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Abstract: The paper discusses problems related to the functioning of passenger transport in Rzeszow.
The dynamic development of the city and the increase in the income of its inhabitants have led to
significantly increased traffic within the city, which is detrimental both to the environment and the
city’s inhabitants. It limits the quality of life in the city and in the end generates additional costs for
businesses and people in urban areas due to the congestion. In compliance with the policies of the
European Union, this harmful tendency needs to be limited. Developing sustainable transportation
should largely contribute to this objective. With the city of Rzeszow as example, this article discusses
selected actions and measures taken as part of the development of sustainable transportation and
demonstrates changes in the functioning of public transport based on the author’s own research as
well as data provided by the city’s authorities. The analyses show that the actions taken so far have
had a positive impact.
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1. Introduction

The transportation need is understood as a need to move from a starting point to a target point,
within a strictly specified period of time. Problems associated with the transport of people and their
mobility are especially significant within the territory of cities.

Around 70% of the European Union’s (EU) population live in cities and generate around 80% of
the Union’s GDP [1]. Mobility in cities is, however, becoming more difficult and less efficient, as it
is still largely based on the use of conventional private vehicles. These vehicles are a source of many
harmful effects that generate additional costs and losses in several fields [2-6]. The most important
harmful effects include: congestion, accidents, noise, air pollution, climate change and the use and
deterioration of the transport and urban infrastructure [7-9]. According to European Union guidelines,
cities must intensify their efforts to reverse unfavourable tendencies in the use of fuel and the emission
of toxic elements [10-12]. The goal of these efforts should be reaching a 60% reduction in the emission
of greenhouse gases. Due to the high density of populations in cities and the high level of traffic, a
public transport system is the preferred solution for short routes [13-18]. It gives greater opportunities
with respect to reducing the total emission of toxic components in the city, as compared to traffic
consisting mostly of passenger cars equipped with conventional drive systems. The EU provisions
concerning air quality and the increasingly stricter emission standards for road vehicles aim to ensure
that city inhabitants are not exposed to the harmful effects of air pollution and particulate matter.
However, almost all cities in the EU Member States still struggle to satisfy the requirements [19].
The natural environment should be exploited in a way which ensures that future generations will
be able to exploit it as well [20,21]. In accordance with the principles of sustainable development,
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transportation should also have as small an impact on the environment as possible. Many European
cities are taking steps towards achieving that goal [22-28].

One of the main aims of this study is to present the steps taken to reverse the unfavourable traffic
trends and to make public transport more significant, with Rzeszow, a Polish medium-size urban area,
being one such example. All steps taken by the city’s authorities are in line with the philosophy of
developing sustainable transport, one of the premises of which is to minimise the human impact on
the environment.

This article comprises seven sections. The first serves as an introduction to the study’s subject
matter. The second sets forth the threats arising from road traffic. The third presents features of the
city. The fourth describes in detail the public transport system in the city and the side effects of the
growing number of vehicles and increasing traffic. The fifth delineates some of the courses of action
taken by the city’s authorities with the aim of developing sustainable transport, the sixth shows the
achieved and expected results of implementing the actions suggested and the seventh is a conclusion.

2. Research Methodology

The operation of urban transport in the city has a major impact on the comfort and quality of life,
the efficiency of the operation of the urban organism and the economic management of energy sources.
In many cases, striving to improve selected indicators may lead to deterioration of other important
properties. Closing or very significant limitation of vehicle traffic in a given area may contribute to the
depopulation and change of the nature of a given area. In the undertaken activities, it is necessary
to achieve a certain compromise and the factors—parameters affecting the transport system must be
contained in certain permissible areas of variation.

Due to many factors subject to change and occurrence of limitations, the solution to this problem
is similar to the solution of the multicriteria optimization task, under which the objective function is
optimized, taking into account such features as: quality and comfort of life, safety and efficiency of the
urban organism.

