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Logistics Startups and Logistics Service
Providers: Competitors or Partners
in Exploration?

Marzenna Cichosz

Abstract The logistics industry is facing digital disruption along its entire value
chain. Agile, innovative startups develop an expanding range of technology-driven
solutions for industry pain points. The purpose of this chapter is to look at logistics
startups, their characteristics and taxonomy, but foremost their relationships with
incumbent logistics service providers (LSPs). Within this chapter the author ana-
lyzes whether startups and incumbent LSPs are competitors or partners in explora-
tion and how LSPs should cooperate with startups to fuel their innovativeness and
growth. The chapter is based on the qualitative analysis of logistics startups web-
sites as well as semi-structured interviews with three leading LSPs. At the theoreti-
cal level, the research contributes to enriching logistics studies by presenting
logistics startups and analyzing their impact on the logistics service industry. At a
managerial level, the findings provide illustration on how to collaborate with start-
ups to increase LSPs’ innovativeness.

Keywords Startup - Technology - Digitalization - Open innovation - Venture
capital - Intermediation platforms - Drones - LSP

1 Introduction

Having transformed consumer-oriented industries such as retail, entertainment, and
travel, digital startups are beginning to make inroads in commercial-oriented indus-
tries, including the logistics service industry. According to the Boston Consulting
Group, from 2012 through 2017 venture capitals funds invested more than 3.3 bil-
lion USD in digital shipping and logistics startups [1]. Oliver Wyman [2, p. 2]
reports that “around every fifth day, a new logistics startup is founded” and warns
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that “these agile, innovative startups are disrupting logistics service industry along
its entire value chain from freight forwarding, brokerage, and long-distance trans-
portation, to warehousing, contract logistics, and last-mile delivery.” They are capi-
talizing on the high number of transactions and large amounts of data being handled
and generated by logistics players to develop an expanding range of technology-
driven solutions to industry pain points.

Logistics incumbents, surrounded by logistics startups, feel the change in
transportation and logistics. Various players from various industries (e.g., technology
companies operating in the retail industry such as Amazon, vehicle manufacturers
such as Daimler, or electronic platform operators offering logistics services in the
crowd logistics model such as Deliv) have entered the race for tomorrow’s leading
market position in the logistics service industry [3]. Therefore, (re)action from
established logistics service providers (LSPs) is strongly required. They have to
overcome barriers and increase the level of their innovativeness, especially in the
technological area to stay competitive. Therefore, the following research ques-
tions arise:

* Are logistics startups threatening competitors of LSPs?
* Should LSPsusethelogistics startups as a springboard to fuel their innovativeness?
* How could LSPs collaborate with the startups to be most effective in exploration?

Despite the significance of this topic for the future of the logistics service
industry, up to now digitalization and logistics startups have barely gained any
attention in logistics literature. So far, these topics have mainly been studied by
consulting companies and research departments of the biggest LSPs. The purpose of
this chapter is to investigate logistics startups, their characteristics and taxonomy,
but foremost their relationships with incumbent logistics service providers (LSPs)
while exploring innovative solutions to the logistics industry’s pain points. The
chapter is based on the qualitative analysis of logistics startups websites as well as
semi-structured interviews with three LSPs’ managers. The deduction method is
applied.

2 Theoretical Background

2.1 Logistics Startups

The term “startup” is understood in various ways. On the one hand, researchers
identify startups as beginner companies that enter the market with limited resources
and little business experience. On the other hand, startups have been perceived as
highly innovative, ambitious, dynamic technological undertakings [4, 5].

The most popular definition of a startup was developed by Blank [6, p. 65]. He
describes a startup as “a temporary organization formed to search for a repeatable
and scalable business model.” Blank claims that startups can be identified by their:
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(1) ambitious goals towards becoming a large company, (2) continuous testing of
business hypotheses, their verification, and possible modification of subsequent ver-
sions of the business model, and (3) a financing structure that includes funds
obtained from external investors. Blank’s definition does not contain any techno-
logical element. However, Skala [5, p. 16] notices that technological aspects appear
implicitly as “(...) the scalability of the business model can be achieved mainly
thanks to the automation of important operations (tasks).” Ries [7] describing start-
ups emphasizes “the extreme uncertainty” in which they operate. Christensen and
Raynor [8] see startups as organizations that create breakthrough innovations that in
the long run can change market paradigms. Damodaran [9] points out a high poten-
tial for growth in the company’s value in the future.

In Polish literature, Skala [5] presents that Glinka and Pasieczny [10] clearly
indicate that a startup is a young company. Cieslik [11] points to startups as technol-
ogy companies that operate in the ICT and Internet industries. Luczak [12] consid-
ers the features related to the early stage of development, innovation, and growth
potential, as well as the search for the optimal business model. Bursiak [13] sug-
gests a 5-year time limit and private external funding. Finally, Latusek-Jurczak [14]
focuses on rapid growth and scalability.

Concluding the review of startups’ definitions, the list of main characteristics
that distinguish startups from other enterprises is following:

* The young age of the enterprise and limited resources (especially financial)

e Innovation (startups offer innovative solutions in an innovative way)

* Development and scalability (startups are ambitious and fast-growing companies
which are easy to scale up)

e Technology (startups are companies operating in the digital industry or, more
broadly, technology companies)

Logistics startups are startups characterized by the same set of features; however,
their focus is on logistics innovations at LSPs, i.e., radical as well as incremental
ones if they are valuable for business operational efficiency or creating a better cus-
tomer experience. As noticed by Kurpjuweit et al. [15, p. 2] “a logistics startup
cannot be a newly founded company that simply replicates a conventional logistics
business (e.g. starting a trucking business), but rather one that introduces an innova-
tion for LSPs’ themselves or to a subset of LSPs’ customers.” Kurpjuweit et al. [15,
p. 2] define a logistics startup as “a new venture whose value creation process is
closely linked to the logistical activities of LSPs.” The clue of this approach is value
creation by delivering logistics innovations.

2.2 Logistics Innovation at LSPs

Logistics innovation, which can occur within any service, process, or social system,
is defined as ““a new, helpful idea, procedure, or practice in logistics operation that
is different from a company’s current practice” [16, p. 361]. Logistics innovation
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can range from the basic to the complex, and can be applied to improve operational
efficiency of the LSP or better serve customers [17].

Wagner [18] points out that an LSP’s innovation activities embrace not only the
development of a new logistics concept but also the adaptation and implementation
of existing logistics concepts. As the logistics service industry stands at the low end
of innovativeness, compared to other industries (e.g., [19-22]), LSPs can benefit
from opening the innovation process to external sources of knowledge and innova-
tion capabilities. Different studies in the area of logistics and supply chain manage-
ment show that the external sources of innovation for LSPs could be:

e Customers (including final consumers in B2C logistics), e.g., [17, 20, 23, 24]
e Suppliers, e.g., [18, 25]

» Universities or research centers, e.g., [19], or even

e Competitors, e.g., [26]

The question is whether LSPs should use logistics startups to increase their
innovativeness. And, furthermore, how they could cooperate with these young,
small, fast-growing, technological enterprises to be most effective in the exploration
process.

2.3 Large Corporations’ Cooperation with Startups

Literature on cooperation and partnership between corporations and startups
emphasizes that they are decidedly different organizations [27]. One has what the
other lacks. Weiblen and Chesbrough [28, p. 66] observe: “The corporation has
resources, scale, power, and the routines needed to run a proven business model
efficiently. The startup has none of those, but typically has promising ideas,
organizational agility, the willingness to take risks, and aspirations of rapid growth.”
The complementary nature of corporations and startups suggests that both can
benefit from cooperating. In doing so, corporations receive support in exploration,
as opposed to exploitation, while startups receive help to improve the execution of
their nimble processes.

The analysis of how corporations can engage with startups shows that partnering
with startups has matured over time, giving rise to programs initiated by corpora-
tions and third party specialists. The most popular form is a corporate accelerator
(i.e., a company-supported program of limited duration that backs cohorts of start-
ups during the new venture process via mentoring, education, and company-specific
resources) [27]. According to Kohler, setting up a formalized corporate accelerator
might result in:

e Corporation supports pilot project.
e Corporation becomes startup customer.
e Corporation becomes distribution partner.
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e Corporation invests in startup.
e Corporation acquires startup.

While harnessing these cooperation opportunities can be beneficial for both
sides, they are difficult to achieve because of the partners” asymmetry in power and
structure. This is reflected in some of the phrases coined to describe these partner-
ships, such as “swimming with sharks” [29], “surviving bearhugs” [30], or “dancing
with gorillas” [31]. Therefore, the latter (p. 9) suggest that “being seen as a ‘safe’
partner for a startup is likely to be of growing importance.”

LSP’s cooperation with startups was studied by Cichosz [3, 32] who refers
mainly to large logistics players, clustered into: 3PLs, 4PLs, and CEP (Couriers
Express Parcel) companies. Analyzing different types of LSPs’ cooperation on open
innovation, Cichosz [32] has applied a two-dimension model with partner selection
and cooperation intensity dimensions to distinguish four types of cooperation, i.e.,
addressed or distributed solutions acquisition, and close or open partnerships.

3 Research Method

The chapter is based on qualitative studies, which, according to Edmondson and
McManus [33], is a perfect methodological fit for the current stage of LSP-logistics
startups cooperation concept development. The research adopts a two-stage effort.

In stage one, the author conducted a logistics startups’ profiles analysis. In order
to gain knowledge on the wide spectrum of logistics startups’ solutions, the author
visited CB Insights (www.cbinsights.com), one of the largest startup databases, and
downloaded “The supply chain and logistics Tech Market Map.” This map, trans-
formed into Table 1, embraces 13 categories of supply chain and logistics startups.
The author visited the websites of all startups listed in the table. Based on the web-
site information and media available there, the author was able to understand the
solution offered by the startup, its value for customers, and its business model. The
information from CB Insights and the startups’ websites supplemented with inter-
views conducted with three LSPs allowed for evaluating startups’ competitive posi-
tion in the logistics service market.

In stage two, the author conducted case study analysis, as it is a particularly
suitable method for new topics [34]. For the analysis, the author selected three
logistics companies which differ in their approach to logistics startups and are best
described in professional industry publications. To gain personal insight, the author
conducted semi-structured interviews on LSP-startup cooperation with managers
from the case LSPs. The interviews took place in March 2019 and lasted on average
36 min each.
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Table 1 The supply chain and logistics tech market players based on the CB Insight analysis

Categories

Startup examples

Digital freight shipping

Convoy, coLoadX, Flexport, Freight Hub, Fleet, Freightos,
iContainer, Inttra, Nyshes, Shippabo, Xeneta

Sensors and assets
tagging

Alien Technology, C3 Al & IoT Software, Omni-ID, Savi

Inventory management

Celect Ecomdash, Nextail, Optoro, TradeGecko

Blockchain

300cubits, ICIX, FoodLogiQ, ShipChain

Food supply chain

Clear Labs, Full Harvest, AgShift, BlueWrap, Apeel Sciences

Supply chain & logistics
analytics

ClearMetal, FourKites, Shipamax, Project44, riskmethods Solutions

Trucking marketplace &
fleet management

uShip, InstaFreight, RIVIGO, Everoad, Manbang Group,
BlackBuck, Cargomatic, Transfix, KeepTruckin, FleetUp

Warehousing 6 River Systems, Clearpath Robotics, Fetch Robotics, Flexe,
Log-Hub, CommonSense Robotics, Magazino, Exotec Solutions,
Darkstore

ERP Exostar, E2open, Nulogy, Sight Machine

E-commerce logistics

ShipBob, Shippo, Locus, Sendle, Narvar Concierge, Ecom Express,
FineEx, FarEye, Happy Returns, Mandae, Bringg

Autonomous trucking

Embark, Kodiak Robotics, Starsky Robotics, TuSimple

Last mile logistics AV &
drones

Matternet, Flirtey, Starship Technologies, Marble, Udely, Nuro

Last mile delivery
services

Go-Jek, Postmates, Deliv, Lalamove, Ninjavan, Glovo

4 Findings and Discussion

The results of the study are structured around the research questions. The first
section relates to logistics startups as threatening competitors of established LSPs.
The second investigates options of LSPs-startups partnering on innovation and
analyzes how these partnerships could be managed.

4.1 Logistics Startups Exploring Logistics Pain Points

The logistics service industry’s main pain points are following [1]:

* High fragmentation of the transport and logistics (T&L) market

¢ High commoditization of service offerings

e Underutilization of logistics assets, i.e., trucks, warehouses

e Mostly manual processes and very low level of automation in logistics

e Low end-to-end visibility resulting from, e.g., lack of real-time cargo tracking
e Outdated customer service interfaces
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In general, problems constitute therats or create opportunities for innovation. As
most LSPs are not able to take advantage of these opportunities that creates a perfect
situation for startups. The analysis shows that startups are the pith and marrow of
innovativeness for the logistics service industry. Being lean (i.e., eliminating waste-
ful practices) and adopting agile development methods (i.e., experimenting, learn-
ing from failures, and iterating the whole R&D process), combined with the high
willingness to take risks and grow fast, helps them to turn their promising ideas into
innovation success, which thanks to technology, can be scaled up. This allows logistics
startups to challenge the status quo and lay down the foundation for a new
competitive landscape. To systemize logistics startups, Kurpjuweit et al. [15]
divided the group into four main categories:

* Intermediation platform

e Software providers

* Hardware technologies

* CEP (Couriers Express Parcel) services

The results of the logistics startups’ analysis and semi-structured interviews
show that the biggest threat for incumbent LSPs are different types of intermedia-
tion platforms. These digital, cloud-based platforms are focused on matching sup-
ply and demand for logistics services (mainly in transport, e.g., Cargonexx,
LoadFox, but also in storage and warehousing, e.g., Flexe, Log-Hub). With nearly
zero physical assets and purely on the backbone of modern IT solutions, the plat-
forms strive to take over the role of an efficient intermediary. Their main competi-
tive advantage is creating full price transparency. This is a significant threat for
different clusters of logistics players, i.e., carriers, forwarders, 3PLs, and 4PLs, who
are afraid of price and margin erosion, which are already very low in the logistics
service industry. Another threat for incumbent LSPs is the fact that platforms can
change power distribution in the logistics service industry and increase freight car-
riers’ independence from LSPs, as they can offer their free capacity directly to ship-
pers. Furthermore, freight carriers can gain new customers, collect their feedback
and offer additional value-added services such as track-and-trace, and in this way
also cause LSPs’ market share loss. The intermediation platforms are also threaten-
ing 4PLs, whose business model is based on the ability to connect partners’ resources
and offer a comprehensive services. Thanks to digital technology, intermediation
platforms gain a competitive advantage over 4PL incumbents as they have access to
a more extensive network of carriers and 3PLs and use advanced algorithms to cal-
culate and predict rates, capacities, and means of optimization (e.g., Cargonexx).

Another example of an innovative platform threatening LSPs, mainly in CEP
industry, is a crowdshipping platform such as PiggyBee and Deliv. Predominantly,
these types of platforms target B2C customers that intend to ship small cargo units.
A shipper procures transport services via a mobile or computer application directly
from members of the crowd who provide those services as independent contractors
using a personally owned vehicle. A crowdsourced fleet competes with traditional
dedicated courier fleets in urban areas.
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The situation with startups’ competition looks differently in case of startups
belonging to the category of software and hardware providers. The author considers
them not threatening competitors who take away part of LSPs’ market share, but
rather innovators who aim to support T&L companies in improving their opera-
tional efficiency and enhancing customer service. Therefore, software providers
offer solutions enabling value-added logistics services such as track-and-trace (e.g.,
Four Kites), fleet management and route optimization (e.g., Flutaro), blockchain
(e.g., 300cubits), or big data analytics (e.g., riskmethods Solutions). Startups pro-
viding hardware have patents on tangible technology applicable in the logistics ser-
vice industry which is often supported by software. The hardware technologies
could be applied within the LSPs facilities like robots for handling warehouse pick-
ing process (e.g., 6 River Systems), or externally such as with fulfillment facilities
(e.g., Darkstore), parcel lockers (e.g., ParcelLock) including mobile parcel lockers
(e.g., Mobile Locker), autonomous vehicles for city deliveries (e.g., Nuro, Marble),
or drones for delivering packages in hard-to-reach places (e.g., Matternet, Flirtey).
Hardware technology providers are very active in CEP services.

4.2 LSPs’ Cooperation with Startups

The growth and increasing viability of logistics startups forced large and established
LSPs to join the competition for logistics innovations. In general, they take a two-
fold approach. On the one hand, they establish their own intermediation platforms
to avoid missing opportunities and promote their own assets. The examples are:
DP-DHL’s Saloodo (https://www.saloodo.com), DB Schenker’s Drive4Schenker
(https://d4s.dbschenker.com), and Damco’s Twill (https://www.twill.net). On the
other hand, they are aware that their business needs to innovate continuously and
requires creativity and agility that they, as large corporations, often lack. Therefore,
they partner with startups, which are full of ideas, agile, and willing to take risks.
Startups enter this cooperation because they lack financial resources and execution
procedures, which by contrast are the core competence of large LSPs. The coopera-
tion takes different forms.

UPS, for example, has developed a Strategic Enterprise Fund (corporate venture
capital) to invest in startups that are strategically relevant, and help UPS become the
leading provider of technologically advanced services in the T&L industry. UPS
adopts innovations in the following categories: 3D printing, Artificial Intelligence,
automation, collaborative consumption, Internet of Things, smart cities, sustainabil-
ity, transportation. According to Oliver Wyman (2017, p. 2) in 2016 UPS spent 600
million USD across 24 investments. In March 2019 UPS announced a partnership
with Matternet, a startup that builds and operates drone logistics networks for trans-
porting goods on demand, through the air. UPS and Matternet have partnered to
deliver medical samples via drones across WakeMed, a major healthcare system in
North Carolina. This is the first FAA-sanctioned use of a drone system for routine
revenue flights in the USA. The Matternet M2 Drones replace couriers’ cars. This
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collaboration is the latest UPS program to utilize drone flights in support of health-
care logistics. In 2016, UPS partnered with GAVI and Zipline to deliver blood prod-
ucts to remote locations in Rwanda. The Matternet team has already completed
more than 3000 flights for healthcare systems in Switzerland.

DP-DHL has also selectively invested in startups that promise short- to mid-term
leverage. At the end of 2018 it announced a 21 million USD venture into
Resilience360, the supply chain risk management startup with a mobile app for
tracking earthquakes, wildfires, cyberattacks, and anything that disrupts supply
chain operations. Moreover, DP-DHL established in-house accelerator Start-upLab
and joined consortium accelerator Plug-and-Play Supply Chain. Both programs are
aimed to support selected startups in searching for innovative solutions to industry
challenges. DP-DHL is partnering with startups focused on, e.g., solar energy utili-
zation, digital manufacturing, or inventory management.

DB Schenker promotes an open innovation approach. It engages in different
innovation networks such as the International Data Space Association, IDG
(International Data Group), HOLM (House of Logistics and Mobility), and the
Deutsche Bahn Group, and also partners with startups. A well-known example is the
partnership with American freight exchange uShip for developing the Drive4Schenker
platform, which aims to improve transport capacity utilization.

While asked about challenges in the LSP-startup cooperation, the LSP
interviewees emphasized first, identifying the most promising innovative startups
for collaboration and second, choosing the model of collaboration with efficient
control mechanisms that do not interfere with the entrepreneurial spirit and
innovation culture of the startup. As one LSP reported: “If you want a startup to
pursue forward-thinking innovations of strategic importance, you have to leave it
some autonomy.” That is why standard operative KPIs, such as the return on
investment, the degree of customer satisfaction, the revenue increase, savings, the
total cost of ownership, or the new competitive advantage in a core business line
should not be applied short term to allow for some time for the startup to develop.

The example of UPS shows that corporate venturing is an efficient way to
innovate. Even small and mid-size companies can employ this technique to tap into
the skillsets, technologies, and ideas of startup companies seeking investment funds.
The interviewees told the author that corporate venturing can bring “knowledge
returns” far beyond the monetary returns tied to such an investment. They stressed
the importance of any, even small, investment and admitted that: “Investing in the
startups that you want to learn from ensures that you stay involved with them for the
long haul, through the ups and downs. As a result, you learn far more than if you did
not invest.”

Answering the question of how they process collaborating with startups, a UPS
manager explained that UPS is actively engaged with the startups it invests in. At a
minimum, a UPS leader sits as an observer on the board of the startup, and some-
times UPS takes a full board seat. Moreover, managing director of the UPS Strategic
Enterprise Fund introduces startup leaders to relevant groups and individuals within
UPS, so that these groups can partner with the startups on projects, embark on
growth initiatives, or just interact informally. UPS people who are involved with the
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startups become a channel to the rest of the UPS organization, providing a window
into how new technologies are evolving.

5 Conclusions

The study shows that the logistics service market is changing, with startups playing
an important role in it. On the one hand they are threatening competitors, forcing
established players to enhance their innovativeness. On the other hand, they are
partners who support established logistics companies in improving their operational
efficiency and elevating customer service. In many cases, they can definitely be the
springboard that fuels LSPs’ innovativeness. Partnering with startups takes different
forms. While cooperating, the most important for an LSP is to give a startup not
only funding and mentoring, but also the autonomy to develop.

At the theoretical level, the research contributes to enriching logistics studies by
collecting, systemizing, and presenting logistics startups themselves, as well as
their impact on the logistics service industry’s innovativeness. At a managerial
level, the findings provide an illustration on how to manage cooperation within
corporate venture capital to increase LSPs’ innovativeness. The main limitation of
the study, which needs to be taken into account when interpreting its findings and
conducting future research, is the relatively low number of interviews within the
study. Future studies could investigate the LSP-startup cooperation from a startup’s
perspective.
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Modelling the Relations Between
the Primary Resources and the Financial
Result: Trans Polonia Group Case Study

Andrzej Letkiewicz and Michal Suchanek

Abstract Each entity builds a specific model of functioning, which is related to the
selection and configuration of resources, so that the assumed goal can be achieved
in given market conditions. This goal in the short term amounts to achieving the
planned profit, while in the long term it means competitive advantage and durability
of being. This objective is accomplished by shaping the level of used and necessary
resources, such as material and personal resources. The article assumes that for
transport companies the basic resources that affect the level of profit are means of
transport and employment. The thesis of the article is that it is possible to build a
model describing the determinants of the use of resources to generate a certain profit
by transport companies. The test method of Engle—Granger cointegration was used
to build the model. The study was based on data of the Transpolonia entity.

The research has allowed to confirm the usability of the Engel-Granger method
to verify the relations between the primary resources of a company and its financial
result.

Keywords Transport enterprises - Assets effectiveness - Cointegration test -
Allocation of resources - Factors affecting income

1 Introduction

Enterprises have to look for competitive advantages. To make this possible, it is
necessary to identify the sources of competitive advantage of a given entity with
respect to others. The sources of competitive advantage should be sought in two
areas. The first is the market area, while the second is the area of functional pro-
cesses associated with a unique way and mechanism for configuring the resources
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necessary to produce a specific transport product. In cargo road transport, market
conditions are impossible to shape by a single enterprise. The high competition
prevailing in the market forces companies to seek advantage in the conditions of
specialization and acting within narrow market niches. It is on a narrow, niche mar-
ket that the basis for management efficiency is created in the form of higher unit
prices of transport production. This does not absolve transport managers from
seeking efficiency within management methods and mechanisms. Each domain of
management—production, services, trade—is characterized by a specific way of
selecting and using resources to generate incomes in a short period compared with
the costs of obtaining them and creating economic efficiency conditions. In the long
term, the goal is the accumulation of short-term profits creating conditions for
building a lasting ability to maintain competitive advantage. Freight transport is a
special example here, as high competition forces enterprises to look for a chance of
durability of competitive advantage in the area of configuration of costs of resources
used to create a transport service. In this type of activity, the two basic resources are
resources in the form of transport means and human resources. Human resources
take a form of personnel responsible for acquiring transport work as well as person-
nel responsible for direct execution. Hence the hypothesis of the article is that it is
possible to build a model describing the conditions of using resources to generate a
certain profit while ensuring the efficiency of management and durability of com-
petitive advantage by transport companies.

2 Basic Resources in Durability of Competitive Advantage
and Efficiency of Transport Enterprises

One of the conditions of the durability of road transport companies is their ability to
cope with the turbulences in the environment. These arise in both the macro (global,
regional, national) and the micro (industrial, organizational) scale—always, every-
where, and suddenly. Thus, the most important factor that determines the survival
capability and sustainability of the economic activity of business entities is the abil-
ity to pick up the warning signals while striving to adapt company objectives and
functioning mechanisms to the requirements of the environment. Consequently,
these entities are obliged to set the directions and methods of operating by identify-
ing or forecasting changes in the environment. This allows business entities to sur-
vive even under less favourable future conditions. Only a handful of companies are
able to use pre-emptive action to seize all benefits of competitive advantage so as to
make the situation more difficult for the competition. Such action is risky, as it
requires a serious commitment of resources based on incomplete information. The
possible scenarios should take into account potential restrictions on the efficiency
and effectiveness of management and the distribution of the various forces that
cause and counteract change to ensure the long-term durability of economic activ-
ity. This requires introducing changes so that the company would be able to respond
to new demands of the external and internal environment [1, p. 69].
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Permanent improvement of the functioning of transport enterprises lies in the
intangible nature of transport services, which in turn implies an extremely important
role of shaping positive employee attitudes in the field of customer service and
skills, competence of service sellers, dispatchers, controllers and executive staff-
drivers. Therefore, the marketing communication techniques, external and internal,
are supporting the shaping of the identity, reputation, image, and brand of the trans-
port company and are playing an important role in the management processes of the
transport company. They facilitate building lasting relationships between the com-
pany and the environment [2, p. 573], contributing to the sustainability of competi-
tive advantage. The sequence of possible interdependencies is shown in Fig. 1.

