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Abstract: The main aim of the article is to present a theoretical model of 
a sustainable urban transport system and to indicate the need for changes in the 
approach to it. The issues of sustainable development and functioning of the 
municipal transport system in Olsztyn discussed in the article evoke vivid social 
and political interests of the city's inhabitants. This is mainly due to the impact of 
transport operation on quality of life, the correlation of its development with the 
economic development of the city, and the strong impact of transport on the natural 
environment. Today, it is already known that a coherent and modern transport 
system is an indispensable element of a competitive city. Connecting the city into 
a functional system, it presents it as a system of interdependencies between its 
elements. 
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1. Introduction 
The ongoing urbanization processes in the world, the increase in the share of the 
urban population in relation to the total population, the formation of agglomera-
tions of great importance for economic and social life, places more and more de-
mands on urban transport systems (Kłos et al. 2020) and transport safety 
(Woźniak et al. 2018). It is related to the increasing number of trips (Zochowska 
2012), limitations of land that can be used for transport purposes, problems re-
lated to the impact on the natural environment, as well as congestion and ineffi-
ciency of the urban transport system. Of course, the invention of a mass-produced 
and increasingly accessible car had a huge impact on this. 

Currently, passenger cars are the second type of ubiquitous objects after 
buildings, and only the lack of space means that there are not more of them. More-
over, there is an increasingly visible contradiction between the desire to have 
a car by the inhabitants and the technical possibilities of using it in densely built-
up streets and neighborhoods (Burnewicz 2005). In this situation, it becomes nec-
essary to rationally plan the transport system in which urban transport would be 
treated as a priority and the possibilities to own and use a passenger car would be 
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limited. However, this is a difficult measurement and requires considerable time 
and financial resources. It is also important to identify problems and dysfunctions 
in urban transport, which can significantly contribute to increasing its function-
ality (Tundys 2008). Generally, it can be said that these are problems with social, 
economic and ecological implications (Szołtysek 2008). 

Consequently, it should be added that the period in which buses were the 
only available means of transport for urban travel has definitely passed. City 
transport has irretrievably lost a huge number of passengers traveling from home 
to work every day. In this sense, the urban transport market has not only been 
affected by the outflow of passengers, but also by the loss of state patronage, 
which has not been replaced by anything. The state has completely withdrawn 
from the care of public transport and the self-government in charge of it has not 
received adequate resources for the new tasks. We did not have to wait long for 
the effects of this state of affairs: ticket prices increased, there were not enough 
financial resources for the replacement of rolling stock and the development of 
infrastructure. This largely contributed to the decline in the attractiveness of ur-
ban transport. Also congestion and increased individual motorisation have con-
tributed to the deterioration of transport conditions (Igliński 2008, Altshuler 
1979, Zomkowska 2008, Ciesielski & Szudrowicz 2001, Kosacka-Olejnik 2021). 

This hard-to-stop urban transport degradation process bears the hallmarks 
of a downward spiral. The decreasing number of passengers traveling by bus 
leads to an increase in ticket costs and a lower frequency of their rate, which 
entails a further decrease in the number of passengers transported. In such situa-
tion, the number of passenger cars in the city is increasing. Traffic, noise, and 
emissions are increasing. As a long-term effect, urban space and the natural en-
vironment are degraded and the quality of life of inhabitants decreases (Rudnicki 
& Starowicz 2007). 

The main aim of this article is to present the theoretical model of a sus-
tainable urban transport system and to indicate the need to change the approach 
to it. In particular, this concerns the ways of analysing and diagnosing its prob-
lems, regardless of whether we are dealing with a transport system in a metropol-
itan area or a small town. The aspect of mobility in urban areas is also important 
(Chamier-Gliszczyński & Bohdal 2016, Chamier-Gliszczyński & Bohdal 2016a). 

However, the premises for taking up the topic should be found in the fact 
that modern cities are subject to constant processes of evolution. Thus, urban 
transport systems, which are the pillars of their functioning, are not free from 
change. However, it is important that the necessity of these changes is recognized 
at the right time and subjected to a proper analysis, which will result in a modified 
approach to the programming of sustainable development not only of the urban 
transport system, mobility (Chamier-Gliszczyński 2015), but also of the entire 
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city. Rationality and urban sustainability can be achieved by using effective in-
struments to reduce the intensity of urban transport, as well as by stimulating 
technological and organizational changes in urban transport that reduce its inten-
sity of resources, intensity of energy, nuisance to the environment (Jacyna et al. 
2021) and existing traffic conditions (Prasolenko et al. 2019). 

