure 
projects at the national level of the Czech Republic. The 
Guidelines include a comprehensive socio-economic 

evaluation of these types of projects, including an evaluation 
of external impacts. by the way, the issue of the impact 
connected with increased railway user level resulting from 
the implementation of the projects increasing the level of 
safety equipment was not ad-dressed by the Guidelines. From 
the aspect of the methodology, attention should be paid to an 
extensive study for the evaluation of the Rail Baltica railway 
corridor [12], which carried out a comprehensive economic 
evaluation including an assessment of safety change due to 
the transfer of the part of road transport to the railway. 
However, the evaluation of the increased transport safety and 
reliability due to the implementation of modern safety 
equipment was also not considered in it. 

The evaluation of safety and its development in the field 
of railways transport in re-cent years represents an important 
issue. The document "Report on Railway Safety and 
Interoperability in the EU 2020" [13] presents an important 
source of information regarding this area. The following 
conclusions were drawn within the field of railway safety in 
the EU: 
• The safety level in terms of the fatal accident rate has 

been continuously improving since 1990, with an 
average annual reduction of more than 5%.  

• The safety level monitored for 2018 was historically the 
highest (overall decrease in serious accidents since 
2010).  

• The "internal" accident (collisions, derailments and fires 
in rolling stock) level is more or less stagnant. 
 
The material [13] presents a development in the number 

of serious injuries and deaths due to occurrences across all 
European Union countries. This trend can be associated with 
the presented continuous increase in the railway safety level 
in the European Union. 

As already mentioned, a key approach to considering the 
positive impacts connected with increased reliability ad 
safety in railway network is the Cost-Benefit Analysis 
(CBA).  

The CBA is generally one of the key tools for the 
economic evaluation of railway infrastructure projects. The 
issue of the ex-ante and ex-post evaluation of projects 
increasing the railway network safety level is addressed, for 
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example, by a paper [14]. Olsson et al. [15] deal with the 
utilization of the Cost-Benefit Analysis in tranport 
infrastructure projects at the international level and focus in 
their article on the comparison of the approaches to economic 
evaluation between selected countries. Siciliano et al. [16] 
apply the CBA approach to innovative transport services and 
evaluation of the effectiveness of their use. Carteni & Henke 
[17] provide a practical example of using CBA analysis to 
evaluate the economic benefits of a tourist railway 
implementation in northern Italy. A very important area to be 
presented in connection with the presented research is the 
issue of railway safety assessment. Evans [18] deals with the 
economic context associated with the railway network and its 
safety. Oertli [19] deals with the evaluation of the impacts 
caused by railway noise and presents the possibilities of 
inclusion the impacts connected with the reduction of level 
of noise into the CBA. The issue of time, especially train 
delays, is the subject of the paper by Tseng et al. [20] who 
explain the impacts of train unreliability and subsequent 
changes in timetables on the economic evaluation carried out 
in the form of CBA. Johnsen [21] and Petrova [22] are 
interested with the risk management in rail transport and 
railway infra-structure in their articles. 

Evans [23] in his study deals with a detailed analysis of 
serious railway accidents throughout Europe in the 1980-
2009 period. The procedures of systematic analysis of 
railway occurrences are introduced in the paper by [24]. In 
their contribution, Klockner and Toft [25] address a 
comprehensive socio-economic assessment of railway 
emergencies, Read et al. [26] focus on the causes of 
occurrence emergence on the railway network, the main 
attention is paid to the social environment and its impact on 
the human factor. Prevention of the arising of extraordinary 
events on the railway and its impact on their emergence is the 
subject of the paper [27]. 

Even extraordinary events as a result of human factor or 
technical mistake are considered in the research project, 
extraordinary events in the form of suicides or accidents at 
level crossings in relation to the previous research ([1], [2]) 
were excluded from the research. Understanding the impact 
of people on the arising of extraordinary events on the rail-
way in Australia were addressed by Baysari et al. [28], a 
similar issue, however, from the Indonesian environment, 
was addressed by Iridiastadi and Ikatrinasari [29]. The use of 
Human Factor Analysis for the classification and assessment 
of railway safety in the United Kingdom was presented in the 
article [30]. The model for assessing the probability of a 
railway occurrence emergence due to the human factor was 
presented by Lombardi et al. [31]. The impact of engine 
drivers' cognitive abilities on the potential occurrence 
emergence was the subject of the text by Hani Tabai et al. 
[32]. 
 