Based on a sequence of market transport operator success factors, two elements
should be noted. First of all, factors that create income like customer satisfaction
because the higher level of the satisfaction builds inclination to pay higher cost of
transport services by the client. However, it should be remembered that there are
limitations to the increase in prices for transport services, resulting from the mecha-
nism of market equilibrium. Free shaping of prices for services is possible only in a
monopoly situation (which is not the case for the Polish road transport market) or in
the situation of offering a pioneering service, not offered on the market. However,
the possibility of price setting is possible only in the short term because, as it was
written in the introduction, competitive advantage requires continual upkeep.
Otherwise competitive advantage followers will appear. Therefore, one of the tools

| Increase in the value of the transport company I
A

| The success of company in the transport market |

4>| Profit of the transport company |<—

Costs of the production and sale transport services | | Revenues from the sale of services

7'y

| Satisfaction of the transport services buyers }—I

—| Higher quality of transport services |

Innovations: Innovations:
transport resources permanently improvements
and new transport technologies and new transport services

| Working environment and positive attitude of staff |<—

Fig. 1 Factors creating the market success of the transport enterprises. (Source: Own elaboration
adapted from [2, p. 574])
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to care for and build a competitive advantage is to improve the quality of services
by building and modernizing transport potential and induct new transport
technologies.

Building and modernizing transport potential and induct new transport technolo-
gies changes the costs of service realization. When referring to the costs of transport
services, it should be stated that they form part of the issue of management effi-
ciency in general. The general process of building effectiveness is clearly deter-
mined by legal and market conditions, which affect the business principles and
operating conditions and thus become the basis for individualizing the company’s
market, social, operating, financial and economic objectives. The degree of their
achievement is referred to as the company’s efficiency, and the foundation of busi-
ness durability is the realization of its basic processes, described both by the effort
necessary to implement them and their results—in other words, by the input and the
output in terms of their productivity, efficiency, profitability and earning capacity
(Fig. 2). These factors determine their ability to adapt to the market conditions
[4, p. 13].

It is necessary to take into account as many factors related to inputs and out-
comes as possible, so income and costs that can be expressed in financial or techni-
cal units should be included. In the analysis of economic effectiveness, it is quite
easy to take into account only those elements of expenditures and profits that have
some value and can be expressed in a monetary form, hence it can be said that the
traditional economic calculation is in some respects imperfect because in it it’s dif-

=
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and foreign toll roads

90% transport vehicles taxes
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m environmental costs

costs of fines connected
with delays
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60% | costs of insurance

of transported goods
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of vehicle cost
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30% 1 costs of depreciation
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0% m fuel consumption costs

Fig. 2 Costs structure in road transport according to company size (percentage). (Source: Kot [3,
p. 392])
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ficult to take into account additional, intangible factors related to the business activ-
ity [5, p. 1185].

It should be also noted that in most cases in methodological approaches concern-
ing assessment of the financial and economic security of enterprises, systems of
partial indicators are proposed. They characterize precisely the financial short-term
stability of enterprises, not the level of their financial and economic long-term secu-
rity. It does not ensure possibility for assessment of effectiveness management pro-
cess of enterprises and for quantitative and qualitative threat effect assessment of
non-measurable factors which come from macro- and mesoenvironment [6, p. 2].
Therefore, the effectiveness of resource use in addition to economic factors is cre-
ated by non-material factors such as ecological, public and certain social and busi-
ness norms as well, that cannot be infringed and are not included in effectiveness
models. At this point it should be noted that these effectiveness norms are of particu-
lar importance for service enterprises, for transport enterprises in particular, because
costs of respecting them are a part of the financial model of enterprise functioning
and it becomes an element of the relation between an income generated as a result
of competitive advantage and the financial result of management processes.

There are studies that present the cost structure in Polish road transport compa-
nies. It can be recalled that S. Kot’s research shows that there are high differences in
cost structures in road transport companies (Fig. 2) but the study takes into account
only direct costs such as: costs of domestic and foreign toll roads, transport vehicles
taxes, environmental costs, costs of fines connected with delays, costs of insurance
of transported goods, comprehensive motor insurance cost, liability insurance of
vehicle cost, costs of depreciation, costs of repairs and maintenance, costs of sala-
ries, fuel consumption costs. It can be confirmed that larger companies cut the costs
inside the company better than small enterprises. The image of the cost structure
allows to draw two conclusions—the first states that the costs of remuneration con-
stitute from 20 to 35% of costs, and secondly that large and medium-sized enter-
prises transfer non-measurable costs into indirect costs, unrelated to services
realization, which affects the efficiency of management and requires analysis by
another method.

3 Trans Polonia Group as a Subject and Research Method

Trans Polonia Group is a specialized service provider in the field of transport and
logistics of: liquid fuels, petrol, diesel, and liquified petroleum gas (LPG); liquid
chemicals; liquid bitumen; liquid food products. The Group operates across Europe
leading its operational management from the Polish offices in Tczew and Plock as
well as foreign offices in Holland, France, Germany and Spain. An international
team of Trans Polonia Group employees consists of the top-notch specialists whose
competence is a result of undertaken trainings confirmed by certificates evidence
and many years of experience in service of the largest petrochemical plants. Among
the clients of Trans Polonia are the largest companies in the petrochemical industry.
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Table 1 Value of vehicles and employment Trans Polonia Group

Net profit ‘ Value of vehicles
Year (in thous. PLN) Employment in persons
2011 4283 11,596 19
2012 2083 18,267 21
2013 3808 26,753 26
2014 2616 34,091 38
2015 457 27,571 38
2016 8217 53,000 536
2017 10,462 60,567 505

Source: Own elaboration from period reports Trans Polonia Group (https://transpolonia.com,
05.03.2019 [7])

Cooperation in this highly specialized market is based primarily on the high quality
of services offered, the reputation of the supplier and the ability to build mutual
trust. Trans Polonia meets the highest standards in the industry from the ADR con-
vention through the ISO 9001:2015 to SQAS. Trans Polonia successively invests in
modern equipment used for transport of liquid raw materials and fuel, expanding its
fleet to more than 500 tanker sets. The Group has developed a very flexible model
of international business (https://transpolonia.com, 05.03.2019 [7]). The basic data
characterizing the company’s assets in the form of the value of vehicles, employ-
ment and net profit in the period 2011-2017 are presented in Table 1.

4 Material and Methods

In order to prove the hypothesis that the financial result is directly caused by the
value of motor vehicles on hand in a company, data on these two variables have been
collected for motor vehicles as well as two other companies which serve as the con-
trol group: Balticon and ATC CARGO (Table 2).

We want to prove that the value of vehicles affects the financial result of the
company. Thus the method of choice is vector autoregression (VAR) followed by a
Granger causality test. VAR models are time series models in which there is an
assumption that all the variables are endogenic, there are no artificial constraints
regarding the number of variables in the model. They are widely used due to the fact
that they provide an easy possibility of interpretation and they are free from too
many theoretical assumptions [8]. The following Engle—Granger test is used to ver-
ify if there is a causal relationship between variables, i.e. if an introduction of a
lagged variable as a cause of a different variable which is the effect improves the
prediction value of a model as a whole. The test verifies the null hypothesis stating
that there is no causality after a VAR model has been estimated [9].


https://transpolonia.com
https://transpolonia.com

Modelling the Relations Between the Primary Resources and the Financial Result... 19

Table 2 Variables used in the model (years 2011-2017)

Variable Mean Standard deviation Min Max
TP_NetPR 4560.857 3549.619 457 10,462
TP_Vehi 33,120.71 17,817.22 11,596 60,567
BC_NetPR —329.778 3486.163 —8153.29 1617.957
BC_Vehi 6240.891 2238.87 3895.044 10,569.49
AT_NetPR 1114.447 750.73 334.955 2500.382
AT_Vehi 1421.635 427.3178 1058.696 2167.224

Source: Own elaboration based on financial reports of the companies (05.03.2019)

Table 3 VAR models and Engle-Granger tests

Values Trans Polonia model | Balticon model | ATC CARGO model
Lagged financial result parameter | 0.12 -0.27 0.09

p-value 0.75 0.67 0.86

Lagged motor vehicles parameter | 0.21 0.03 —0.51

p-value 0.03 0.97 0.59

R-squared 0.86 0.07 0.36

AIC 18.24 20.06 15.54

Cointegration — Vehicle p-value 0.02 Not done Not done
Cointegration — Time p-value 0.08 Not done Not done

Granger test p-value 0.01 Not done Not done

Source: Own elaboration

5 Results

Three VAR models were estimated for all the three companies with the net profit
treated as the endogenic variable and the value of motor vehicles treated as the
exogenous variable. Parameters for individual variables were estimated along with
R-squared and Akaike Information Criterion (AIC). For the formally sound models,
Engle—Granger test was performed to verify the causal relation between the vari-
ables. The results are presented in Table 3.

We’ve been able to generate a formally sound VAR model only in case of Trans
Polonia. The results indicate that while the financial result of the company is not
directly affected by the value of the financial results in the preceding years (lags up
to 4 years were tested), it is significantly affected by the value of motor vehicles on
hand. In fact, an increase of the value of motor vehicles by 1 PLN resulted in an
increase of the financial results by 0.21 PLN in the following year. This has been
further proven by the Engle—Granger test which proved that an introduction of the
causal effect improves the prediction power of the model. In fact, in case of Trans
Polonia, the value of motor vehicles is one of the main drivers of the growth of the
financial results. This has not been the case for the other two companies, nor has it
been true for the number of employees which was also tested as a potential exoge-
nous variable.
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6 Conclusions

The results of the model prove that it is possible to create a model of relation
between the financial result and the value of primary resources in a company, in this
case the motor vehicles. There is, however, a number of reasons while this might not
always be the case. First of all, the model turned out to be statistically significant
and formally correct only in one of the three cases analysed, while the models for
two other companies were impossible to estimate. There might be a number of rea-
sons for that. Trans Polonia is the biggest companies out of the three. It is also a
well-established company with a long history of presence at the stock market during
which it has mostly steadily grown. Second of all, it is a company which generates
most of its revenues based on contracts with public companies, mostly energy com-
panies, which process crude oil. This means that Trans Polonia has a stable revenue
source. What’s more unlike the two other companies, it has had the same manager
for over 20 years and its style of governance remains more or less the same. This
means that the management has had enough time to develop and mature internal
regulations which allow the company to react better to the market changes. This
means that it is not as affected by the market turbulence as the two other companies
might be. Lastly, we have chosen transport companies as a basis of the construction
of the model of relations between the financial results and the primary resources
because in a transport company, especially a road cargo transport company, there is
an obvious group of assets which can be described as the primary resources, i.e. the
motor vehicles. In other companies, it might be harder to distinguish the assets
which are primarily responsible for the generation of revenue and in turn income.
Still, the example proves that such a model is possible, especially for experienced
and mature companies. Further research in this matter should concentrate on creat-
ing a large group of models for a representative part of the market, preferably cho-
sen in a random way so as to satisfy the formal demands of econometric modelling
and statistical inference. At this point, the hypothesis of the paper can only be said
to be partially confirmed.
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Abstract The purpose of the chapter is to show the processes which have an impact
on the size, structure, and spatial distribution of heavy goods vehicles traffic over
the network of national and voivodeship roads in 2005-2015. A particular attention
was paid to the border areas and border crossings. The analysis was performed on
the basis of a number of databases, including Traffic Census as of 2005, 2010, and
2015, Polish Border Guard traffic database, the modal structure of export and import
at the poviat (county) level (Central Statistical Office—GUS), and the National
Traffic Survey (Central Board of National Roads and Motorways—GDDKIiA). The
border (external) traffic was divided into origin-destination traffic and transit
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1 Introduction: Purpose of the Study

Heavy goods vehicle road traffic modeling at the national level in Poland has not
been hitherto the subject of in-depth spatial analysis. This is mainly due to the lack
of comprehensive traffic studies, covering the entire territory at the level of possibly
small transport regions. Most of the analyses have been conducted for the individual
traffic at the level of cities or agglomerations and in the recent years—also voivode-
ships (i.e., provinces, administrative NTS 2 regions, see [1], and an exceptional
work devoted to the modeling of truck traffic at the level of Malopolska province in
[2]). At the national level the so-called [3] was developed, based on the Traffic
Census of 2005 with several dozen control points, only for the national road net-
work. As a result, the traffic estimations, due to lack of consideration of such crucial
aspects as trade and concentration of economic potential in metropolises, were
largely detached from broader social and economic context.

This chapter attempts to model heavy goods vehicles road traffic by means of
secondary statistical data. These data present trade flows with distinction of the
means of transport. Matrix data for trade from poviats to foreign countries were
accounted for regarding three HGV types. These data illustrate the actual relations
(flows) of each unit (poviat) with border crossing points. Data concern three HGV
types, which are: light vehicles, heavy goods vehicles without trailers, and heavy
goods vehicles with trailers.

The subject of the study was constituted by the spatial diversification of truck
traffic and, consequently, the intensity of truck traffic on the networks of national
and provincial roads. The chapter presents the division of lorries into three catego-
ries of vehicles: light trucks with a maximum total weight (GVW) below 3.5 t (so-
called delivery vans), lorries without trailers, and lorries with trailers and semi-trailer
tractors. This division is consistent with the division defined as a part of the Road
Traffic Census.

The main objective of this study is to develop the modeling of external traffic of
heavy goods vehicles for the entire territory of Poland at a detailed spatial scale
(involving a large number of transport regions) using statistical data indicating local
conditions related to spatial and socio-economic structure along with functional
relations. In this chapter, we focus on the processes, which bear an impact on the
size, structure, and spatial distribution of heavy goods vehicles traffic over the net-
work of national and provincial roads in 2005-2015. A particular attention was paid
to the border areas and border crossings.

The assumed cognitive goal of the study reported is to identify the factors, affect-
ing the distribution and intensity of heavy goods vehicle traffic. The methodological
objective intends to propose a research methodology enabling forecasting traffic for
the entire country over the network of national and regional roads in the form of a
model, acting as an additional tool facilitating application of the available second-
ary statistics in the form of matrix data. Authors’ own model for traffic speed has
been implemented, including a number of factors affecting the speed of heavy goods
vehicles. For the purpose of calculations, the VISUM software has been employed.
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The research was carried out under the scientific grant entitled: Monitoring
changes of traffic-generating potentials and determinants of the distribution of
freight traffic on the network of Polish roads in the years 2005-2015 (HGV-Monit),
conducted at the Institute of Geography and Spatial Organization Polish Academy
of Sciences (IGSO PAS further on) in 2014-2019. The project was financed from
the National Science Centre funds, granted on the basis of Decision No.
DEC-2014/13/B/HS4/03351.

2 Scope of the Study

The time range of the study was determined for the years of 2005-2015, on account
of conducting the General Traffic Measurement (GPR) on a network of national and
regional roads every 5 years, meaning the years 2005, 2010, and 2015. A consider-
able part of statistical material and data concerning the matrix data for trade also
refers to the years 2005, 2010, and 2015. Monitoring studies, i.e., in dynamic terms,
are also very rare and are limited at the national level to accessibility only [4, 5].
Thus, it is the first such type of study referring to heavy goods traffic flows, taking
into account the dynamics of the phenomenon in the years of 2005-2015.

The analysis was conducted on the basis of a number of databases, including the
Road Traffic Census as of 2005, 2010, and 2015, Polish Border Guard traffic data-
base, the modal structure of export and import at the poviat level, provided by the
Central Statistical Office (GUS), and the National Traffic Survey (Central Board of
National Roads and Motorways—GDDKIiA). The border (external) traffic was
divided into origin-destination traffic (based on export and import county-level
database) and transit traffic.

The spatial scope of the study concerns the road network on the entire territory
of Poland. This concerns mainly the network of national and provincial roads, but
also the more important sections of local roads, i.e., county and municipal roads,
were taken into account [6, 7]. The reference point for the analysis (GPR2005,
GPR2010, and GPR2015) was the network of national and provincial roads along
which the Road Traffic Census was executed. This means that the entire project was
carried out for the road network observed at three points of time, i.e., at the end of
2005, 2010, and 2015, respectively.

The majority of the large traffic models that have been recently developed in
Poland refer to the number of transport zones ranging between roughly 200 and 300
[8]. Nevertheless, the impact of data aggregation upon the results in transport stud-
ies is of great importance [9]. In this study, ten times more—exactly 2321—trans-
port regions defined at the municipal level have been considered [10], although we
focus in this chapter on the part of the study, devoted to the external traffic, where
in general, 335 county (poviat) seats were taken into account. In addition, the exter-
nal traffic of heavy goods vehicles at 48 border points (including two seaports, those
of Swinoujscie and Gdynia) was taken into account for the purposes of analysis.
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In the implemented heavy goods vehicles traffic speed model, the speed on 13
road categories (from local roads to motorways) was defined with the use of an
original three-stage procedure. Subsequently, at the fourth stage of the procedure
the impact of traffic intensity on the speed change is considered. Application of an
alternative approach for determining traffic speed involves indirect consideration of
other (apart from traffic intensity) speed limitations. The main source of data regard-
ing the speed of heavy goods vehicles traffic in 2005, 2010, and 2015 was the traffic
speed model developed by the IGSO PAS team for the needs of isochrone analysis
and potential accessibility modeling [5, 10-13].

This model takes into account factors that are seldom considered or get even
neglected in standard engineering models, while strongly affecting driving condi-
tions and thus traffic speed. Hence, the estimated traffic speed is not “unhampered,”
and is intended to approximate the average possible speed, taking into account the
provisions of the Highway Code, technical and functional parameters of roads and
traffic conditions [12, 14]. Therefore, the heavy goods vehicle speed model has been
developed assuming the impact of three variables on vehicle speed, i.e., population
number in a 5 km buffer around given road section, built-up area density, and
land relief.

3 Geopolitical Conditions of Heavy Goods Vehicles External
Traffic

In international freight traffic, legal barriers include customs, bans on the import
and export of selected goods, and phyto-sanitary and veterinary restrictions.
Operators are required to obtain appropriate licenses and permits, and to comply
with the rules of heavy goods vehicles in the given country (e.g., enforcement of the
provisions on the technical condition of vehicles and their maximum payload, the

Table 1 Selected geopolitical events affecting the international traffic of heavy vehicles on the
territory of Poland in 2005-2015

Year Geopolitical event

2003 Visa introduction for Russians, Belarusians, and Ukrainians

2004 The accession of Poland and of Poland’s neighbors: the Czech Republic, Slovakia and
Lithuania, as well as Hungary, Slovenia, Latvia, Estonia, Cyprus, and Malta to the
European Union

2005— | Russian embargo on food
2007
2007 Accession of Romania and Bulgaria to the European Union

2007 The accession of Poland and other countries that joined the EU in 2004 (except
Cyprus) to the Schengen area

2011 Russian embargo on fresh fruits

2014— | Annexation of Crimea and conflict in eastern Ukraine

2014— | Russian embargo on meat and fruits and vegetables from Poland
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obligation to buy vignettes, traffic limitations during holidays and weekends, etc.)
[10]. At the international level, legal conditions in the form of international trade
and transport agreements as well as agreements between carriers and forwarders
and other regulations are important in the context of geopolitical conditions.

In the context of customs and trade barriers, the key date was Poland’s accession
to the European Union in 2004 and, to a lesser extent, 3 years later—the accession
to the Schengen area (see Table 1). During the analyzed period, along with the
accession of—in particular—Poland, Lithuania, the Czech Republic, and Slovakia
to the EU, the customs borders between these countries and the remaining countries
of the European Union were abolished. Trading within the European Union is not
covered by the customs duty, and the SAD document (customs declaration) is
replaced by the INTRASTAT declaration.

The entry into the Schengen zone had some consequences in terms of further
reduction of the travel time of trucks in international traffic, reduction of the cost of
transport within the Schengen area, and, in connection with this—further increase
of traffic. The impact of the removal of border barriers on the volume of truck traffic
can be considered on two levels:

(a) Intensification of international trade within the European Union, resulting
directly from the opening of markets, which is manifested in export and import
statistics

(b) Reduction of transaction costs, related to crossing of the border and customs,
phyto-sanitary and passport clearance, which is expressed through savings in
the time of work of drivers, as well as lack of handling costs (Customs Agencies),
which in turn allows for intensification of transport

In the context of the eastern border, after 2000 a renewed increase (after the
Russian crisis of 1998) in the traffic on all border sections was observed. The slow-
est was at the border with Belarus, where only in 2007 the level of traffic from 1997
was attained. The accession of Poland and the Baltic States to the European Union
in 2004 caused a spectacular increase in the Polish-Lithuanian movement in
2004-2006, accompanied by (though not on the same scale) decline of traffic on the
Polish-Belarusian border. Since 2006, more trucks have been crossing the border
with Ukraine than with Belarus. Meanwhile, Budzisko, for which the data ends in
2007, when Poland became part of the Schengen zone, became one of the most
heavily charged Polish commodity border crossing. One of the reasons was the
transfer of a part of transit from and to Russia to the direction through Latvia and
Lithuania, which gave the opportunity of avoiding double border control at the
Belarusian borders. This coincided with the growing share of Lithuanian transport
companies in servicing the transit market. Traffic across the border with Ukraine
also grew quickly. Poland’s membership in the Schengen area (since 2007) did not
significantly affect the upward trend of traffic on the border with Belarus and
Ukraine. In 2009, we observe the collapse of the Polish-Ukrainian traffic, clearly
related to the global economic crisis. On the Belarusian border, there was only a
temporary stagnation, while on the Russian side, the downward trend is continuing.



28 P. Rosik et al.

After a short break, the traffic across the border with Belarus again exceeded the
Polish-Ukrainian movement.

The following years (after 2009, including the year 2010, a key year from the
point of view of this study) were characterized by a rapid growth of road freight
transport between the European Union (including Poland) and Eastern Europe.
These movements took place through various transport corridors. The Lithuanian
corridor maintained its key role, but again the importance of the routes crossing
Belarus was strengthened. The exchange with Ukraine also resulted in the growth of
the heavy goods vehicle traffic. In 2010-2013, all border sections experienced a
significant increase in heavy traffic. In 2013, the traffic across the Polish section of
the EU external border (the borders with Ukraine, Belarus, and the Kaliningrad
region of the Russian Federation) exceeded, in both directions, 2.0 million heavy
goods vehicles.

The positive trend described above was interrupted by the events of 2014, namely
the annexation of Crimea and the conflict in eastern Ukraine, introduction of sanc-
tions against Russia by the European Union and, as a consequence, Russian embargo
on selected products of the Polish food industry. All in all, the traffic of cars across
the eastern border decreased by almost 8%, which we can carefully consider as the
result of geopolitical turmoil. The number of crossings of the Russian and Belarusian
borders was still higher in 2015 than the one recorded in 2009, but in the case of the
Ukrainian border, we can talk about a similar level. The year 2015, as compared to
later years, when the number of crossings through the Belarusian and Ukrainian
borders increased again, is exceptional and can be considered as the one in which
the truck traffic collapsed across the eastern border.

4 Methodology: Procedure

Traffic modeling is a frequent procedure, which is primarily performed for cities
and agglomerations for commuting see [14, 15], for education [16, 17], and for tour-
ism [18, 19]. However, according to the best knowledge of the present authors, this
is the first study devoted to freight transport for the whole network of national and
provincial roads, in which special emphasis is placed on the analysis of external
traffic.

In general, at the level of national models, external transport origins and destina-
tions can be assigned to: (1) regions or countries neighboring upon Poland (e.g., the
model prepared by PKP PLK railway company), (2) border crossings (the national
model of GDDKIiA). This study uses both of these possible solutions in a sequential
system. The reason for this approach is the fact that the external traffic model was
based on several different, but still relatively coherent, sources of data, namely:

1. Export and import database at the poviat level for the years 2005, 2010, and
2015, broken down into the directions of export and import (countries), transport
modes (including road traffic, i.e., goods transported by truck), and description
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of the goods; the database gives the possibility of assigning a given traffic flow
to the country of origin/destination, e.g., to Russia, without the direct informa-
tion on the border crossing or the section of the border through which the goods
crossed the Polish border; the database gives the opportunity to estimate the
origin-destination traffic.

. Border traffic database, concerning the road segments leading to border cross-

ings (based on the Traffic Censuses of 2005, 2010, and 2015).

. Truck traffic database according to the database of the Border Guard; data-

base for all border crossings as of 2005 and for crossings at the eastern border
(boundaries with Russia, Belarus, and Ukraine, but not with Lithuania) for 2010
and 2015.

. The database of surveys carried out at selected border crossings in 2005 as a part

of work on the National Traffic Model—this database gives the prerequisites
for estimating the size and orientation of transit traffic in 2005.

In order to match the databases used in the study, the following steps were taken

in the research procedure:

1.

Assignment of the GPR value. Each of the border crossings was assigned the
traffic volume for the road segments next to the border, according to the GPR
2005, 2010, and 2015 according to vehicle types, i.e.,

(a) LGV—vans and vans with trailers
(b) HGV—rigid HGV (trucks without trailers)
(c) TIR—drawbar trailers and articulated HGV (trucks with trailers).

. The calculation of the transit traffic flows. The transit movement calculation

for 2005 was made using the database from the National Traffic Model, in which
drivers were surveyed, in particular those of the heavy goods vehicles at borders.
Transit traffic flows for 2005 were calculated (TIR-TRANSIT) and for each of
the border crossings the sum of transit traffic was subtracted from the total sum
of lorries with trailers (a simplification was applied, namely—it was assumed
that the transit is carried out only using lorries with trailers). In this way, the
share of transit in the movement of trucks with trailers at individual border cross-
ings was calculated. Then, due to the lack of other data sources, it was assumed
that these shares are fixed for the years 2005-2015.

