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Abstract: In a situation of increasing the supply of means of individual transport and 
not capable of following the development of infrastructure, an important issue is the 
issue of ensuring adequate levels of efficiency, safety and the competitiveness of the 
operation of the exploitation of public transport services. Factors affecting the safe 
operation pending exploitation systems of vehicles, in a differentiated way affect the 
level of safety provided services in smaller cities - up to 100 thousand inhabitants, with 
respect to the cities which are agglomerations of more complex structure, which are 
cities the number to 500 thousand inhabitants. This paper attempts to analyze and 
evaluate the safety of the operation of the public transport services exploitation, on the 
basis of the same assessment criteria, comparing two different sized urban areas. 
 

Keywords: safety of the system operation, transportation system, urban transport, 
exploitation, assessment model 
 

Streszczenie: W sytuacji wzrastającej podaży środków transportu indywidualnego  
i nie nadążającym za nim rozwojem infrastruktury, istotnym zagadnieniem staje 
problematyka zapewnienia  odpowiedniego poziomu efektywności, bezpieczeństwa 
oraz konkurencyjności działania systemów eksploatacji środków transportu 
miejskiego. Czynniki wpływające na bezpieczeństwo działania rozpatrywanych 
systemów eksploatacji środków transportowych, w zróżnicowany sposób wpływają na 
poziom bezpieczeństwa realizowanych usług w mniejszych miastach - do 100 tyś. 
mieszkańców, względem miast stanowiących aglomeracje, o bardziej skomplikowanej 
strukturze, jakimi są miasta o liczbie do 500 tyś. mieszkańców. W pracy podjęto próbę 
analizy i oceny bezpieczeństwa działania systemów eksploatacji środków transportu 
miejskiego, na podstawie tych samych kryteriów ocenowych, porównując dwa różnej 
wielkości obszary miejskie. 
 

Słowa kluczowe: system bezpieczeństwa, system transportowy, transport miejski, 
eksploatacja, model ocenowy 
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1. Introduction 

Transport which is defined as all the means and actions connected with transfer of  

people and cargo plays a very important role in the economy of every country. It is 

important in terms of economy and social integration, within big city 

agglomerations and outside them as it connects different  urban areas. However, 

fast development  of the individual transport has resulted in congestion which in 

turn has affected the public transport. In works [14÷17] the authors differentiate  

the notions of safety and security, defining safety as the system state which is free 

from any threats, assuming that a threat is an event which has a negative effect on 

the system operation safety level. Whereas security is referred to as a quality of the 

system. For the needs of this study the  notion of operation safety of a technical 

system has been defined the operation of city transport systems involves different 

factors such as: safety, efficiency or competitiveness of used transport means. 

Safety of a transport system operation is viewed as a state in which the values of 

characteristics determined for the system in a given time interval t  kttt   ,0  are 

contained within  boundaries set for specified levels of an impact of different 

forcing factors. [1]. Efficiency of a system operation is referred to as a feature 

which reflects its rational abilities to meet specific needs ( to achieve set goals, e.g. 

functioning in accordance with the intended purpose and use) [2]. Competitiveness 

of transport systems can be understood as the potential and abilities of a given 

object to meet the demands of competition, that is, compete successfully with other 

entities involved in the same branch. In the case of different engineering  systems 

the notion of competitiveness is strongly connected with forcing factors affecting 

the system performance which makes it more difficult to compare them. Specificity 

of different technical systems affects evaluation of their competitiveness in terms 

of economic efficiency, reliability and other factors that have an impact on a given 

transport system.  

2. Characteristics of the research object  

Urban transport is a special kind of public road transport. It also covers suburban 

areas, which though situated beyond administrative borders of a town, perform 

functions similar to those of urban areas. The importance of an urban transport 

system is reflected by [3,4]: 

 performance of transport tasks within the territory of a city and in the suburbs, 

 ensuring access to transport network, 

 ensuring required punctuality, efficiency and frequency of transport services, 

 ensuring appropriate level of transport safety. 
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According to the rules of sustainable development, urban transport should be 

oriented to [5]: 

 transfer of humans,  cargo and services, 

 forms of travelling: trains, buses, taxis, cars, passenger cars, trucks, vans, ships, 

bicycles, walking, everything connected with new technologies and alternative 

forms of traffic, 

 present stage of development, transport system and trends, 

 habits, attitude, importance and response to demands, 

 effects of urban planning as well as  planning policy and practice, 

 potential benefits and novelties and incorporation of new technologies into 

transport systems, 

 new telecommunications technologies as an alternative for transport, 

 economic and  financial  aspects, cash flow control, establishing prices, 

 institutional and legal issues, 

 shaping future and evaluation of  effects, 

 decision making process.  