2 MATERIALS AND METHODS 

 
The main objective of the presented research is the 

formulation of the methodological approach oriented on 
considering the positive impacts connected with increased 
user standard of the railway caused by the safety equipment 
consideration in the economic evaluation of transport 
infrastructure projects. The key input for the methodological 

approach is the unit economic impact of the extraordinary 
event per appropriate measure unit and the year. 
 
2.1 Relevant Occurrences 
 

 The expected impact of the implementation of measures 
to increase the safety and reliability of the railway network 
lies in the reduction of the number of occurrences emerging 
on the railway network, i.e. on the wide line and in the 
station. 

The methodological procedure considers the specific 
categories of occurrences, which can be avoided or decreased 
with the realization of specific projects. From this reason, this 
approach doesn´t consider occurrences emerging at level 
crossings and the occurrences like suicides. While suicides 
cannot be avoided by any safety measure, in the case of 
railway crossing the possibility to avoid exists, e.g. by 
improvement of safety measures. But these kinds of projects 
have been already solved by specific methodological 
approach. The occurrence structure is based on the 
occurrence classification used in the Data-base of 
Occurrences [5] and divides occurrences into 
• A Serious accidents, 
• B Minor accidents, 
• C Incidents. 
 

These categories can be divided into subcategories A1-
A3 (accidents with impact on health of 5 persons or with big 
loss), B1-B3 (lower impacts then in the case of serious 
accidents) and C1-C19 (small impact). 

Detailed information on occurrence subcategories is 
available in the papers [1, 3]. 

 
2.2 Determination of Benefits of Extraordinary Events 

 
Within the relevant categories of occurrences there were 

determined the overall socio-economic occurrence impacts, 
like impacts on health, losses on property or costs caused by 
delays of passenger or cargo trains. For the evaluation of 
these benefits and costs the principles of the CBA analysis 
were used (e.g. the financial valuation of impact of accidents 
on health, or the financial valuation of time delays due the 
accidents – people and freight). The theoretical background 
of the calculation is explained in the Departmental 
Guidelines [11].  
 
Table 1 Values of impacts per one extraordinary event according to category (CA 

2018) 
EE Cat. Values of impact (€) 

A1 913,964 
A2 847,877 
A3 2,415,941 
B1 130,822 
B2 90,538 
B3 78,651 
C1 7,473 
C2 5,446 
C3 7,043 
C6 3,370 
C12 4,479 
C19 9,388 
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The detailed principle of the socioeconomic impact 
calculation is presented in the paper [1], the average total 
economic impacts per one occurrence caused by a human 
factor according to the above-listed categories are shown in 
the papers [2, 3]. Final result of the determination of unit 
impact of extraordinary events of specific categories caused 
by human or any other factor is presented in the Tab. 1. 
 
2.3 Costs and Benefits of Extraordinary Events on Wide 

Lines and in Railway Stations 
 
Costs related of sub-categories of Extraordinary Events 

must be related to the railway, the wide lines and stations. 
From the Database of Extraordinary Events [5] it was 
possible to derive that 94 % of them appear in stations and 
5,15 % of them appear on broad lines. Detailed calculation 
has been already presented in the paper [3].  

The size of the railway network is defined in train 
kilometres for both, train kilometres on wide line and train 
kilometres in railway stations. 

Information on average annual transport performance on 
the railway network is used for further calculations. The size 
of the network is given in Tab. 2. 

 
Table 2 The size of the railway transport in the Czech Republic 

Input quantity Value 
Number of train kilometres in railway stations 
(2018) 27.025 mil. tkm/year 

Number of train kilometres on wide track (2018) 144.932 mil. tkm/year 
The proportion of extraordinary events at the 
railway station 94.85% 

The proportion of extraordinary events on the 
wide line 5.15% 

To calculate the annual costs of the partial categories of 
extraordinary events, the key relationship for the calculation 
was defined in the following form: 
 

i k
ik i

k

O R
TI UI

Q t
×

= ×
×

                                                           (1) 

 
Where: 
TIik Total annual cost (impact) of extraordinary event of 

sub-category i per train-kilometre of the wide line (k 
= 1) or railway station (k = 2) in CZK/tkm 

Oi Number of occurrences of the category i in period t 
i Sub-category of extraordinary event  
UIi  Unit cost of extraordinary event according to table 2 
Qk Number of train-kilometres on the wide line (k = 1) in 

in the railway station (k = 2) 
Rk The rate of extraordinary events on the broad line (k = 

1) and in the railway station (k = 2) 
k Sub-category of parts of the railway network: 1 –

track, 2 –station 
t Reference period (years) 
 

The evaluated period corresponds to the period from 
which the data from the data-base of occurrences were 
analysed. This is the period 2011-2018, i.e. 8 years. 

