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Resume

The paper is focused on assessment of the transport services in small towns.
Current legislation in the Slovak Republic, however, does not clearly determine
which cities must provide the urban public transport (UPT). Analysis of the

Article info

Received 3 April 2020
Accepted 18 June 2020
Online 23 October 2020

current state of the UPT evaluated 71 district towns of the SR and it was found

out that 21 towns did not provide operation of the UPT. Another criterion for
evaluation was the number of inhabitants of the city over 10,000 in Slovakia
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1 Introduction

In the Slovak Republic (SR), the transport operation
plans are required to be prepared by the Act on road
transport and the Act on transport on the railways in
towns, which nowadays act as an order party of the urban
public transport. The transport operation plan is a source
for granting the transport licences to the UPT lines, for
making contracts on transport services in public interest
and for drawing up schedules. However, the applicable
law in the EU does not specify which towns must have
and order UPT. The EU has committed to reduce the air
pollution from transport in towns; however, it has not set
even minimum requirements for obligation to establish
the UPT in towns, e.g. depending on the number of their
residents. The EU supports the UPT infrastructure through
structural funds, but it does not interfere in the legislation
of states in that sense which towns shall provide UPT and
to what extent. In the SR, there exists a whole series of
district towns (or other towns) with a significant railway
station or stop, which is also part of an integrated transport
system without any UPT in the town. Thus, in majority of
cases the area or time accessibility is not provided. The
issue of accessibility, mainly in suburban areas, is for
example dealt with in [1].

This paper presents results from research projects for
towns and the main goal of the paper was to assess the UPT
accessibility in all the district towns of the SR and in some
regions of Poland and the Czech Republic, neighbouring

with the SR. In addition, the objective was to propose
a methodology to determine the need for the UPT based on
a multi-criterial analysis.

Within the SR, there is a lag behind in building the
integrated transport systems, one reason for which is the
non-existence of a law on public passenger transport and
a disunity of ordering the urban public transport [2-4].

2 Analysis of the current state in the Slovak
Republic and abroad

Analysis of the current state of the UPT was evaluated
in 71 district towns of the SR and it was found that 21 towns
(29 %) did not provide operation of the UPT (Figure 1,
left). Out of 50 towns with the UPT, only 12 operators are
members of the Association of operators of the public
transport for people in conurbations of the Slovak Republic
(Figure 1, right).

A duty to operate UPT is neither defined by the law,
nor specified exactly. The literature states that in the case
of an average transport distance of 2km it is possible to use
calculations to find out that public transport is desirable
when the number of residents of an urban settlement
exceeds 15,000 people [5-6]. Considering this fact, it was
found that in two district towns (Pezinok and Senec) the
number of residents significantly exceeds the required limit.
In one town (Detva), the number of residents approaches
that limit (Figure 2).
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Figure 1 The UPT in district towns (left); members of the Association
of operators of the public transport for people in conurbations
of the Slovak Republic (right)
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Figure 2 The number of residents of towns without the UPT operation, based on [7]
Table 1 Evaluation of facilities in towns without the UPT, [9-10]
bus station railway station hospital secondary school university
yes 13 17 12 20 1
no 8 4 9 1 20

However, it is necessary to note that building the UPT
system is not affected only by the number of residents, but
by many other factors, as well. Some additional factors are
the town area or town residential area (built-up area), the
fact if there is a bus or railway station in the town, if the
town is a catchment area from the point of view of health
services (a hospital in the territory of the town), as well
as education (secondary schools and universities). Thus,
one may assume some higher requirements to provide
transport operation not only for town residents, but also
for commuters. The need for the UPT in smaller towns and
development of the integrated transport systems are dealt
with by Nigro et al. [8]. Due to this reason, the need to build
the UPT is justified even in towns with a smaller number of
residents. Table 1 lists the results found for the investigated
towns.

Analysis revealed that there is a railway station in
Revuca and Velky Krtis, however, passenger transport is
currently disrupted on the line. The highest number of
secondary schools is in Svidnik (8), Banska Stiavnica (6),
Pezinok, Revuca, Stropkov and Namestovo (4) and only
in Ilava there is no secondary school. The university is
situated only in Banska Stiavnica.