2. The idea of sustainable development and its specification  
in transport 
In its basic interpretation, the concept, or rather the feature of the state of devel-
opment referred to as sustainability, reflects a concern with the consequences 
arising from various indirect and long term effects and impacts (Borys 2005). In 
short, sustainability is a fundamental human aspiration to protect and improve the 
quality of life. Without going into detail, sustainability is an intuitively under-
standable concept, but as Litman and Burwell point out, it is a category fraught 
with many complex implications (Litman & Burwell 2003). The general outline 
of the concept of sustainable development forms the basis of assumptions made 
in sectoral applications (Borys 2005, Nicolas et al. 2003). Of course, there are 
some difficulties in distinguishing between the concepts of sustainable transport 
and sustainable transport development. Sustainable transport is considered in 
a broad and narrow sense. Sustainable transport, strictly speaking, raises three 
issues. Firstly, it only refers to environmental aspects related to rational human 
activity (for example, minimizing the consumption of environmental compo-
nents, minimizing the emission of pollutants, maximizing the use of waste prod-
ucts (Kryk 1993), therefore, it is called environmentally sustainable transport. 
Second, sustainable transport is considered in terms of two factors: resource scar-
city and climate change. In this sense, sustainable planning is a specialised enter-
prise. Thirdly, sustainable transport is environmentally sustainable mobility 
(Chamier-Gliszczyński 2012), which includes changes in behaviour and an unu-
sual approach in all sectors of the economy. On the other hand, sustainable 
transport in the broad sense is not limited only to the environmental dimension, 
but to the whole triad of aspects. In general, it is a system that reduces the negative 
effects of any transport activity, is characterized by features such as mobility and 
accessibility and, above all, is beneficial for the economy and the user. 

Although there is no uniform definition and uniform perception of the 
content, form and meaning of this concept, most definitions refer to the concept 
of sustainable transport, which from generation to generation can fully function, 
carrying out the processes of moving people and cargo without including materi-
als, energy, and other environmental resources due to each next generation 
(OECD 1991). This approach to the problem is presented in the classic definition 
adopted in 2004 by the European Conference of Transport Ministers and in 2005 
by the Centre for Sustainable Transport. This is the classic definition adopted by 
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the European Conference of Ministers of Transport in 2004 and by the Centre for 
Sustainable Transport in 2005. From this definition it follows that a sustainable 
transport system is one that (Borys 2005): 
 it enables the basic need for access by individuals and society to be met in 

a safe and consistent manner with the needs of human health and ecosystems 
and meets the capital value requirements within a given generation and on an 
intergenerational scale; 

 it is affordable, functions efficiently, offers a choice of means of transport, 
and supports a thriving economy; 

 reduces emissions and waste, taking into account the absorption capacity of 
the planet, minimizes the use of nonrenewable resources, reduces the con-
sumption of renewable resources to a sustainable level, recycles and reuses 
their components, minimizes land use, and reduces noise levels. 

 
According to this definition, the sustainable transport system takes into 

account the criterion of accessibility to transport services in accordance with the 
requirement of health and environmental safety, taking into account the principle 
of intergenerational justice, then the criterion of economic efficiency and the cri-
terion of limiting the environmental impact (Chamier-Gliszczyński 2011, Jacyna 
2018) and use of space. This definition can be considered the most comprehen-
sive and unambiguous and is preferred by many experts in the transport industry. 

Today, the concept of sustainable transport is at the heart of many poli-
cies, strategies, and actions. However, despite four decades of discussion, it can 
be said that it still remains more of a debatable concept than a guideline for real 
action (Dobrzańska 2007). In order to make this concept real in urban transport, 
operational principles for sustainable transport have been identified. These are: 
 The principle of adequate funding for infrastructure necessary to eliminate 

bottlenecks. 
 The principle of political determination to implement the measures proposed 

in the White Paper. 
 The principle of a new local authority approach to urban transport. 
 The principle of meeting the needs of users, in return for increasing mobility 

costs, has the right to expect high-quality services. 
 