. Calculation of the origin-destination traffic for trucks with trailers, based on

the total movement of this type of trucks, excluding the transit movement. Then,
the export and import database at the poviat level for the years 2005, 2010, and
2015 was broken down into directions and transport modes, thus giving an indi-
rect possibility of assigning a given traffic flow to the border section on the basis
of specific traffic flow assumptions. It has been assumed that the analysis of
origin-destination traffic concerns land borders in road traffic (carried out by
means of HGV transport) and maritime border in maritime transport. For the
land borders it was found that:
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(a) Traffic to Germany and other countries of Western Europe (excluding
Austria and Italy) and to all non-European countries is carried out across the
German border.

(b) Traffic to the Czech Republic, Italy, Austria, Hungary, and other countries of
south-eastern Europe (to the East of Italy and Austria), as well as to Turkey,
is carried out via the Czech border.

(c) Traffic to Slovakia takes place through the Slovakian border.

(d) Traffic to Lithuania and Latvia, as well as to Estonia and Finland, and 40%
of traffic to Russia is carried out through the Lithuanian border.

(e) Traffic to Belarus, to Kazakhstan and 40% of traffic to Russia takes place
through the Belarusian border.

(f) Traffic to Ukraine and Moldova goes through the Ukrainian border.

(g) Traffic to Russia is in 20% carried out across the Russian border (border
with the Kaliningrad region).

5 Results: External Traffic

Total HGV movement at the external borders of Poland in the period 2005-2015
increased by 81.6% (from 42.3 thousand to 76.7 thousand vehicles a day). The
increase in truck traffic at the borders was therefore more than twice as high as the
analogous indicator for the overall national road system in Poland (increase
by 30.2%).

The largest share in the increase was observed for trucks with trailers (TIR)
(increase of almost 119%), which in 2005 accounted for around 54 % of truck traffic
across the state borders of Poland, and in 2015 for over 65% of this traffic. Compared
to traffic for the entire national road network in Poland, it can be seen that the traffic
of heavy goods vehicles with trailers has a correspondingly higher share in the traf-
fic at the state borders (for Poland the share increased from 45% in 2005 to 56%
in 2015).

At the same time, the share of light trucks (LGV) and trucks without trailers
(HGV) decreased (from 34% to 27% and from 12% to 8% of the HGV traffic at the
borders, respectively). These declines correspond to the trends observed for the
national road network.

The model distribution of external traffic (Fig. 1) is a resultant of transit move-
ment through Poland and the intensity of Polish foreign trade (export + import). It
has been demonstrated that the recorded deconcentration of trade (especially
exports) has been reflected through large flows of heavy goods traffic towards and
from some smaller cities (e.g., the headquarters of Special Economic Zones and/or
large foreign investments).

In transit traffic, new directions and connections appeared, in particular between
Budzisko on the border with Lithuania and the border with the Czech Republic
(including the new border crossing point in Gorzyczki), as well as the border with



Changes in Structure and Spatial Distribution of Heavy Goods Vehicles Traffic... 31

90000 yeh

80000

70000

60000

50000

40000 HGV
30000 LGV
20000 5740 S

5133

10000 14329 18082 20980
0

ETIR

2005 2010 2015

Fig. 1 Total HGV traffic at the external borders of Poland 2005-2010-2015 according to the
GPR2005/2010/2015 database (only land crossings); LGV—vans and vans with trailers; HGV—
rigid HGV (trucks without trailers); TIR—drawbar trailers and articulated HGV (trucks with
trailers)

Slovakia (the crossing point in Barwinek). However, the dominant transit movement
direction is still the one between the border crossings (border points) in Swiecko
and Budzisko. The relative weakening in terms of total movement, compared to
other border sections, of the Ukrainian border results in its lesser importance in
transit traffic.

Changes in the directions of transit traffic indicate a relatively more pronounced
role of the diagonal movement of vehicles (north-east—south-west), compared to
the traditional east-west direction. This proves indirectly the growing role of rela-
tions with Eastern Europe, generated in the countries of South-West Europe.
Likewise, it also points out the growing role of Polish-Czech road infrastructure in
the overall European transport system. In addition, transit traffic is naturally more
spatially concentrated than the traffic generated by Polish trade relations.

The character and the spatial distribution of trade relations with neighboring
countries also influence the distribution and the structure of the movement. As pre-
vious studies on the regional structure of Polish exports demonstrate [20], economic
contacts with some countries have a strong cross-border dimension. This is espe-
cially true for Ukraine, but also for Lithuania and the Czech Republic. This results
in intense movement over relatively short distances. In this situation, light commer-
cial vehicles are especially made use of.

The distribution of external traffic in the years 2005-2015 is more or less stable
and depends largely on changes in the road network in Poland, and also, although to
a lesser extent, on the emergence of new directions in foreign trade, realized with
the use of HGV transport. In the years of 2005-2015, the theoretical distribution of
external traffic shows changes in central Poland (Fig. 2), related to the completion
of subsequent segments of the A1 and A2 motorways, as well as the completion of
the S8 expressway, linking Wroctaw and £.6dz. In addition to changes on these road
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Fig. 3 Theoretical traffic intensity of external traffic (export + import + transit movement) on the
national and provincial road network in 2005, 2010, and 2015

segments, in 2015, the intensification of external traffic on the national roads nos. 6
and 5 and over the connections to Slovakia (to Barwinek and Chyzne) can be
observed. External traffic to the border with Lithuania in Budzisko, after a period of
intensive growth in 2005-2010, has been subject to some stabilization (Fig. 3).

6 Conclusions

Poland’s accession to the European Union in 2004, followed by the entry into the
so-called Schengen zone determined geopolitically, as a result of the reduction of
formal and legal barriers and the elimination of waiting times at the state borders,
increased traffic between Poland and other countries belonging to the Schengen
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area. On the eastern border, in the context of the distribution of truck traffic to
particular border sections, the concentration of transit traffic from Russia on the
routes through Latvia, Lithuania, and the Via Baltica route to Warsaw and Germany
continued in the period after the financial crisis of 2009. At the same time, the inten-
sity of traffic at the Polish-Belarusian crossings gradually increased, in particular in
Kukuryki, which can be interpreted as a slow return of transit to the direction of
Minsk-Warsaw. The traffic from Ukraine took place only through the direct border
with this country and gradually moved again onto the route through Warsaw and the
A2 motorway.

Heavy goods vehicles traffic is concentrated on national roads, mainly on dual
carriageways, An important role in the analyzed period was played by the construc-
tion of the subsequent segments of the network, which results in traffic shifts (e.g.,
from A2 and A4 motorways to the S8 expressway between Wroctaw and £.6dz). In
the period 2005-2015, the distribution of traffic was the result of two overlapping
trends: (a) the general concentration of traffic on the main roads, in particular
motorways; (b) deconcentration within the network of motorways and expressways,
connected with the expansion of this network. In addition, there are visible traffic
shifts, connected with covering of the subsequent segments with the viaTOLL net-
work. It was found that the role of road infrastructure in stimulating traffic patterns
is becoming more and more visible as the differences in its quality increase
(investment-related progress). The study allows identification of road segments of
particular importance for international transport. Some of them are not motorways
nor expressways. Others are not even planned as such routes. An example may be
provided by the roads serving the southern part of the Podkarpackie province, as
well as the route from Wroctaw through the Klodzko Valley to the Czech Republic.
In addition, based on the model traffic distribution, it is also possible to identify the
road nodes overloaded with heavy vehicle traffic. The node of Warsaw belongs
among them first of all.

On this basis, it is possible to propose the model stages of changes in the distribu-
tion of heavy external traffic on the expanding transport infrastructure. The follow-
ing stages have been distinguished:

e Stage I. Infrastructure poorly developed. Small length of dual carriageways.
Differences in spatial accessibility depend on the distribution of the masses (pop-
ulation, GDP). Traffic is a simple response to demand from freight (with interna-
tional disruptions).

e Stage 2. Economic development takes place under similar conditions as during
the stage 1. The traffic is growing and it starts to move or “escape” to more
routes. The accessibility pattern is similar, but its real level decreases, due to
congestion.

e Stage 3. In response to the development, the investment process begins (con-
struction of motorways, expressways, and bypasses) and fees are introduced.
With the progress of these works, polarization of accessibility and further scat-
tering of heavy traffic takes place, seeking the most convenient, fastest, and/or
cheapest routes.
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e Stage 4. The most important investments are completed. The distribution of mod-
ern infrastructure becomes relatively even. The toll system covers most of the
main roads, including the “escape routes.” Again, the polarization of accessibil-
ity decreases, which also contributes to the overall accessibility improvement
(especially in peripheral zones). Movement is again a response to demand. Its
concentration on the new infrastructure follows.

* Stage 5. A definite improvement in the accessibility of some centers (especially
second-order centers) results in their economic development and the generation
of new traffic. Infrastructure may turn out to be insufficient again. It is necessary
to densify the network or to extend routes. Locally, deconcentration may appear
again.

Summing up, the study showed that the distribution, structure, and dynamics of
external traffic of lorries depend first of all on: (a) the distribution of economic (in
particular export) activity in the country; (b) the quality of the modernized
infrastructure, (c) the nature of bilateral economic relations with neighboring coun-
tries; (d) a pan-European system of economic ties (including, in particular, those
between Eastern Europe and Western EU countries); (e) spatial distribution of road
tolls. The proposed methodology may in the future become fundamental for estab-
lishing the principles for forecasting external heavy goods vehicles traffic for the
entire national road network (by the adequate consideration of specific regional
conditions). Knowledge of regional and local determinants is an opportunity for
territorialization of transport policy [21]. The role of the developed models and the
meaning of the further more detailed research in this field is important both for large
agglomerations and for the peripheries. This may be, for example, a hint for the
distribution of funds between investments on national and regional roads. It is rec-
ommended to conduct extensive surveys, concerning, in a particular manner, the
heavy goods vehicles traffic at the national level, which will take into account dif-
ferent aspects of both external and internal HGV traffic, in particular in an era of
automated and autonomous vehicles [22].
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Relationship Between Transport
Performance Indicators and GDP
in Poland

Grzegorz Krawczyk

Abstract The purpose of the article is to analyse the relationship between transport
performance indicators and GDP in Poland. The research takes into consideration
the impact of changes in freight transport performance and traffic volume on
GDP. Particular emphasis has been put on the analysis of correlation between GDP
and road traffic volume. The main thesis of the article is that the data obtained from
the measurement of road traffic in the micro scale can be used for predicting the
GDP volume at the regional and national level.

Keywords Gross domestic product - Annual traffic - Freight transport
performance - Road traffic volume - Cargo transport

1 Introduction

Transport system is strongly linked to the economic growth. The traces of this link-
age appeared already in the first studies that comprehensively addressed the prob-
lems of transport economics. In the work entitled Railway Economy (1850),
D. Lardner noticed the correlation between the volume of sales market and the level
of transport costs, concluding that the sales volume of a particular good changes in
a relationship which is inversely proportional to the square of the amount of trans-
port rate for this good. Despite the criticism of the mathematical aspect of this state-
ment [1], it shall be noted that the interconnectedness of economic matters and
transport has already been the subject of research since mid-nineteenth century. In
the work entitled Verkehrsmittel, another pioneer of transport economics, Emil Sax,
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presented the law of transport intensity, according to which the transport growth rate
(particularly in the field of infrastructure) should be consistent with the develop-
ment rate of the other sectors of economy [2]. Transport is defined as the lifeblood
of economy and it is necessary for its proper development. It also constitutes an
important element of shaping the quality of life for the inhabitants. This paper anal-
yses the correlation between the development of transport and GDP in Poland. The
development of transport system has been expressed by means of the indicators of
transport performance and traffic volume in road transport. According to the thesis
put forward in the paper, traffic volume is correlated with the GDP volume, whereas
the results of traffic measurements can be used for predicting the economic condi-
tion of specific regions.

Traditionally, the literature concerning transport economics expresses the view
that transport volume (expressed by means of different measures) is linked with
Gross Domestic Product (GDP). However, it is difficult to determine the direction
of this causality. In the research on Granger-casuality between transportation and
GDP using a panel data set for the EU-15 states in the period 1970-2008, the con-
clusion was that only relatively well-developed economies demonstrate a bidirec-
tional causality relationship between GDP and inland freight transportation per
capita in ton-km, whereas a majority of the analysed countries have shown mixed
results [3]. On the other hand, the research conducted in China demonstrated that
bidirectional causality relationships between freight transport and economic growth
had been detected in less developed central and western regions, whereas in the
more wealthy and developed eastern region, it was demonstrated that economic
growth was the reason for the growth of freight transport [4]. On the other hand, the
research conducted for 27 countries with the so-called middle income from Europe,
Asia and America demonstrated that the growth of GDP in 1994-2016 was respon-
sible for a significant increase of road traffic volume and, consequently, for an
increase in the number of road accidents [5]. The research on the causality has also
been extended to other variables related to the transport system. The research con-
ducted in the USA, in all counties of Minnesota, based on the data from the period
1988-2007, demonstrated that there was a bidirectional causality relationship
between the population size and the local road traffic volume [6]. Therefore, the
investments in transport network may also constitute a significant element in build-
ing strong economy and its ongoing development. The capability of infrastructural
investments to generate economic growth depends on the general level of develop-
ment of transport network. In developed countries, with expanded transport network
of high quality, further investments in this infrastructure will not result in economic
growth by themselves [7]. Undoubtedly, the correlation between transport and
economy is not only limited to the relationships between transport performance and
GDP. The research of National Travel Survey (NTS) conducted in the Great Britain
has shown that the mobility of household members (measured with the number of
journeys made per year) increases along with the growth of household income [8].

As can be noticed, the correlation between GDP and transport performance has
been universally confirmed; however, the direction of such correlations in a causal-
ity is not known. The impact of transport on economy and economy on transport is
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varied due to the level of development of a particular country or region. Even in a
group of relatively similarly developed EU-15 states, there is a noticeably different
flexibility between the economic growth and the increase of transport performance
measured as the ratio of the growth of transport performance and GDP growth [9].
The calculation of the value of transport performance is a relatively complex task
carried out after an analysis, which entails certain delay in obtaining the result. In
the further part of the paper, the question was asked to what extent the road traffic
volume is related to GDP and to what extent such data can be used for estimating
the economic condition of the region.

2  Correlation Between GDP and Transport Performance
in Poland

Gross Domestic Product (GDP) is one of the basic measures of the effects of work
performance of the society in a particular country. This indicator describes the
aggregated value of ultimately manufactured goods and services in a specific coun-
try per unit of time. It is one of the most popular indicators describing the economic
size of a particular country, whereas any changes of this indicator are used to deter-
mine the level of economic growth in a specific period of time. GDP is expressed in
monetary values: in fixed prices (without inflation) and in current prices (with infla-
tion); therefore, these values may differ from each other.

Transport performance, depending on the type of transport, is expressed as the
product of two values: weight of transported cargo and distance at which such trans-
port was executed, or the number of passengers carried and distance at which such
transport was executed.

Table 1 presents the values of freight transport performance for Poland in
2001-2016, with special consideration of road freight transport. Both the values of
freight transport performance and the volumes of GDP in current prices have shown
an increasing trend in the analysed period. The share of road transport in total freight
transport in Poland in the analysed period has significantly increased. This illus-
trates the changes in the division of modal freight transport which have occurred
over the years, in consequence of which road transport has gained a dominant posi-
tion in cargo handling.

Based on the above data, an analysis of correlations between GDP and transport
performance in freight transport was performed (Fig. 1). For this purpose, the value
of GDP was selected as the dependent variable, whereas the value of annual freight
transport performance and the volume of annual freight transport performance in
road transport were adopted as the explanatory variables. For the above-stated pairs
of variables, the coefficient of determination (R?) was determined for the linear
model. This coefficient explains what percentage of dependable (dependent) vari-
able is explained by means of independent (explanatory) variable. The results have
been presented in diagrams nos. 1 and 2.
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Table 1 Freight transport performance in road transport in Poland in relation to GDP

Freight transport Freight transport Share of road transport in
GDP current | performance (mln | performance in road total freight transport
Year | prices (PLN) | ton-km) transport (mln ton-km) | performance (%)
2001 | 779,975 256,094 77,228 30.16
2002 810,617 254,324 80,318 31.58
2003 | 845,930 260,822 85,989 32.97
2004 | 933,062 290,704 110,481 38.00
2005 990,468 228,023 119,740 52.51
2006 | 1,069,824 248,711 136,490 54.88
2007 | 1,187,605 267,309 159,527 59.68
2008 | 1,286,069 279,172 174,223 62.41
2009 | 1,372,208 282,909 191,484 67.68
2010 | 1,445,298 308,073 214,204 69.53
2011 | 1,566,824 318,474 218,888 68.73
2012 1,629,425 325,775 233,310 71.62
2013 | 1,656,895 347,887 259,708 74.65
2014 1,720,430 348,022 262,360 75.53
2015 | 1,800,228 360,635 273,107 75.73

Source: Data of Statistics Poland
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Fig. 1 Relationship between freight transport performance and GDP in Poland

Based on the above analyses, it may be concluded that the variability of GDP in
Poland for 2001-2016 was confirmed in 82.33% with the variability of the volume
of freight transport performance and in 99.17% with the variability of the volume of
freight transport performance in road freight transport (Fig. 2). The statistical cor-
relation between GDP and freight transport performance is very high in the anal-
ysed period, especially in case of road transport.
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The positive correlation between freight transport performance and GDP has
also been indicated in other EU states. The total analysis for 28 EU states in
2009-2015 demonstrated that the value R* between GDP in fixed prices and freight
transport performance amounted to 0.5356, whereby this indicator for the so-called
new EU states (the countries which have joined EU since 2004) amounted to 0.9108,
while for the so-called “old” EU member states (the first 15 member states), the
value of R? was 0.6132 [10].

3 Correlation Between GDP and Traffic Volume in Poland

This part of the paper presents the analysis of the correlation between the volume of
GDP in particular regions of Poland and the level of road transport volume. It is
difficult to determine the volume of transport performance which is the product of
either distance and number of passengers, or distance and cargo weight. The funda-
mental difficulty is the collection of precise data about the volume of transport and
the time needed for their analysis. Transport companies, with certain exceptions, are
not obliged to report to public administration units any data concerning the length
of journeys made, number of passengers carried, tons of cargo, or distances of com-
pleted routes. In consequence, the analyses concerning the volume of transport
performance are based on specific models relying on a certain narrow scope of
economic data. In reality, it is much easier and quicker to define the traffic volume
as such, which should also illustrate the broadly understood state of economy. In
order to verify this hypothesis, the correlation between the volume of GDP for the
region and the data obtained from the measurement of traffic volume was analysed.

The data concerning GDP at the regional level were presented for specific prov-
inces. Since 1999, there has been a three-level administrative division of Poland into
provinces, powiats (counties) and gminas (communes or municipalities). Thus,
province is the administrative unit of the highest order. According to the classifica-
tion of territorial units for statistical purposes, province represents the level NUTS
2. Poland is divided into 16 provinces, which were formed in line with the historical
and geographical conditions. The provinces differ from each other in many aspects;
in particular, there is a division into richer areas in western Poland and poorer east-
ern part of the country. The differences, especially in respect of the urbanisation
level and infrastructural equipment, mainly result from the history of these regions
[11]. Table 2 presents selected parameters that characterise the provinces in Poland.

The territorial units described in the table differ from each other with multiple
indicators, including population density and transport network density. There are
also differences indicated by the comparison of the degree of urbanisation, which
determines the percentage of inhabitants registered in the cities. The above-quoted
short characteristics indicate that the provinces in Poland differ from each other also
in terms of GDP and traffic volume.

The main institution which deals with the problem of traffic measurement in a
complex and nationwide manner is the General Directorate for National Roads and
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Fig. 2 Relationship between road freight transport performance and GDP in Poland

Motorways (GDDKIiA). This entity is an office of government administration whose
tasks include e.g. implementation of transport development policy in respect of road
network, traffic management on national roads, as well as supervision and coordina-
tion of infrastructural investments in respect of national roads and motorways.
GDDKIiA manages continuous traffic measurement stations. There are currently
103 measurement stations in which data are collected continuously throughout the
year. The data are verified and analysed on an ongoing basis, and a study is prepared
once a year in order to summarise the performance of the whole system and present
its results. The value of annual average daily traffic (AADT) is determined on the
basis of the performed measurements. AADT values calculated on the basis of data
from the continuous traffic measurement stations are characterised by high accu-
racy. AADT value takes into consideration all vehicles, regardless of their type and
size. It has been decided that the values obtained in this manner, averaged for the
entire calendar year, will be compared against the GDP values obtained in specific
provinces.

In order to present the relationships between traffic volume and GDP as precisely
as possible, the decision has been made to identify AADT values in 2006-2016,
which overlaps with the availability of data concerning the level of GDP in specific
provinces. Despite the developed system of continuous traffic measurement sta-
tions, the main problem is to obtain data from one location over a longer period of
time. The system of stations has gradually evolved, whereas in some of the prov-
inces continuous measurement has only been performed for a couple of years. The
stations were located within the administrative borders of the largest urban centres
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Table 2 Characteristics of provinces in Poland (status as of 31 December 2018)

Population density Urbanisation level | Public road density*

Province (person/km?) (%) (km/100 km?)
Lower Silesia 145.45 68.61 98.5
Kuyavian- 115.62 59.09 102.1
Pomeranian

Lublin 84.29 46.46 88.7

Lubusz 72.53 64.95 63.3

L6dz 135.37 62.55 113.7

Lesser Poland 223.98 48.19 170.6
Mazovia 151.96 64.40 106.8

Opole 104.82 53.30 90.3
Subcarpathian 119.30 41.09 94.2
Podlaskie 58.53 60.79 66.2
Pomerania 127.44 63.66 75.9

Silesia 367.59 76.73 176.8
Swigtokrzyskie 106.02 44.86 123.4
‘Warmian-Masurian | 59.11 58.99 56.4
Greater Poland 117.14 54.27 98.8

West Pomerania 74.31 68.50 61.2

Source: Data of Statistics Poland
aData concerning the road density for 2017

in a specific province. Currently, on the average, there are several continuous traffic
measurement stations in each province; unfortunately, due to the above-described
conditions, the results from one station per province only were chosen for further
analysis. The choice of the station was based on the criterion of availability of mea-
surement results for each year in the analysed period; the measurements carried out
on the motorways were not taken into account. Consequently, the data from eight
locations were selected for further analysis (in line with Table 3). For the other
provinces, the data were incomplete and not used for further analysis.

The measurement stations from which the results will be subject to further analy-
sis are located in big cities—the province capitals. Obviously, these results do not
directly reflect the economic condition of a particular area. The volume of traffic
flows expressed with AADT indicator is influenced, e.g. by class and technical
parameters of the road, its significance in the local and regional system, as well as
transit traffic. Therefore, it cannot be confirmed that the volume of traffic flow mea-
sured at one point reflects the economic situation of the entire province. There is no
correlation between the average AADT values presented in the table and the average
GDP value in 2006-2016. However, the most important point of this argument is to
determine to what extent the variability of traffic flows is correlated with the vari-
ability of GDP volume. The division and characteristics of the variables used in the
study were presented in Table 4.

For the purpose of the calculations, the values describing traffic volume were
adopted as explanatory variables, whereas the values related to GDP were adopted
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Table 3 Location of measurement points and average AADT value

Province City Road | Average AADT for the period 2006-2016 (vehicle/day)
Lesser Poland Krakéw | DK 52 | 14,404
Mazovia Warsaw | DK 2 11,939
Podlaskie Biatystok | DK 61 | 9742
Pomerania Gdansk | DK 20 | 15,743

Swigtokrzyskie Kielce S71 17,358
Warmian-Masurian | Olsztyn |DK 16| 8910
Greater Poland Poznan | DK 92| 9853
‘West Pomerania Szczecin | DK 6 | 13,885

Source: Data of Statistics Poland and General Directorate for National Roads and Motorways

Table 4 Variables adopted for the analysis

Variable | Description

X, Annual AADT volume in the measurement point

X, Change of AADT volume (previous year = 100%)

Y, GDP of the province, annual, in current prices

Y, GDP of the province, per capita, annual, in current prices

Y; Change in GDP volume of the province, per capita, in current prices, previous
year = 100%

Y, Change in GDP volume of the province, in fixed prices, previous year = 100%

Ys Change in GDP volume of the province, per capita, in fixed prices, previous
year = 100%

Source: own study

as dependent variables. The following indicators were determined for these values:
Pearson correlation coefficient (P) and coefficient of determination (R?) for the lin-
ear correlation.

Based on the calculations, a relatively high correlation was noticed between
AADT and GDP values in current prices, both for the province and per capita. The
results were presented in Table 5. The correlation between the remaining pairs of
variables did not demonstrate a significant statistical correlation (in a majority of
cases the value of coefficient of determination did not exceed 0.3).

In a majority of the analysed cases, the values of correlation and determination
coefficients are high. The lowest correlation between the road traffic volume and
GDP was reported in Lesser Poland and Pomerania Provinces. In the other analysed
provinces, the relationships were stronger. Obviously, an analysis of this type should
take into consideration changes in the road system. Construction of a new road or
temporary changes in traffic and redirection of additional traffic flows to a section
covered by measurement will result in obtaining incorrect analysis results. In a
majority of the analysed cases, the correlation between the traffic flow volume
determined by AADT indicator and GDP in current prices was high. The weak point
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Table 5 Correlation between selected variables

Value of correlation indicators with
variable X,
Province Variable P R?
Lesser Poland Y, 0.711 0.506
Y, 0.709 0.503
Mazovia Y, 0.876 0.767
Y, 0.872 0.762
Podlaskie Y, 0.919 0.845
Y, 0.918 0.842
Pomerania Y, 0.660 0.436
Y, 0.653 0.427
Swigtokrzyskie Y, 0.908 0.824
Y, 0.894 0.799
Warmian-Masurian Y, 0911 0.830
Y, 0917 0.840
Greater Poland Y, 0.985 0.970
Y, 0.986 0.972
West Pomerania Y, 0.921 0.848
Y, 0.922 0.850

Source: own study

of the analysed issue is a relatively small amount of data. It was difficult to obtain
the measurements of traffic volume from the same measurement point over a long
period of time. Due to this, some of the provinces were not included in the analysis,
whereas the results used in the calculations were more sensitive to deviations. The
quality of calculations and conclusions drawn on their basis will increase along with
the growth of the network of measurement points.

