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ABSTRACT
Eff ective operation of transport depends on the correct costs fi xing. Th e external cost – externality- is 

the cost or its part that disinterest its author but interests the other people who are not participating 

in it or who are its victims. Some externalities cannot be expressed in numbers, like the death, human 

suff ering and damage of environment. Externalities interfere with eff ective division of resources wi-

thin sectors. According to the study of EU, the road transport, with its 92%, is the biggest contribu-

tor to externalities..
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1. Introduction

One of the most signifi cant factors aff ecting the incre-

ase in road transport safety is the reduction of external co-

sts. External costs are described as follows.

When consumers decide to purchase an item or take a 

trip, they examine the price of a given option and compa-

re it to the gain or satisfaction they expect to derive from 

the item or trip. For instance, an individual wishing to get 

from A to B will consider the price (of using public trans-

port or his/her private car) and quality of the service pro-

vided before opting for a given transport mode. Users are 

willing to accommodate a whole array of parameters (spe-

ed, frequent/regular service, quality, fl exibility, etc.) in the 

transport price they pay.

Conversely, consumers of goods or services do not ge-

nerally foot the full bill for the costs their decision impo-

ses on society and the environment. Such costs are defi ned 

as external, because they are not refl ected in the price paid 

by users and are not the factors in the market. Th e main 

sources of external cost in the transport sector are acci-

dents, congestion, air pollution, noise and climate change. 

Individuals using a given form of transport are not gene-

rally aware of the external cost generated and indeed it is 

possible that some of these costs have never been defi ned.

Nonetheless, external costs do exist and since they are 

not met by the parties responsible, they must be borne by 

society as a whole. [1] Signifi cant external costs are: 

• Accidents; when transport systems are used, accidents 

occur, generating a whole range of costs which are 

only partly covered by mutual risk insurance schemes 

(loss of life, medical care and disabilities sustained by 

victims, loss of production, etc.),

• Air pollution, emission of particulate matter, carbon 

monoxide, lead, volatile organic compounds, nitro-

gen oxides and sulphur dioxide, damaging health, the 

environment and buildings,

• Climate change; greenhouse gases (mainly carbon dio-

xide – CO2) have an enduring impact on the earth’s cli-

mate, resulting in increased desertifi cation, raised sea 

levels, serious harm to agriculture and other destructive 

environmental and health-related side-eff ect,

• Noise; transport generates noise, which adversely af-

fects humans in a variety of ways, causing disturban-

ces, stress and more serious health problems,
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• Congestion, more vehicles are being added to already 

dense traffi  c fl ows, particularly car traffi  c fl ows, para-

lyzing the system and leading to substantial wastage 

for all users. Congestion makes the entire transport 

system ineffi  cient.

2.  Impact of congestions on 
safety

An individual highway crash is a rare, random, multi-

factor event, preceded by a situation in which one or more 

persons failed to cope with their environment. In the ag-

gregate, however, traffi  c crashes are quite numerous and 

oft en follow certain patterns that can be identifi ed. Cra-

shes refl ect a shortcoming in one or more components of 

the driver-vehicle-roadway system. It is therefore very im-

portant for freeway practitioners to monitor traffi  c colli-

sion experience, and to use this information to identify, 

plan, implement, and evaluate corrective actions. Nume-

rous approaches exist for improving safety and reducing 

crashes on highways. Many of these are beyond the scope 

of freeway management and operations, per se (e.g., en-

forcing seat belt laws, in-vehicle crash-avoidance techno-

logies, geometric realignment); but others – such as im-

proved signing and lighting, skid resistance pavement, ad-

ding shoulders and auxiliary lanes, and removing obstac-

les – are well within the realm of “operations”. 

As previously noted, a major goal of freeway ma-

nagement and operations is to reduce congestion; and 

a reduction in congestion may also enhance safety. But 

how does congestion affect highway safety? The basic 

theory behind the interaction is that congestion leads 

to higher vehicle densities (i.e., more closely spaced ve-

hicles on a roadway), which provides more opportuni-

ties for conflict. Congestion also reduces vehicle spe-

eds, which implies that when vehicles are engaged in a 

crash, the collision forces are lower, thus reducing the 

injury to occupants. Another aspect of the model is the 

concept of “secondary” crashes—crashes that occur due 

to conditions produced by an existing crash. Some of 

these conditions—which wouldn’t exist without the oc-

currence of the first crash—include rapid backward qu-

eue formation (as vehicles suddenly stop to avoid the 

first crash), rubbernecking by drivers, and the maneu-

vers of emergency vehicles. Finally, the flow restrictions 

produced by crashes worsen existing congestion.