All research work related to the assessment of the operation and determining the direction of
changes for the considered Polish city must take into account the state and scope of operation of
transport systems in cities of similar size. Comparing the operation of urban transport in small cities,
for example, in the range of population 50,000-100,000 with cities larger than 1 million inhabitants, it
makes no sense. In each of these groups the scale of problems differs and system solutions in the area
of urban transport are different. Considering groups of cities of similar size, it is possible to determine
the acceptable range of changes of selected parameters and indicate potential directions of action.
The direction of these activities can be determined on the basis of analysis of solutions in the field of
urban transport in cities located in countries with a high degree of economic development and a high
level of ecological awareness as a role model. A group of such cities includes cities from countries
such as Sweden, Norway, Germany, the Netherlands and Denmark. Due to the number of inhabitants
of the city under consideration Rzeszow, a group of EU cities with a population between 150-250
thousand inhabitants was selected for analysis. On the basis of 93 EU cities specified in Reference [29],
the areas of variability of parameters characterizing the shares of particular forms of urban transport
were determined. In 10 cities with the highest share of public transport from 32 to 63%, only one city
is in Spain, a country that is an old EU member. In terms of share of individual transport, the top 10
countries are dominated by the old EU. The share of individual transport amounts from 63 to 83%
there. In this group there are no cities from the aforementioned countries with a high level of economic
development and high ecological awareness. Considering the share of bicycle trips in the number of
completed trips in the first 10 are cities from the Netherlands, Denmark and Germany. The share of
bicycle trips is from 22 to 40%. In the latter group of cities, the share of individual transport is from 21
to 63%.

Having a specific range of variability of the parameters characterizing the transport system,
it is necessary to identify the threats resulting from road transport activities. This was done
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for road transport and for the selected city. The improvement of the operation of urban
transport can be influenced by two groups of factors. These are factors that are technical or
organizational—non-technical. Organizational (non-technical) factors include organization of transport
routes, frequency of courses, activities aimed at increasing the environmental awareness of inhabitants
and tax policy. Technical factors include a construction and development of a traffic control system,
information system for travellers, car parks, bus lanes, bicycle paths and investments in ecological and
zero-emission means of transport. As part of the example considered, it was examined which of these
funds were used in the analysed city and the obtained and potential benefits were determined.

During the research work, the results of own research and available data from specialist literature
and the Internet will be used.

3. Threats Arising from Transport

Road transport is one of the pillars of a properly functioning economy. However, it also has a
negative influence on the environment. The most important harmful effects of road transport include:
congestion, accidents, noise, air pollution, climate change and the use and deterioration of the transport
and urban infrastructure.

Petroleum-based fuels are currently the primary fuel for road vehicles. One of the harmful effects
of using these fuels is the emission of pollutants into the atmosphere, of which the most significant are
carbon monoxide, carbon oxide and NOx nitrogen oxides [30]. Particulate matter also substantially
contributes to the pollution levels. Figure 1 shows CO, emissions from various types of road vehicle
between 1990 and 2015, with 1990 as the base year. These data relate to all Member States of the EU.
The maximum CO, emissions were observed between 2006 and 2008 [31].
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Figure 1. CO, emissions from various types of road vehicle in EU Member States with respect to 1990
(base year).

Total CO, emissions throughout the period differed with respect to individual countries.
Those countries achieving high levels of economic development, such as Austria, France or Germany,
saw a decrease in CO; emissions in relation to the maximum values reached in the 2000-2008 period
(Figure 2). Countries with intensively developing and catching-up economies, such as Poland, saw a
constant increase in CO; emissions alongside the ongoing economic development. These emissions
should stabilise once the countries catch up in terms of economic development.
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Figure 2. CO, emissions from road vehicles in respective EU Member States.

The harmful impact of CO; emissions on the environment is particularly hazardous for urban
areas. According to EU data, transport contributes to 23% of CO, emissions within cities. Taking into
account the fact that cities are relatively small in terms of their areas, the level of emissions per given
unit of area is several times higher than in other areas.