In the case of a foreign country, analysis was
performed for Poland and part of the Czech Republic
- for Moravia-Silesia region. Analysis of Poland implies
that urban public transport is not operated in 77 towns
(46 %), out of total 167 towns investigated. The number
of residents in these towns is represented in Figure 3;
in 13 towns the number of residents exceeds 15,000.
In the case of Zawiercie, this value is exceeded several
times. Regarding the town facilities, a railway station is
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Figure 4 Number of residents in towns without the UPT operation in Moravia-Silesia region in the Czech Republic,
based on [12]

situated in 29 towns, a hospital is situated only in 6 towns,
secondary schools are in 31 towns and universities are not
established in any of the evaluated towns without the UPT
operation. The bus station facilities were not investigated
in these towns.

In the case of analysis of the Moravia-Silesia region, it
was found that the urban public transport is not operated
in 29 towns, which represents 70%, out of total 41 towns
investigated. However, this is partially affected by the fact
that the transport operation of multiple towns is performed
by the suburban lines (a partial replacement of urban
public transport), which are part of the integrated transport
system ODIS (Integrated Transport System of Moravia-
Silesia region). An overview of the number of residents of
towns, where the UPT is not operated, is represented in
Figure 4, which makes it clear that in 2 towns the number
of residents exceeds the value of 20,000.

Regarding the town facilities, a railway station is
situated in 23 towns, hospital is situated in 4 towns,
a secondary school exists in 13 towns and there is no

university in any of the towns (with no UPT). The bus
station facilities were not investigated in these towns.

3 Methods of solution

3.1 The study of relation between the transport
performances within the UPT and the gross
domestic product in selected states of the EU

The decision to study the relation between the
transport performances of the UPT and the gross domestic
product (GDP) was made by authors, because in the SR the
UPT is operated in most of the towns where the UPT was
funded through the national budget before 2003. In that
year, the UPT was funded this way in 49 district towns; out
of those towns, the UPT is currently not operated only in
towns of Sabinov and Svidnik. To the contrary, in Piestany,
Brezno and Skalica the UPT is operated even though it was
not funded through the national budget in 2003.
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Table 2 Resulls of correlation between the transport performances in the UPT (passenger kilometres) and the GDP in selected

EU states, Switzerland and Norway

country correlaFlon determm.atlon coefficient coefficient b P-value a P-value X significance
coefficient coefficient a F
Switzerland 0.9709 0.9989 0 0.0128 X 0.000 0.000
Sdt}@ﬂf Romania 0.9421 0.9954 0 0.1015 X 0.000 0.000
1rec
dependency Macedonia 0.9205 0.9426 0 0.2079 X 0.000 0.000
Austria 0.8702 0.9968 0 0.0333 X 0.000 0.000
France 0.7606 0.9847 0 0.0258 X 0.000 0.000
moderate
direct Denmark 0.5682 0.9598 0 0.0427 X 0.000 0.000
dependency Spain 0.4091 0.9886 0 0.0500 X 0.000 0.000
Croatia 0.2469 0.9868 0 0.0825 X 0.000 0.000
Poland 0.2161 0.9415 0 0.1047 X 0.000 0.000
weak direct Latvia 0.1517 0.9552 0 0.1514 X 0.000 0.000
dependency  Estonia 0.0532 0.9387 0 0.1509 X 0.000 0.000
Lithuania 0.0289 0.9442 0 0.1053 X 0.000 0.000
Finland 0.0257 0.9916 0 0.0424 X 0.000 0.000
weak
indirect Bulgaria -0.0949 0.9469 0 0.2853 X 0.000 0.000
dependency
Crech 0.3062 0.9699 0 0.1042 X 0.000 0.000
Republic
moderate Hungary -0.4599 0.9777 0 0.1764 X 0.000 0.000
indirect Portugal -0.5000 0.8921 0 0.0440 X 0.000 0.000
dependency o oa0 05344 0.9821 0 0.0133 x 0.000 0.000
Great 0.7674 0.9680 0 0.0235 x 0.000 0.000
Britain
Slovenia -0.8110 0.9622 0 0.0953 X 0.000 0.000
.Stéjongt Netherlands ~ -0.9345 0.9445 0 0.0097 X 0.000 0.000
mdirec
dependency  Slovakia -0.9384 0.7055 0 0.1120 X 0.000 0.000
Sweden -0.9795 0.9627 0 0.0239 X 0.000 0.000