Th e details of the relationship between congestion and 

safety are not well understood (with the exception of lo-

wer crash severities, which have been documented in a ge-

neral way for congested conditions, and the associated lo-

wer speeds). Based on the limited work that has been per-

formed, a few tentative conclusions may be drawn:

Crash potential probably increases as congestion in-

creases. 

Th ere is a lower proportion of single vehicle crashes 

(e.g., run-off -road, rollover, collision with fi xed object) 

during congested conditions and a higher proportion of 

multiple vehicle crashes. 

Crash severities (extent and nature of personal inju-

ries) are lower during congested conditions, due to lower 

vehicle speeds at the moment of crash impact. 

In general, it can be assumed that any operational im-

provement that reduces congestion will lead to fewer cra-

shes. Th e severity of crashes that occur will be higher, ho-

wever, and it is likely that a greater proportion will be sin-

gle vehicle crashes. Knowing these facts can target mitiga-

tion strategies to single vehicle crashes and higher seve-

rities—such as wider roadside recovery zones, protection 

of highway “furniture,” and coordination with emergen-

cy medical services. Moreover, an operations philosophy 

must take a systems-oriented view, where the consequen-

ces of a specifi c action (e.g., fl ow improvements) consider 

linked impacts such as safety.

3. Traffi  c fl ow theory

Th e generalized relationships between speed, density 

and fl ow rate are shown in Figure 1, with these parameters 

defi ned as follows: [1]

• Flow Rate (M) – the equivalent hourly rate (vehicles 

per hour) at which vehicles pass over a given point or 

section of a lane or roadway during a given time inte-

rval of less than one hour,

• Speed (V) – defi ned as a rate of motion expressed as 

distance per unit of time, generally as kilometers per 

hour (km/h). In characterizing the speed of a traffi  c 

stream, a representative value must be used, because 

Fig.1.  Basic traffi  c service
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a broad distribution of individual speeds is observa-

ble in the traffi  c stream. Th e curves in Figure 1 utili-

ze “average travel speed”, which is computed by divi-

ding the length of the highway segment under con-

sideration by the average travel time of the vehicles 

traversing it,

• Density (H) – the number of vehicles occupying a gi-

ven length of a lane or roadway at a particular instant. 

For the curves shown in Figure 1 density is averaged 

over time and is usually expressed as vehicles per kilo-

meter (veh/km),

Th e principles of macroscopic models are relations be-

tween the essential characteristics of a traffi  c fl ow – in-

tensity (M), density (H) (quantitative characteristics) and 

speed (V) (a qualitative characteristic). For a complete de-

scription only two of these characteristics are suffi  cient, 

the third one can be calculated according to a continuity 

equation: M = H.V

4.  Resolving congestions 
using Intelligent 
Transportation Systems

One of the possible ways of increasing safety is to 

provide the participants of traffic with information 

in advance. Conditions for steady and safe traffic are 

made this way. Intelligent transport systems - ITS are 

able to give us this possibility. Basic aim of ITS is to: [3] 

increase safety of road transport, increase efficiency of 

transport represented by cut down transport time, in-

crease quality of environment and improve commercial 

productivity of a company.

ITS are systems which help to make efficient use 

of road and urban communication network, using in-

formation, communication and directing technologies. 

They make basic conditions for high quality communi-

cation and information society that we are approaching 

also in our conditions. 

Intelligent Transportation Systems (ITS) is the ap-

plication of advanced electronics, computer, commu-

nications, and sensor technologies – in an integrated 

manner – to increase the efficiency and safety of the 

surface transportation network. ITS encompasses tech-

nologies that can lead to: [2]

• Better management and operations of the existing 

highway, public transportation and railroad infra-

structure to ease congestion and respond to crises. 

• Safer and more convenient travel for people. 

• More efficient and secure freight movements. 

5. Traffi  c characteristics of 
the city of Žilina

Žilina is surrounded by four entry points to the city. 

It is the main artery heading from the East (Kosice direc-

tion) towards the West (Bratislava direction), the northern 

entry from the direction of Poland and the southern en-

try from the direction of Prievidza (fi g.2). Žilina county is 

an important transport crossroad. Important internatio-

nal roads leading through the Kysuce region to the Czech 

Republic and Poland origin in Žilina. Th ere is also a public 

international airport near Dolny Hricov. 

Recently, the problems of increasing externalities have 

been causing diffi  culties in transportation within Žilina 

city. Th e city of Žilina is the fastest-development region 

in Slovakia.