Congestion can be defined as a phenomenon in which road users mutually hinder the traffic
flow for their own benefit. It occurs when the capacity of the city’s transport system is pushed to
its limits. Congestion results in a decrease in speed or a complete lack of free movement of vehicles
and pedestrians. This phenomenon does not take into account such circumstances as accidents or
roadworks. Figure 3 schematically shows the traffic flow, taking vehicle saturation into account [3,32].
More detailed information about congestion can be found in works by Borjesson at all [33], Haywood
at all [25], Kaddoura at all [34], Mussone at all [35], Prud’homme at all [36]. The curves illustrating
vehicle speed as a function of intensity relate to two different roads. For municipal roads, a decrease
in speed occurs once the traffic intensity exceeds the level of 1,500 vehicles per hour. For multilane
express roads, a decrease in speed can be observed once the traffic intensity exceeds the level of
6000 vehicles per hour. In both cases, once the threshold values indicated by P1 and P2 are reached,
there will be a decrease in speed and traffic. Traffic flow may be prevented in extreme cases.
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Figure 3. The effect of the number of vehicles on speed for two different types of road [3,32].
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Excessive numbers of individual vehicles in a city become a cause of traffic jams, not only during
peak hours but also increasingly during off peak hours. Congestion first occurs on the main transport
routes and then it impacts other streets. Increasing travel times become a permanent feature of urban
travel, decreasing the quality of life of the inhabitants. In many cases, congestion is described as
the ratio of journey time during rush hours to journey time outside rush hours. Figure 4 shows the
percentage increase in journey times arising from congestion in selected European cities [37,38].
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Figure 4. Percentage increase in journey times arising from congestion in selected European cities.

Congestion also generates additional external costs as well as costs related to time lost during
the ever longer journeys. Engaging more public transport vehicles to transfer a given number of
passengers also becomes necessary as a result of congestion. The costs incurred with relation to the
negative effects of congestion are significant.

Roadway noise is defined as noise that is undesirable or detrimental to human health, caused
by road vehicles. Roadway noise is of a variable nature [39]. Assessments of roadway noise use the
equivalent continuous sound level (Leq), which is equivalent to the average energy emitted by the
sound source over the period of time of interest. As a result, two equivalent continuous sound levels
can be distinguished: a daytime and a night-time level.

The negative impact of roadway noise on the human body [40] can be considered with respect to
the following categories:

e impact on human health,
e impact on human activity (taking sleep disruption into account),
e annoyance caused by the noise.

The primary processes causing noise are:

e combustion in the cylinders of an engine,

o flow of intake and exhaust gases,

e airflow around the vehicle,

e interaction between the vehicle’s tyres and the road surface,
e inertia forces acting upon the vehicle’s components.

When the equivalent continuous sound level of 60 dB is exceeded, a growing number of people
are annoyed by the noise. People face the risk of temporary hearing loss at a Leq exceeding 70 dB and
face permanent damage at a Leq exceeding 75 dB.

The increase in roadway noise-related risks in recent years is related mostly to the construction of
new roads, bridges, ring roads and motorways, as well as the sudden increase in the number of vehicles
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in Poland. According to the latest data from 2017, there are 2,121,600 people exposed in outside urban
areas with daily noise exceeding 55 dB [41]. Roadway noise is dangerous, particularly in urbanised
areas. It is perceived by an increasing number of inhabitants, especially in the urban environment.
In cities of over 100,000 inhabitants on the noise in the range 55-60 dB are exposed to 1,618,100 people,
1,286,900 of 60-65 dB, 65-70 dB 668,700, 203,600 70-75 dB, 75 dB over 21,200 people [41]. Public
transport is the most common and the most annoying source of roadway noise. The noise emission
levels for different road vehicles are as follows: passenger cars: 75-84 dB, motorcycle: 79-87 dB, lorry:
83-93 dB, bus: 86-92 dB and tram: 70-95 dB.

There is, then, a correlation between traffic intensity, vehicle speed and noise level. Figure 5 shows
the relation between noise level and number of cars (for reference only), based on [42].
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Figure 5. The influence of the number of cars in traffic on the noise generated.

This is an approximate relation. More detailed and accurate data on this matter, which take many
other factors into account (such as the type of road, environment and vehicles in traffic), can be found
elsewhere [32,43,44].

Road accidents are an important threat related to road transport operations. In this area, it is
continuously better visible in Figure 6.

Notes: Persons killed are all persons deceased within 30 days of the accident.
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Figure 6. Road fatalities in selected countries over the years [31].
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In all countries included in Figure 6, there is a decrease in the number of fatalities. However,
considering the number of accidents in relation to the number of passengers and inhabitants, it can be
observed that in the case of Poland, the presented results are not very favourable (Figure 7). Achieving
a level of road safety such as in the old EU will require intensive action.
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Figure 7. Road fatalities in selected countries taking into account the chosen indicators for 2015.