Undoubtedly, the concept of sustainable transport under current social 

and economic conditions is an idea that is difficult to implement, as there is little 
chance that the transition from declared ecological values to specific actions will 
take place in a short time. This is because the positive attitude of society toward 
the issues of environmental protection often loses when confronted with the eco-
nomic conditions of functioning. Hence, sustainable transport is still the future as 
too many transport needs are met with a private car. It will be possible to talk 
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about real sustainable urban transport when most of society will abandon cars in 
favour of urban transport, walking, or cycling. However, we should remember 
that only sustainable urban transport is the only one that can prove itself in our 
modern cities. 

3. Towards a sustainable urban transport system 
The road to sustainable urban transport has been outlined. The Lisbon Strategy 
set a new strategic goal for the European Union – to become the most dynamic 
and competitive economy in the world, capable of sustainable economic growth 
accompanied by qualitative and quantitative improvements in employment and 
greater social cohesion. The basic strategy for achieving it is the transition from 
the growth promotion model to a model in which environmental protection and 
rational management of natural resources will become components of develop-
ment patterns (Kozłowski 1994). Urban transport has a significant role to play in 
this process. Every day it faces contradictions between the community demand-
ing more mobility and the public criticizing the delays and congestion of transport 
modes. Reconciling them always seems to be a difficult, even impossible task. 
After all, no one has managed to reconcile the interests of all people or to satisfy 
everyone at once. 

The new path to sustainable urban transport involves the need to break 
away from traditional and dominant patterns, taking into account the civilization 
and cultural megatrends (Stacewicz 1996) that shape the society of the future. 
Sustainable development is currently the only fully crystallized alternative devel-
opment concept. It is a multifaceted concept that covers the basic aspects of de-
velopment (Pyć 2006): social, economic, ecological, spatial and cultural. 

In light of the above arguments, there is no doubt that the development 
of the transport system is a continuous process. There is no end state to which it 
aspires. Each condition achieved is a transitional state that forms the basis of the 
next stage of development. Development understood in this way makes it possible 
to achieve better conditions of functioning by making positive changes. Certainly, 
the process of developing sustainable transport systems must be a conscious, pur-
poseful and prospective activity conducted in the interest of local communities. 
Only then, at least from a purely theoretical point of view, will the conditions of 
sustainable development be created, i. e. the development that will bring the max-
imum social effects, satisfying the participants of this development, appropriate 
and expected individual effects, and will proceed with the minimum risk of fail-
ure (Parysek 2001). 

The above premises indicate that one of the main goals of each city 
should be to create conditions for efficient, safe, and effective movement of peo-
ple while limiting the harmful impact on the natural environment. In this context, 
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adopting a sustainable approach to the city's transport system seems appropriate 
and satisfactory – Figure 1. 

This is indicated by the opinions of the scientific community and the ac-
tivities of local communities associated with various types of associations that 
promote the idea of sustainable development. What is missing are only specific, 
often drastic, and politically unpopular measures that could actually contribute to 
the simultaneous improvement of the quality of life of the inhabitants and the 
natural environment. Without it, the sustainable transport system can only be-
come a fiction. 

 

 
Fig. 1. Sustainable solutions in transport  
Own study based on Urban Mobility in Developing Countries, UITP, Brussels 2007 

 
Continuing the thought, it is obvious that the development of the transport 

system should take place in an orderly manner, based on a mosaic of plans with 
a different spatial scale and a different time horizon. On the other hand, the vision 
of future sustainable transport should present its shape and features desired for 
the region and local communities, differing from its present state by a large set of 
implemented innovative solutions (Burnewicz 2005). Naturally, a vision is not 
a forecast, a plan, or a program, but only the starting ideas for its creation. It is 
a look at the future of transport through the lens of innovation trends around the 
world that can be transferred to it. Hence, on a strictly theoretical basis, it can be 
imagined that this is an optimistic vision, showing a sustainable urban transport 
system as: 
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 efficient, to be able to handle a huge number of passengers at the highest 
possible level; 

 flexible, so that local communities can move according to their preferences 
and expectations, using various forms and means of transport; 

 efficient, so that the financing of transport does not limit investment activity 
in new technologies and its development; 

 integrated not only within the regional transport system itself, but also with 
urban and superregional transport; 

 modern and ecological, so that it attracts crowds of stakeholders and is a pos-
itive element of the city's image, as well as ensuring sustainable development 
of the urban area. 