The calculated annual costs for each relevant sub-
category of extraordinary event per one thousand train-
kilometres of wide line and one thousand train-kilometres of 
the railway station are presented in Tab. 3. 

 
 

Table 3 Calculated annual cost of sub-categories of extraordinary events (CA 2018) 

OC 
category 

Number of OC per year 
and mil. tkm in station 

Number of OC per year 
and mil. tkm of wide line 

Unit impact of OC 
in € 

Average annual impact per 1000 
tkm in station 

in € 

Average annual impact per 
1000 tkm of wide line 

in € 
A1 0.06581 0.0006657442 913,964 60.15 0.61 
A2 0.07458 0.0007545101 847,877 63.24 0.64 
A3 0.01316 0.0001331488 2,415,941 31.80 0.32 
B1 0.21059 0.0021303813 130,822 27.55 0.28 
B2 0.31589 0.0031955720 90,538 28.60 0.29 
B3 0.24569 0.0024854449 78,651 19.32 0.20 
C1 0.40363 0.0040832309 7,473 3.02 0.03 
C2 3.36506 0.0340417183 5,446 18.33 0.19 
C3 4.59350 0.0464689427 7,043 32.35 0.33 
C6 3.19395 0.0323107835 3,370 10.76 0.11 
C12 0.62300 0.0063023781 4,479 2.79 0.03 
C19 2.60606 0.0263634689 9,388 24.47 0.25 

 
The total calculated annual costs of extraordinary events 

were defined as the sum of partial sub-categories. The final 
values are shown in Tab. 4. 

 
Table 4 Values of total costs of extraordinary events (CA 2018) 

Part of the railway network Value 
Railway station  321,95 €/1000 tkm/year 
Wide line  3,26 €/1000 tkm/year 

 
The original approach to the calculation of costs 

developed and published by the author's team in the paper [3] 

assumed that the impacts of extraordinary events (railway 
network includes wide line and stations) will be related to the 
kilometer of broad line and one station, both broken down 
into the national and regional level. However, in the practical 
verification, this method proved to be very general and 
insufficient, as it did not consider the transport performance 
in the individual sections. However, the traffic performance 
in the addressed sections of the railway network has a 
significant impact on the total number of occurrences of all 
categories. For this reason, the original procedure was 
abandoned and replaced by the method based on expressing 
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the impact of extraordinary event on a unit of transport 
performance (train-kilometre) presented above. 
 
3 RESULTS 
 

The subject of the paper is the suggestion of 
a methodological procedure for the determination of socio-
economic impacts associated with increased user standards 
in the form of bigger reliability and safety of the railways due 
to the implementation of projects introducing appropriate 
safety equipment. When formulating the procedure, it was 
necessary to consider the availability of information on the 
addressed railway infrastructure and its history in relation to 
the number of occurrences and the expected impact of the 
planned measures on the frequency of occurrences after their 
implementation. 
The author team developed two approaches to evaluate the 
solved benefits – detailed and simplified. Both approaches 
are shortly introduced in [33], detailed description of the 
simplified approach is in following chapters. This paper is 
oriented on the utilization of the average values described 
above within the simplified approach.  
 
3.1 Utilization of the Unit Annual Costs of Partial Sub-

categories of Extraordinary Events  
 

If the categories of occurrences that shall be eliminated 
as a result of a project involving measures increasing railway 
safety and reliability are known, the Tab. 5 can be used. This 
table provides the average unit annual costs of subcategories 
of extraordinary events per one train kilometre (tkm) in the 
railway station or per one tkm on a wide line. It is assumed 
within the simplified approach that due to the implementation 
of the corresponding measures; the share of k occurrences of 
the corresponding category shall be eliminated. The savings 
associated with the elimination of a specific category of 
occurrence are determined separately according to the 
following relations. 