4. Case of the Analysed City

Rzeszow is the capital of the Subcarpathian voivodeship (a voivodeship is the area administered
by a voivode in several countries of central and eastern Europe). The city forms a hub for several
important road transport routes, near Poland’s borders with Slovakia and Ukraine. Rzeszow is the
largest city in South-East Poland, with an area of 120.4 sq. km and a population of 190,203 (30 June
2018) [45]. It is an important centre of economic, commercial, industrial, cultural and academic life.
There are five higher education institutions operating in Rzeszow. The total number of students in the
2016/17 academic year was 41,787.

Rzeszow has a visibly formed zone of intercity development, with a radial-concentric layout,
with the industrial and residential districts being visibly separated. The city is divided into 30
districts. The population density is one of the lowest among medium-sized cities in Poland. There are
many recreational and green areas within the city. The left-bank part of Rzeszow is characterised by
higher density development, including mainly residential buildings. In recent years, there has been
a continuous increase of population, as shown in Figure 8a. Extending the borders of the city and
expanding its area contribute greatly to increases in population, as shown in Figure 8b.
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Figure 8. Development of the city in recent years: (a) number of inhabitants, (b) area of the city.
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Along with the growth in the number of inhabitants (Figure 8a), there was also a growth in the
number of registered passenger cars (Figure 9a).
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Figure 9. Number of registered passenger cars within the territory of the city: (a) in general, (b) per 1
000 inhabitants.

In the analysed years, the number of inhabitants increased by 18% and the number of registered
cars increased by 47%.

The increase in the registered number of cars also caused a change in saturation rate per 1000
inhabitants as shown in the Figure 9b.

Rzeszow’s road infrastructure in 2016 comprised around 274 km of hard-paved roads (Figure 10a).
The period from 2010 to 2016 saw a 10% increase in the total road length. The same time period saw a
35% growth in the number of registered passenger cars. The more intense growth in passenger car
numbers in relation to the growth in road length causes greater traffic density, which results, to a large
degree, from the number of cars per kilometre of road. In 2016 this was 353 cars per kilometre of road,
and constituted a 22% growth in relation to 2010 (Figure 10b).
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Figure 10. The total: (a) length of roads in Rzeszow, (b) number of cars per kilometre of road.
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The rapid change in the total length of roads between 2009 and 2010, as shown in Figure 8a,
results from neighbouring urbanised areas being incorporated into the city.

An increase in the area and population of a city generates large amounts of passengers. The
transport lines of other carriers also cross the city area; however, they focus only on transporting
passengers to and from Rzeszow, and it can be assumed that they do not participate in fulfilling
transport needs within the territory of the city.

The public transport of Rzeszow in December 2017 [46] comprised 46 regular bus lines, 3 special
lines operated by the Municipal Transport Company (MTC) and 3 night lines. These public transport
lines involved the use of 179 buses. The share of low-floor and low-entry buses was 87.2% of that
number. The share of buses powered by natural gas was 37.4%. Meanwhile, the average age of the
fleet was 8 years.

Among these bus lines, 6 formed a group of priority lines, whose frequency during the peak
period ranged between 10 and 15 minutes. Within the system of urban transport, we can additionally
differentiate basic lines, with a frequency ranging between 20 and 30 minutes and supplementary lines.
The urban transport of Rzeszow is characterised by two peak periods—in the morning, between 06:30
and 08:30 and in the afternoon, between 2:00 PM and 4:00 PM.

Until 2012, the transportation lines offered by MTC Rzeszow were in decline, as shown in
Figure 11a. This occurred in spite of the constant increase in the number of inhabitants. The increasing
transportation needs with increasing numbers of inhabitants were fulfilled mainly by individual
transport. This tendency was unfavourable in terms of energy consumption and the emission of
harmful substances. In 2013, the authorities of the city took decisive measures aimed at improving the
functioning of urban transport in Rzeszow. Since then, a systematic growth in passengers using public
transport has been observed.
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Figure 11. The number of: (a) transported passengers, (b) vehicle-kilometres.

What largely contributed to this growth was the increase in road performance, expressed in
vehicle-kilometres (Figure 11b). In the period between 2012 and 2017, the number of vehicle-kilometres
travelled increased by almost 20%.

The total length of the lines on which passengers were carried by MTC Rzeszow was 652 km
in 2017 (Figure 12a). This was less than in 2012, when the urban transport company also provided
services into the territories of neighbouring municipalities. In 2013, aside from rare cases, city buses
did not leave the territory of the city.