 
The above list shows that the development of urban transport should 

stimulate economic development and spatial order, improve the image of the city, 
and reduce the differences in development and quality of life in individual areas 
of the city. What is referred to as 'quality of life' depends to a large extent on the 
transport solutions adopted. Not surprisingly, the choice of a particular transport 
option translates into issues such as pollution, noise levels, commuting times to 
work and school, etc. All this, in turn, contributes to the character of the city and 
how it is lived in - pleasant and nice or the opposite. 

4. Determinants of a sustainable model of the Olsztyn urban transport 
system 
Olsztyn's public transport, like similar systems in other Polish cities, is an integral 
part of the complex organism that is the city. Hence, it is subject to numerous lim-
itations and development stimuli, appropriate for an urbanized area. A properly or-
ganized and efficient operating system is of key importance for the proper func-
tioning of the city and the lives of its inhabitants. And its formation is closely  
related to the constant need to move around, which determines the possibility of 
satisfying human needs (Jacyna 2009). This thesis is still relevant today. What 
changes are the requirements and the means by which these challenges can be met. 

This view supports a comprehensive view of transport in Olsztyn, so that, 
as in other Polish or European cities, the passenger can be transported in one 
travel chain upon presentation of one ticket. Therefore, it is necessary to organize 
urban transport in such a way that the competences and scope of action of all 
transport operators are strictly defined and delimited. By its very nature, this leads 
to the conclusion that an institution is needed to manage and coordinate the entire 
public transport system, which should set common transport goals for the city. In 
addition, it should cooperate with the authorities of neighboring communes in 
order to ensure the possibility of satisfying the basic mobility needs of individual 
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communities, limiting the sources of congestion, and ensuring environmental 
protection. In this context, under the circumstances of the existence of numerous 
operators on the local urban transport market, it is most appropriate for the public 
transport organiser to manage it on the basis of regulated competition, which is 
in line with European Union guidelines and Polish legislation. 

And if so, improving the efficiency of urban transport operation requires 
structuring of the functions and competences of the participants in the transport 
process. The model presented in Figure 2 is characteristic of a market correspond-
ing to the conditions of regulated competition. It assumes separation of the sphere 
of organisation from the realisation of transport. In addition, it takes into account 
the functioning of the public regulator and the operation of more than one entity 
in the field of transport with different forms of ownership. The designed model 
considers four levels of functionality: 
 regulation of the market and transport policy; 
 managing the transport offer; 
 provision of transport services; 
 consumption by consumers. 

 
The model presented assumes that integration is a desirable state and 

a way to organize the urban transport system that should be pursued. It is recog-
nized that the integration of urban transport will be both a factor determining the 
quality of life of local communities and influencing the development in the entire 
area of which it is part. As an efficient city transport system attracts new residents, 
tourists, and investors, it contributes to the economic growth of the area and con-
tributes to its image. 

Of course, fulfilling public service objectives does not necessarily mean 
that transport services will be available and consumed by all. The model assumes 
that the organization and financing of services of general interest will concern the 
part of services available on the market that meet certain criteria of general inter-
est. Thus, the correct solution should be considered to directly link the volume of 
journeys made on the basis of free and concessionary travel entitlements with 
financial support for municipal transport from municipal budgets in the form of 
reimbursement of lost revenues on this account. 

The proposed concept of the model aims to improve the functioning of 
public transport and change the current state of the transport system in the city. 
The project postulates based on the public transport system on two subsystems, 
tram and bus transport. At the same time, the designed tram line takes the form 
of a transport spine, supplemented by bus lines with assigned delivery functions. 
This results in the creation of a clear transport system, an increase in the quality 
standard of the provided services and, consequently, an increase in demand for 
public transport services. 
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Fig. 2. Model of the urban transport system of Olsztyn 

 
It should be emphasized that the presented model is also an attempt to 

synthesize the most important elements of the concept of sustainable transport 
development. In particular, strengthening the benefits and reducing the costs of 
transport, including its external costs. It is formulated to meet both the present 
and future needs of the inhabitants of Olsztyn. Therefore, it is not an utopian the-
ory to say that Olsztyn can have a public transport system which would allow 
efficient travel in a spatially integrated and environmentally balanced way. It is 
enough that the current subjective barriers and prejudices of all its stakeholders 
will be eliminated. 
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5. Conclusions 
1. The issues of the sustainable model of the urban transport system in Olsztyn 

evoke vivid social and political interests of the city's inhabitants. This is 
mainly due to the impact of the functioning of transport on the quality of life, 
the correlation of its development with the economic development of the city, 
and the strong impact of transport on the natural environment. 