4 Summary

Based on the presented calculations and conducted literature review, it may be con-
cluded that there is a correlation between the traffic flow and GDP value. On the
basis of the presented calculations, it is impossible to form a conclusion regarding
the direction of causality; this problem constitutes another interesting research area.
The arguments in favour of using traffic measurements for predicting the economic
results at the regional level include speed and accuracy of road traffic volume (in
case of having an expanded network of measurement points), possibility to obtain
results at the regional level, as well as obtaining results with a frequency higher than
once a year.
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Value Creation for Stakeholders
in the Implementation of “Last Mile”
Deliveries in Cities

Blanka Tundys and Piotr Niedzielski

Abstract Developing of e-commerce services market and increasing volume of
parcels is one of the biggest challenges in the field of order execution and “last
mile” logistics. Ensuring the highest quality of services and comfort for the cus-
tomer of the B2C market has an impact not only on the quality of the entire logistics
process, but also on the image of service providers. Consumers are increasingly
paying attention not only to product price, time, and cost of delivery. An increas-
ingly important role plays the aesthetics of the shipment itself, the declared date of
delivery, completeness of the package, driver’s behavior, flexibility of delivery, or
ease of picking up the ordered goods. The aim of the discussion is to indicate how
to create value for stakeholders and supply chain participants by implementing a
new business model supporting the “last mile” delivery of goods in the cities. The
research was based on the project of an “open” network management system ‘“deliv-
ery box” allowing access to the infrastructure for many service providers. The
results of the conducted pilot studies allow to distinguish the preferences of custom-
ers in terms of the service of the “last mile”, but also possible problems and barriers
to the implementation of a new business concept.
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1 Introduction

The “last mile” problems are one of the elements of the implementation of the city
logistics concept and the smart city idea. Along with the growing number of inhabit-
ants in cities, the problem of supplying consumers with goods is growing, especially
taking into account the service of individual customers, who buy through the
e-commerce market. In the context of the development of this market, the service of
the last mile will be increasingly important from the point of view of the efficiency
of processes occurring in the whole supply chain. The structure of modern cities,
including limited availability of parking lots and congestion are unfavourable for
suppliers, increasing their costs as a consequence [1]. This requires to search for
new, effective and innovative solutions.

The increased interest in the e-commerce market contributed to the increase in
demand for last mile deliveries, and the creation of a specific model where the cus-
tomer either receives a parcel at home or from a collection point (parcel lockers)
causes not only a change in the market and the introduction of a new service, but
also other ways of creating value for all stakeholders (operators, customers, the
general public). Such solutions indicate that effective management of the last mile
is crucial for stakeholders, as this stage accounts for approximately 7% of the total
amount of financial resources involved in parcel delivery, and these are primarily
costs incurred by carriers [2]. The number of vehicles transporting goods is growing
rapidly in the cities. And competition on the e-commerce market contributes to
shortening the delivery time in which the order was placed (same day delivery).
This element leads to destabilization of the traditional way of functioning of the
logistics sector, change of the perception of industrial real estate, and transforma-
tion of “last mile” solutions. In 2018, 55% of the human population, or 4.2 billion
people, lived in urban areas. UN forecasts indicate that by 2050 it will have grown
by 2.3 billion more. This means that the proportion of the urban population will rise
to 68% of the total population [3]. Cities of the European Union are inhabited by
75% of the population, and in Poland by about 60% [4]. The population is concen-
trated around large cities. This determines the development of the logistics sector
and its implementation of innovative solutions. City dwellers are usually active and
demanding people, often reaching for non-standard innovative solutions when mak-
ing purchasing decisions. This means that the organization of supply chains is under
increasing pressure to deliver goods earlier and faster to meet the ever-changing
consumer demand. The development of the e-commerce market has contributed to
the complexity of supply chains. Inventory rotation cycles have been significantly
shortened and at the same time more unpredictable. The new model of market func-
tioning, with particular emphasis on purchasing on the e-commerce market, contrib-
uted to changes in customer expectations and the need to adjust the supply chain
strategy to them. What becomes important is not only the availability of goods, but
also the necessity to strive for operational excellence of the chain, including the so-
called “last mile” deliveries. The challenge for chains is the need to be close to the
market or to be able to carry out tasks properly in order for the satisfaction of the



Value Creation for Stakeholders in the Implementation of “Last Mile” Deliveries in Cities 49

The world is becoming increasingly Urban passenger mobility Urban goods mobility
urban demand explodes demand explodes

Urban and rural population, Urban passenger mobility demand, Urban goods mobility demand,
2010-2050 [m people; %] 2010-2050 [trillions people—km p.a.; %] 2010-2050 [trillions of tons-km p.a.; %]
ol LA
8321/ (+55% % (+64% "
.f". 1
6.896 { 5 L, - o
' CAGR 2010-50 ", “¥68% ) —
w* 67% 4% pa. -} Fi [ { 133%,1 |
52% == 432 / 26x) 174 / (B.0%
"""""""" LIyan BN = 95 / | £
CAGR 2010-50
_0.2% p.a.
S I
2010 2030 2050 2010 2030 2050 2010 2020 2050

Urben [l Rurel

Fig. 1 Increased urbanization and its impact on passenger and goods mobility demand. (Source:
UN, World Bank, OECD, ITF, Schéfer/Victor 2000, Cosgrove/Cargett 2007, Schifer 2007, Arthur
D. Little)

final consumer. Supplies coming from the e-commerce market and taking place on
the so-called “last mile” must create added value for stakeholders. These are not
only consumers, but taking into account the specificity of the chain, they come to
the forefront of the recipients of the value of the new market. Figure 1 shows how
both the urban population and the demand for mobility of passengers and freight are
changing. Increasing trends are clearly visible (both in terms of population growth
and demand for freight and human mobility) and projections indicate that by 2050,
compared to 2010, urban passenger mobility will increase by 2.6 times and freight
by 3 times. Although Fig. 1 presents only forecasts, this type of trends can definitely
be observed, especially in the context of the constantly increasing volume of cargo,
which have its destination in the city and the expansion of the e-commerce market.
Taking into account the changing demand of customers, the expectation of innova-
tion and added value while not increasing costs, it is necessary to look for new busi-
ness solutions that will bring added value to all stakeholders.

The problems described above have contributed to the creation of the following
part of deliberations: (a) characteristics of theoretical aspects related both to the
theory of stakeholders and creating value for them, as well as the connection of a
new supply chain strategy with these activities, the focus of which will be on creat-
ing value within the “last mile” delivery with a focus on servicing e-commerce; (b)
analysis and interpretations of pilot studies conducted by authors, related to the use
of new infrastructure and a new business idea for servicing the “last mile” delivery
in cities; (c) indication of the possibility of creating value for stakeholders, as well
as limitations. The authors adopted the methodology of literature analysis and pilot
empirical studies, which were carried out with the use of a questionnaire. Next,
conclusions were drawn using descriptive statistics methods. The considerations are
accompanied by the following research questions: whether it is possible to identify
ways of creating added value for stakeholders within the “last mile” deliveries in
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cities and whether new business models based on the extension of functionality and
availability of already existing solutions for parcel delivery in cities will contribute
to increasing not only the value for customers but also for other participants in the
supply chain, and thus will contribute to increasing the competitiveness of new
solutions, increasing the efficiency of chains and reduce the negative impact, e.g. on
the environment, “last mile” deliveries in cities.

2 Literature Background and Problem Description

The dynamic development of information technologies contributed to the develop-
ment of the e-commerce market. The e-commerce revolution is transforming busi-
ness processes, supplier and procurement systems, the structure of industries, and
the nature of firms [5]. In Poland, the dynamics of sales in e-commerce is constantly
increasing, maintaining the double-digit dynamics of this growth, and at the same
time constituting the fifth e-commerce market in Europe after the UK, Germany,
France and Italy [6] such solutions influence the design of supply chains and the
adaptation of technology that enables the integration of partners’ activities, greater
transparency, sharing of information and changing cooperation models [7]. In the
context of the creation of new markets, innovative business models are also being
developed which aim, among other things, to create added value for all stakehold-
ers. They are supported by specific supply chains operating on the e-commerce
market. They differ from the traditional supply these, that in cooperation with the
e-commerce platform products can be directly sent to the manufacturers, not being
the property of the e-commerce platform, which is only an intermediary and pro-
vides sales service and receives commission income [8]. Consumers also pay more
attention to the handling and service that affects the market demand for the products
concerned [9], as well as e-commerce, it changes the number of enterprises that are
links in the supply chain, highlighting the need to meet consumer demands [10].
E-commerce supply chains must solve the problems of large volumes, often small
supplies, to densely populated urban areas. Acting in such a specific supply chain is
not an easy task to create added value, especially in the context of solving the “last
mile” problem. New business model is a combination of the value stream, revenue
stream and logistical stream of a business in which the value component drives the
revenue and logistical components of the firm [11]. It is necessary to connect the
issues connected with the supply chain management connected with e-commerce
and solving the “last mile” problems. Online shopping allows for convenience, sim-
plicity, better access to information and time efficiency [12]. In this context, compa-
nies in supply chains also benefit from the absence of geographic boundaries,
optimization of information and flow of goods, lower costs of supply, transactions
and advertising [13]. Implementing a new business model and in order to reduce the
costs of delivery of ordered parcels to home, logistics operators use other alternative
solutions. One of them is to create intelligent packet lockers in convenient locations
(at universities, schools, shops, office buildings, large housing estates) [14].
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Operating in the supply chain is not an easy task, especially in the context of solving
the “last mile” problem. Therefore, creating business models based on fast, reliable
deliveries, often in the same day delivery formula and using modern equipment for
collecting and sending parcels, with IT support, requires creating a new value for all
participants. The growth of retail trade has contributed to an increase in the volume
of deliveries, but also in returns, which at the same time puts pressure on the last
mile’s operators. In business and e-commerce, customers are heavily involved in
value creation [15]. Each company, in pursuit of a universal goal, i.e. to continue
and develop on the market, carries out value-added processes which are directly or
indirectly related to the production of goods or services and thus creates a specific
value for different groups of stakeholders (e.g. customers, employees, owners, sup-
pliers). At the same time, stakeholders perceive the value provided by the company
in different ways. This aspect should be highlighted and added value should be
sought by creating new business models. Understanding by the company, or in a
broader context, by the supply chain, the essence of the created value for different
groups of stakeholders, and not only for one group such as customers, its sources
and mechanisms of formation is a condition not only for effective management but
also to create competitiveness of the company.

Implementation in value creation processes of resources being outside the com-
pany’s borders, including other stakeholders, is increasingly used by companies in
the strategy of creating competitiveness on the market [16]. The ability to use
resources by an enterprise, being outside the boundaries of the organization, is
becoming more and more important as a determinant of shaping the competitive-
ness of enterprises. The competition is based on: providing additional services by
attaching to the basic offer accompanying services, attractive prices—by differenti-
ating their amount, forms and conditions of payment, appropriate distribution—by
improving forms, distribution channels and customer service, including after-sales
service, communication—by providing fast and reliable information. In order to
survive and develop on the market, an enterprise must cooperate with various stake-
holder groups, the scope of cooperation depends to a large extent on the maturity of
the parties to the cooperation, but the motor of mutual cooperation is the willingness
to obtain the synergy effect [17]. By working with stakeholders, a company creates
value/proposals for value, which is a combination of a number of factors that
include: price offers of products/services offered to customers by the company, the
quality of relations with individual stakeholder groups, the company’s image, as
well as new solutions and business models offered to stakeholders. The starting
point for managing the stakeholder value creation process is the proper management
of stakeholders and their relations with the partners. The stakeholder management
process is a continuous process and consists in adapting to new threats and opportu-
nities on the part of stakeholders and changing the strategy towards existing entities.
It is also important that in new business models, especially when considering rela-
tions in the supply chain, one should not only look for value at each stage, but also
involve stakeholders at each stage, because only then can one achieve a competitive
advantage and effectively develop innovative business models. Therefore,
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regardless of the size and role of the partners, their knowledge, skills and the pos-
sibility of implementing new solutions contribute to the value creation.

Courier services provided in cities can be provided in several business models.
Taking into account the e-commerce market service, the most important forms of
service include: courier service of small parcels of relatively high value, constitut-
ing a subgroup of express services of low weight. One can speak of express ser-
vices, delivered quickly and reliably, where the service includes strict delivery
times, parcel services tailored to individual needs of customers, using standard ser-
vice processes. Current business models provide a wide range of parcel delivery
services. The main factors shaping business strategies and service models
include [18]:

— Delivery time of the consignment to the recipient: with immediate delivery
(immediate), the same day (same day), on the next working day (next day), on
the second consecutive working day, as a rule in relation to deliveries of parcels
and express shipments to selected countries abroad, (second day), with night
delivery, at a guaranteed time and price of deliveries, collected in the evening and
delivered no later than 10:00-12:00, the next day (overnight), with deliveries
during night hours (at night ), e.g. in the delivery of spare parts.

— Range of the operator: local services, regional services, domestic services,
European-wide services, global services, intercontinental services.

— Business areas served: services diversified due to suppliers and recipients of sup-
plies, indirectly influencing the business areas served, include: B2B services
(Business-to-Business). They are the domain of express companies, e.g. in
Poland the vast majority of express mail is transported between shippers and
institutional customers (production, trade or service companies); B2C services
(Business to Customers)—concern deliveries of mail sent by institutional part-
ners (including many small companies) to their end customers (consumers
or users).

— Modes of transport used: express deliveries are most often made by road and air,
where road transport usually handles local, regional and national deliveries,
while air transport—deliveries in international and intercontinental relations.

The types of services provided within “the last mile” delivery are subject to con-
tinuous expansion, including the following: delivery of a shipment from the sender
to the receiver or to a place designated by him, implementation by a specialized
company, use of an appropriate operational (logistic) network, possibility of track-
ing information on the status of the shipment during its movement, a specified deliv-
ery time, delivery in the shortest possible time, maintaining appropriate costs of
delivery, implementation of tasks in accordance with customer expectations [19].
Value-added and build-to-suit services (BTS) [20] currently constitute a wide range
of additional services offered by entities providing such services. The elements that
create added value for stakeholders, in this case the ultimate customers, may include:
additional insurance; collection and delivery on Saturday, Sunday and holidays at
different times; additional attempts to deliver; notification of collection, delivery,
postage; proof of delivery; preparation of the consignment for transport, including
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the provision by couriers of appropriate packaging for transport, e.g. the following
Pharma Packs of goods that must be transported at a constant temperature (Thermo
Boxes) and Dry Ice; services reducing emissions, CO,; transport of shipments of
non-standard shape and dimensions; transport of dangerous, heavy and oversized
goods; transport to remote, not covered by the network of land deliveries; storage,
service including storage of the consignment at the courier’s premises; customs
service; returns of documents attached to the original consignment; re-addressing
during the delivery process; sending or receiving of conductor’s consignments; tele-
phone preference of the consignment by the courier and other services. More and
more often in the context of last mile service parcel lockers are used (also for creat-
ing new values), which allow for self-service collection and return of goods pur-
chased online [21]. Parcel lockers have received positive feedback from both
consumers and businesses, improving the service experience for the former and
providing competitive advantage and performance enhancement for the latter [22].
Self-service box parcel delivery services are expanding into national and interna-
tional markets [23] and the growing interest may indicate a takeover of part of the
deliveries in the future within the last mile [24]. The solutions for self-service trans-
mitter/receiver boxes are scalable, customisable, electronic, and often cloud-based
systems that give onsite and remote workers and users an easily accessible space for
the retrieval of letters and parcels [25]. Therefore, it can be stated that the solution
related to the delivery and collection of parcel from the box (parcel lockers) is the
latest solution and trend I is a key tool in the context of handling the last mile in the
cities for deliveries in e-commerce.

The structure of the KEP industry in Poland includes the following types of enti-
ties: KEP integrators, local KEP operators, postal operators, local operators, inter-
mediaries. Currently, the concept of delivery of ordered goods, especially for
individual customers, is much broader and includes delivery either of a specific
place (e.g. a shop or a house) or a device (e.g. a parcel machine). Package sending
and receiving points can become both an element that adds value for stakeholders
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Fig. 2 The delivery method. (Source: [26])
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and an element of competitiveness of a given entity. The forms of parcel collection
were change. Only a few years ago, customers have paid attention that the package
was delivered by a courier to the house. This form of delivery has been chosen most
often so far (Fig. 2), but other available forms of pick-up or delivery are becoming
more and more popular. The forms of location of pick-up points must be highly
accessible, so they can be placed in shops, petrol stations and kiosks. The develop-
ment of the B2C market and the increase in the popularity of e-commerce allowed
to increase the number of such points. Self-service transmitting and receiving
machines are also becoming more and more popular. Important selection criteria
are: convenience and availability, but also low price and high quality of services,
e.g. punctuality. The specificity of the market of parcels purchased on the
e-commerce market by individual recipients, especially in large cities, is the small
size of parcels and the lack of attachment to a single courier company, which allows
for further development of new services and business models. New sales channels
are being implemented, including the increasingly popular use of the Internet,
within which the click & collect service is becoming increasingly popular, which
allows you to place an order online and pick up the package in a selected location or
device. The increase in the share of the online channel in retail sales and new supply
models translate into a change in the type of shipments delivered. This includes
another trend observed on the market, namely the need for same day delivery itself,
which supports daily shopping by offering express deliveries, i.e. the same day. The
same day delivery model itself must be based on an efficient and reliable pick-up
system that can be offered by both traditional couriers and parcel collectors.
Research on the use of lockers to collect parcels purchased on the e-commerce mar-
ket is conducted in various contexts [27]. Solutions of this type are self-service tools
that change the roles of the customer. They are both customers and creators of ser-
vices. The customer is responsible for co-creating value for the customer [28]. This
type of service allows customers to gain a lot of benefits, which can include: flexi-
bility, unrestricted access (24 h a day), fast delivery, avoid time pressure to pick up
the package from the courier and save time by not having to wait for the supplier
and anonymity when picking up the package [8]. Considering the issues related to
the use of inboxes, it can be indicated that their use can bring measurable benefits to
three types of stakeholders. From the point of view of logistics operators and couri-
ers, the use of intelligent self-service solutions eliminates inefficiencies caused by
unsuccessful delivery (absence of a customer at home) and the need for re-delivery.
In addition, the use of such solutions enables consolidation of shipments to clus-
tered locations (i.e. self-collection hubs), and such solutions may improve the use of
fixed assets, vehicles and reduce the number of journeys, which will not only con-
tribute to improving the quality of air in cities, but also reduce traffic. Customers,
thanks to the possibilities offered by the intelligent parcel lockers, avoid having to
wait at home for shipment and delivery [29]. Customer shipments are temporarily
stored in lockers and can be picked up at a convenient time. This allows you to
reduce unnecessary alternative costs for customers (e.g. waiting time), which they
can use in other ways. From the point of view of society as a whole, such solutions
contribute to minimizing externalities such as already identified congestion,
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congestion, noise and environmental pollution in general due to greater consolida-
tion of shipments and fewer journeys by delivery vehicles in cities [12, 30].

“The Last Mile” is the final, extremely important and challenging part of the sup-
ply chain. The processes taking place in this area influence the evaluation of all the
tasks performed (delivery of goods) in the understanding of the customer. It is par-
ticularly important in urban space, being the last link and “contact” of the supplier
(courier, logistics operator) with the customers. The requirements set by consumers
are driven by the e-commerce sector. Such a situation may be the most serious factor
destabilizing the traditional functioning of the logistics sector through the reorgani-
zation of the supply chain, a complete change in the perception of industrial real
estate (including city terminals) and the transformation of urban logistics solutions
(such as the development of “Delivery Box-parcel locker”). Additionally, the “last
mile” service is connected with the increasing number of replay information and
re-delivery of parcels for the residents. Preferred delivery methods are presented in
Fig. 3. The most preferred is home delivery, and further developing the home deliv-
ery system, also to use an automatic pick-up point, which may be located near
the home.

Big data sets and the opportunities they offer in the context of the so-called “last
mile” challenge are a source of creative solutions, such as tracking, sending, notify-
ing and sending messages to drivers and consumers concerning the product, as well
as providing delivery services to omni-channel sellers and self-receipt by the final
customer (Fig. 3).
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Innovative strategies developed for the solution of “last mile” delivery and used
in densely built-up industrial centres around the world include multi-level ware-
houses, parcel/collection points and transhipment centres before final delivery to the
recipient. Parcel boxes also have the potential to reduce environmental impact and
increase the overall speed of service delivery [31]. Therefore, identifying and creat-
ing value for all stakeholders needs to include different services and expanding the
range of services. One of such possibilities is to create a generally accessible deliv-
ery box’es system, which is a device for distribution of products of various types,
including special products requiring e.g. low or high temperatures, various sizes and
materials contained in parcels, operated by means of smartphone applications. The
characteristic feature is the exact, estimated date and time of delivery of the parcel
and the fact that it is available to every market participant (i.e. every courier who
wants to use this service, or the company offering parcel delivery, as well as the
individual customer). The implementation of the solution contributes to the possi-
bility of reducing the environmental burden in the urban space. This is a result of
rationalization of courier services in urban areas developed by courier companies.
Thanks to the development and implementation of a project based on the concept of
cooperation and sharing of resources by the main stakeholders of the distribution/
supply system of courier parcels at the so-called “last mile” delivery in the city, will
be implement new business model. In the context of a city, the concept can contrib-
ute to reducing the number of vehicles on urban roads, as an alternative form of
supply for individual consumers. It contributes to more efficient deliveries, fewer
advised parcels and the need to return to the indicated address, thus reducing the
number of vehicles on the roads. It gives the customer great flexibility in picking up
the parcel and, as a result, making an independent decision on where the parcel is to
be delivered and at what times, the customer can or wants to pick it up. The system
and delivery preferences depend on many factors, including the customer’s wealth,
but also on character of the goods to be delivered. In connection with the growing
trend in the development of same day delivery itself and the limited possibilities of
couriers already working on behalf of business entities, the indicated solutions are
characterized by high innovation, but also a large potential and opportunities to exist
and fill in the market gap. By discussion of the advantages and possibilities of devel-
oping new services and new solutions, one should not forget about the disadvan-
tages they bring. The most important of them from the point of view of the customer
include a limited possibility of storage (only parcels of a certain size), the possibil-
ity of vandalism and crime (theft), lack of flexibility in terms of payment [8], also
human inertia, technical anxiety, inconvenience and exploitation [32, 33]. Scientific
research related to the subject of smart boxes (smart lockers) is based on known
theories, which may include: the technology acceptance model [34], theory of
planned behaviour, innovation diffusion theory [25], motivation theory [35], and
theory of reasoned action [21]. This means that issues need to be researched, devel-
oped and promoted so that the expected added value for all stakeholders can gradu-
ally increase.
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3 Empirical Research

Within the framework of the SmarLab project, one of the objectives of which is to
create and implement a system of open and generally available solution (delivery
box) for sending and receiving parcels and solving the problem of the last mile. The
authors carried out pilot studies, the purpose and task of which was to indicate
whether this type of solution is useful on the Polish market of courier services and
what should be the most important elements of such a business model. Another
important element of the considerations and pilot studies undertaken was to indicate
whether such a solution could bring value for stakeholders and, if so, for
which groups.

The research was conducted, in period from October 2018 to June 2019, in the
West Pomeranian and Pomeranian Voivodships, on a group of 169 respondents.
During the survey, respondents were asked, among others, about the elements of
added value. The most important of them for respondents were: accessibility and
ease of use of the system, including the possibility of further online system and
mobile application, convenience, reduction, costs, including time (both the execu-
tion of the order and waiting for delivery), adaptation to individual needs (including
the possibility to choose the place and time of delivery), guarantee of faster delivery,
facilitated access for all bidders, short delivery time, punctuality, reduction of ser-
vice and service costs, convenience, flexibility, lower service price, solving environ-
mental problems, comfort of reception, quality and speed of delivery, reliability,
higher quality, ensuring customer satisfaction, time availability, ease of use, quick
reception and dispatch. The results of the research respond positively to research
questions, while being consistent with both theoretical foundations and manage-
ment theories. This means that the presented theses in the confrontation of theory
and practice are correct and that there is a need to undertake further research in this
area. At the same time, it should be noted that by asking respondents about the most
convenient forms of parcel collection offered and preferred by customers, the fol-
lowing results were obtained: the most preferred and currently chosen form of deliv-
ery is courier, the least personal collection (Table 1).

An interesting conclusion can be drawn with regard to the form related to the use
of a mobile device. In terms of the assessment of 1-5—the first and second posi-
tions are dominant, they indicate that as many as 42.03% of the respondents

Table 1 The most convenient way to collect parcels purchased in the e-commerce system (in %)

1 2 3 4 5
Courier 5797 120.29 4.35 8.70 8.70
Parcel machine (self-collection point) 27.54 142.03 11.59 13.04 5.80
The reception point of the logistics company 2.90 13.04 3478 |33.33 15.94
Parcel on the move, gas station 1.45 11.59 3333 3043 |23.19
Personal collection 10.14 13.04 15.94 1449 1 46.38

1 Most comfortable most preferred, 5 least preferred, least comfortable form of parcel collection
Source: own elaboration
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consider this form to be 2 for convenience and preferences, and as many as 27.54
for the first one. This may be due to the fact that the possibility of personal contact
with the courier and the still existing belief that personal delivery by the courier is
of a higher quality and more comfortable (no need to go anywhere for a parcel) still
places the courier in first place. However, it is clear that this relatively new form of
delivery (parcel machine) gains, both in terms of preferences, time and quality of
delivery. The presentation of the possibilities of the new, open system, with the use
of automatic devices from the collection of parcels, changes the opinion of potential
customers about the ways of collecting parcels.