A total of 567 bus stops form part of the infrastructure of the MTC Rzeszow transport network
(Figure 12b).
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Figure 12. Transport lines in Rzeszow: (a) total length, (b) number of bus stops.

The city of Rzeszow bears witness to practically all unfavourable effects of urban development
related to the functioning of transport. The increase in the number of vehicles and traffic intensity
contributes to road congestion and higher journey times. The effects of congestion are clearly evident
when one compares the journey times of Route 0 buses driving towards the city centre on work days
and on holidays [47]. Figure 13 shows a sudden increase in the journey time throughout the afternoon
rush hours, an increase of at least 40% with respect to other periods of the day. On holidays, as
shown in Figure 13, the journey times between 10:00 AM and 8:00 PM did not differ much. Compared
to journey times on work days, journey times on holidays were 10 to 20% shorter, afternoon rush
hours notwithstanding.

N w » o (9]
o o o o o
T I I T
-
-
| L 1 |

Transportation time t, min
)
T
|

0 1 | I | 1 I | I |
4:.00AM 6:00AM 8:00AM 10:00 AM 12:00 PM 2:00 PM 4:00 PM 6:00 PM 8:00 PM 10:00 PM 12:00 AM
The start time of the course

(a)

» [$)] (9]
o o o
T T
| 1

w
o
T

"
¢
|

N
o
T
1

Transportation time t, min
)
T
e
|

0 L 1 | 1 | L | | 1
4:00AM 6:00AM 8:00AM 10:00 AM 12:00 PM 2:00 PM 4:00 PM 6:00 PM 8:00 PM 10:00 PM 12:00 AM
The start time of the course

(b)

Figure 13. Journey times for Route 0 buses on: (a) work days (b) holidays.
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The large number of vehicles in road traffic contributes to generating significant levels of noise.
Currently, there is a large number of inhabitants and residential units exposed to roadway noise [48].
Table 1 shows relevant data concerning the number of residential units, the number of people residing
in those units, and the area of Rzeszow exposed to roadway noise. The Leq coefficient was applied to
assess the data in the noise column during day.

Table 1. Number of residential units, number of people residing in these units, and the area of Rzeszow
exposed to roadway noise (assessed using the Leq coefficient).

Noise Level [dB] Number of Residential Units Number of People City Area [km?]
55-60 18,345 55,600 8.872
60-65 15,554 44,000 6.363
65-70 1928 4800 3.734
70-75 646 1500 1.213

>75 0 0 0.273

The highest noise levels occurred along the main city roads. Relevant data recorded on primary
city roads running from the north to the south of the city are shown in Table 2.

Table 2. Comparison of roadway noise levels during the day.

Equivalent Continuous Sound Level Leq [dB] Measurements

6:00 AM-10:00 PM 10:00 PM-6:00 AM

Street

Gen. Jaroslawa Dabrowskiego 66.7 63.3
Leopolda Lisa-Kuli 69.1 59.1
Marszalkowska 64.2 60.8
Podkarpacka 64.0 54.6

So far, there are no data to demonstrate the direct influence of road vehicles on air pollution
in Rzeszow. The station monitoring the emissions makes general measurements, which take into
account various sources of pollution, including both road vehicles and local heat sources [48]. This is
clearly evidenced in Figure 14. The summer months see a clear decrease in emissions of some of the
substances and therefore road vehicles can be assumed to be the main source of pollution in these
months. With other heat sources active in winter months, the levels of emissions rise almost fourfold.
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Figure 14. Emission of selected substances into the atmosphere (a) NOx, (b) CO, (c) PM10.

The summer months of 2017 saw a decrease in CO and NOx emissions compared to 2016.
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5. Results and Planned Effects of the Actions Taken by the City’s Authorities

The overall objective of the city’s authorities is to change the transport preferences of its
inhabitants, and thereby reduce the number of journeys by passenger cars. The actions by the
authorities which aim to develop sustainable public transport can be classified into the areas in which
relevant steps are taken.

The most significant areas include:

e developing the transport infrastructure (bus lanes, cycle lanes and parking lots),
e developing IT and Traffic Management systems,
e exchanging the public transport fleet.