2. The condition for the efficient and effective functioning of public transport is 
the provision of appropriate organizational solutions. It turns out that the way 
of organization and management translates into appropriate quality and size 
of the transport offer. 

3. Properly organized and managed urban transport, ensuring the implementa-
tion of transport demands at the appropriate level, is also a condition for ra-
tionalizing the costs of providing transport services and increasing its attrac-
tiveness. 

4. A sustainable urban transport system is an essential element of a competitive 
city. It connects the area in a functional system and presents the city as a sys-
tem of interdependencies between its elements. 

References 
Altshuler, A. (1979). The Urban Transportation Problem. MIT. 
Borys, T. (2005). Wąskie i szerokie interpretacje zrównoważonego rozwoju oraz 

konsekwencje wyboru, W: A. Papuziński, (red.), Zrównoważony rozwój. Od utopii 
do praw człowieka. Bydgoszcz: Oficyna Wydawnicza Branta (In Polish). 

Burnewicz, J. (2005). Sektor samochodowy Unii Europejskiej. Warszawa: WKŁ (In Polish). 
Chamier-Gliszczynski, N. (2011). Sustainable operation of a transport system in cities. 

Key Engineering Materials, 486, 175-178. DOI: 10.4028/www.scientific.net/KEM. 
486.175 

Chamier-Gliszczyński, N. (2012). Modeling system mobility in urban areas. Congress 
Proceedings – CLC 2012, Carpathian Logistics Congress, Jesenik, Czech Republic, 
07-09 November 2012, 501-508, Code 111467. ISBN 978-808729436-9. 

Chamier-Gliszczynski, N. (2015). City logistics – sustainable urban mobility. CLC 2015, 
Carpathian Logistics Congress, Congress Proceedings, Tanger Ltd, Jesenik, Czech 
Republic, 04-06 November 2015, 263-268. 

Chamier-Gliszczynski, N., Bohdal, T. (2016). Mobility in Urban Areas in Environment 
Protection. Rocznik Ochrona Srodowiska, 18(1), 387-399. 

Chamier-Gliszczynski, N., Bohdal, T. (2016a), Urban Mobility Assessment Indicators in 
the Perspective of the Environment Protection. Rocznik Ochrona Srodowiska, 18(1), 
670-681. 

Ciesielski, M. Szudrowicz, A. (2001). Ekonomika transportu. Poznań: Wydawnictwo 
Akademii Ekonomicznej w Poznaniu (In Polish). 

Ciesielski, M. (1986). Koszty kongestii transportowej w miastach. Zeszyty Naukowe – 
Seria II, nr 87, Poznań. Wydawnictwo Akademii Ekonomicznej w Poznaniu (In 
Polish). 



Model of a Sustainable Transport System… 821
 

Dobrzańska, B.M. (2007). Planowanie strategiczne zrównoważonego rozwoju obszarów 
przyrodniczo cennych. Białystok: Wydawnictwo Uniwersytetu w Białymstoku (In 
Polish). 

Ejdys, S. (2009). Zrównoważony rozwój jako perspektywa funkcjonowania transportu 
miejskiego. W: D. Kiełczewski, B. Dobrzańska, (red.) Ekologiczne problemy zrówn-
oważonego rozwoju. Białystok: Wydawnictwo Wyższej Szkoły Ekonomicznej 
w Białymstoku (In Polish). 

Igliński, H. (2008). Koszty kongestii transportowej w Poznaniu. W: Współczesne 
wyzwania transportu w logistyce. Prace Naukowe Politechniki Warszawskiej. 64, 
Transport, Warszawa (In Polish). 

Jacyna, M. (2009). Modelowanie i ocena systemów transportowych. Warszawa: Oficyna 
Wydawnicza Politechniki Warszawskiej (In Polish). 

Jacyna, M., Wasiak, M., Lewczuk, K., Chamier-Gliszczynski, N., Dabrowski, T. (2018), 
Decision Problems in Developing Proecological Transport System. Rocznik 
Ochrona Srodowiska, 20(2), 1007-1025. 