Towns of Bratislava, Banska Bystrica, Kosice, Presov
and Zilina received subsidies for the urban public transport,
which included regular, as well as capital expenditures.
Other towns with the urban public transport received the
so-called current transfers for the self-governing regions in
order to provide regular public bus transport for the year
2003. Those transfers were intended to cover a decrease in
incomes arising from the provision of discount travels and
to provide the operation of the territory. At that time, the
state also dictated the amounts of discounts for selected
groups of passengers.

Since 2004, the direct subsidies from the national budget
have been granted to urban public transport in Bratislava,
Banska Bystrica, Kosice, Presov and Zilina, but there have
been no subsidies for other urban public transports. The
national budget, however, has found a subsidy for the self-
governing regions to compensate for a loss, completely or
partially, or to provide another compensation for carriers,
while providing performances in public interest in regular
public bus transport and to provide the operation of the
territory. Since 2005, on the territory of the SR (and based

on a change of responsibilities), funding of the UPT,
determination of prices, as well as selection of a carrier,
have lien within the full authority of towns. Towns or self-
governing regions have been funding the UPT from current
transfers from the national budget or their own incomes
[13].

Hypothesis 01: If the gross domestic product increases,
then the state tax revenues, as well as share of taxes for
towns, increase, which should be manifested in support
for the UPT and thus in an increase of the transport
performances.

This hypothesis was verified on a sample of data on
EUROSTAT from selected states of the European Union
(EU), Switzerland and Norway, presented in Table 2,
covering the years 1998-2017. The results of correlation
between the transport performances in the UPT and the
GDP, in selected EU states, are presented in Table 2.

In order to determine the intensity of correlation, the
following criteria were established:

e weak dependency, if 0 < Irl < 0.3,
e moderate strong dependency, if 0.3 < Irl < 0.8,
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Figure 5 Distribution of the transport distance in the UPT Prievidza (left)
and in the UPT Martin (right) in km, based on [14-15]

e strong dependency, if 0.8 < Irl < 1.
The studied dependency was modelled using a linear
function in the form):

Yy =a+ b @

The significance level was selected at the level o = 0.01.

Initially, the linear regression model was created for
each country. Based on the comparison of the significance
level a = 0.01 to the P-value, it was determined that the
localising constant a was not significant in at least 75 %
of cases. Due to that, it was decided to create the linear
regression models without a constant. Then, the form of
a regression relation is as follows:

Yy = ba. )

In analyses’ results (Table 2), the individual states are
sorted according to the correlation coefficients, starting
from the strongest direct dependency to the strongest
indirect dependency. Results imply that the GDP change
impact on demand for the passenger transport by the UPT
differs in the studied European countries.

The strong direct dependency is observed in
Switzerland, Romania, Macedonia and Austria. France,
Denmark and Spain fall into the category with the moderate
strong direct dependency. The weak direct dependency
can be seen in Croatia, Poland, Latvia, Estonia, Lithuania
and Finland.

In the case of Bulgaria, the weak indirect dependency
was discovered. The moderate indirect dependency is
observed in the Czech Republic, Hungary, Portugal, Norway
and Great Britain. Slovenia, Netherlands, Slovakia and
Sweden feature the strong indirect dependency.

In the case of all the models, the significance level
is less than 0.01, which means that all the models are
significant. The results mentioned above indicate a different
impact of the GDP on transport performances in the UPT.
With respect to differences in the UPT funding, which is in
majority of countries fully dependent on towns and their
authorities, the transport performances in the UPT are also

affected by regulation of individual automobile transport,
employment rate, pricing policy, etc. Thus, the hypothesis
01 has not been confirmed.