 
Solutions within railway stations: 

 
aks s ksS N EAI k= × ×                                                          (2) 

 
Where: 
Saks Annual savings when eliminating k category of 

extraordinary events at the railway station  
Ns Number of tkm on railway stations per year in the 

assessed area  
EAIks Expected annual impact of the k category of 

occurrences emerging at the station (see Tab. 3) 
k  Coefficient of decrease in the number of extraordinary 

events caused by implemented measures 
 
Solutions within railway line sections (wide line): 

 
akl l klS N EAI k= × ×                                                          (3) 

 
Where: 

Sakl Annual savings when eliminating k category of 
extraordinary events on the wide line 

Nl Number of tkm on wide line per year in the assessed 
area 

EAIkl Expected annual impact of the k category of 
occurrences emerging on the wide line (see Tab. 3) 

k  Coefficient of decrease in the number of extraordinary 
events caused by project realization 

 
The annual savings were calculated as the sum of annual 

savings for the specific sub-categories of extraordinary 
events and were consequently used as an economic cash-flow 
in the CBA processing. 

 
3.2 Utilization of the Overall Costs of Extraordinary Events 
 

In the absence of information on subcategories of 
occurrences that shall be eliminated as a result of the 
implementation of a project involving measures increasing 
railway line safety and reliability, the Table 6 can be used 
Table 6 presents the average annual costs of extraordinary 
events for all sub-categories together. Costs are related to one 
train kilometre in a railway station or to one train kilometre 
of a wide line as well. It is assumed within the simplified 
approach that due to the implementation of the corresponding 
measures; the share of k occurrences shall be eliminated. The 
savings associated with the elimination of occurrences were 
determined according to the following relation. 

 
Solutions within railway stations: 

 
as s sS N ETAI k= × ×                                                          (4) 

 
Where: 
Sas Annual savings when eliminating extraordinary 

events arising at the railway station  
Ns Number of tkm on railway stations per year in the 

assessed area 
ETAIs Expected annual cost of extraordinary event at the 

station (see Tab. 4) 
k Coefficient of decrease in the number of extraordinary 

events caused by project realization 
 
Solutions within line sections (wide line): 

 
al l lS N ETAI k= × ×                                                          (5) 

 
Where: 
Sal  Annual savings when eliminating extraordinary 

events arising on the wide line 
Nl  Number of tkm of wide line per a year in the 

assessed area 
ETAIl  Expected annual cost of extraordinary event on the 

wide line (see Tab. 4) 
k  Coefficient of decrease in the number of occurrences 

due to implemented measures 
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Calculated savings were consequently used as an 
economic cash-flow in the CBA processing. The coefficient 
of decrease in the number of occurrences due to the 
implemented measures k is assigned value 1. It is therefore 
assumed that the implementation of the addressed measures 
will prevent 100% of occurrences. The methodological 
procedure, which is based on the presented research and 
which is intended to support the economic analysis of 
projects in railway infrastructure, mentions the possibility of 
reduction of eliminated occurrences in the case that the given 
situation can be expected due to the project characteristics 
and the addressed transport network part. The percentage of 
possible reduction is left to the individual consideration of 
analysts familiar with the situation of the evaluated project. 

The authors of this article, however, within their research 
activities, further focused on the average values of reducing 
the occurrence frequency due to the project implementation 
on the railway network. This reduction in frequency was 
determined based on a statistical comparison of a sample of 
projects on railways and including the implementation of 
measures aimed at increasing railway safety and reliability. 
The change in the number of occurrences in the 
corresponding section of the railway line caused by the 
realization of measures intended to improve reliability and 
safety on railways was monitored within the statistical 
comparison. The comparison in the article was carried out on 
a sample of 33 railway infrastructure projects for the situation 
prior to the measure implementation and after its 
implementation [4]. The coefficient k is equal to 10.77 % 
resulting from the detailed calculation stated in the cited 
article. The stated value was determined as an average value 
for all categories of occurrences. Looking at partial 
categories of extraordinary events, the following values of 
the coefficient k were calculated: 
• Category A  27.23 %, 
• Category B  37.77 %, 
• Category C  9.82 %. 

 
However, in the case studies presented below, the k 

coefficient was not used. The authors of the article are aware 
of the fact that on the one hand, this is more or less an 
indicative calculation showing the decrease of number of 
extraordinary events, but on the other hand, is not statistically 
conclusive. If necessary, in practice, a more detailed 
calculation which considers both the fact that the transport 
infrastructure project was implemented in the addressed 
section, which specific measures to increase safety and 
reliability were implemented and against which type of 
occurrences it was aimed at, can be designed and performed. 

 
3.3 Case Study 
 

The proposed methodological procedure was checked on 
a case study and the possibilities of the interpretation of the 
results resulting from the defined calculations were assessed. 
The proposed methodological procedure was verified on two 
projects of implementation of the measures increasing safety 
and reliability of the railway network. Verification was 

performed for a detailed approach as well as for both variants 
of the simplified approach. 
The basic characteristics of the projects and the results of the 
calculations are given in the following part of the paper. 
 