The most popular form of urban transport is bus transport, which takes advantage 

of road infrastructure without having to build additional tractions. According to 

data of General Statistical Office from 2013, the registered vehicles used by urban 

public road transport systems in Poland include [6]: 

 trolleybuses (177), 

 trams (3383), 

 urban buses (11518), 

 other buses. 

Due to high costs connected with special infrastructure trams and trolleybuses can 

be found only in cities. Bus transport exists in more than 260 towns and communes 

providing services for 17 mln. inhabitants. Every year it carries nearly 3,62 billion 

passengers, which accounts for nearly  80% of all passenger transports of public 

transport. In this way bus transport systems perform work equal to more than 709 

mln. vehicle kilometers. Except for Warsaw, the capital city, in 2014, in Poland 

there were [6]: 

 6 towns with a population more than 400 thousand,  

 9  towns from 200 000 to 399 999, 

 24 towns from 100 000 to 199 999, 

 71 towns from 40 000 to 99 999, 

 112 towns from 20 000 to 39 999, 

 187 towns from 10 000 to 19 999, 

 181 towns from 5000 to 9999, 

 214 towns  from 2500 to 4999, 

 109 towns less than 2500. 
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Fig.1  Structure of towns in Poland in terms of size [6] 

 

Due to the fact that nearly half of city transport providers are small companies 

owning  not more than 40 vehicles, and only 10% of them are big transport 

companies with more than 180 vehicles [7], two urban transport systems have been 

selected for comparison:  

 system of public transport in a town with population of 100 thousand people, 

 system of public transport in agglomeration of about 500n thousand people. 

3. Research on selected systems of public city transport  

In order to compare two urban systems using transport means accepted as the 

research objects, it is necessary to use the indices that need to be adequate to their 

functioning. The indices used for comparison of the systems involve availability 

and operation of transport means in a given year. The firs index is connected with 

availability of the fleet: 

    
  

     
,                                              (1) 

where: 

 Tz – mean time of the object’s being usable, 

 Tn  – mean time of the object’s being unusable.  
 

To simplify comparative calculations it is good to modify the dependency and 

show technical availability in reference to the average, annual inventory state: 

    
  

  
                                             (2) 

where: 

 GT – annual, average availability of the fleet  

 SI  – annual, average inventory state. 
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The index of transport means operation refers to actual, average number of 
operated vehicles in reference to the inventory state, defined by dependency (3): 

    
  

  
                                           (3) 

where: 

 US – number of operated vehicles, 

 SI  – average state of inventory vehicles during a year. 
 

The above indices enable to compare two systems using transport means, according 
to utilization degree of the available fleet. They also provide the basis for further 
studies on competitiveness of the two analyzed systems. 
For example, if the analyzed public transport system uses 10 buses, the availability 
rate is 80%, and the index of running is 60%, which means that there are 10 buses, 
whereas 8 are available and only 6 vehicles are being used. Two are kept in 
reserve. 
The above indices enable comparison of vehicles of two city transport systems in 
terms of efficiency of operating the available fleet. They also provide the basis for 
further studies on competitiveness of the two analyzed systems. 
The first transport system is situated in a city with population of about 100thosand 
people. The provider of transport services of the selected system has 39 buses of 
medium age 14.4 years of operation. 
Due to the recent policy to purchase used transport means, the fleet looks as 
follows: 
 

Table 1. Presentation of the fleet of an urban transport system in a city with 

population about 100 thousand people. 

Production 

year 1
9

9
2
 

1
9

9
3
 

1
9

9
4
 

1
9

9
5
 

1
9

9
6
 

1
9

9
7
 

1
9

9
8
 

1
9

9
9
 

2
0

0
0
 

2
0

0
2
 

2
0

0
3
 

2
0

0
4
 

2
0

0
5
 

2
0

0
7
 

2
0

1
1
 

2
0

1
2
 

T
o

ta
l 

Number of 

vehicles 
1 1 1 1 7 2 5 2 1 7 2 2 2 1 2 2 39 

 

On the basis of the research, a list of the fleet operation basic parameters have been 

made in table 2. 
 