3.2 Selected experience from creating transport
operation plans in UPT

As a part of the towns’ transport operation plans
creation, one may state that not all the towns in the SR,
which feature the UPT or urban bus transport, have
worked out the transport operation plans. Effective as of
April 2019, the Ministry of Transport and Construction of
the SR imposed a fine from 500 Euro to 10,000 Euro upon
a municipality (town) for failing to perform the obligation
under the Article 20 Paragraph 4, Act No. 56/2012 Coll. on
the road transport (preparation of the transport operation
plan). If even after three months from the date of entry into
force of the relevant decision on imposing the previous
fine, the obligation were not performed, the fine would be
imposed repeatedly until the obligation is performed. The
transport operation plans are to be worked only for towns
that already had the UPT. There are 21 district towns in the
SR without the UPT. Do the residents of these towns not
need UPT? Can they manage their mobility by foot, by bike
or car? Do they have no problems with parking their cars in
the town centres?

Even within district towns, the UPT is utilised for
relatively long distances. For example, in the UPT Prievidza
— Bojnice it was found that the majority of passengers
travel for the distance of 2 km, then the distances of 3.5 and
4km follow (Figure 5). An average transport distance in
Prievidza was discovered even at the level of 4.7 km.

In the case of Martin, it was found that the highest
number of passengers is transported for the distance of
3km; then follow the distances of 2, 4 and 5 km. The average
transport distance was discovered at the level of 4.2 km.

Another criterion is the spatial accessibility of the
public passenger transport. As part of working the transport
operation plans out, one always assesses distribution of the
UPT stops, as well as stops of the suburban bus transport
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Figure 6 Representation of isochrones of the stops accessibility in the UPT Prievidza - Bojnice
and village Opatovce nad Nitrou and accessibility of schools, based on [14]
Legend: Dark green circle of UPT The stop accessibility less than 2 min. by foot
The stop accessibility less than 5 min. by foot

Figure 7 The graphical representation of streets with an above-average number of residents at the age of 7-15 years (left)
and at the age above 70 years (right) in towns of Prievidza and Bojnice; a darker colour means a higher number,
based on [14]

and railway transport on the territory of the given town and
their accessibility from the built-up area [14-15]. The spatial
accessibility of the UPT is evaluated through depicting the
isochrones of the time accessibility for individual stops,
which, at the same time, will evaluate the area operation of
the town. Places without the UPT operation are defined, as
well (Figure 6). It is not possible to expect that the suburban
bus transport lines, with very small area coverage of stops,
would suffice for commuting to schools (children), or to
health care institutions, or that citizens would commute to
and from the stops for the distance of 1.5-2km.

The passengers require an attendance distance to the
UPT stop (the so-called spatial accessibility of the UPT),
which is derived from conducted questionnaire surveys
within the management of transport operation plans; in the
town of Prievidza it was discovered at the level of 300m
(71.6 % of responses) [14].

Since not all the residents of the town or commuters
(especially schoolchildren and pensioners above 70) are
given the option to get to their destination in the town
using other transport means than the UPT, the transport
operation plans also include a study of the town residents’
distribution from the point of view of the age structure by

individual streets (Figure 7). The routing of lines and the
time position of individual connections can then reflect
requirements of the residents with a higher share in the
given urban part.

A detailed study of the access by foot, including
the quality of pavement surface, to the UPT stops was
conducted in Ljubljana, Slovenia [16]. Modelling of the
UPT stops accessibility in smaller towns is in the centre
of interest of Lamotte, O. et al. [17]. They state that in
Europe and France it is basically anticipated that residents
are close to a UPT stop if its distance is not more than
400m [17]. This statement was also confirmed by results
of research realised in the Slovak Republic. In addition,
thanks to studying different towns, especially in South
Korea, a multi-criterial analysis was worked out, which
also considers deploying the advanced public transport
modes (APTM) with respect to building the new types of
towns, [7].