Project 1 Revitalization of the section of the national railway 
line No. 310A Opava East – Krnov – Olomouc 
• Length of the section with an increase in the level of 

track interlocking equipment – station: 6.039 km, 
• Length of the section with an increase in the level of the 

track interlocking equipment – wide line: 27.090 km, 
• Number of freight trains per day: 2.79, 
• Number of passenger trains per day: 38.6. 
 

In the case of the station sections revitalization, it is 
assumed that due to new station interlocking equipment, 
occurrences of specific categories will be prevented. In the 
case of the revitalization of line sections, it is assumed that 
due to the new track interlocking equipment, occurrences of 
categories next selected categories will be prevented. 

The expected annual savings associated with the 
improvement of user standards in terms of reliability and 
safety of the railway network were determined for the 
evaluated project using both versions of the simplified 
approach based on the input data and mathematical relations 
given in the outputs of this article. 

The outputs are shown in Tab. 5. 
 

Table 5. Annual positive impacts connected with improvement user standards in 
terms of reliability and safety - Project 1 

Approach Simplified 

Part of the network According to 
categories Overall impact 

Stations (CZK/year) 523,090 705,863 
Tracks (CZK/year) 21,086 32,032 
Totally (CZK/year) 544,176 737,895 

 
Project 2 Revitalization of the section of the national 

railway line No. 311 Bludov – Hanušovice 
• Length of the section with an increase in the level of 

track interlocking equipment – station: 2.672 km, 
• Length of the section with an increase in the level of 

track interlocking equipment – wide track: 18.748 km, 
• Number of freight trains per day: 3.95, 
• Number of passenger trains per day: 24.11. 

 
In the case of the revitalization of station sections, it was 

assumed that due to new station interlocking equipment, 
occurrences of specific categories will be prevented. In the 
case of the revitalization of line sections, it is assumed that 
due to new track interlocking equipment, occurrences of next 
selected categories will be prevented. 

The expected annual savings associated with the 
improvement of user standards in terms of reliability and 
safety of the railway network were determined for the 
evaluated project using both versions of the simplified 
approach based on the input data and mathematical relations 
given in the outputs of this article. 

The outputs are shown in Tab. 6. 
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Table 6. Annual benefits associated with increasing railway safety and reliability - 
Project 2 

Approach Simplified 

Part of the network According to 
categories Overall impact 

Stations (CZK/year) 156,906 211,731 
Tracks (CZK/year) 9,893 15,029 
Totally (CZK/year) 166,799 226,760 

 
4 DISCUSSION 

 
It is necessary to distinguish two points of view of the 

results of case studies within the discussion. The first view 
focuses on the differences in the results obtained by the 
individual defined approaches. A significant difference 
between the results obtained by de-tailed and simplified 
approaches was determined in both evaluated projects. 
However, the differences do not indicate the methodological 
shortcomings of the individual approaches, they clearly 
indicate the different principles on which the individual 
approach-es are based. The detailed approach uses the 
specific data about the evaluated section. It is therefore based 
on historical data on extraordinary events arising in the past. 
The approach builds on the assumption that similar 
occurrences with the same frequency as in previous years, 
may emerge in the future. On the contrary, both variants of 
the simplified approach are based on average annual values 
for the entire railway network broken down into a wide line 
and a railway station, both related to a unit of transport 
performance, i.e., train-kilometres. The detailed approach is 
therefore connected with the specific situation of a specific 
area of the railway network, while simplified approaches 
work with average values for the entire railway network. This 
information results in the recommendations regarding the use 
of individual approaches. The detailed approach is 
particularly suitable for those sections of the railway network 
which are specific to certain factors and whose characteristics 
indicate an increased incidence of occurrences of certain 
categories. On the contrary, the simplified approach can be 
effectively applied in the case of standard railway sections, 
which in the historical perspective do not deviate 
significantly from the average emergence of occurrences on 
the entire railway network. There are obvious reasons for the 
differences between the sub-variants of the simplified 
approach. When calculating according to categories, the 
methodological approach allows excluding those categories 
of occurrences which cannot be affected by the planned 
measures from the evaluation. The calculated benefits are 
thus reduced in accordance with the actual situation in the 
section. An approach using the overall impacts does not 
allow for this reduction, so it can be considered an easier way 
of evaluating bene-fits, however, at the same time, less 
accurate. 