With the offered options for future delivery, they are usable for all suppliers and
customers were proposed to deliver via:

— Courier (personal delivery to the place of residence)

— Self-collection point (parcel machine)

— Logistics company pick-up point (parcel box, post office)
— Package on the move, gas station

— Personal collection (from the seller)

— Open system with using of parcel lockers

— Drones

— “PaketButler”

— Multichannel

Preferences and possibilities for the development of such a concept were also
asked. The results of the research indicate that the following possibilities are most
often taken into account at the moment: courier, self-collection point (already in
operation), parcel lockers (delivery box) and drones. Occasionally, it was pointed
out that the collection points of a logistics company or a packet butler and multi-
channel solutions were used.

Indication of the possibilities offered by the commonly available open parcel
lockers system presented possible future solutions in the delivery of parcels within
the “last mile”. Interpreting the pilot studies, it is possible to say that in the future
the delivery by courier and open parcel lockers system will have almost the same
importance and so it can be concluded that the role of now operating parcel machines
(one company as an owner) will decrease slightly, although still a large number of
respondents, because as many as 56% indicated that this form will play a role in the
future (putting its services on the first, second or third place). As far as further devel-
opment of traditional courier services is concerned, the research shows that 47% of
respondents still select on this form. At the same time, it puts it in the first place on
an equal footing with courier services, at the same time indicating the highest per-
centage of respondents who indicated this form of service in the future on the third
place (it may mean that other alternative choices will be more advantageous for
customers in the future). It is also clear that the form of self-service devices is gain-
ing importance, more than 56% of respondents indicated the currently functioning
parcel machine as a form that they will choose in the future, including the fact that
they did not indicate this solution in the first place, you are in the second position,
you can guess, then, that the electors will either continue to use couriers, or will
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Table 2 Which forms of parcel delivery will be the most preferred in the future

in %
N =169 1 2 3
Courier (personal delivery to the place of residence) 33.33 10.14 30.43
Self-collection point (parcel machine) 26.09 34.78 17.39
Delivery box (open system) 33.33 43.48 18.84
Drones 7.25 7.25 14.49

| 1 - first choice 2 - second choice m 3 - third choice (option)

Fig. 4 Preferred forms of delivery in the future

convince themselves to a new form of business (Table 2). The new form of public
courier box, whose added value, apart from servicing all bidders, is also speed, cost
and delivery time, has been pointed out equally with couriers (it should be remem-
bered that there is no system operating in this way yet, which may indicate a well-
identified market need for the development of the courier services market and
solving the last mile problem, and filling the market gap), in this case, as many as
91% of respondents opted for this form of delivery, placing this type of services on
the first place (33.33%) and second place (42.48%). An interesting solution, already
introduced on the American market, is the service of sent and last mile with the use
of drones. It is interesting to note that the solution is also in the interest of respon-
dents. Although a small percentage of respondents supported the solution, it is cur-
rently not available on the Polish market, which may mean that customers are
interested in novelties and innovations.

The results of the pilot study indicate (Fig. 4) that there is growing interest in
alternative solutions for handling and delivering parcels within the last mile. It is
clear that customers are looking for new solutions that will give them more value.
Such solutions should also be sought and offered by companies supplying goods.
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This is related to the rapidly changing market and the growing importance of the
e-commerce market. The graph only takes into account the answers given (no
answer was taken, i.e. the choice of a given option).

4 Discussion and Summary

An important element in creating value for stakeholders is combining the concepts
of different management strategies and new business models. In this case, we can
talk about a combination of e.g. VBM (value based management) and supply chain
management in the context of servicing the “last mile”” and creating new solutions
in this area. This means that one should look at the functioning of the company and
the increase in its value in a multidimensional way, focusing on the concept of
shareholders concerning meeting the needs of shareholders (company’s sharehold-
ers) and the concept of stakeholders related to meeting the claims of all company’s
stakeholders, creating a platform for cooperation based on the balance of achieved
goals in the perspective of long-term generation of positive cash flows. The concept
of stakeholders assumes a much broader look at the objectives of the company, and
the beneficiary of the created value is each stakeholder of the organization [36].
Therefore, these aspects can be considered in the context of, on the one hand, ben-
efits for system builders and service providers, as well as customers. On the one
hand, value is to be created for couriers, on the other hand, for customers using the
system, and from yet another perspective, the last mile service is to be less harmful
to urban space, which can also be considered as an aspect of added value. Maintaining
positive relations with all stakeholders, including customers and offering them
increased value, providing better service and solving problems arising in this area,
as well as sustainable development will be a positive effect for all parties, simulta-
neously conditioning the development of the organization, creating new business
models. At the same time, it should be pointed out that the desire to combine enter-
prise value management from the perspective of owners’ interests with customer
value management results directly from the strategic concept of the value chain. The
key issue of designing business models is the mutual compilation of the organiza-
tion’s strategy, value chain and the resulting final proposal of value for the target
customer. And for this purpose, a new model of “last mile” service can be used by
the presented courier services. The basic element of an effective business model is
the creation of unique value for customers and all stakeholders. While creating new
business models, it is necessary to take into account creating value not only for
enterprises (in the traditional approach) but also creating value for the customer and
using his or her value. Therefore, it can be pointed out that customer value is the
basis of company value and if technology enables the management of customer
knowledge, then today’s fundamental problems include: the approach to measuring
customer value and the scope and source of acquiring, gathering and using customer
knowledge to maximize their value for the company—building a strategy for
increasing customer value [37]. In such a presented approach, it seems advisable
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and justified to extend this approach to all stakeholder groups, whose value under-
stood as a set of behaviours and their mutual strategic interactions with the company
may significantly become a source of growth in the value of a socially responsible
company. An important role is played by the qualitative nature of stakeholder val-
ues, which locates the company in the appropriate market segment. Therefore,
building a company strategy based on stakeholder value growth may now become
an important element of effective and efficient management [38]. The increase in
value for all stakeholders in the scope of the main assumptions resulting from the
idea of delivery box service may result from the introduced innovations: process,
product, technological and organizational, based on the use of the interface of eco-
nomic exchange between business stakeholders, state and local government admin-
istration bodies and non-profit organizations and final customers. The result of such
solutions, and generally the assumptions of the presented new business model, is the
development of a new product or group of products and finding a potentially new
market for them, at the same time creating a new element of the supply chain strat-
egy and its links, including the final customers. Thanks to this approach, the value
of stakeholders can significantly contribute to better identification and growth of the
factors shaping the company’s value, such as value drivers. At the same time, the
most important barriers to the proposed model include: lack of interest of customers
and companies that already owning infrastructure will not want to change distribu-
tion channels, lack of proven financial benefits, unreliability of the system based on
information technology.

Pilot studies carried out indicate that the subject is interesting to customers and
may constitute a new, interesting field of scientific consideration. The reflection is
the first stage of research on the development of a new business strategy with a
focus on creating added value for all stakeholders and the efficiency of the last mile
while reducing the negative effects of logistics operations. The presented research
results are an interesting study and consider for further consideration and concep-
tual development.
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Abstract Air transport is the branch with the fastest adaptation to the changing
conditions of the internal and external environment. Carriers are constantly moni-
toring the market, examining passengers’ needs and delivering modernized trans-
port services. One of the factors shaping the service in passenger air transport is
convenience. Although it is descriptive, it can be analyzed which factors and how
they shape it, while also affecting the transport service. The purpose of the work
described in this way was subjected to the critical analysis of available literature and
the analysis of marketing research carried out at Polish airports on the factors affect-
ing the development of air transport.

On the basis of the presented research results, it was found that there are three
levels describing the present state of diversification of the air transport service.
Undoubtedly, such analysis of research on the issue of convenience should be car-
ried out not only by academic centers, but also by institutions involved in transport
activities. The conclusions from the conducted research can be the basis for a
broader analysis of the selected research problem.

Keywords Convenience - Air transport - Legacy carrier - Low-cost carrier -
Transport service - Passenger - Airports

1 Introduction

In 2017, over four billion people from around the world used air transport. Such a
large number of passengers, as well as the features of air transport, require further
actions that can be taken to meet the needs of potential travelers on the one hand and
respond to market changes and passenger expectations on the other hand. Experts
responsible for air traffic forecasts working for major aviation equipment manufac-
turers estimate that the passenger market will grow at a rate of 6% per year.
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Prospects related to market development lead to the development of transport
services. The factor that accelerates the development is undoubtedly scientific and
technological progress and globalization and integration processes. In addition, the
factors that stimulate the development of the aviation market are: development of
the wealth of the society, development of regions, inter-branch competition, and
above all a change in the expectations of buyers—consumers of services in passen-
ger air transport.

By modernizing the transport service, carriers conduct a series of research on
passengers’ expectations, examine transport needs and behaviors. The results of
these analyzes, however, are not found in official reports of transport companies due
to the competitive threat. Therefore, there is a need for such analyses to be carried
out by scientific communities dealing with air transport issues. Therefore, research
was undertaken on one aspect of the transport service—convenience. For this pur-
pose, factors influencing the convenience of transport services were determined and
analyzed using proprietary marketing research carried out at Polish airports. The
conclusions from the presented research should form the basis for further work
related to the issue of the air transport services market.

2 Nature of Convenience

The air transport services market is a dynamic element of the global economy. In the
world in 2017 carriers transported over four billion passengers, which means that
there was an increase in the number of passengers carried by 7.1%. The transport
performance increased by 7.9% and passengers were offered almost 42 million
flights [1-3]. In the last few years on the market, we have been observing a continu-
ous increase in the number of people purchasing air transport services. This, in turn,
leads to increased demand and offer of transport services.

Air transport services are one of the most important activities of the European
and global economy, which are important for both economic development and the
progress of integration processes [4]. Safety, on-time, reliability, convenience in
terms of airport proximity or seat availability, frequency of departures, in-flight
cabin services, ground services including ticketing and baggage handling, aircraft
type, and even the carrier’s image are part of the airline product.

Authors studying air transport issues [5—7] indicate that the market attractiveness
of the air service, along with its high quality and satisfying price, are:

* A network of convenient connections

e The offered flight schedule and coordinated in time arrivals and departures in
various relations

* Type of aircraft used

* Accessibility to differentiated (in terms of the level of quality) travel conditions

» Comprehensive and efficient service for service users at airports

In addition to the features listed above, J.G. Wensveen [8] also indicates:
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e Catering on board of aircraft

* Providing adequate entertainment on board aircraft (long-distance routes) and at
airports (play areas for children)

e Sales in duty free shops, on board aircraft

* The possibility of transporting luggage

 Bilateral agreements, alliances

e Other amenities

The features of the air service should be synchronized with the goals and
production capabilities of carriers, airports, market conditions of their macro- and
micro-environment.

The distinctions of the air service are achieved by air carriers by:

e Adaptation of the air service to selected market segments (legacy, hybrid and
low-cost carriers)

o Effective use of owned air fleet and management of the network of
connections [9]

* Launching new functions of the service on the market—additional functions

* Increasing the level of quality of offered services

e Use of loyalty programs and branding

» Partnership and cooperation between aviation entities

One of the many factors that affects the choice of aircraft as a means of transport
is convenience. In the most general way, convenience is defined as a type of good
that is purchased often by a consumer without involving much exertion or consider-
ation [10]. However, such an interpretation of convenience cannot be directly
referred to a transport service. The Oxford English Dictionary [11] defines conve-
nience as “...the state of being to proceed with something without difficulty ... the
quality of being useful, easy or suitable for someone... a thing that contributes to an
easy and effortless way of life....”

Claffey [12] was the first to try to define convenience in relation to the transport
service. Despite the changes in the progress in science and civilization related to the
development of transport, the concept of convenience (adapting personal plans and
habits of passengers to use transport services and overcoming difficulties related to
the provision of services) is still valid. On the other hand [13], they define conve-
nience as a certain individualism related to expectations in relation to the provision
of a transport service. According to this team, convenience refers to the efficiency
and effectiveness with which a person can be transported from point A to the desti-
nation. The analysis was also made in relation to access to the transport vehicle,
waiting for the vehicle, entry and exit, and time spent in the vehicle.

In turn, OECD [14] specifies more precisely the concept of transport users’
convenience in terms of comfort, reliability, and safety. In addition, convenience
should be analyzed by assessing the effectiveness of the use of a transport vehicle.
Berry et al. [15] identified five types of convenience:

* Decision about choosing a transport means
e Availability
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* Freedom of transactions
» Expectations regarding the performance of the transport service
* Benefits from the implementation of a comfortable trip

at the same time stating that convenience is characterized by discretion. And there
is no doubt about this statement.

In Polish literature on transport economics, convenience is descriptive and it
should be agreed with Barry and Anderson [16] that it is characterized by discretion.
Convenience as the expectation of passengers directed to the organizers and carriers
is considered as:

* Reliable

e Punctual

e Safe service

» Simplicity of the tariff system

* Freedom to purchase a ticket

e Understandable system of communication information

e Freedom to reach the stop (number of pedestrian crossings, tunnels, architectural
obstacles)

» Legibility of timetables

* Legibility and aesthetics of marking (lighting) of stops and vehicles

* Ease of getting on and off

* Driving comfort (air conditioning, noise level, lighting, seating position)

e Service culture

e Luggage space

e Access to catering services [17]

3 Convenience Management as an Element of the Transport
Service

Currently on the market of air transport services, there are two main models of
passenger transport by regular air transport. However, one should point to the model
combining selected features of low-cost and legacy carriers—a hybrid model. Such
a large differentiation of the features of the air service results from the adjustment
of the offer to the selected market segment. Passengers treat the selected offer of
transport services as something special—a formulated offer for the buyer that other
airlines could not offer.

Differentiation of the transport service takes place by, among other, convenience.
Although it is discretionary and descriptive, carriers use different ways of influenc-
ing the purchase of air services. The comparison of factors affecting the conve-
nience of transport services offered by legacy, hybrid, and low-cost carriers is
presented in Table 1.
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Table 1 Comparison of factors affecting convenience in various business models of air carriers

Feature of air

service Legacy carriers Hybrid carriers Low-cost carriers
The method of | Carriers’ websites, Carriers’ websites, mobile | Carriers’ websites,
booking a mobile applications, applications, websites of mobile applications,
ticket websites of air brokers, | air brokers websites of air brokers
offices of carriers’
representations
The method of | Carriers’ websites, Carriers’ websites, mobile | Carriers’ websites,
check-in mobile applications, applications mobile applications
web-point
On-board and | Free Payable Payable
catering
service
The quality of | Good Good Poor
services
provided
Space in the Huge Little Little
cabin, per 1
passenger
A seat in the Marked on the ticket, the | Marked on the ticket, the Marked on the ticket,
passenger ability to choose a ability to buy the selected | the ability to buy the
cabin specific seat free of seat selected seat
charge
Class of the Economy, business, first | Economy, business No
carriage
Change of In cheaper tariff systems | For extra charge For extra charge
date there is no such
possibility, in more
expensive there is such a
possibility
Aircraft Several types, a few, a One type, several years old | One type, several years
dozen or so years old old
Accessibility | Central, main, and Main, regional, and local Regional and local

of the airport

regional airports, “point
to point” connections,
transit connections

airports, tourist cities, only
“point to point”
connections

airports, tourist cities,
most airports distant
from city centers, only
“point to point”

connections
The length of | It doesn’t matter Continental and selected Continental
the route intercontinental routes connections and

selected extra-
continental
destinations

(continued)
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Table 1 (continued)
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Feature of air

service Legacy carriers Hybrid carriers Low-cost carriers

Amenities Cooperation with travel | Cooperation with travel Cooperation with
agencies, hotels, car agencies, hotels, car travel agencies, hotels,
rentals, the possibility of | rentals, the possibility of car rentals, the
carrying unusual cargo, | carrying unusual cargo, possibility of carrying
luggage, diversified luggage, a varied baggage | unusual cargo,
baggage policy, luggage | policy. Luggage depending | luggage, diversified
most often the free on the carrier payable or baggage policy, paid
most-used dimension of | free, the most commonly luggage, the most
free luggage used dimension of free frequently used
50 x 40 x 20 luggage 50 x 40 x 20 dimension of free

luggage 30 x 20 x 40

Catering Free, the possibility of Payable, the possibility of | Payable, the possibility
buying products from the | buying products from the | of buying products
on-board catalog on-board catalog from the on-board

catalog

Loyalty Yes Yes No

programs

Belonging to | Yes No alliances, there is the No alliances, there is

the European Low Fares the European Low

organizations
and alliances

Airline Association
(ELFAA)

Fares Airline
Association (ELFAA)

Access to the
air service

High frequency, timing,
and ticket coordination

High frequency dependent
on final destination and

Frequency dependent
on final destination

with the use of transit demand and demand
Check-in time | Long Very short Very short
at the airport
Transport on | Most often the jet bridge, | Most often on foot, Most often on foot,
the route airport bus possibly the jet bridge or possibly the jet bridge
airport— airport bus or airport bus
aircraft

The division into legacy and low-cost carriers as well as growing competition in

terms of inter-branch and aviation market necessitates constant adjustment of trans-
port services to the changing passenger preferences. Hybrid carriers, while carrying
out transport activities, enrich the basic service with free or partially payable addi-
tional services offered, however, operating a low-cost model of functioning. Hybrids
are also created by legacy carriers, which reduce operating costs and implement
methods tested by low-cost carriers [18].

Carriers striving to offer a whole package of services introduce a number of
modifications, most often IT and technology. An example is the factor describing
the convenience is mobile first (preferring the information command on smart-
phones, not computers). It is already happening and will continue. Passengers con-
nected to the Internet expect information available on demand, access to services at
your fingertips. Despite the fact that the purchase, check-in, and check-out are now
standard, passengers expect information about the number, luggage number, infor-
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mation about the accessibility to the city center (airport link), possible delays, com-
mercial and gastronomic offer, or even the best route to reach the gate.

The presented features of the transport service are instruments that distinguish
air carriers’ services from the competition. Although the parameters describing
convenience are very similar to the presented market segments, from the point of
view of passengers they are perceived as elements diversifying the air service.

4 The Assessment of Convenience Based on Conducted
Scientific Research

In 2013, a study was carried out to determine the impact of factors on the decision
to choose an air carrier. The study was conducted on 1% of air traffic, taking into
account the type of business (LCC or Legacy).The research was carried out at
almost all airports with the exception of Modlin, and Olsztyn—during the survey
the airports were not operating. The method used in the study was personal inter-
view with passengers taking a regular travel. Respondents were selected on the
basis of stratification based on the number of passengers, taking into account the
specificity of air traffic in each airport.

Based on the research conducted at Polish airports, passengers assessed the
factors describing convenience for 57% of passengers, convenience is a factor
encouraging to travel by air and for 38% it is a factor that is not important in the
decision-making process on air travel (Fig. 1).

In the case of passengers choosing an air carrier, a similar meaning of convenience
can be observed with regard to the selection of the air service. For 51% of
respondents, convenience is a factor encouraging the choice of carrier (this is the

Choosing the transport service Choosing the carrier

= encouraging = neutral » discouraging

Fig. 1 The role of convenience in the process of choosing an air transport service and an air
carrier. (Source: own marketing research)
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Fig. 2 The role/importance of convenience depending on the ticket price. (Source: own marketing
research)

majority of travelers who travel legacy air carriers), while for 46% comfort does not
affect the choice of carrier. Such a division of respondents’ answers indicates that
convenience is not a significant determinant of the choice of transport service and
air carrier.

For most travelers the convenience of air travel is something natural, adequate to
the way of travel. However, the convenient meaning depends on the ticket price
(Fig. 2).

Analyzing the research results, there was a relation between the degree of
satisfaction with convenience and the price of the air ticket. Higher expectations and
consequently the feeling of convenience were expressed by passengers traveling
with a legacy carrier, most often people having business trips, traveling very often.
In the case of this segment, the price for a ticket, usually purchased a few days
before departure, was relatively high. In the case of passengers traveling sporadi-
cally, most often once or several times a year and choosing low-cost carriers (low
price level), the importance of convenience was characterized by a lower level of
acceptability.

Making a detailed analysis of convenience as an air service factor, the following
was taken into consideration (Fig. 3): directness, ticket purchase and check-in using
electronic mobile devices, convenient departure and arrival times, catering, on-
board service, terminal functionality, satisfaction with the time of arrival at the air-
port, offer and price level of services at airports, purchase of additional services.

The greatest impact on the perception of the convenience of the transport service
in the opinion of the surveyed passengers was directness, satisfaction with the time
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directness
information system 100 o
regarding departures and mobile ticket purchase
delays 80
purchase of additional 60 mobile check-in
services
40
p_r ice:tevel of services at convenient departure and arrival
airports times
satisfaction with the time carrier connection grid
of arrival at the airport
carrier’s brand onboard catering

terminal functionality onboard service

Fig. 3 The impact of selected factors on the perception of transport service convenience. (Source:
own marketing research)

of arrival at the airport, the network of air connections, and convenient arrival and
departure times. However, passengers indicated those areas that require analyses to
play an important role in shaping the convenience of transport services in the near
future. Respondents included there:

Price level of services at airports—due to the specificity of the industry, places of
sale, requirements. One should not expect in the near future a reduction of prices
of products and services at airports.

Mobile check-in—this factor is becoming more and more attractive over time.
Currently, it is becoming more and more common to make check-in using mobile
applications, however, online check-in is an obstacle.

Mobile ticket purchase—in the era of progressing digitalization, a smartphone or
tablet becomes an increasingly popular means of purchasing travel documents.
As in the case of check-in, the competition is the purchase of tickets via the
Internet.

Information system about flights, gates, delays of aircraft—at the moment it is
not fully available in mobile applications, passengers must use information
boards located in terminals.

Carrier’s brand and terminal functionality—passengers do not choose an airport
deciding to start a trip, the purchase of a flight service is accompanied by a whole
package of services related to transport, i.e., price, departure times, availability
of the region, carrier’s connection grid. The brand can be a factor enriching the
air service only in the case of competition of two similar carriers offering similar
conditions of carriage—but this is just a theory.
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5 Summary

The transport service due to its characteristics is assessed by carriers representing
various business models. Over the last dozen or so years, we have been observing
the process of adapting the transport service to the changing and diverse needs of
passengers. Convenience, although it is discretionary and descriptive, is a feature
shaping transport services.

With regard to air transport, in the light of the conducted analyses, convenience
consists of the directness, the method of ticket purchase and check-in using elec-
tronic mobile devices, convenient departure and arrival times, catering, on-board
service, terminal functionality, satisfaction with the time of arrival at the airport,
offer and price level of services at airports, purchase of additional services, but also
space in the passenger cabin—distance between seats, service level in various mar-
ket segments, loyalty program, the possibility of using executive lounge saloons—
only selected passengers. In summary, there are many factors describing
convenience.

On the basis of research carried out at Polish airports, it was found that the
greatest impact on shaping the convenience of the transport service is directness,
convenient departure and arrival times as well as time to reach the airport, and thus
parameters affecting the total travel time. Air transport services, regardless of the
segment served, are characterized by similar parameters in terms of region avail-
ability, rolling stock used, aesthetics of means of transport, and level of service
quality.

On the other hand, the area that will be revolutionized and evaluated by passengers
in the near future is the use of mobile devices in the entire transport service process.
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Shaping Levels of City Bus Prices
as a Result of Tenders

Aleksander Jagielto

Abstract The article attempts to verify the research hypothesis formulated by the
author stating that the size of the tender (understood as the number of once pur-
chased vehicles) negatively affected the final unit price of the purchase of a city bus.
Confirmation of the hypothesis would testify to the potentially greater cost-
effectiveness of functioning of large carriers on the urban transport market. In order
to verify the above hypothesis, the current situation of the city bus market in Poland,
the criteria used in tender procedures and the results of primary research on the cor-
relation between the size of the tender and the unit price that MAXI class buses in
Poland had as a result of tender procedures were presented. In the final part of the
article, the author presented the discussion and conclusions from the conducted
research.

Keywords Rolling stock investments - Tenders for city buses - Prices of city buses
- Tender criteria

1 Introduction

In microeconomics, economies of scale are the cost advantages that enterprises
receive due to their scale of operation. The economies of scale occur when, together
with the increase in the production volume of the enterprise, the average costs per
unit of production decrease [1, 2, 15, 16]. This is because, as production volumes
increase, long-term average total costs are reduced (fixed costs are distributed to a
growing number of goods or services produced). As the analyses made so far on the
intensity of this phenomenon on various markets show, the scale of the economies
of scale on the level of average costs is particularly high in the automotive industry
[3, 4]. In addition, as the volume of production increases, the positive effect of

A. Jagietto (04)

Department of Transportation Market, Faculty of Economics, University of Gdansk,
Gdansk, Poland

e-mail: aleksander.jagiello@ug.edu.pl

© The Editor(s) (if applicable) and The Author(s), under exclusive license to 77
Springer Nature Switzerland AG 2021

M. Suchanek (ed.), Transport Development Challenges in the 21st Century,

Springer Proceedings in Business and Economics,

https://doi.org/10.1007/978-3-030-50010-8_7


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-50010-8_7&domain=pdf
https://doi.org/10.1007/978-3-030-50010-8_7#DOI
mailto:aleksander.jagiello@ug.edu.pl

78 A. Jagietto

specialization and learning increases. This effect results from the greater productiv-
ity of the workforce with greater experience in the production of a given goods or
service [5, 6, 17].

Considering the above conditions regarding the occurrence of economies of
scale in the automotive market, the article attempts to verify the hypothesis that the
increase in the size of the tender (understood as the number of once purchased
vehicles) negatively affected the final unit price of the purchase of a city bus. The
verification of the research hypothesis was used to verify the thesis saying that the
size of the enterprise providing public urban transport services, and thus the size of
tenders submitted and settled, influences the amount of the company’s own costs
(assuming the vehicle’s own costs as a carrier). The impact of the level of bus pur-
chase costs on the level of the own costs of a company providing public transport
services is particularly evident during the calculation of the unit cost of public trans-
port. The price of a new vehicle in addition to the annual depreciation charge is one
of the component costs related to depreciation. Depreciation costs, on the other
hand, constitute one of the direct costs of the operation of public urban transport [7].