Figure 8 implies that the pedestrian traffic is only
counted with for the distance of up to 1km; in the case of
the bike transport, it is something more than 2km. Still,
the utilisation of the bus transport with a combination of
accelerated lines is counted with. One can see that foreign

COMMUNICATIONS 1/2021

VOLUME 23



THE TRANSPORT SERVICE OF SMALL TOWNS

4

Number of
users/time
Subway
20,000
LRT
5,000 Pedestrian ram
2,000 | [
Bicycle et
1 2

Train
High-speed
railroad
BRT
Express bus
Cars
10 50 100 Distance (km)

Figure 8 Characteristics of the advanced public transport modes (APTM) and existing options
for the transport modes, [7]

countries deal in detail with the question what kinds of
public passenger transport should be applied in towns. In
the SR, part of residents from bigger towns, with respect
to the growing prices of flats and a lack of building lands,
moves to the countryside where the satellite built-up areas
of family houses and flat complexes arise without sufficient
facilities of schools and health care institutions, etc. and
often even without a link to the public passenger transport
[18].

4 Application of the multi-criterial analysis and
discussion

As a part of the decisions making about the need to
provide the UPT, it is necessary to take into account many
more factors than the number of the town residents only.
The authors studied a whole series of other factors besides
those already mentioned. In fact, it is a problem of a multi-
criterial decision making which is also applied to logistics
[19].

In case of a multi-criterial decision-making, the
decisive subject evaluates individual variants through the
multiple criteria when the objectification of the decision
process depends on a number of evaluative aspects. If
the number of evaluative criteria and variants is small,
the decisive subject can make the decision based on their
intuition. However, if the number of criteria is higher and
the decision situation is more complex, it is necessary to
apply formalised procedures. An appropriate formalised
procedure is determination of the evaluative criteria weights
and aggregation of the partial evaluations into a complex
evaluation [20]. Fiala, Jablonsky and Manas [21] introduce
that in case of the multi-criterial evaluation of variants the
task is specified explicitly with a set of alternatives A = {al,
a2..., etc.}. In here presented case, it is created with options
to choose a transport means and maybe specific carriers
and with a set of evaluative criteria F = {f1, f2..., fk}, which
is created with selected bank products and with evaluation
of selected variants via individual criteria in the form of the
so-called criteria matrix:

oo S

ar |y YViz . . Yk

az | ya1 Yoo . . Yok
3

ap LYp1 YVp2 o o Ypk

Elements of the criteria matrix, Yip i=12.,pj=1,
2..., k, express information on evaluation of alternatives by
individual criteria. The information may take the following
form:

e cardinal information - it represents the actual value
achieved with individual variants during the evaluation
by the given criteria,

e ordinal information - it expresses the order of a certain
variant by individual criteria, i.e. sorting the criteria by
their importance,

e relative information - it compares pair variants between
each other by individual criteria [21].

The next criterion of the decision-making about the
UPT provision is reduction of the attendance distance by
foot or by the bike transport to the railway or bus station and
thus reduction of individual automobile transport effects
on environment in the town, reduction of congestions,
enhancement of road transport safety, etc. [22]. Moreover,
it is very important to study how the behaviour of residents
in smaller towns is affected by quality of the UPT. A factor
analysis can be applied here [23].

Furthermore, a very important issue is the setting of
the UPT offering via lines, connections and operation time
[24]. They are bound to provide accessibility of the UPT to
health care institutions, schools, offices and last, but not the
least, regular commuting to work. Provision of transport to
work is a separate specific area of studying the mobility of
the population.

Based on the assessments conducted by the authors,
eight criteria to be taken into account when deciding
on the necessity of establishing the UPT were defined.
Standardized scales of importance and reference values
were defined for individual criteria (Table 3). The ranking
method was used to determine the scales of importance,
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Table 3 Defined criteria with assigned scales of importance and reference values

criteria

scales of importance reference values

number of inhabitants
number of pupils and students of all the schools
number of employers with 100 or more employees

number of medical facilities (ambulances / wards in the hospital)

number of public authorities (district office, building office, labour office, etc.)

railway station equipment (number of passenger rail connections)
bus station equipment (number of bus connections)

preference for ecological modes of transport

0.22 50,000
0.19 2,000
0.17 10
0.14 100
0.11 50
0.08 100
0.06 500
0.03 1/0

*In the case of medical facilities of superregional importance, value of the scales of importance needs to be adjusted