The second point of view is focused on the results of the 
calculation of benefits for individual evaluated projects. The 
benefits for Project 1 appear to be significantly higher than 
for Project 2. However, the reasons clearly lie in the scope of 
the projects, i.e., sections (line and station) that are subject to 
modernization, and transport performance annually carried 
out within the evaluated sections. With the growing scope of 

modernized sections and the growing number of trains 
passing through the modernized section every year, the 
number of potential occurrences that can be prevented by the 
implemented measures as well as realized benefits grow. It is 
also worth mentioning that in the case of Project 1, the 
benefits determined by the detailed approach are lower than 
the benefits determined by the simplified approach, and in 
Project 2 it is exactly vice versa. This difference highlights 
the recommendations provided in the previous section of the 
discussion. 

The authors of the article believe that from the point of 
view of the international use of the proposed procedures, the 
general principles of determining unit benefits as well as the 
principles of the detailed and simplified approach can be used 
without problems even outside the Czech railway network. It 
can be recommended to adapt the input quantities to the 
values of the corresponding environment when using this 
calculation internationally. 

 
5 CONCLUSIONS 

 
The article is oriented on the infroduction of key resutls 

of a research activity oriented on evaluating of positive 
impacts related with increased user standards in terms of 
reliability and safety of railways due to the carrying out of 
modernization projects on the railway network. The paper 
builds on the previous research activities of the author team 
and presents the final version of partial methods for the 
evaluation of the impacts connected with reducing of 
extraordinary events. This is a detailed approach based on the 
use of historical data on occurrences emerging within the 
evaluated section and two variants of a simplified approach, 
which is based on average data for the entire railway 
network. In terms of input data, both approaches use 
a Database of Extraordinary events managed by the 
Administration of Railways and the Departmental Guidelines 
[11]. The presented approaches were consequently checked 
using two case studies focused on the modernization of the 
railway network, Finally, calculations and results were 
presented and discussed in this paper. 

Both the detailed and simplified approaches are planned 
to be developed into individual methodological procedures to 
supplement the Departmental Guidelines [11] which shall 
subsequently serve to take into account the impacts 
connected with the increase of user standards in terms of 
reliability and safety of railways in the economic evaluation 
of railway infrastructure projects. For these purposes, the 
methodological procedure was examined by the 
representatives of the Railway Administration and, after 
incorporating the comments, it shall be handed over to the 
representatives of the State Fund for Transport Infrastructure, 
which is the implementation guarantor of the research 
project. 

The addressed issue will be the subject of further 
research. The research team expects to continuously update 
the data in connection with new information that 
continuously appears in the Database of Occurrences. In 
addition, the research team expects to examine further 
possibilities of making the methodological procedure more 
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detailed, i.e., considering the division of lines into national or 
regional, possible reassessment of average passenger train 
occupancy or average freight train occupancy or refinement 
of the k coefficient calculation. 
 
6 REFERENCES 
 
[1] Hromádka, V., Korytárová, J., Vítková, E., Seelmann, H., & 

Funk, T. (2020). Evaluation of Socio-economic Impacts of 
Incidents on the Railway Infrastructure. Current Topics and 
Trends on Durability of Building Materials and Components, 
Serrat, C., Casas, J. R., & Gibert, V. (Eds).  
https://doi.org/10.23967/dbmc.2020.063  

[2] Hromádka, V., Korytárová, J., Vítková, E., Seelmann, H., & 
Funk, T. (2021). Economic Impact of Occurrences on 
Railways. Procedia Computer Science, 181, 76-83.  
https://doi.org/10.1016/j.procs.2021.01.107 

[3] Hromádka, V., Korytárová, J., Vítková, E., Seelmann, H., & 
Funk, T. (2020). New Aspects of Socio-economic Assessment 
of the Railway Infrastructure Project Life Cycle. Appl. Sci., 
10(20), 7355. https://doi.org/10.3390/app10207355  

[4] Funk, T. & Hromádka, V. (2020). Impact of Railway 
Modernization on the Frequency of Incidents. International 
Multidisciplinary Scientific GeoConference - SGEM 2020, 
303-310. https://doi.org/10.5593/sgem2020V/6.2/s10.38 

[5] Czech Railway Infrastructure Administration (CRIA). (2018). 
Statistika mimořádných událostí, databáze 2009 – 2018 
(Database of Occurrences 2009 – 2018). 

[6] Czech Railway Group Statistical Yearbook of the Czech 
Railways Group, 2018. 