Jacyna, M., Żochowska, R., Sobota, W., Wasiak, M. (2021), Scenario analyses of exhaust 
emissions reduction through the introduction of electric vehicles into the city. Ener-
gies, 14(7), 2030. DOI: 10.3390/pl14072030 

Kłos, M.J., Sobota, A., Żochowska, R., Soczówka, P. (2020), Traffic measurements for 
development a transport model. Advances in Intelligent Systems and Computing, 
1091, 265-278. DOI: 10.1007/978-3-030-35543-2_21 

Komitet Ekonomiczny Rady Ministrów. Polityka transportowa państwa na lata 2001-
2015 dla zrównoważonego rozwoju kraju oraz Założenia polityki transportowej 
państwa na lata 2000-2015 dla realizacji zrównoważonego rozwoju kraju. Kraków: 
Zeszyty Naukowo-Techniczne Oddziału Stowarzyszenia Inżynierów i Techników 
Komunikacji w Krakowie (In Polish). 

Kosacka-Olejnik, M., Kostrzewski, M., Marczewska, M., Mrówczyńska, B., Pawelski, P. 
(2021), How digital twin concept supports internal transport system? – Literature 
review. Energies, 14(16), 4919. DOI: 10.3390/en14164919 

Kozłowski, S. (1994). Droga do ekorozwoju. Warszawa: PWN. 
Kryk, B. (1993). Wycena strat ekologicznych wynikających z działalności energetyki 

w regionie szczecińskim. Rozprawa doktorska. Szczecin: Wydział Ekonomiczny US 
(In Polish). 

Litman, T. Burwell, B. (2003). Issues in sustainable transportation. International Journal 
of Global Environmental. 6(4), 331-347. 

Nicolas, J., Pochet, P., Poimboeuf, H. (2003), Towards Sustainable Mobility Indicators: 
Application To The Lyons Conurbation, Transport Policy, 10. 

OECD. (1991). Integrating transport and enviromental policies: perspectives for a sus-
tainable mobility. Berlin. 

Parysek, J.J. (2001). Podstawy gospodarki lokalnej. Wydawnictwo Naukowe UAM, Poz-
nań 2001 (In Polish). 

Prasolenko, O., Łobaszow, O., Bugajow, I. Gyulyev, N., Filina-Dawidowicz, L. (2019), 
Designing the conditions of road traffic in the cities taking into account the human 
factor. MT-ITS 2019, 6th International Conference on Models and Technologies for 
Intelligent Transportation Systems. DOI: 10.1109/MTITS.2019.8883381 



822 Stanisław Ejdys 
 

Pearce, D.W., Barbier, E.W., Markandya, A., (1990). Sustainable Development. 
Earthscan, London. 

Pyć, D. (2006). Prawo zrównoważonego rozwoju. Wydawnictwo Uniwersytetu Gdański-
ego (In Polish). 

Rudnicki, A. Starowicz, W. (2007). Transport miejski. Uwarunkowania rozwoju systemu 
transportowego Polski. Wydawnictwo Instytutu Technologii Eksploatacji-PIB, 421 
(In Polish). 

Stacewicz, M. (1996). Megatrendy a strategia i polityka rozwoju. Warszawa: Dom 
Wydawniczy Elipsa (In Polish). 

Szołtysek, J. (2011). Kreowanie mobilności mieszkańców miast. Warszawa: Wolters 
Kluwer Polska (In Polish). 

Tundys, B. (2008). Logistyka miejska, koncepcje, systemy, rozwiązania. Warszawa: 
Difin (In Polish). 

Woźniak, W., Walkowiak, J., Sąsiadek, M., Stryjski, R. (2018). Organisation of the re-
search proces into an innovative, anti-clogging assembly for heavy vehicles in the 
interests of increased road safety. Proceedings of the 32nd International Business 
Information Management Association Conference, IBIMA 2018, Seville, 15-16 No-
vember 2018, 4772-4784. 

Zamkowska, S. (2008). Przeciwdziałanie kongestii w miastach. Transport Miejski i Re-
gionalny, 11 (In Polish). 

Zochowska, R. (2012), Dynamic approach to the Origin-destination matrix estimation in 
dense street networks. Archives of Transport. 24(3), 389-413. DOI: 10.2478/v 
10174-012-0025-1 

 