Žilina is the largest city situated on the Váh river, loca-

ted 49°15´ of northern latitude and 18°45´ of eastern lon-

gitude. With population of 85 425 inhabitants (on 1st Ja-

nuary 2007) and the area of 80,03 square kilometers it cre-

ates an important centre of northwest Slovakia. 

As in other European cities, the traffi  c situation in Ži-

lina is continually getting worse. Fast grow of individual 

transportation, descent of public transport together with 

development of new business and commercial activities in 

the city – all these processes make an important impact on 

the city communication system. Th ere are about 62 550 re-

gistered cars (on 31th 12. 2008) in the Žilina county (fi g. 

3), the level of motorization is about 397 cars per 1000 in-

habitants, the level of automobilization is about 286 cars 

per 1000 inhabitants.

Th e problem we deal with lies in the central part of the 

city where congestions and problems with parking irrita-

te more and more people. Every year, Faculty of Operation 

and  Economics of  Transportation and Communications 

realizes a survey of traffi  c intensities on selected crossro-

ads in Žilina. Results of these surveys, together with data 

gathered from several bachelor and diploma theses related 

to organization of traffi  c in the city, give us an opportuni-

ty to have a relatively detailed overview of traffi  c situation 

in Žilina within last 15 years. Based on the gathered data, 

we can see an unanimous increase of traffi  c intensities in 

covered area. Th e growth between years 1994 and 2006 re-

ached up to 28 % on one of the monitored crossroads.

Th e growing traffi  c brings another related problems. 

Th e number of traffi  c accidents in Žilina county is rising. 

On the other side, the utilization of public transport has 

dropped rapidly. It is apparent that meeting the increasing 

demand is not possible through ever increasing capacity 

of road system. Such solution eventually leads to a higher 

share of individual car transport compared to the lower 

(and disadvantageous) share of public transport means 
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which in Žilina is provided by the DPMZ company. Th ere 

has been a dangerous trend in decreasing demand for pu-

blic transport in the recent years. Table 1 provides the evi-

dence for this in terms of decreasing number of passen-

gers. As the statistics provided by Transport Company of 

the City of Žilina shows, there is a 47 % dropdown in pas-

sengers transported annually in last 8  years (table 2) [3]. 

Th ere are several reasons of this problem, inter alia insuf-

fi cient fi nancing of public transport and thus reduction of 

lines, disastrous organization of trolleybus network and at 

last but not least congestions that aff ect public transporta-

tion and make it unreliable. Th e increase of individual car 

transport is caused by various factors, e.g. the increase of 

total length of roads within the city which is presumably 

linked to business development, changing citizens’ lifesty-

le, the increase of car number in possession of citizens etc. 

6. Conclusion

Negative externalities disrupt the eff ective share of reso-

urces. Th is brings about two contradictions: the society de-

mands higher mobility but is ever less tolerant towards the 

increase of externalities. Effi  cient transport is therefore un-

derlined by a proper calculation of costs. Lessons learnt show 

that investments into infrastructure only attract more cars, so 

external costs do not decrease and problems cannot be basi-

cally solved via new transport infrastructure. One of the po-

sitive ways of easing the impact of the problems is the ap-

plication of ITS technologies that are a tight connection of 

information and communication technologies with vehicles 

and transport networks that move people and items, and thus 

help improving every part of the transport chain.  One of the 

possible solutions in Zilina is the establishment of electro-

nic toll system which is a modern ITS solution. It gathers in-

formation on transport network, traffi  c, vehicles and users. 

It constitutes an information and communication basis for 

the provision of above-standard telematic services. It allows 

for a development of telematic, safety and information servi-

ces (real-time traffi  c information, localization, traffi  c densi-

ty and travel time information etc.) Apart from the impro-

vement of transport situation in the city, the improvement of 

regular maintenance and reconstruction of existing road ne-

twork can be possible thanks to the acquired fi nances. Th e-

se can also secure the development of transport infrastructu-

re at required level or the improvement of transport systems.

Elaborated on the basis of Grant VEGA 1/0398/08 Ne-

gative externality reduction in road transportation
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Fig.2.  Individual entry points to Zilina
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Fig.3.  Number of registered vehicles

Year Number of passengers

2001 24 552 137

2002 23 283 584

2003 19 334 019

2004 17 281 517

2005 15 616 869

2006 14 666 257

2007 14 348 825

2008 13 224 155

Table 2. Utilization of public transport in Žilina