[7] Czech Railway Infrastructure Administration (CRIA). (2015). 
Prohlášení o dráze celostátní a regionální (National and 
regional railway declaration), 2015. 

[8] Czech Railway Infrastructure Administration (CRIA). (2021). 
Jízdní řád (Timetable), https://www.spravazeleznic.cz/ 
cestujici/jizdni-rad. 

[9] Czech Railway Infrastructure Administration (CRIA). (2021). 
Abecední seznam stanic a zastávek (Al-phabetical list of 
stations and stops), https://www.spravazeleznic.cz/documents/ 
50004227/50157161/ seznam-stanic.pdf. 

[10] Sartori, D. (2016). Guide to Cost-benefit Analysis of 
Investment Projects, Economic appraisal tool for C-hesion 
Policy 2014-2020. European Commission, Directorate-General 
for Regional and Ur-ban policy.  

[11] Ministry of Transport of the Czech Republic (MoT CZ). 
(2017). Departmental Guideline for the Evaluation of 
Economic Effectiveness of Transport Construction Projects. 
2017. Retrieved from http://www.sfdi.cz/pravidla-metodiky-a-
ceniky/metodiky/.  

[12] EY Rail Baltica Global Project Cost-Benefit Analysis. (2017). 
Final Report 30, April 2017, https://www.railbaltica.org/wp-
content/uploads/2017/04/RB_CBA_FINAL_REPORT_0405.
pdf. 

[13] European Union Agency for Railways Report on Railway 
Safety and Interoperability in the EU. (2020). Available on 
https://www.era.europa.eu/sites/default/files/library/docs/safet
y_interoperability_progress_reports/report_on_railway_safety
_and_interoperability_in_the_eu_2020_en.pdf. 

[14] Mátrai, T. Cost benefit analysis and ex-post evaluation for 
railway upgrade projects. (2013). Periodica Polytechnica. 
Transportation Engineering, 41(1), 33-38. 
https://doi.org/10.3311/PPtr.7102 

[15] Olsson, N., Oekland, A., Halvorsen, S., & Olsson, N. (2012). 
Consequences of differences in cost-benefit methodology in 

railway infrastructure appraisal: A comparison between 
selected countries. Transport Policy, 22, 29-35. 

 https://doi.org/10.1016/j.tranpol.2012.03.005 
[16] Siciliano, G., Barontini, F., Islam, D., Zunder, T., Mahler, S. & 

Grossoni, I. (2016). Adapted cost-benefit analysis 
methodology for innovative railway services. European 
Transport Research Review, 8(23), 1-14.  
https://doi.org/10.1007/s12544-016-0209-5 

[17] Carteni, A. & Henke, I. (2017). External costs estimation in a 
cost-benefit analysis: The new Formia-Gaeta tourist railway 
line in Italy. 2017 IEEE International Conference on Envi-
ronment and Electrical Engineering and 2017 IEEE Industrial 
and Commercial Power Systems Europe (EEEIC/I&CPS 
Europe), 1-6. https://doi.org/10.1109/EEEIC.2017.7977614 

[18] Evans, A. W. (2013). The economics of railway safety. 
Research in transportation economics [online]. Elsevier, 2013, 
43(1), 137-147 [cit. 2021-03-03]. ISSN 0739-8859. Available 
from: doi:10.1016/j.retrec.2012.12.003. 

[19] Oertli, J. (2000). Cost–Benefit Analysis in Railway Noise 
Control. Journal of Sound and Vibration, 231(3), 505-509. 
https://doi.org/10.1006/jsvi.1999.2539  

[20] Tseng, Y., Rietveld, P., & Verhoef, E. (2012) Unreliable trains 
and induced rescheduling: implications for cost-benefit 
analysis. Transportation, 39(2), 387-407.  
https://doi.org/10.1007/s11116-011-9345-x 

[21] Johnsen, S. & Veen, M. (2013). Risk assessment and resilience 
of critical communication infrastructure in railways. Cognition, 
Technology & Work, 15(1), 95-107.  
https://doi.org/10.1007/s10111-011-0187-2  

[22] Petrova, E. (2015). Road and railway transport in Russia: safety 
and risks. Advances in Environ-mental Sciences, 7(2), 259-271. 
https://search.proquest.com/docview/2018602917/ 

[23] Evans, A. W. (2011). Fatal train accidents on Europe's 
railways: 1980–2009. Accident Analysis and Prevention, 43(1), 
391-401. https://doi.org/10.1016/j.aap.2010.09.009 