The implementation of all these actions has been supported by relevant EU funding, under the
“European Funds - for the development of Eastern Poland” programme between 2007 and 2013 [49].
As part of this programme, with respect to transport infrastructure, the local transport network was
restructured and the infrastructure was modernised with public transport in mind. A total of 11.4 km of
bus pass were created, ensuring more efficient functioning of public transport during the peak periods.

The differences in bus pass lengths in recent years are shown in Figure 15a, along with their
routes in the city’s area in Figure 15b. Furthermore, the network of cycle lanes was also developed
throughout the years in which the programme was operational. This is shown in Figure 16a, while
Figure 16b shows the routes of the cycle lanes throughout the city’s area.
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With respect to IT and Traffic Management systems, the Integrated Traffic and Public
Transportation Management System was designed and implemented along with a dedicated ICT
platform [46]. It covers:

e  Area Traffic Control System, comprising:

e asystem for controlling traffic lights, to ensure fluid traffic flow and minimise waiting times
at intersections,

e asystem for prioritising public transport vehicles, to give the right of way to such vehicles,

e aninformation system for drivers that makes use of variable messages, to allow drivers to be
quickly notified of impediments, changes in traffic organisation or recommended diversions;

e  Public Transport Management System, to locate each vehicle in the city and to count the number
of passengers, to give operators an opportunity to better manage service standards;

e Passenger Information System, to provide public transport passengers with information and
notifications, in an efficient way. Information displays on bus stands could show the time
remaining until the bus on a given route arrives, for example;

e  Electronic Fare Collection System, with the aim of making public transport easier for the
passengers by introducing e-tickets.

New modern buses were purchased with respect to modernising the public transport fleet. As part
of the task, 80 modern ecological buses meeting the EEV emission standards were purchased, including:

e 30 12-metre buses powered by diesel fuel,
e 30 12-metre buses powered by natural gas,
e 20 10-metre buses powered by diesel fuel.

On 14 June 2017 [49] a new agreement of funding the project of the City of Rzeszow Municipality,
called “The development of the public transportation system in Rzeszow” was concluded, concerning
funds awarded within Operational Programme Eastern Poland 2014-2020. The project involves the
purchase of 50 modern and ecological buses adjusted to the needs of disabled people. The purchase
will include 10 zero-emission electric buses, to be used by the most overburdened bus lines running
through the centre of the city. An appropriate system for charging batteries will be also installed in
the bus depot and at the ends of the lines. As part of the programme, selected crossings, the road and
pedestrian-bicycle infrastructure and bus bays will be rebuilt, along with an exchange of bus shelters.
As part of the project, the Intelligent Transportation System of Rzeszow, which serves to manage the
traffic and public transport within the territory of the city of Rzeszow, will be expanded with new
functions. The project is to be completed on 31 December 2018.

The actions taken so far by Rzeszow’s authorities to make public transport more attractive to the
public have yielded some positive effects. 2012 was the last year in which there was visible decrease
in the number of journeys taken by public transport. The years following saw a constant increase.
The comparison of graphs illustrating Rzeszow’s population growth and the increase in the number of
transported passengers evidences that the increase of transported passengers was more dynamic, as
shown in Figure 17a. Suitable actions by the city’s authorities also contributed to greater interest in
public transport with respect to journeys within the city. Taking into account the average traffic rate
(determining the number of passenger journeys, according to the source [50]), an increase in the share
of public transport was observed as shown in Figure 17b.
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Figure 17. Indices characterising public transport in Rzeszow: (a) dynamics of the increase in the
number of transported passengers and the city’s population growth, (b) share of public transport in
the total number of trips.

The data presented on the graphs clearly show that the steps taken by the city’s authorities have
been effective. In the period of interest, there was a 38% increase in number of transported passengers.

The effects visible in Figure 17a in the form of an increase in the number of passengers transported
and in Figure 17b in the form of an increase share of in public transport journeys with respect to all
journeys taken, result from many actions taken by the city’s authorities. Certainly, one of the more
significant actions was reducing the public transport journey times during rush hours by introducing
bus lanes and an integrated traffic control system. Figure 18 shows the difference in journey times for
Route 18 buses, which run through the heart of the city, resulting from the introduction of bus lanes
and an integrated traffic control system.
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Figure 18. Journey time for Route 18 buses from Dabrowskiego to Lubelska Street—before and after
the introduction of bus pass and an integrated traffic control system.