2 The Market of City Buses in Poland in the Light
of Tender Allotments

Currently, about 12,000 city buses and over 200 trolleybuses are in operation in
Poland [8]. Despite constant rolling stock investments, which are carried out by car-
riers providing public transport services, there are no significant changes in the age
structure of used buses throughout the country. In Poland in 2018, over 1000 new
city buses were registered, which means a significant increase in the number of new
city bus registrations compared to previous years (2016—723, 2017—771).
According to the data of the Chamber of Commerce Municipal Transport presented
in Fig. 1, in 2017 the registration of new city buses resulted in the recovery indicator
of public transport buses which is a share of purchases in inventory amounting to
5.5 (IGKM in its methodology takes into account the purchase of not only new
vehicles but also used vehicles) [9].

The purchase of new vehicles and hence the increase in the recovery indicator of
rolling stock results directly in the condition and age of the Polish fleet of city buses.
As shown by the data presented in Fig. 2, despite the yearly rolling stock invest-
ment, the percentage of buses used in Poland no older than 6 years oscillate between
25 and 30% with a downward trend (32%—2014, 31%—2015, 27%—2016,
25%—2017). Moreover, throughout the entire period under examination from 2000
to 2017, buses older than 10 years accounted for more than 40% of the entire fleet.

To improve the condition of the Polish fleet of city buses and hence the level of
quality of the public transport services provided, it is necessary to purchase new
vehicles. These purchases take place through tender procedures, most often in an
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unlimited procedure (in which all interested manufacturers of city buses can
participate).

3 Criteria Used in Tender Procedures for City Buses

Through amendments to the law (i.e., the Act of 29th August 2014 amending the
act—Public Procurement Law, Journal of Laws of 2014, item 1232) and the Act of
22nd June 2016 amending the Act—Public procurement law and some other acts
(Journal of Laws of 2016, item 1020), the legislators limited the selection of the best
offer by the contracting authority only on the basis of the lowest price criterion, as
shown in Fig. 3, in the majority—68% of tendering procedures for city buses in
Poland in 2018 were applied at least two non-price criteria.

Among the applied non-price criteria in tenders for city buses, the highest impor-
tance was given in 2018 to the technical parameters of the ordered vehicles (while
analyzing individual tenders a large range of this criterion is visible) and conditions
for vehicle warranty and service. The environmental aspects of rolling stock, techni-
cal readiness, fuel and electricity consumption, comfort and safety offered by the
vehicle, prices of spare parts, and unification of engines of delivered buses were also
assessed (Table 1).

Figure 4 presents data on 91 tenders for city buses with allotment in 2018.
According to them, the price of city buses corresponded on average to 62% of the
total offer evaluation submitted by the rolling stock producers for the tender (most
often, in 77% of cases the price was 60% of the total offer evaluation price).

In conclusion, it should be noted that the price offered by vehicle manufacturers
is still (though to a lesser extent than before the 2014 and 2016 changes) a decisive
criterion for the selection of offers in tender proceedings for city buses in Polish
conditions.

40%
30%
30%
20% 15%
10% 5%
1% - 1%
0% — —
0 1 2 3 4 5

Fig. 3 The number of non-price criteria applied in tenders for city buses in 2018. (Source:
own study)
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Table 1 Importance of non-price criteria in tender procedures for city buses in 2018 (in %)

Measure

Criterion Minimum |Mean | Maximum |Median | Dominant
Technical parameters 6 30 42 30 40

Terms of warrantee and service | 4 11 30 10 10
Fuel/energy consumption 3 8 30 5 5

Delivery date 2 8 40 5 5

Ecology 5 12 35 9 10
Source: own study
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Fig. 4 Percentage of points given for the price in tenders for city buses in 2018. (Source:
own study)

4 Results of the Analysis of the Impact of the Size
of the Tender on the Unit Price of a City Bus

The data on the results of 180 tenders for 12 m single-stage city buses were subject
to the study. These tenders were organized by carriers providing public transport
services in Polish cities. The time period of the study covered tenders that took
place in 2011-2018, and as a result 1736 city buses were purchased. Only tenders
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concerning 12 m buses of the MAXI class were subject to the study, because these
buses constitute the most popular and the largest segment of city buses in Poland
and their price significantly differs from the price of vehicles of other classes
(MINI—below 8 m, MIDI—9-10 m, MEGA—13-15 m, and articulated buses). In
addition, MAXI class buses are on offer from the largest number of rolling stock
manufacturers, which has a direct impact on the number of tenders, and thus on the
intensity of competition and the price level of the vehicles themselves. In order to
obtain reliable results, only conventional buses driven by a diesel engine were
tested, because their market price clearly differs from the prices of buses powered
by LPG/CNG, electricity, or hybrid buses. Thus, shaping the price level of city
buses powered unconventionally as a result of tenders requires separate analyses.
For the reliability of the results, all bus prices for which tenders were settled in
2011-2017 were adjusted for inflation.

Based on the conducted analyses, the results of which are presented in Fig. 5, it
should be stated that there is no negative correlation between the size of the tender
and the unit price of a conventional city bus obtained as a result of the tender (coef-
ficient of correlation = 0.21). In addition, the volatility of the price of city buses is
only 4% explained by the volatility of the size of the tender (coefficient of determi-
nation = 0.044). The results of the regression analysis showed that size of the tender
for 12 m buses in Poland has a statistically significant effect on the price of city
buses (p = 0.00481). The estimated regression parameter b was equal to 2166.

In order to minimize the impact of other variables on the reliability of the
obtained results, the impact of the tender size on the price of city buses in the case
of tenders won by one producer (in the scope of one model) was also analyzed.
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Fig. 5 Scatter chart—unit price of the bus in relation to the number of buses ordered in tenders in
2011-2018. (Source: own study)
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Fig. 6 Scatter chart—unit price of the Solaris Urbino 12 bus in relation to the number of buses
ordered in tenders in 2011-2018. (Source: own study)

Thus, 95 tenders (as a result of which 913 buses were purchased) were subjected to
analysis for 12 m city buses in which Solaris Bus & Coach SA won by offering
Urbino 12 buses (the most popular city bus in Poland). The results of the analysis
are shown in Fig. 6. In this case, there was also no negative correlation between the
size of the tender and the unit price of Urbino 12 city bus obtained as a result of
tenders (coefficient of correlation = 0.16). According to the analyses carried out, the
volatility of the price of Solaris Urbino 12 buses is explained only in the 6% varia-
tion in the size of the tender (coefficient of determination = 0.06), which is almost
the same as for the entire 12-meter bus segment. The results of the regression analy-
sis showed that size of the tender for Urbina 12 buses in Poland has a statistically
significant effect on the price of Urbina 12 buses (p = 0.0185). The estimated regres-
sion parameter b was equal to 1615.

The results of regression analysis and the value of correlation and determination
coefficients obtained during the analysis mean that the confirmation of the hypoth-
esis stating that the tender size (understood as the number of one-time purchased
vehicles) had a negative impact on the final unit price of the city bus purchase was
not obtained. Thus, it was unsuccessful to verify the thesis that the increase in the
number of tenders submitted and allotted reduced the company’s own costs (assum-
ing the vehicle’s own costs as a carrier) related to the purchase and operation of
city buses.
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5 Discussion

The study and analyses indicate that in the case of the automotive market, econo-
mies of scale are a particularly important factor influencing the final price of offered
vehicles, and hence are an important factor affecting competition between manufac-
turers that form the supply side of the automotive market [3, 10, 11]. It results from
high costs incurred for research and development of new models of vehicles put into
operation, costs related to the development of modern technologies (among others
aimed at reducing harmful substances emissions and reduction of fuel consump-
tion), and high costs of creating production lines and their modernization in terms
of production of new models and application of new technologies. Despite this, as a
result of analyses carried out in this article, it was not proven that the producers of
city buses are willing to reduce the unit price level in the case of a single order of a
larger number of vehicles (through the tender procedure). Since in Poland so far no
analyses have been carried out in the scope presented by the author in the article, it
is impossible to confront the obtained results with historical results (from previous
years). It is also impossible to say whether the received results were not affected by
the exceptional situation on the city bus market. The uniqueness of the state of the
Polish city bus market in the analysed period was related to the high level of demand
caused by, among other things: European Union funds spent on the development of
public transport, national and European policy aiming to protect the natural envi-
ronment, progressing trends regarding the change of power supply for city buses
and operation undertaken in the scope of changing the current modal split for the
benefit of greater use of public transport. All the above factors had a positive effect
on the volume of demand and thus discouraged the rolling stock producers to com-
pete on price.

6 Conclusions

On the basis of the analyses presented in the article, it can be stated that in Polish
conditions, the size of the announced tender is not a factor allowing to reduce the
unit costs of buying a city bus. Thus, the research hypothesis was not confirmed at
the time of the analysis, saying that the size of the tender (understood as the number
of one-off vehicles purchased) affected the final unit price of the purchase of a city
bus. Consequently, the thesis that the larger enterprise providing public urban trans-
port services (and therefore the bigger tenders notified and resolved) the lower the
costs of purchasing city buses, and hence the own costs of the enterprise (assuming
the own vehicle costs as a carrier) was not confirmed. It should be noted, however,
that the cost of buying a city bus is only about 20-30% of the total cost of its life
cycle (this value is different in various studies due to the analysis method used,
variables taken into account, and the quality of input data) [12]. Other important
elements of the bus life cycle costs are the costs of vehicle maintenance (which
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include labor costs and parts and materials) and energy costs (liquid fuels, gas, or
electricity). The amount of individual costs included in the life cycle cost of a bus is
strongly differentiated between diesel-fueled, hybrid, CNG/LNG, and electric [13,
14, 19, 20]. The mileage that the vehicle will overcome during its operation also
influences the differentiation of the individual components of the bus life cycle costs
[12, 18].
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Abstract The paper presents the results of research on the author’s solution
employed in surveying Railway Special Grid (KOS) signs, based on the Near Field
Communication technology (NFC) and reflective (measuring) target. The surveying
Railway Special Grid points are at the same time track axis adjustment signs,
included in the Railway Surveying Grid (KOG) and having a character of multi-
functional surveying signs. The innovative surveying Railway Special Grid sign is
equipped with an NFC tag, allowing wireless exchange of information (read and
write). It is coated with reflective surveying foil (reflective measuring target) with
crosshairs (horizontally and vertically). It determines the X, Y, H coordinates and
track axis adjustment data. Thus, it allows measurement with an electronic tachym-
eter (Electronical Total Station) in relation to the surveying Railway Special Grid
points. Black crosshairs—clearly visible on the surface of the reflective target—
improve localisation possibilities and make it easier to aim for the central point, as
the horizontal and vertical lines guarantee some offset to the track axis, while the
NFC tag provides wireless exchange of data. The paper presents the author’s obser-
vations and conclusions and was made as a part of statutory research 16.16.150.545.

Keywords Railway Special Grid - KOS - Railway Surveying Grid - KOG - Near
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targets - Reflective survey targets - Tag
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1 Introduction

A basis for performance of surveying and diagnostic works within the railway infra-
structure is marks of the surveying Railway Special Grid (KOS). The fixed marks
are situated near the track, determining its location within a vertical and horizontal
plane (both profile and horizontal alignment). Railway track repairs (renovations)
are intended to reinstate in whole or in part the primary performance parameters of
the superstructure. We can distinguish between current, main, emergency or inter-
vention repairs. Each of these repairs requires reference to the arks of the surveying
Railway Special Grid.

The authors of the works [1-7] refer to the problems of monitoring the condition
of the railway infrastructure. It was stated in the paper [1] that accurate measure-
ment of railway track geometry bears some fundamental importance for track con-
dition quality, both at the stage of construction and during systematic repair phases.
Particular attention was paid to the modular measurement system, namely Track
Geometry Measuring Trolleys (TGMTs). Reference was made to the railway geo-
detic control network, where during the free stationing process, bearings and dis-
tances of the total station to 5-8 known back-sight points of the railway geodetic
control surrounding the stationing site are measured. It was discovered in the paper
[2] that traditional maintenance of tracks is an engineering decision. Actions related
to maintenance are based on reference to thresholds, where each parameter resulting
from the performed measurements is compared with the agreed threshold. Reference
was made to track geometry parameters in the British railway industry and to the
monitoring of their condition. In DB AG (de. Deutsche Bahn AG), OBB (de-at.
Osterreichische Bundesbahnen), SBB (de-ch. Schweizerische Bundesbahnen) and
other countries’ railways, the tracks are referenced to the marks of the surveying
Railway Special Grid, stabilised on both sides of the tracks in a form of measure-
ment points [3]. In turn, the paper [4] draws attention to the methods of track exami-
nation in relation to the control track network and presents a new method for
identification of track irregularities, determined as the Regularity for Processing
Sectional Measurement Data (RPSMD). The use of surveying Railway Special Grid
characters has been shown in the works [8, 9].

The authors in [5] refer to numerous issues related to the application of inte-
grated inertial technologies for dynamic diagnostics of railway tracks, including the
dynamic interaction between the rolling stock and the railway road. The railway
system is undergoing technological transformation, which concerns not only high-
speed trains but also infrastructure [10]. Track geometry quality is a critical factor
for the safety of modern railway systems. It is achieved through a number of track
surveying parameters that, in essence, characterise the quality of the absolute and
relative rail locations [11]. Another important issue is the stability of the rail trans-
port system, which is particularly important in the paper [12]. The accuracy level is
needed to address certain surveying and civil engineering issues [13, 14]. In turn,
[15] states that GNSS (Global Navigation Satellite Systems) measurement tech-
niques have recently taken on a major role in civil engineering and other technical
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fields. In [16], it is stated that the quality of the performance of the security aspects
depends on the surveying monitoring. Without proper correctness of their execution
and data acquisition, it is difficult to determine the safety of technical infrastructure.
On the other hand, the investment process in the case of the construction objects
covers a wide range of works, including surveying works and cartographic ones [17].

The paper [6] presents a new approach to continuous monitoring of railway track
on long sections. This concept makes use of fibre optics attached to rails, monitor-
ing the emerging deformations. While verifying the fibre optic measurements, some
surveying examinations were carried out in two stages. Field measurements adopted
the Leica GMP111 miniprism, which was placed in a special hole of a rail clamp.
While in the second phase some reflective film (reflective measuring target, reflec-
tive survey target) was attached to the clamps, thus carrying out the contactless
measurements. The reflective survey target has also been used in surveying works in
the expertise of constructions condition [18, 19].

The authors in [7] present a survey control network for a high-speed railway. In
order to maintain high speeds for rolling stock, the condition of the track superstruc-
ture should be maintained with high precision. Precision in the surveying of railway
lines is setting up horizontal and elevation control network at all levels.

The application of Near Field Communication (NFC) technology within the sur-
veying grid has not been applied yet, especially within the Railway Surveying Grid.
There is no applicable literature on NFC technology application in surveying marks,
including the measurement carried out with the reflective (measuring) target. In the
work [20], the author applied NFC technologies in surveying and diagnostic works
applicable to the Railway Surveying Grid (KOG) and the surveying Railway Special
Grid, but without the reflective (measuring) target. The current work is a continua-
tion of the research on the application of NFC technology, called NFC + reflective
(measuring) target, as the surveying Railway Special Grid.

The measurement innovation in the railway infrastructure safety is the manner of
both thinking and acting, including selection of measurement techniques and meth-
ods, as well as development and utilisation of a measuring device that ensures the
good quality of the acquired data [20, 21]. Innovation is one of the elements that
allows to achieve a competitive advantage [22].

The authors of [23] claimed that the use of mobile devices such as smartphones
and tablets has increased in recent years. As the number of mobile devices increases,
more and more devices support Near Field Communication technology, which is a
short-range and wireless data transmission technology. The application of mobile
devices such as smartphones and tablets is found in the monitoring of rail transport
infrastructure (the geometric quality of the track, traffic safety, vibration-based ride
comfort, operating costs), road transport infrastructure (road surface quality, identi-
fying braking events, the planning of road networks, road condition, operating costs,
traffic safety) and travel survey methods [24-30].

In turn, the paper [31] referred to RFID (Radio-Frequency IDentification), not-
ing that wireless communication technologies, in this case RFID, provide huge per-
formance benefits where objects need to be identified automatically. Additionally,
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RFID technology is used in the railway industry (for the position and location of
trains, operation and maintenance, train axle temperature measurement, track
inspection system, wagon monitoring system, in inventorying of the infrastructure
of the rail transport, etc.), the automotive industry and in the Ambient Assisted
Living (AAL) [32-36].

Wireless and radio technologies include:

e Bluetooth wireless technology

*  Wi-Fi technology

e ZigBee wireless technology

e IrDA (Infrared Data Association)
e RFID

e Contactless smart cards

* NFC

The following hypotheses were verified in the study:

1. Potential discrepancies regarding the type of the applied surveying Railway
Special Grid points.

2. The possibility to integrate the NFC technology with surveying reflective target
and crosshairs as measurement points of the surveying Railway Special Grid.

3. The possibility to carry out a comparative analysis of offsets in the dy vertical
plane and dx horizontal plane to the track axis, comparing the existing and
designed states in real time and with the required parameters, by applying new
points of the surveying Railway Special Grid KOS = NFC + reflective (measur-
ing) target, which will guarantee the recording and reading of characteristic data
of surveying monitoring of the track and turnout geometry.

4. The possibility to optimise and the universality of application of the surveying
Railway Special Grid points by adopting the NFC technology and the surveying
reflective target as the KOS = NFC + reflective (measuring) target.

5. The possibility to use the intersection point of straight lines of crosshairs as X, Y,
H coordinates.

The main part of this paper is an innovative approach to surveying marks applied
within the surveying Railway Special Grid, equipped with NFC technology and
some reflective (measuring) target, called the KOS = NFC + reflective (measuring)
target. Control measurements were carried out on two railway lines (railway line
No. 143 “Kalety—WTroctaw Popowice WP2”—section A, and railway line No. 144
“Tarnowskie Géry—Opole Gléwne”—section B), with a primary category within
the territory of Poland. The paper presents the author’s solutions, observations and
conclusions. This paper was made as a part of statutory research 16.16.150.545.
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2 Railway Special Grid

The surveying Railway Special Grid constitutes a collection of points including
track axis adjustment marks stabilised on the traction poles, for which the grid and
elevation coordinates within the assumed coordinate system were determined math-
ematically. The surveying Railway Special Grid is included in the Railway
Surveying Grid.

KOG is a structured set of surveying points, for which their relative positions and
accuracy of location are defined mathematically; KOG points are a reference for all
surveying works on railway areas. The track axis adjustment marks are embedded
in a permanent and stable manner on a traction pole, determining the track location
on the horizontal and vertical plane.

The performed examinations proved some discrepancies in the type of adopted
KOS marks. The previously adopted KOS marks are of a pin type (Fig. 1a), box
type—made from aluminium and fixed to traction poles (Fig. 1b), of a painted-
triangle type (Fig. 1c), and of a T-section (Fig. 1d). The KOS points which pose a
part of the detailed vertical grid are at the same time the track adjustment marks.

The principles of embedding the track axis adjustment marks as KOS signs in the
form of a pin type on the supporting structures (poles) of the traction network are
specified in the guidelines Ig-6 [37] (Fig. 1a) and the technical standard “About the
organisation and execution of measurements in railway surveying GK-1" [38]. The
principles and accuracy of surveying measurements for the establishment of multi-
functional marks of track axis regulation are specified in the technical standard Ig-7
[39]. The KOS mark of the box type (Fig. 1b) results from the non-binding instruc-
tion about on organisation and execution of measurements in railway surveying
D-19 [40].

The task of the Railway Surveying Grid located within the railway routes and
stations is to carry out not only implementation works, but also inventory works and
ensure the operation of railway lines and stations. The fundamental element of con-
ducting surveying works involving the operation of high-performance machines,
especially tamping machines, are surveying marks KOS and—developed on their
basis—track axis adjustment protocols.

The adjustment of the track axis is carried out in reference to the KOS characters,
in relation to the profile (in the vertical plane) by raising the track to the designed
ordinates. On the other hand, in the line (in the horizontal plane) by slipping the
track to the axis specified in the design.

Precision requirements for the operation work and acceptance work to be carried
out and the measurements to be made within it depend on speed.

These measurements are carried out in relation to the KOS characters. The values
of permissible deviations of track position in relation to the KOS characters are
specified by the Id-1 (D-1) [41] regulations as differences:

e Horizontal—from the KOS signs to the track axis
e Vertical—from the KOS marks to the upper rolling surface of the rail head
(crown of the rail)
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Fig. 1 Present marks of the surveying Railway Special Grid: (a) pin type (a railway line No. 661
“Dabrowa Gornicza Towarowa DTA R5—Koziot”), (b) box type (a railway line No. 143 “Kalety—
Wroctaw Popowice WP2”), (¢) painted-triangle type (a railway line No. 152 “Paczyna—
Lubliniec”), (d) with a T-section (a railway line No. 171 “Dabrowa
Gornicza Towarowa—Panewniki”)
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in relation to the design value.
The Railway Surveying Grid determines the correct position of the track axis and
the height of the rail head at a given location.

3 NFC Technology Adopted in the Railway Special
Grid Marks

Near Field Communication is a contactless and wireless communication technology
which radio waves in order to spread and send some information in a digital form.
It is a short-range, high-frequency and radio communication standard. NFC is
equipped with the Secure Element (SE) module as a form of protection. NFC is
intended for short communication between devices located close to each other.
Basic NFC operation modes are:

e Peer to peer
e Read-write
e Card emulation

Communication is exercised through magnetic induction of antenna loops. It is
carried out on available and unlicensed radio frequencies (13.56 MHz) of the ISM
band, which was initially intended for industrial, scientific and medical purposes.
This communication distinguishes two types of NFC operation:

e Passive mode, where the initiating device (e.g. a smartphone/tablet) generates an
electromagnetic field which simultaneously supplies the target device (e.g. a tag).

e Active mode (semi-passive), when both devices (initiating and target) are capable
of generating a signal (e.g. two smartphones/tablets). When one of the devices
awaits data, its electromagnetic field if turned off (it is switched into pas-
sive mode).

NFC tags are small chips which the devices can connect to. The innovative
Railway Special Grid mark called the KOS = NFC + reflective (measuring) target
adopts NFC PVC NTAG213 tags with a diameter of 25 mm (Fig. 2). They are made
from PVC and are water-resistant. They allow wireless exchange of information
(write and read), and it is enough to hold a smartphone/tablet close to the NFC tag
in order to initiate communication. It is compatible with the following standards:

e ISO 14443A
* NDEF
e NFC Forum Type 2 Tag

The employed tags have the NTAG213 chip integrated, which ensures compati-
bility with all popular NFC devices with an active NFC module. The NFC tags
operate at an RFID frequency level of 13.56 MHz; they have 188 B memory (144 B
devoted to a user). NFC tags can be secured against re-writing or removal of data.
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Fig. 2 Innovative mark of the surveying Railway Special Grid—components of the mark
KOS = NFC + reflective (measuring) target

Table 1 NFC PVC NTAG213 characteristics

Type of characteristics Description

Tag type: ISO 14443-3A NXP MIFARE Ultralight (Ultralight C) NTAG213
Available technologies NfcA, Mifare Ultralight, Ndef

Serial number 04:D5:E8:52:A3:40:80

ATQA 0x0044

SAK 0x00

Data format NFC Forum Type 2

Capacity 144 bytes

Writeable Yes

Possibility to write just in a read-only mode | Yes

Any information can be written or read wirelessly from the NFC tags. They have no
external power source, thus they do not require any exchange or charging of a bat-
tery. The characteristics of NFC PVC NTAG213 are presented in Table 1.

The NFC PVC NTAG213 tag was fitted with geodetic surveying reflective film
(reflective measuring target), the parameters of which allow the laser beam to be
reflected and the measurement works to be carried out with tachymeters. A well-
visible black cross is put on the film surface, facilitating localisation and targeting
its centre point on a silver surface. The designed KOS = NFC + reflective (measur-
ing) target formula with distinct horizontal and vertical lines which are just 0.5 mm
thick, ensures precise pointing to the centre (Fig. 2). The employed
KOS = NFC + reflective (measuring) target mark was adopted along with the elec-
tronic tachymeter TC407 Leica No. 697413 (Fig. 3). The author’s marks of the
surveying Railway Special Grid KOS = NFC + reflective (measuring) target were
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Fig. 3 Measurement with the KOS = NFC + reflective (measuring) target

installed on traction poles on 01.06.2017 (railway line No. 143) and on 02.03.2018
(railway line No. 144). They ensure wireless exchange of information (both writing
and reading).

They include data:

e OnJX, Y, Hcoordinates

e Offsets in the dy vertical plane and dx horizontal plane to the track axis (Fig. 3)

e km-point within the railway line

* Pole number (pole location) which is the number of the KOS=NFC + reflective
(measuring) target mark

e Mark description

e Designed height of the rail head

» Existing height of the mark

» Difference in height between the designed rail head and the mark

e Designed distance of the track axis from the mark

* Designed distance between the track centres

Horizontal line—means a reference point for measurements carried out on the
vertical plane (height) to the crown of the rail. Vertical line—means a reference
point for measurements carried out on the horizontal plane towards the track axis
(i.e. internal edge of the rail head enlarged by half of the value of the track width).
In turn, the point where the straight lines cross (the centre) determines the X, Y, H
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Fig.4 KOS = NFC + reflective (measuring) target: (a) embedded on a traction pole of the railway
line No. 144, (b) characteristics of the basic data, (c¢) reading via a smartphone

coordinates (Fig. 4). The KOS = NFC + reflective (measuring) target holds some
data from transfer and receipt protocols of the track axis adjustment marks.