Table 2. Selected parameters of the fleet calculated for an exemplary transport 

system in a city with a population of 100 thousand people 

No Parameter unit 
Year 

2007 2008 2009 2010 2011 2012 2013 2014 

1 Inventory state psc. 44,7 44,9 42,9 41,3 40,5 39,8 39,1 38,0 

2 Fleet availability psc. 37,27 37,97 35,7 35,15 34,94 34,77 33,79 33,4 

3 Index  of availability % 83,46 84,55 83,18 85,03 86,27 87,49 86,46 87,91 

4 Fleet running psc. 30,0 30,1 28,5 27,9 27,7 27,7 27,3 27,7 

5 Index of running % 67,13 67,1 66,29 67,42 68,47 69,72 69,93 72,81 

6 Exits psc. 471 484 471 572 431 431 430 428 
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Another considered system is an urban transport system in an agglomeration of 

about 500 thousand inhabitants. The transport services provider owns about 230 

buses, whose average age is 8 years, it is however supported by other transport 

means. 

 

Table 3. Selected parameters of the fleet and calculated indies in an exemplary 

urban transport system in a city with a population of about 500 thousand people. 

No Parameter Uinit 
Year 

2007 2008 2009 2010 2011 2012 2013 2014 

1 
Inventory 

state 
psc. 252 248 245 246 244 238 234 230 

2 
Fleet 

availability 
psc. 186,38 186,08 175,29 176,80 172,96 173,18 166,36 167,41 

3 
Availability 

index 
% 73,96 75,03 71,55 71,87 70,89 72,76 71,09 72,79 

4 
Fleet 

running 
psc. 176,40 195,67 199,92 199,26 183,00 187,07 172,69 180,78 

5 
Index of 

running 
% 70,1 78,91 81,58 81,01 75,01 78,57 73,82 78,6 

6 Exits psc. 2405 2373 2452 2887 2136 2243 2182 2202 

 

On the basis of the above data it is possible to compare the calculated indices for 

two urban transport systems of different sizes. 

 

Fig.2  Comparison of availability indices for two selected urban transport systems 

 

It can be observed that for a public transport system in a city of about 100 thousand 

inhabitants the growth of availability index and the index of running are faster in 

a period of a few years of operation. 

For the purpose of the analysis, safety level of a transport system was assumed to 

depend only on the number of undesired events and their results. In connection 

with this, an undesired event is referred to as an incident, conflict, collision or 

a road accident [8].  
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Incident is an event which was caused by improper behavior of a human involved 

in road traffic, inconsistent with the traffic rules or not adjusted to the road 

conditions. Conflict is a situation when a vehicle has to do an unexpected 

maneuver to avoid a collision or an accident. 

Undesired events may occur in effect of an impact of three factors, that is: change 

in usability of transport means, the environmental impact, improper behavior of 

humans involved in the system or its environment. Each undesired event that 

occurs in the system causes its operation safety decrease. 

No matter which of the above mentioned factors cause an undesired event the 

system stops functioning properly. In urban transport systems these are the humans 

who cause undesirable events most frequently [9]. Overall, in urban transport 

systems these are the following factors that affect the system operation safety: 

passengers, drivers, pedestrians, other road users, servicing teams. 

Table 4, shows the results of investigations on city transport systems operation 

safety in an agglomeration of up to 500 thousand people and agglomeration of up 

to 100 thousand people. As table 4 shows, both agglomerations reveal a drop in the 

number of undesired events and their effects. Table 5 demonstrates the results of 

experimental tests carried out in the studied transport systems. As table 5 shows, 

a drop in the number of undesired events and people injured in those events was 

noted, as well. It is different, however, in relation to the number of fatalities which 

in no way depends on the considered period of time. 

Table 4. Presentation of road events and their effects on the territory of the 

analyzed agglomerations. 

Year 

Aglomeration of 500 thousand 

people 

Aglomeration of 100 thousand 

people 
Number 

of 
accidents 

Number 
of 

injured 

Number 
of 

fatalities 

Number 
of 

accidents 

Number 
of 

injured 

Anaumber 
of 

fatalities 

2007 487 613 87 91 114 12 

2008 456 560 74 90 112 11 

2009 321 464 63 84 107 8 

2010 356 425 54 75 96 9 

2011 319 350 55 72 100 8 

2012 315 355 51 66 81 6 

2013 282 326 42 67 82 7 

2014 249 266 42 62 77 6 
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Table 5. Presentation of road events and their effects with involvement of 

city transport means on the territory of the analyzed agglomerations. 