Table 4 Application of the methodical procedure

information’s of the city under assessment

fulfilment of the criterion [%] achieved evaluation

30,000 inhabitants 60 13.2
1,500 pupils and students 75 14.25
3 employers with 100 or more employees 30 5.1
30 ambulances / wards in the hospital 30 4.2
10 public authorities 20 2.2
21 passenger rail connections 21 1.68
130 bus connections 26 1.56
1 the city wants to prefer an ecological mode of transport 100 3
total 45.19
minimum value for ordering the UPT 60
necessary UPT no

where the order of the criteria was ranked by the authors
based on their experience with the creation of transport
operation plans. Defined reference values for each criterion
take into account the fact that the methodology is proposed
for small towns, where values were determined by expert
authors estimate. Determination of the precise reference
values will be the subject of further more detailed research.

The methodological procedure is based on the
percentage assessment of fulfilment of the defined criteria
reference values. The achieved evaluation of the criteria
corresponds to the value of the performance multiplied by
the scales of importance for the given criterion. The sum of
the subtotal is determined final value, whereby it is possible
to decide on the need for setting up the UPT. The authors
set the minimum value of the final evaluation at the level of
60 points, which corresponds to fulfilment of the reference
values at the level of 60%. An example of application of the
methodological procedure is given in Table 4.

The decision-making also includes the criterion weight
of impacts of a specific transport mode, or a combination of
transport means on the environment. Except for the costs,
the so-called carbon footprint on specific transport means
used may be calculated [25]. Alternatively, in the case of
railway passenger transport, which uses the electricity as
its source of energy, calculation of the so-called indirect
emissions, which arise during its production, will be taken
into account [26-27].

As a part of the further research, the authors would
like to focus on completing the methodology for application
of the multi-criterial analysis to the decision process on
providing the UPT in smaller towns with less than 50,000 or
30,000 residents. The objective is its application in the SR
and Poland, the Czech Republic and some other EU states,
using experts on the UPT.

In this case, the Delphi method was used to verify
the correctness of the established criteria and defined
the scales of importance and it is assumed to verify the
accuracy of the defined methodology, as well.

5 Conclusion

In the case of important strategic decisions on
provision of the UPT and its scope, the following strategic
documents should definitely be helpful in the SR: a transport
operation plan of a town, or a transport operation plan
of a self-governing region; here the methods of a multi-
criterial decision making are required to be applied. It is
recommended that the decisive subject - a town or a self-
governing region - evaluates individual variants using the
multiple criteria, when the objectification of the decision
process depends on a number of evaluative aspects and on
the accuracy of inputs, e.g. from transport operation plans,
which, unfortunately, are still worked out in a varied quality.
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For the decision process on provision of the UPT
and choice of the transport means, one may also utilise
the latest decision techniques and potential engineer
applications, which can evaluate a whole series of data
obtained online within a transport chain; e.g. Collaborative
Filtering Bandits method can be applied here [28-29]. In the
case of the multi-criterial analysis application, it is possible
to complete the partial evaluation by using other additional
and new methods [30].

Of course, it is inevitable to deal with requirements of
the town residents, visitors, students, etc. imposed on the
urban public transport in view of building a sustainable
transport system in the town [31-32].

In the Slovak Republic, the general legislation was
amended with a regulation of the Ministry of Transport and
Construction of the SR No. 5/2020 Coll., laying down certain
provisions related to ordering of the public passenger
transport. In addition, it includes standards of transport
operation. Under this regulation, special standards for
urban transport in municipalities, with the number of
residents less than 50,000, are represented by creation
of connections, leading mainly to the centres with the
occurrence of jobs, schools, health care institutions and
public authorities. That includes guaranteed changes, bound
to the suburban or long-distance transport to facilities
mentioned before, if such centres are at a distances of more
than 1,500m or more than 20 min walk from a stop of the
long-distance or suburban transport. Part of the transport
operation of a village or a town may also be alternative
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