4 Conclusions

The scope of the study included an innovative introduction of the KOS =NFC + reflec-
tive target in order to improve the identification and quality of data acquisition.
The presented KOS = NFC + reflective (measuring) target mark improves the
quality of surveying and diagnostic works carried out on the railway infrastructure,
especially of the railway superstructure. The technology employed within the sur-
veying Railway Special Grid marks requires much less energy, or does not require
any energy at all, when compared to e.g. Bluetooth. NFC tags take energy from
another source, e.g. a smartphone. Renovations of railway superstructure which
requires works to maintain and reinstate the technical fitness determined with
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technical and exploitation parameters are referred to KOS = NFC + reflective (mea-
suring) target marks. The presented solutions can be also introduced into monitor-
ing of tram and metro lines infrastructure monitoring.

The innovative KOS mark equipped with an NFC tag allows wireless exchange
of information (writing and reading). It determined the X, Y, H coordinates and data
for track axis adjustment (profile and horizontal alignment). Crosshairs on the film
allow measurement with an electronic tachymeter in relation to KOS marks. It facil-
itates localisation and targeting its centre point, and horizontal and vertical lines
ensure offset of the track axis, while the NFC tag enables wireless data exchange.
The researches proved the hypotheses to be correct.

The presented research results refer to the topics of contemporary studies within
the diagnostics of communication construction as well as engineering and industrial
surveying, with a focus on surveying in rail transport.
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Abstract Air cargo transport constitutes an important part of air transport market
and contributes significantly to the economic development. Available data, however,
indicate that the Polish market is significantly lagging behind the other European
countries, in particular when considering the size of the passenger air transport mar-
ket and Polish economy. The aim of the paper is to identify possible barriers and
reasons behind the weakness of Polish air cargo market like regulations, infrastruc-
ture, route network and others. The authors also attempt to identify possible ways to
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1 Introduction

The purpose of the article is a holistic analysis of trends in force under key air cargo
stimulators and their potential impact on the future of this sector in Poland. Parcel
services, which may be treated as a separate air freight sector, have not been
analysed.

The future of air cargo in Poland depends on the future shape of key stimulants,
including:

— GDP development

— Geographical market location

— International trade

— Commodities type

— Airlines capacity

— Airports capacity and infrastructure

The methodology employed in this research was based on comparative and
cross-sectional data analysis. Data in time series was also analysed in order to iden-
tify prevailing trends.

2 Opverall Characteristics of Polish Air Freight Market

Remarkably, due to the characteristics of the Polish market (lack of airlines’ and
airports’ capacity), a substantial portion of air freight is taken out of the country to
start its air journey. Estimates show that even 85% of air cargo from Poland is trans-
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ported under the Road Feeder Service (RFS) model. Only 15% travels by air [1]. On
the other hand, this should not be considered an exceptional situation as feeding
cargo hubs by trucks is relatively common in Europe and North America [2]. It is
estimated that air cargo shipments from Poland are shipped mainly from the main
airports in Western Europe, including Frankfurt, Amsterdam, Paris, London, Vienna,
and Leipzig and from airports in Central and Eastern Europe: Prague and Budapest.

One may easily expect that the above presented situation significantly impacts
the position of Poland on the European cargo market. As shown by the Eurostat data
illustrated on the diagram below (Fig. 1), when it comes to cargo on-board Polish
market significantly lags behind some markets in Western Europe also if we con-
sider the size of the economy and passenger traffic.

The table below (Fig. 2) shows that Chopin Airport in Warsaw, which accounts
for ca. 80% of cargo on-board, has dominated this segment of the Polish market.
However, the data do not fully reflect the reality of the market as RFS statistics are
missing. For example, the Lodz Airport is amongst the leaders when account is
taken of RFS services but as a result of the absence of a developed airline network,
recently it doesn’t record any cargo on-board.

Looking at the above table, we can see that the growth rates of air cargo traffic
have reached two-digit numbers in recent years. As mentioned before, the data do
not show the full picture of the market since RFS data is missing. In the absence of
comprehensive statistics, we must use market growth estimates presented to the
conference Future of Air Cargo in Poland. According to them, air cargo market

Airport 2012 2013 2014 2015 2016 2017
48219 58 284 72 186
Warsaw, Chopin Airport 45 362 726 106 | 53 474 582 042 365| 84389442
14 523 15 586
Katowice Pyrzowice 10429172 | 8598 965| 14197979 862 274| 15233859
Gdansk Lech Walesa Airport 3932081 | 4326182 4179818 | 4452205| 4186389 | 5118050
Krakéw - Balice 583 709 465 882 0 0 3487 108
Rzeszéw Jasionka 227076 186 678 804 703 | 3863 349 731770 392779
Lodz Lublinek 376 266 0 0 0 0 0
Poznan Lawica 177 393 168 052 145 900 260 623 212291 466 397
Wroctaw Strachowice 95 961 93 049 115930 89272 | 2318334 944 055
Szczecin Goleniéw 77570 41751 21397 53 566 278 775 129 639
Bydgoszcz Szwederowo 25294 1940 1511 7583 0 23 545
Zielona Géra Babimost 21 0 0 0 0 0
Lublin Airport 0 0 656 14 968 1007 14
Warsaw Modlin 0 0 0 0 0 0
Olsztyn — Mazury 0 0 0 0 0 0
Radom — Sadkéw 0 0 0 0 0 0
62101 81549 95 504
Total 61 287 269 605 | 72942 476 470 692 [ 106 697 888

Fig. 2 Air cargo in Poland in kg on-board in the years 2012-2017. (Source: own compilation
based on data from the Civil Aviation Authority)
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grew by as much as 30% in 2017 while in 2018 the growth was much less dynamic
and reached only 3%.

3 The Forecast of Air Cargo Market Development

According to data provided by Boeing [3], long-term average annual growth rate of
air cargo traffic amounted to 4.2%, whereas in 2017 it reached 10.1%. The company
believes this high growth rate was driven by the global economic expansion, increas-
ing industrial production, and global trade growth. Boeing argues that despite the
drop in the growth rate in 2018! many indicators suggest that there are strong rea-
sons to believe that in the future cargo will be growing above the long-term average.
In their opinion, further growth of cargo will be stimulated by the economic growth
and dynamic growth of e-commerce. Boeing also observes that goods, which due to
their inherent features are most preferably transported by air (time-sensitive perish-
ables, high-value commodities), are some of the fastest growing trade flows around
the world. On the side of threats to the growth of air cargo, Boeing lists trade wars
and volatile fuel prices. The company also expects further dynamic growth of the
Asian market that is crucial for Europe. According to Boeing, intra-European traffic
and cargo flows between Europe and North America will grow much below the
world average. Nevertheless, having analysed all forecasted flows to and from
Europe, the outlook for the development of air cargo market in Europe should be
assessed as positive. Regrettably, no forecast is provided individually for
Polish market.

4 GDP Growth Forecast

There is a high correlation between air freight and economic growth. Cargo market
is also more responsive to general economic situation than passenger market [4].
Freight traffic however tends to fall faster in comparison to economic downturn and
rebounds faster on the economic up-cycle [5]. During IATA Global Airport and
Passenger Symposium [6], global economic slowdown, trade war and geopolitical
tensions at various parts of the world were indicated among the major threats to the
air transport development in the near future. Taking into consideration pessimistic
predictions concerning major economic and political factors, it can be assumed that
air cargo traffic will record negative trend in the near term both globally and locally
in Europe.

This negative scenario may be realised in Poland. Current forecasts of European
Commission however, although already lowered, show that the GDP will grow at

"Boeing estimates suggest the growth reached ca. 4%.
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the rate of 3.5 and 3.2% in 2019 and 2020, respectively [7]. This could provide
strong foundations for the growth of air cargo in the forthcoming couple of years,
provided that Polish market will be not negatively hit by global crisis.

5 Geographical Market Location and International Trade

When examining the potential of the cargo market in Poland, we need to look at it
from the viewpoint of the market location. As demonstrated by data provided by
TATA WATS [8], air cargo traffic inside Europe accounts for only 2.3% of global air
traffic. However, globally Europe is a very important market in terms of interconti-
nental transport. Two out of three of the biggest flows of goods transported by air
start and end in Europe. The biggest traffic destination from Europe is Asia (19.4%
of the global traffic).

Geographic structure of Polish foreign trade is an important factor that impacts
the growth of air cargo market and it is directly linked to geographical location of
Polish market. From the viewpoint of air cargo market and its growth, we need to
bear in mind that air transport has got an advantage over other modes of transport in
situations when a large portion of trade flows are targeting countries located at very
long distances. At the same time, as demonstrated by data, Polish trade focuses
mainly on the EU Member States. When it comes to exports, more than 30% of
trade takes place between Poland and its immediate neighbours: Germany and
Czech Republic. The list of top 10 importers of Polish goods includes only one
country from outside of the European Union, i.e. the United States. Slightly more
promising, from the point of view of air cargo growth potential, is the structure of
Polish imports. China ranks second amongst the biggest exporters to Poland. The
list of top 10 exporters to Poland also features the United States. Nevertheless, also
in imports, most trade flows originate from the European continent.

6 Airlines Capacity

Air is the most expensive mode of transporting goods. Prices are 10-15 times
greater for air transport than for sea transport [5]. That is because aircraft is costly
to operate, especially per 1 kg of cargo.

As much as ca. 50% [3] of air cargo is carried in the bellies of passenger aircraft.
These aircraft can hold up to 25 tons of cargo if they are wide-body aircraft and in
extreme cases up to 5 tons if they are big narrow-body aircraft (usually maximum
1-2 tons). In fact, cargo capacity of a given flight depends on many factors. It should
be stressed that destinations operated by passenger aircraft are selected almost
exclusively based on the passengers’ demand. It means, cargo transport on these
routes is not driven by the needs and/or demand of the cargo industry. The biggest
cargo transport possibilities are offered by passenger planes in the freight configura-
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tion. The largest freighter can carry even up to 140 tons,? while the capacity of a
medium-sized wide-body freighter aircraft reaches ca. 50 tons. Operation-wise,
such aircraft can be used in two ways: on regular cargo routes or in ad hoc operations.

Extensive network of flight routes operated by passenger wide-body aircraft or
freighters is especially important for the growth of air cargo market. In this context,
attention should be drawn to the fact that nowadays using wide-body aircraft for
moving cargo, despite significant increases reported in recent years, remains still
rare in Poland. PLL LOT operates the largest fleet of wide-body aircraft in Poland
comprising currently® eight Boeings 787-8 and three 787-9. On top of that, four
Boeings 787-9 are expected to be delivered to the air carrier in 2019. Notably, some
services by wide-body airplanes are operated by PLL LOT from Budapest. On
routes to and from Warsaw wide-body aircraft are operated also by Emirates, Qatar
Airways, Air China, to a limited extent by Turkish Airlines, and Air Canada Rouge
as a seasonal service. It is worth adding that regular routes operated by freighters to
and from Poland are available only from courier service companies. The only car-
rier in Poland who operates a wide-body aircraft for that purpose is UPS flying
Boeing 747 from Warsaw in different configurations. So far, no air carrier has
decided to start operating regularly scheduled cargo flights, the so-called general
cargo, from Poland. For the time being* not a single carrier has announced such
intentions. Yet we should mention that there is a carrier in the Polish market, Sky
Taxi, who operates a wide-body freighter Boeing 767. The aircraft is used exclu-
sively on an ad hoc basis mostly outside of Poland. Thus Polish air cargo network
has got an increasing albeit still limited potential stimulating the growth of air
cargo market.

7 Air Cargo Potential in the Light of Growth
of the Production of Certain Commodity Groups

Due to high cost of transport and operational limitations, air cargo represents less
than 1% of the global trade by tonnage [8]. Yet air cargo surely outperforms other
modes of transportation when it comes to delivery time, which becomes especially
competitive on long-haul flights. Characteristics of air cargo industry make them
best placed to carry specific groups of products, which in a simplified approach can
be described by three criteria:

Sensitive to the length of the journey

— Sensitive to temperature

High-value goods

Rarely unique cargo—oversized and superheavy goods [9]

2Boeing 747, version 800.
320 February 2019
41 March 2019
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The above characteristics should be seen as a rather broad and generalised
description of goods that are most frequently carried by air. Goods carried by air-
craft may have one or more of the above-mentioned features, they may, e.g. be
sensitive to the length of the journey and to temperature.

Considering the above criteria we may say that the following are mostly trans-
ported by air: mail, including diplomatic pouches, courier parcels, pharmaceuticals
and other medical products, medical samples, live animals, human organs, human
remains, electronics and accessories, parts for aircraft, automotive, mining, mari-
time, etc., industry, food (e.g. meat, fish), flowers, radioactive materials, clothes,
money, valuables and artworks.’

Because air cargo tends to specialise to carry specific commodities, it tends to
develop in a given country or region in line with the presence of particular branches
of industry, such as electronics, pharmaceutical, automotive, aircraft, maritime or
extraction industry. Air cargo is also stimulated by e-commerce.

Thus we may propose a thesis that the future pace of air cargo development on
routes from Poland will partly depend on the expansion of the production of goods
which, due to their features, are the most predestined to be transported by air.

Speaking of air cargo traffic we should take a closer look at aircraft industry. This
is an industry with long tradition in Poland. Nowadays, 90% of aircraft-related pro-
duction in Poland is located in Podkarpacie [11]. It is hard to estimate the rate, with
which aircraft industry will continue to grow in Poland, but we may assume that it
will be meaningful. As suggested by Magazyn Przemystowy [11], the output will be
driven by global orders for aircraft together with growing market in Poland and
orders from the civil sector.

Pharmaceutical industry is another sector of the economy that can significantly
stimulate the growth of air cargo. According to Sledziewska [12], currently pharma-
ceuticals account for 1.33 of the GDP of Poland, which is lower than in other EU
Member States. Nevertheless, the author draws attention to the fact that the industry
share in GDP grows for Poland twice as quickly as for other countries. The growth
of Polish air cargo surely largely depends on the automotive industry. Car and spare
parts manufacturing in Poland represents as much as 8% of Poland’s GDP, gener-
ates 13% of exports and grows dynamically. Experts forecast that the turnover of the
automotive sector in Poland will be increasing also in the future [13]. The situation
of the Polish shipyard industry looks differently. Authors of the report titled “Polski
sektor stoczniowy, stan obecny, perspektywy, zagrozenia” [Polish Shipbuilding
Industry: Current Situation, Perspectives, and Threats] [14] indicate that shipbuild-
ing industry in Western Europe has expanded its order portfolio in recent years. Yet,
in the opinion of the authors, Polish shipyards have not benefited from these positive
trends because, inter alia, they have not signed any significant long-term contracts
for the construction of special-purpose vessels. According to the report, Polish ship-
yards are not profitable and margins that they achieve do not suffice to provide a
stable capital surplus that would secure their further growth. When examining the

SFor a broader scope of goods carried by air, see: J. G. Wensveen [10].
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growth potential of Polish air cargo traffic through the lenses of the development of
certain industries, which can boost this growth, we should conclude that the picture
is not clear. However, if we consider positive outlook for the growth of the pharma-
ceutical, automotive and aircraft industries we may argue that industrial output will
stimulate increases in air cargo traffic in Poland.

8 Air Cargo Infrastructure in Poland

Infrastructure used for cargo handling is also an important component of the land-
scape that conditions the growth of air cargo traffic. As shown by the debate held
during the conference Future of Air Cargo in Poland at the Warsaw School of
Economics [15] ¢ the growth of air cargo infrastructure in Poland can be perceived
at multiple levels. Firstly, we need to consider the availability and capacity of cargo
service terminals in the Polish market. Cargo service infrastructure is available at
airports in Warsaw (Chopin Airport), Rzeszow, Krakow, Katowice, Lodz, Wroctaw,
Poznan, and Gdansk. On top of that, we should also mention the terminal at the
Szczecin Airport currently under construction. In Warsaw and Poznan agglomera-
tion, there are also air cargo service terminals located outside of the airports.
Participants to the debate at the conference Future of Air Cargo in Poland decided
that the quality of services rendered by the existing terminals is not satisfactory.
Interestingly, the discussion addressed the future Central Communication Port,
which in the opinion of conference participants should include special infrastructure
dedicated for air cargo handling.

In addition, conference participants highlighted the importance of awarding the
security status of air freight for the development of air cargo infrastructure in
Poland. It links with the need to protect the aviation against any unlawful interfer-
ence. In the debate, attention was also drawn to the problems of awarding such sta-
tus in Poland. One of the shortcomings of the Polish market is also the absence of
properly trained dogs. Another element tackled in the discussion was the insuffi-
cient population of companies with the so-called “known consignor” status.’
Participants of the conference stressed that a safe supply chain from a known con-
signor simplifies, shortens and facilitates the logistics process. As shown by data,
Poland is poorly developed in this area compared to other countries in Europe.
While there are only a dozen or so companies with this status in the Polish market,
in Germany there are ca. 2k companies with the “known consignor” status.

®Conference titled Future of Air Cargo in Poland, Warsaw School of Economics, 21 February
2019.

"We need to stress that an air freight shipment from the so-called “known consignor” within a safe
supply chain does not go through security checks at all. Simply speaking, a known consignor is a
manufacturer who meets specific legal requirements, as a result of which work organisation, pro-
cedures and staff working on the dispatch of air freight guarantee that no unlawful interference can
take place. For more on the subject see: http://www.ulc.gov.pl/pl/ochrona/cargo/znany-nadawca.
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9 Summary and Conclusions

When examining the outlook for the growth of the air cargo market in Poland, we
need to remember that Poland is a part of Europe, where perspectives for the devel-
opment of air cargo traffic are good largely because of cargo flows from the Far
East. Broadly understood economic growth and the development of industries
whose products are transported by air are factors that surely favour the growth of air
cargo in Poland. The fact that nowadays substantial flows of air cargo are carried on
trucks to airports located west and south of Poland shows huge potential of the
domestic market, which can increase cargo flows from Polish airports and the
handling of air freight in Polish terminals not only through the organic growth of the
market but mainly by capturing flows already generated by the market. Presented
analyses inform that in order to achieve this, Polish cargo infrastructure should be
improved in terms of terminal capacity as well as the quality and smoothness of
security checks. The construction of the Central Communication Port can poten-
tially be positive for the growth of cargo market. Another favourable factor for air
cargo growth can come from the expansion of route networks for freighters or wide-
body passenger aircraft. New purchases for the PLL LOT fleet in 2019 should addi-
tionally support the trend. Another stimulus for the growth of air cargo traffic in
Poland can also be provided by the increasing number of “known consignor” status
companies. Summing up, Polish air cargo market has got a substantial growth
potential, higher than the potential of passenger traffic market. Yet the market needs
changes at different levels. Interesting conclusions have been presented by the par-
ticipants to the conference titled Future of Air Cargo in Poland, who highlighted the
need for enhanced cooperation between companies in the market and a new approach
to such collaboration.
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Conditions of Using the Bi-directional
Tram in the Sustainable Urban Transport
System (Case Study on the Example

of Szczecin, Poland)
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Oliwia Pietrzak and Krystian Pietrzak

Abstract Tram transport is an important component of the urban transport system.
In addition to subway and urban railway (including metropolitan railway), it is a
component of the Urban Rail Transport (URT). One of the solutions in this system
is the bi-directional tram. The objective of the article was to indicate factors condi-
tioning the possibility of implementing and using the bi-directional tram in the
urban transport system, with reference to the case study of Szczecin, Poland. The
qualities of this mean of transport and conditions determining its functionality were
also indicated, including those underlining its potential advantages over the tradi-
tional tram system. The analysis also includes the role that the bi-directional tram
plays in European cities and potential benefits of using this mean of public transport
in a sustainable urban transport system. The authors of the article applied the method
of critical literature analysis, the documentary method and analysis, and the synthe-
sis method. In addition, the results of field studies carried out by the authors in
selected European cities with external and participating observations were included.
The research was carried out from 2018 to 2019.

Keywords Tram - Streetcar - Urban transport - Public transport - Passenger
transport - Sustainable development

1 Introduction

Urban transport plays a special role in the passenger transport system. In particular,
it is the consequence of the role that the city plays in the life and development of the
society. Cities have several characteristics:
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e Limited space.

e They constitute the living environment of an increasing number of the world
population [1].

* They are a place of concentration of various forms of human activity and, hence,
of transport needs.

e The so-called urban lifestyle is becoming more popular and the mobility of the
society is increasing.

These characteristics directly or indirectly affect the possibilities for and direc-
tions of designing and functioning of the urban transport system. City dwellers need
the public transport system to support their daily activities [2].

Progressing urbanization processes are beneficial, for instance, they encourage
economic growth, increase the number of jobs, raise living standards, and facilitate
access to cultural, scientific, and health centers; however, they also cause numerous
undesirable phenomena. They include, among others:

» Expansive development of the transport infrastructure in cities
* Increased environmental pollution and noise

e Congestion on roads

e Decreased safety of pedestrians

* Increased number of road accidents

* Increased transport costs in cities

* Increased land prices for residential construction in urban areas

The basic task of the urban transport system is to meet the transport needs of its
users [3]. These needs can be meet individual or public transport. In the face of
activities undertaken by cities and metropolitan centers in order to limit individual
motorization, it is worth noting that public transport, apart from the indicated basic
function, also performs other additional functions that are important for the city and
society. The crucial functions are of social nature, for instance, handling the needs
of residents who do not have access to individual vehicles, with low economic
opportunities [4], residents with movement limitations, children and adolescents,
people staying in the area occasionally and responding to the aging process of the
society. Environmental functions are also of importance—they include counteract-
ing road congestion and degradation of the natural environment, as well as spatial
functions, such as deciding on the space of the city and its transport system.

It is also worth emphasizing the unfavorable phenomenon of “temporal remote-
ness” of individual areas of urban space. As a result of the growing mobility of the
society, the increase in the degree of individual motorization and the progressing
phenomenon of congestion on the roads, the time needed to travel a certain distance
is much longer. As a result, even though the distance is clear and there are invest-
ments in the transport infrastructure or organization of the transport system, the
temporary availability of specific urban areas is significantly reduced. Consequently,
transport availability, determined by four main components: spatial, transport, time,
and individual [5], and the attractiveness of the area are reduced. Therefore, urban
transport has become a tool of the transport policy and also of spatial, economic,
and social policies.
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It is generally recognized that the carrot and stick approach is necessary to
decrease car usage and to increase public transport usage [6]. Therefore, municipal
authorities decide to implement a number of solutions which are to discourage
residents from using private vehicles to travel into urban areas and indicate the pos-
sibilities and benefits of using public transport.

The objective of the article was to indicate factors conditioning the possibility of
implementing and using the bi-directional tram in the urban transport system, with
reference to the case study of Szczecin, Poland.

An important part of the research was to answer the following questions:

*  What are the features of the bi-directional tram as a mean of public transport?

*  What functions does the bi-directional tram perform in European cities?

e Is it possible to implement the bi-directional tram in Szczecin?

*  What benefits does the implementation of the bi-directional tram into the urban
transport system offer Szczecin?

The article presents the results of the two-stage research:

 Field studies carried out in selected European cities: Brussels (Belgium), Prague
(Czech Republic), Warsaw (Poland), Cracow (Poland), Wroclaw (Poland),
Olsztyn (Poland), 2018

* A case study on the example of Szczecin and the analysis of the conditions for
the implementation of the bi-directional tram in Szczecin, 2019

2 Characteristics of the Tram as a Mean of Public Transport

Systems of public transport are becoming increasingly important as they are reli-
able, accessible, environmentally friendly and satisfy the capacity needs. These
benefits help to revive tram systems in many regions of the world [7].

Tram is a passenger or freight road vehicle designed for use on a tramline [8].
According to the Regulation (EU) 2018/643, tram means a passenger road vehicle
designed to seat more than nine persons (including the driver), which is connected
to electric conductors or powered by diesel engine and which is rail-borne [9]. In
Poland, in accordance with the Regulation of the Minister of Infrastructure, the tram
is defined as a vehicle designed to carry people or goods powered by electricity,
moving on rails on public roads [10].

Trams have numerous qualities which allow them to play an increasingly impor-
tant role in public transport systems [7, 11]. A tram-based passenger transport sys-
tem offers a more cost-efficient alternative to metro or light rail [12], and it provides
higher capacity and reduced negative impact on the environment as compared to
buses [13]. Modern trams are also comfortable for users and more punctual than
buses [14]; they are well suited for transportation in the central city areas with high
traffic [15].

The key features of the tram as a mean of urban transport are indicated in Table 1.
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Table 1 Selected features of the tram compared to other means of public transport

Tram features

Positive

Negative

The possibility of independence from traffic and
congestion by separate communication routes

Hindered possibility of organizing a
bypass in the event of sudden events
or roadworks

Higher average and maximum communication speed
compared to buses and trolleybuses [15]

Limited possibilities of current
adjustments of the route

Higher capacity compared to buses and trolleybuses

Relatively high unit cost of buying a
new vehicle

Reduced air pollution, noise, and vibration

Less maneuverable compared to
buses

Lower investment costs compared to the metro

Higher investment costs compared to

buses and trolleybuses [15]

Low sensitivity to adverse weather conditions

Longer service life compared to buses and trolleybuses
(about 40 years)

Narrower lane compared to buses

Easier access to passenger stops compared to the metro

Less expensive operation compared to buses and
trolleybuses (in the case of passenger traffic flow of
more than 5000 passengers/hour) [15]

Greater punctuality compared to buses and trolleybuses

Possibility of entering narrow city roads

Considerable transport safety

Compliance with EU transport policy requirements

Integration with urban space

Positive impact on the image of the city

A special type of tram is the bi-directional tram. The Regulation of the Polish
Minister of Infrastructure defines the bi-directional tram a vehicle adapted for driv-
ing in two directions [10]. As this definition is too general, the authors decided to
coin their own. They define the bi-directional tram as a vehicle adapted for driving
in two directions, whose duplicate equipment (cabin, doors on both sides, panto-
graph) allows to perform its function regardless of the direction of movement.