Year 

Aglomeration of 500 thousand 

people 

Aglomeration of 100 thousand 

people 
Number 

of 
accidents 

Number 
of 

injured 

Number 
of 

fatalities 

Number 
of 

accidents 

Number 
of 

injured 

Number 
of 

fatalities 
2007 12 15 0 7 10 1 

2008 12 21 0 6 12 2 

2009 9 13 0 6 15 1 

2010 10 17 2 5 9 0 

2011 11 19 1 3 7 0 

2012 9 12 0 4 7 0 

2013 8 10 0 5 8 0 

2014 10 18 1 6 7 0 

 

The above presented data reflects the level of safety of the analyzed 

agglomerations and their public transport systems. Values representing the 

numbers of events do not reflect exactly the level of operation safety in these 

systems. In order to make a comparative analysis of the two systems’ operation 

safety levels, an index of the number of injured people per 100 road accidents – 

Number R/100W and an index of the number of fatalities per 100 road accidents – 

Number R/11W have been introduced. The results of indices are presented in table 

6 of fig.3 and 4, in a graphic form. 

 

Table 6. Number of killed and injured people per 100 

road accidents with involvement of public transport 

means on the territory of the analyzed agglomerations. 

Year 

500 thousand 

agglomeration 

100 thousand 

agglomeration 

Number 

R/100W 

Number 

Z/100W 

Number 

R/100W 

Number 

Z/100W 

2007 2,45 0 8,77 8,33 

2008 3,75 0 10,71 18,18 

2009 2,80 0 14,02 12,50 

2010 4,00 3,70 9,38 0 

2011 5,43 1,82 7 0 

2012 3,38 0 8,64 0 

2013 3,07 0 9,76 0 

2014 6,77 2,38 9,09 0 
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Fig.3  Number of injured people per 100 road accidents – Number R100W 

 

According to the above presented data, the assessment indices assume much higher 

values for a transport system of a smaller agglomeration. This means that safety 

level of transport system operation is much higher for a larger town. In extreme 

cases the level of safety in even five times higher in an agglomeration of 500 

inhabitants. In order to find the reasons of such a situation further research needs to 

be performed to determine weak points of the system elements. 

As for the index of people killed per 100 road accidents, it is difficult to compare 

the systems as the undesired events occurred in different time periods. 

Nevertheless, the data from table 4 shows that a system operation safety is 

significantly higher for a transport system of a large agglomeration (500 thousand 

inhabitants). In order to make a detailed cause and effect analysis. 
 

 
Fig. 4  Number of people killed in 100 road accidents  - Number  R/100W 
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It is necessary to increase the range of experimental tests including operational 

factors connected with technical condition of the vehicles, anthropotechnical 

factors, i.e. drivers’ age, work experience as well as external factors such as time of 

accident occurrence, weather conditions and the road surface. 

4. Conclusions 

When only economic aspects are taken into consideration in assessment of 

transport functioning it means that not enough attention is paid to external negative 

factors such as congestion, air pollution noise or degradation of the environment. 

This is usually the society which is burdened by the costs and therefore they should 

be included in assessment of transport activities of companies responsible for their 

generation and management. Comparison of two transport systems is burdened 

with an error due to a multitude of factors including the size of a city transport 

system. Transport services providers in larger agglomerations are very often 

associated with infrastructural solutions prepared for other transport means. In the 

case of the Capital City of Warsaw it will be underground, trams and in the case of 

cities with 500 thousand inhabitants- trolleybus transport or suburban rail. 

Transport services providers in a larger agglomeration may need to have higher 

expenses for purchase of the fleet and better prepared diagnostic stations. Smaller 

transport companies provide their vehicles with basic repairs whereas they have 

more complicated repairs done by outside companies. Changes in legislation have 

made company managements use their fleets more effectively, which in the case of 

financing from the company owner’s budget, contributes to the company economic 

efficiency. Effective operation of the fleet is affected by the way it is managed by 

decision makers who perform managerial functions in transport companies. 

Companies often have to face challenges connected with a choice to be made or 

whether to purchase new or used transport means. The newer fleet the fewer 

failures and collisions or accidents, thus the safety level of a transport system 

operation increases. 
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