[24] Santos-Reyes, J., Beard, A. N., & Smith, R. A. (2005). A 
systemic analysis of railway accidents. Proceedings of the 
Institution of Mechanical Engineers, Part F: Journal of Rail 
and Rapid Transit, 219(2), 47-65.  
https://doi.org/10.1243/095440905X8745 

[25] Klockner, K. & Toft, Y. (2018). Railway accidents and 
incidents: Complex socio-technical system accident modelling 
comes of age. Safety Science, 110, 59-66.  
https://doi.org/10.1016/j.ssci.2017.11.022 

[26] Read, G. J. M., Lenné, M. G., & Moss, S. A. (2012). 
Associations between task, training and social environmental 
factors and error types involved in rail incidents and accidents. 
Accident Analysis & Prevention, 48, 416-422.  
https://doi.org/10.1016/j.aap.2012.02.014 

[27] Kim, H. J., Jeong, J. Y., Kim, J. W., & Oh, J. K. (2016). A 
Factor Analysis of Urban Railway Casualty Accidents and 
Establishment of Preventive Response Systems. Procedia - 
Social and Behavioral Sciences, 218, 131-140.  
https://doi.org/10.1016/j.sbspro.2016.04.016 

[28] Baysari, M. T., McIntosh, A. S., & Wilson, J. R. (2008). 
Understanding the human factors contribution to railway 
accidents and incidents in Australia. Accident Analysis and 
Prevention, 40(5), 1750-1757.  
https://doi.org/10.1016/j.aap.2008.06.013 

[29] Iridiastadi, H. & Ikatrinasari, Z. F. (2012). Indonesian railway 
accidents - Utilizing Human Factors Analysis and 
Classification System in determining potential contributing 
factors. Work, 41(1), 4246-4249.  
https://doi.org/10.3233/WOR-2012-0126-4246  



Vít Hromádka, et al.: Benefits of Increased Railway Safety and Reliability and their Evaluation 

TEHNIČKI GLASNIK 17, 3(2023), 424-431                                           431 

[30] Madigan, R., Golightly, D., & Madders, R. (2016). Application 
of Human Factors Analysis and Classification System 
(HFACS) to UK rail safety of the line incidents. Accident 
Analysis & Prevention, 97, 122-131.  
https://doi.org/10.1016/j.aap.2016.08.023 

[31] Lombardi, M., Guarascio, M., & Rossi, G. (2014). The 
Management of Uncertainty: Model for Evaluation of Human 
Error Probability in Railway System. American Journal of 
Applied Sciences, 11(3), 381-381.  
https://doi.org/10.3844/ajassp.2014.381.390 

[32] Hani Tabai, B., Bagheri, M., Sadeghi-Firoozabadi, V., & Sze, 
N. N. (2018). Evaluating the impact of train drivers’ cognitive 
and demographic characteristics on railway accidents. Safety 
Science, 110, 162-167. https://doi.org/10.1016/j.ssci.2018.03.027 

[33] Hromádka, V., Korytárová, J., Vítková, E., Seelmann, H. & 
Funk, T. (2021). Methodological Approach Valuating the 
Impacts Associated with Occurrences on Railways. The 74th 
International Scientific Conference on Economic and Social 
Development, Book of Proceedings. Book Series: International 
Scientific Conference on Economic and Social Development, 
Varazdin, Croatia, 264-272. 

 
 
Authors’ contacts: 
 
Vít Hromádka, Assoc. Prof., MSc., Ph.D. 
Brno University of Technology, Faculty of Civil Engineering 
Veveří 331/95, 602 00 Brno, Czech Republic 
hromadka.v@fce.vutbr.cz 
 
Jana Korytárová, Prof., MSc., Ph.D. 
Brno University of Technology, Faculty of Civil Engineering 
Veveří 331/95, 602 00 Brno, Czech Republic 
korytarova.j@fce.vutbr.cz 
 
Eva Vítková, MSc., Ph.D. 
Brno University of Technology, Faculty of Civil Engineering 
Veveří 331/95, 602 00 Brno, Czech Republic 
vitkova.e@fce.vutbr.cz 
 
Herbert Seelmann, MSc. 
Brno University of Technology, Faculty of Civil Engineering 
Veveří 331/95, 602 00 Brno, Czech Republic 
seelmann.h@fce.vutbr.cz 
 
Tomáš Funk, MSc. 
Brno University of Technology, Faculty of Civil Engineering 
Veveří 331/95, 602 00 Brno, Czech Republic 
funk.t@fce.vutbr.cz 
 
 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