Another important course of action that the city’s authorities have taken to limit the number
of journeys taken using private and public means of transport are investments in cycling routes.
The development of the cycling route network contributed to an increase in the interest of taking
journeys by bicycle. Apart from the significant health and ecological aspects, journeys by bicycle also
resulted in reducing journey time in many cases. This is evidenced by the results for just one cycling
route, as shown in Figure 19.

The route is 4.1 km long. It features a cycling lane throughout the entirety of its distance. The route
is mostly flat, as the total level difference amounts to 16m. The route passes along one of the most
heavily trafficked roads in Rzeszow. This road constitutes one part of the ring road in the city centre
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and reduces journey times from the northern to the southern part of the city. Traffic jams often occur
on this route.
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Figure 19. The cycle route which was taken into account (red colour).

The results of the research concerning journey times for different means of transport on this route
are presented in Table 3.

Table 3. An overview of journey times on the route of interest.

Time of Day/Means of Transport Time [min]:
Bicycle Car Bus
7:30 AM 15 25 30
4:00 PM 15 35 41
8:00 PM 15 8 -

Journeys by bus take into account the time necessary for interchanges. Public transport does not
operate on this route after 7:00 PM hours.

An analysis of the data included in Table 3 leads to the conclusion that only in the evening hours
is it possible to complete the distance by car faster than by bicycle. Outside evening hours, the bicycle
is definitely the faster means of transport, as well as being a zero-emission vehicle. The increase in
the numbers of journeys taken by bicycle, and their percentage with respect to the total number of
journeys taken, also contributes to reducing atmospheric pollution in the city.

The final (continuous) course of action taken by the city’s authorities was investing in more
ecological and convenient vehicles. The autumn of 2018 will see 10 electric zero-emission buses being
put into service. The plans envisage using these buses on one of the most heavily used bus routes
in Rzeszow: Route 0A and 0B. It has a circular shape and runs around the central part of the city. It
begins at the main railway station and goes in both the clockwise and the counter-clockwise directions
around the city, as shown in Figure 20.

000-lecia %,

rakowska- 1 .
Potudnie Lr___,_gp/ PRI

'-Wowskak
ot Mieszka
a <0A{[ 0B
-Roweckiego
erewskiego
Dabrows

878

Figure 20. Outline of the 0A and 0B bus routes (red color).
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A total of 88 journeys in each direction are made each working day. With an average route
distance of 9.5 km, the buses travel 1,672 km along this route on each working day. At an average fuel
consumption of 43 dm? per 100 km, the buses consume 719 dm? of diesel fuel per working day. Taking
into account the working days and holidays (when there are half the number of journeys), the total
yearly consumption amounts to around 180 tonnes of fuel. The introduction of electric buses on these
routes should bring a decrease in fuel consumption, and limit the emission of harmful substances into
the atmosphere.

6. Conclusions

The information and results of the author’s own research included in this article show that the
actions taken by Rzeszow’s authorities with the aim of developing sustainable transportation are
consistent and durable. Technical and organizational factors were used for this. These actions are
supported by appropriate EU funds [19]. They lead to an increase in the attractiveness of public
transport and the development of zero-emission transport, which also includes bicycle transport.
Compared to other cities, the share of cycling is very low, and in this area further decisive action by
the municipal authorities is required to develop this type of transport. Investments in bicycle paths
without appropriate action to change transport habits are insufficient. The increase in the number of
passengers using public transport has been greater than the growth in the city’s population in recent
years. This positive effect has been achieved largely thanks to the steps taken by the city’s authorities,
which has resulted in reducing public transport journey times and allowing traffic in congested areas
to become more fluid. In the immediate perspective, it is predicted that public transport will be
linked with individual bicycle, pedestrian, car and railway transportation by means of transport
hubs. This will create an “eco-mobility chain”. Energy efficiency will further be improved with the
planned and carried out purchases of modern buses (including buses with unconventional drives).
With the energy efficiency of public transport improved, the negative effects on the environment can
be reduced, especially concerning the emission of greenhouse gases and other toxic substances. The
consistent implementation of all actions described in Section 5 on the part of the city’s authorities
will have a significant impact on improving the quality of life in Rzeszow and on caring for the
natural environment.
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