The functionalities of the bi-directional tram show that such trams may fulfil all
tasks of the uni-directional tram, and, in addition, its characteristic features allow it
to be used in situations unavailable for traditional trams.

The crucial features of the bi-directional tram, as compared to the uni-directional
tram, are indicated in Table 2. The analysis of these features allows us to state that
the bi-directional tram is more universal. The use of this type of vehicle offers spe-
cific benefits to the process of handling passenger traffic in the city.

The study carried out by the authors found that the popularity of bi-directional
trams is growing in urban transport systems in Europe. Despite significant differ-
ences in the spatial structure of individual cities, as well as in the system of public
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Table 2 Selected features of the bi-directional tram compared to the uni-directional tram

Bi-directional tram features
Positive Negative

Limited land demand (no need to build a loop) Higher total vehicle weight

Even wear of road wheels (no need to turn wagons | Greater pressure on the track
to extend the time of their use)

Even and slower wear of other vehicle Higher purchase costs (the difference
components, due to their duplication, e.g., estimated by the manufacturers of rolling
equipment of the driver’s cab stock is around +8-15%)

Possibility of independent (without the use of a Higher labor intensity of maintenance
technical vehicle) exit after a collision (without activities (e.g., periodic inspections of a
the exclusion of further traffic) larger number of doors)

Possibility of driving in a shuttle system, e.g., Smaller number of seats

during roadworks or in the event of collisions

Possibility of extending the route at any time/stage | Passengers have to get accustomed to the
construction of the route—the route ends with a new solution (as compared to the traditional
switch-back system)

Possibility of building the route in densely
developed areas

Lower costs and shorter route construction time
(no need to build a loop)

Possibility of quick direction changes

Handling central and traditional platforms

Possibility of using the existing infrastructure

Possibility of being used as the uni-directional
tram

transport, more and more cities decide to include bi-directional vehicles in the city
traffic. This mean of transport is used to a different extent, performing the basic,
equivalent, or auxiliary function in the city tram system. In Europe, this type of
vehicles may be found in Brussels or Prague, while in Poland it is used in Warsaw,
Krakéw, Wroctaw, Poznan, and Olsztyn. It is worth noting that the new tram
network in Olsztyn was built without tram loops—it is only served by bi-
directional trams.

3 The Use of Bi-directional Trams in Selected Cities
in Europe

Field studies were conducted to identify possible applications and functions of the
bi-directional tram in urban transport systems. An analysis was carried out in
selected European cities which use the bi-directional tram. The study was conducted
in 2018. There were two groups of cities:
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Cities which have a tram network in operation from many years: Brussels
(Belgium), Prague (Czech Republic), Warsaw (Poland), Cracow (Poland),
Wroclaw (Poland)

A city with a new tram network: Olsztyn (Poland)

The selected results are presented in Table 3, which contains the following data:

Type of infrastructure: tram lines with tram loops, tram lines with switch-back
terminals, temporary switch-back and switch-back between tram stops

Type of trams: uni-directional and bi-directional

Manner of using bi-directional trams: on the lines with loops, on the lines with
switch-back terminals, and on the lines under renovation

Table 3 shows that the use of the bi-directional tram does not directly depend on

the construction of special infrastructure (with switch-back terminals). Two of the
analyzed cities, Prague and Cracow, only use the bi-directional tram to operate lines
under renovation and in the remaining period they use it interchangeably with uni-
directional trams on the lines with loops.

Table 3 The use of bi-directional trams in selected European cities

Brussels
(Belgium)

Prague
(Czech
Republic)

Warsaw
(Poland)

Cracow
(Poland)

Wroclaw
(Poland)

Olsztyn
(Poland)

Infrastructure

Line with
tram loops

+

+

+

+

+

Line with
switch-back
terminals

Temporary
switch-back

Switch-back
between tram
stops

Tram

Uni-
directional
trams

Bi-directional
trams

Manner of
using
bi-directional
trams

On the lines
with loops

On the lines
with
switch-back
terminals

On the lines
under
renovation




Conditions of Using the Bi-directional Tram in the Sustainable Urban Transport System... 117

Warsaw and Wroclaw use the bi-directional tram to operate lines under renova-
tion and also to operate new lines with switch-back terminals and lines constructed
in stages.

The situation is different in the other analyzed cities—Olsztyn and Brussels.
Olsztyn constructed an entire tram network adjusted solely to bi-directional trams
(2015). The city has no tram line ending with a loop. However, many years ago,
Brussels resigned from uni-directional trams, gradually adjusting its tram network
to bi-directional trams as the only type of trams. However, some lines ending with a
loop remained for historical reasons. Furthermore, the city network has switch-
backs between tram stops, which allows the bi-directional tram to handle traffic on
shortened routes.

Studies have shown that the analyzed cities use the bi-directional tram to a dif-
ferent extent:

* Sole mean of transport (Olsztyn, Brussels)

* Handling traffic during renovations

* Handling newly built lines with switch-back terminals
e Investment phasing

Despite the fact that the use of bi-directional tram does not depend directly on the
construction of special infrastructure and it may be used interchangeably with uni-
directional trams, none of the analyzed cities use bi-directional trams solely to
replace uni-directional vehicles. All these cities also pursue additional possibilities
offered by this mean of transport.

4 The Use of Bi-directional Trams in the Urban Transport
System: Case Study on the Example of Szczecin, Poland

Szczecin is located in the north-western part of Poland. It is the capital of the West
Pomeranian region and the largest urbanized center in this area. It is also the central
part of the Szczecin Metropolitan Area (SMA). The area of the city is 301 km?, thus
ranking third in the country. The population of Szczecin amounted to 403,274 peo-
ple as of June 30, 2018 [16].

The public transport system in the city is based on two subsystems: trams and
buses. Transport services are provided under contracts concluded with one tram car-
rier (Tramwaje Szczecinskie Sp. z 0.0.—TS) and four bus carriers. However, it is
worth noting that due to the need for changes to the communication behavior of the
dwellers of the city and the SMA and shifting the passenger load from individual
transport to public transport, steps were taken to integrate rail transport into the
transport system of the SMA by creating and implementing the Szczecin
Metropolitan Railway (SMR) [17].

The assumptions of the city transport policy, included in the plan of sustainable
development of public transport, indicate that the basic means of public transport in
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Szczecin is and will be the tram along with the bus network. Moreover, it was
emphasized that the city center will prioritize trams as means of transport, and its
implementation into the public transport network is to be ensured with integrated
transfer nodes [18]. Such assumptions are particularly important from the point of
view of the solution proposed by the authors—the implementation of bi-directional
trams in Szczecin. The solutions proposed by the authors are based on the study
they carried out in 2018 for the Szczecin City Hall on technical, operational, and
organizational conditions for using the bi-directional tram in the public transport
system in Szczecin. It was a direct result of the need to expand the existing tram
network in connection with the spatial development of the city and the purchase of
vehicles to handle traffic on new routes. To this end, the city is planning to purchase
new trams, therefore, there is a compelling reason to consider the use of bi-
directional vehicles.

The current offer of public transport in Szczecin in the field of tram transport
includes 12 day lines [19]. Traffic handled by the TS company is directed through
119 km of single tracks and 12 tram loops (two of which are street loops) [20]. The
system is entirely based on uni-directional trams, including the infrastructure—all
routes end with loops. It should be noted that this situation does not exclude or limit
the possibility of using bi-directional trams.

Taking into consideration the research conducted in selected European cities, the
analysis of the condition of the Szczecin tram system, and the necessity of further
development, the authors suggested a three-step implementation process of the bi-
directional tram (Table 4):

 First step (green color in Table 4)—the purchase of bi-directional trams and tem-
porary switch-backs—to operate lines under renovation (similarly to Cracow and
Prague)

Table 4 The use of bi-directional trams in the city of Szczecin
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* Second step (yellow color in Table 4)—construction of new lines ending with
switch-back terminals and increasing the use of the bi-directional tram to operate
lines under construction (similarly to Wroclaw and Warsaw)

e Third step (blue color in Table 4)—the construction of switch-backs between
tram stops and using the bi-directional tram on shortened routes (similarly to
Brussels)

4.1 First Step: Use on the Existing Lines Under Renovation

Exploitation of transport system is associated with the need to conduct ongoing
renovations of the infrastructure. The purpose of the activities which have been
implemented in Szczecin is to reduce the tram traffic on the entire communication
line. A tram line is usually temporarily replaced by a bus line. As a result, the
replacement is included in the car traffic, thus adding to the road congestion. This
solution causes bus delays and, consequently, passenger dissatisfaction. In addition,
there is always a need to organize temporary bus stops, which affects the safety and
comfort of passengers. The bus line cannot follow the same or similar route as the
tram, at the same time keeping the timetable. These changes often disturb the inte-
gration of the network.

The use of the bi-directional tram in the indicated range can be implemented by
shortening the route (Fig. 1) or temporarily leading traffic along one track of the
renovated section, without shortening the starting route.

Organizers, municipal authorities, and public transport operators should always
take into account the fact that it is easier to attract new passengers than to regain
the trust of those who resigned from public transport. Therefore, renovations of
the tram network have to provide the possibility of handling passengers at the cur-
rent level in terms of accessibility, time, cost, convenience, and integration. The bi-
directional tram offers such opportunities.

4.2 Second Step: New Tram Lines with Switch-Back Terminals

The proposed solution assumes the extension of the existing tram route (Fig. 2—
black line) along 26 Kwietnia St. in two stages (diagram in Fig. 2):

e Stage I: construction of a two-track route on the section: Boh. Warszawy/
Krzywoustego intersection—Witkiewicza/Derdowskiego intersection (Kaliny
housing estate), approx. 2.2 km long (length of the whole line approx. 4.5 km), 6
stops, potential passengers: over 6000 residential premises, inhabited by over
15,000 residents within 400 m from the tram stop (Fig. 2—red line)

e Stage II: construction of a two-track route on the section: Witkiewicza/
Derdowskiego intersection (Kaliny housing estate)—Zawadzkiego—Klonowica
housing estate, length and mileage depending on other infrastructure investments
of the city (Fig. 2—blue line)
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Fig.1 Tram line in Szczecin. (a) Regular traffic, (b) A proposition of using the bi-directional tram
during renovation in Szczecin. (Source: Own work based on www.openstreetmap.org)
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Fig. 2 The proposed new tram line using a bi-directional tram in Szczecin. (Source: Own work
based on www.openstreetmap.org)

As there are some ongoing construction investment projects, it is impossible to
make an intermediate loop during the entire route. The use of the uni-directional tram
would force the investment to be carried out in one step. This would result in the need
to incur significant costs in a short period of time, without the possibility of commenc-
ing the operation of the route at individual stages of the investment. The use of the
bi-directional tram will allow for: a gradual implementation of the investment (after
the construction of stage 1, the route can be completed with the switch-back) and the
inclusion of trams at the first stage of the route, without the need to build a tram loop.

4.3 Third Step: Use on Shortened Routes

Passenger traffic in cities varies in many respects. Meeting the growing transporta-
tion needs requires integrated actions involving not only infrastructure develop-
ment, but primarily changes to the traveling behavior of residents in the appropriate
modal split, which is a significant share of journeys by public transport [21].

The adjustment of communication lines to the size, directions, and time of pas-
senger flows is particularly important in urban transport. A tram system using bi-
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directional trams gives the possibility of a more flexible adjustment of the course
and length of communication lines. Passenger traffic, increased during the rush
hour, especially in the city center, can be handled by bi-directional vehicles for
additional, shortened or changed lines within 24 h. The present tram system in
Szczecin does not provide such a possibility. Each time the vehicle has to finish the
line in a circular motion on the tram loop, it causes significant infrastructure occu-
pation, extended tram travel time, and limited possibilities to increase the frequency
of running vehicles on a given line. As a result, increased transport needs of resi-
dents are met by bus vehicles. The bi-directional tram could therefore be a tool for
maintaining a balanced modal split within public transport in the city.

Figure 3 shows an example of the use of a switch-back for the implementation of
a shortened route by the bi-directional tram in Szczecin.

Ongoing or planned investments in the tram system in Szczecin include several
aspects: maintenance, repair and modernization of existing infrastructure, construc-
tion of new infrastructure sections, ongoing repairs and maintenance of tram rolling
stock, purchase of a new tramway fleet, ongoing repairs and maintenance of the
traction network, and construction of new elements. The rolling stock investments
planned by TS and infrastructural projects designed by the municipality would
allow for the introduction of the bi-directional tram in Szczecin in the near future.

Moreover, the implementation of the investment, including the introduction of
bi-directional trams into the system, may be associated with measurable economic
benefits. Rolling stock manufacturers point to differences in the price of vehicles. In
their opinion, these differences can range from 8 to 15% to the detriment of the bi-
directional rolling stock. However, the analysis of finalized orders in the Polish
market indicated that these differences were often lower, reaching even a mere 4.5%
(for the city of Poznan). It should be noted that the given values cannot be accepted
as a fixed conversion rate, any purchase cost of a tram rolling stock depends on the
requirements of the ordering party and the number of ordered vehicles. The indi-
cated difference in the purchase price can be compensated by: limiting the demand
for areas for surface-consuming tram loops, the possibility of tramway construction
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Fig. 3 The proposed use of switch-back for handling a shortened route by a bi-directional tram in
Szczecin, (a) Kolumba St. (b) Boh. Warszawy/Krzywoustego intersection. (Source: Own work
based on www.openstreetmap.org)
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stages with using particular fragments, more comprehensive use of tram rolling
stock, the promotion of environmentally friendly tram transport, and effective meet-
ing of transport needs of residents.

5 Summary

The tram system is a part of the public transport system in cities. Considering the
characteristics of vehicles and tram infrastructure, its operation should be consistent
not only with the objectives of the transport policy, but also the spatial policy of a
given area. The use of bi-directional vehicles in an urban tram system offers mea-
surable benefits in terms of handling the passenger traffic, competitiveness of public
transport, and spatial development of the city. It also offers the possibility of imple-
menting the assumptions of sustainable development of public transport in the city.
The gradual implementation of the bi-directional tram into the Szczecin trans-
port system suggested by the authors offers, among others, the following benefits:

* Increasing the functionality of the tram system

 Facilitating the traffic during tram line renovations

» Limiting the use of buses as emergency transport services

e Adjusting the tram network to the spatial development of the city
e Limiting the need to construct tram loops

All the aforementioned benefits also offer efficient passenger services and fulfil
their transport needs.

The inclusion of bi-directional vehicles into the Szczecin tram system proposed
by the authors is a solution which should be considered by other cities with tram
networks, which experience difficulties with spatial urban expansion.
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Abstract Sharing economy has been developing dynamically for a few years.
Shared mobility systems are one of the most interesting dynamically developing
concepts of the sharing economy. All around the world alternative transport modes
have become an object of interest while being promoted as innovative forms of
urban mobility. Shared mobility systems are focused on reducing the number of
transport vehicles by using each of them more efficiently. In order for these systems
to develop, an efficient customer service is needed. Nowadays, artificial intelligence
is increasingly reshaping services by performing various tasks in an innovative way.
Artificial intelligence algorithms for customer service are pushing the envelope of
innovation and revolutionizing the way customers are assisted. Currently, Al-assisted
bots can efficiently handle first-level queries and assist in reducing operational
costs. Currently, artificial intelligence is used in customer support service in indus-
tries such as: finance, retail, travel, food and transport. The aim of the chapter is to
create an algorithm dedicated to the customer service in shared mobility system
which includes sample dialogs, flow diagram and prompt lists adapted to shared
mobility systems.

Keywords Transport - Shared mobility - Artificial intelligence - Customer service

1 Introduction

Dynamic social, environmental and economic processes lead to an increase of
mobility with the use personal cars. This leads to increased congestion, degradation
of natural environment, a decrease in safety and thus the quality of life of citizens.
Modern metropolises face a number of challenges. Most members of the society
choose the personal cars to satisfy their mobility needs because they perceive it to
be convenient, direct, safe and quick. At the same time, the political decisions indi-

J. Pawlowska (04)
Faculty of Economics, University of Gdansk, Gdansk, Poland

© The Editor(s) (if applicable) and The Author(s), under exclusive license to 125
Springer Nature Switzerland AG 2021

M. Suchanek (ed.), Transport Development Challenges in the 21st Century,

Springer Proceedings in Business and Economics,
https://doi.org/10.1007/978-3-030-50010-8_11


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-50010-8_11&domain=pdf
https://doi.org/10.1007/978-3-030-50010-8_11#DOI

126 J. Pawtowska

cate a determination to reduce the share of personal cars in everyday commute.
However, in order for this goal to be achieved, there has to be an attractive alternative.

The services of shared mobility seem to be a possible answer to the transport
demand of consumers. They are a part of a wider concept of sharing economy, a new
model of socioeconomic relations. This model is based on the concept of resigning
from ownership of goods in place of their shared use. The shared mobility services,
while being different from each other, are commonly characterized by the desire to
reduce the total number of vehicles being used. A number of different services have
occurred on the market including: one car being used by multiple people at the same
time (carpooling), rental services of generally available cars, motorbikes or scooters
(carsharing, scootersharing) and systems of public urban bikes (bikesharing).
Global as well as Polish experience indicates that these services are becoming more
and more popular. Even though, different aspects of share mobility have been
observable for many decades, they have developed radically due to the use of
advanced information technologies.

An optimal level of customer service is needed for the strategic management of
shared mobility companies due to the innovativeness, dynamic growth and high
competitiveness at the market. Hence, more and more companies decide to use Al
solutions, including conversational bots. The bots are a new type of customer inter-
face which allow to use service and communicate with different solutions via a
chosen communications service. There are: chatbots, conversational entities, con-
versational interfaces, etc. Once created, they are controlled by software and not by
a human being. Bots are a novel type of communications tool with the customer and
their existence affects the growth directions of modern programming the same way
as mobile technologies and Internet did. This technical revolution led to the exis-
tence of services such as Uber, Traficar, AirBnB or Lime. The bots are used as a
frontline of customer service and increase its efficiency. Depending on the level of
algorithm, the bot can answer questions such as: “How to register and create an
account?” or “In what areas can I use the shared cars/bikes?”. Frequently asked
questions (FAQs) are a natural direction of how the systems should be first created
so that they are an automatic support of customer service personnel.

Artificial Intelligence provides the programmers with the tools necessary to cre-
ate bots. Natural Language Understanding and conversation management tools
facilitate creating complex text chats. Bots are more efficient, quicker and cheaper
than a human being in recurring tasks [1]. Advanced technologies play a key role in
the further development of shared mobility systems by changing the approach to
customer service [2].

The chapter presents the role of technology in the support of customer service
in shared mobility. The theoretical part has been based on current literature,
including reports and statistics on share mobility, sustainable mobility and the
development of cities and the use of artificial intelligence in customer service. The
second part of the chapter presents a project of an algorithm to be used in a bot for
shared mobility.
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2 The Idea of Shared Mobility Services

Shared mobility is an innovative transport service, which allows its users to use
chosen vehicles for a short term without the need to purchase them. Shared mobility
includes the rental of cars, bikes, scooters and also a shared use of one vehicle (car-
pooling). The services of shared mobility have increased the transport accessibility
of citizens while also decreasing the need to own a personal car. Most of the opera-
tors of share mobility services choose to integrate advanced technologies in their
services so as to allow the customers to reserve the vehicles, track them and use the
systems as a whole.

First bikesharing systems were implemented in Amsterdam in 1965. The goal
was to provide the citizens with an access to alternative vehicles and to protest
against the increased motorization within the cities which was troublesome both
spatially and environmentally. 20,000 were supposed to be purchased but the proj-
ect collapsed due to insufficient funding. Since then, the bikesharing systems have
evolved significantly, including a rental charge and in the third generation of system
smart locks—docking stations where the bikes can be left. There has been a signifi-
cant technological development in terms of paying for the services and identifying
the users. The control of users allowed to enlarge the areas in which the system
works. Currently, telematic solutions are necessary to manage and control the num-
ber of bikes at different stations. Nowadays, fourth generation of bikes are intro-
duced—so-called intelligent bikes—which are characterized by a system of
identifying the users, renting, blocking, and returning the bikes. The bike itself per-
forms the functions of the docking station because it has an electronic lock and a
multiaspect tracking system which collects the data on a continual basis (including
the possibility of GPS tracking). Renting a bike is now usually done with the use of
a smartphone rather than the docking station itself which was common in the third
generation of bikes [3].

Bikesharing systems exist in over 800 cities, in 50 countries all across the world.
Almost a million bikes are docked in over 38 thousand docking stations [4]. The
first table presents the largest bikesharing operators in Europe (Table 1).

Carsharing is a system of car rental per minutes. The first carsharing system was
created in The Netherlands. In 1968 a one and only one electric carsharing vehicle
was presented followed by a couple dozens of vehicles produced in the following
years. The Dutch based their system on stations because they had a relatively small
fleet of vehicles on hand. The system didn’t work as planned because too many cars
were in one place while other stations, at the outskirts of the system area were
empty. The charging of the vehicles took too long and the driving distance per
charge was too short. The system didn’t work but it started a new era in the share
mobility evolution.

Modern carsharing systems are fairly similar to traditional car renting, but they
are different in a number of aspects [5, 6]:

e Cars are available 24/7—they can be reserved, shared and returned.
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Table 1 Largest bikesharing companies in Europe in 2017

City Operator Name Year of launch | No. of stations | No. of bikes
Paris JCDecaux | Velib’ 2007 1746 23,845
Brussels JCDecaux | Villo! 2009 360 5000
Lyon JCDecaux | Velo’v 2005 348 4000
Valencia JCDecaux | Valenbisi 2010 275 2750
Sevilla JCDecaux | Sevici 2007 260 2500
Toulouse JCDecaux | VeloToulouse | 2007 253 2400
Barcelona C.Channel | Bicing 2007 424 6000
Milano C.Channel | BikeMi 2008 257 4650
London Bixi/Alta Santander 2010 687 9200
Montpellier | Smoove Velomagg’ 2007 52 2414
Warsaw Nextbike Veturilo 2012 355 5100
Munich Nextbike Nextbike 2011 30 3000

e The system is characterized by self-service of reservation, sharing and
returning.

* Rental time is charged per minute or hour depending on the operator.

e Advance information technologies are used.

e The area of the use of cars is preset (cars have to returned within the area).

* Insurance and petrol costs are included in the price of the service.

In Poland, the idea of carsharing is fairly new. It was first introduced in Warsaw
in 2016 where it has grown dynamically. Recently, a number of new technologies
were developed, which are supposed to ease the management of a carsharing sys-
tem, improve the customer service and decrease the costs of implementation of
further systems.

3 Artificial Intelligence in Automated Customer Service

An automatization of customer service increases the response quality to a level not
available to a human being. Al-based systems can be used as prevention by monitor-
ing the activity of customers in applications based on different danger indicators.
They identify the customers which have problems while collecting data on the type
and scale of the problems. Artificial intelligence is based on the process of self-
learning of machines which thus present life-like, intelligent behaviour. The system
can react in real time based on a support of virtual agents and databases of FAQs.
This problem can be predicted and solved before it has even occurred thus increas-
ing the satisfaction of the customer and decreasing the number of complaints and
resignations [7].

Furthermore, employing and training employees is a time and cost consuming
process. An increase of demand for the services leads to an increase of employment
and thus, naturally, the employment costs. In the long perspective, the automatization
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platforms decrease the costs radically because the process of machine learning is
self-preservative and require diminishing costs. Automated customer service works
24/7 and is not constraint by holidays and labour contracts. Problems are solved as
they occur, on the go, without the need for the customer to wait. Such a system posi-
tively affects the satisfaction of the customers and the reception of services solved.
The brand itself becomes perceived as more reliable and engaged in the customer’s
problems [8].

Customer service based on the AU algorithms provides a customer service level
which is not available for a human being. Conversational bots are not based or emo-
tional and their only goal is to provide an answer which is as good as possible based
on the algorithms of service. The mode of communication between companies and
their customers changes significantly. The Generation Y (Millenials) even avoids
interaction with another human being and chooses self-service options [9]. In case
of new generations, the system of customer service has to be as approachable as
possible, otherwise the company might lose its customers.

New technologies allow the customer service to be dynamically developed. An
introduction of a new product might be followed with an FAQ being published
which allows troubleshooting for the most common problems. An assistance of Al
in customer service allows a company to facilitate entering a new market reducing
the training, financial, language and social barriers. The automatization of customer
service thus allows a more dynamic development of a company.

The Al systems which are now used are characterized by a number of features
which are crucial for their implementation at a shared mobility market which
requires quick responses. The features include:

e Natural language understanding—the speech is transformed by an algorithm
which allows to understand the intention of the customer and selects the most
important key words from the speech. This process involves machine learning
based on an analysis of dialogue (Fig. 1).

* Management of discussion—the dialogue with the customer is streamlined—
people often cover different topics during discussion, often the goal of the dis-
cussion itself changes—artificial intelligence allows to select the right context
and manage complex discussions with conversational bots.

{

"intent";"weat

What's the /message her:

weather in json

Gdansk? /speech "location":"Gd

ansk"}

Fig. 1 Transcription of speech into intention
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* Image recognition—the ability to recognize text, objects and even emotions on
images based on training data—this function can be used when a customer sends
over e.g. a photo of a receipt.

* Prediction—a correct reaction of a bot at a given moment of conversation—AlI
usually can predict the outcome of the conversation given a sufficient amount of
learning data.

* Analysis of sentiment—the ability to recognize the emotion of the customer as
well as the confidence level in the virtual agent.

The artificial intelligence provides the companies with the tools necessary to cre-
ate conversational bots. The understanding of natural language and the discussion
management tools are crucial to manage the conversation between the bots and
customers.

4 Automatization of Damage Report in a Carsharing
Company

The graph (Fig. 2) presents a structure of a process of damage report system in car-
sharing company (Traficar). Four parts of the dialogue can be distinguished:

e Dialogue steps (moves).
¢ Intentions (intet).

e Variables (slots).

e Actions.

The dialogue steps are moments of conversation in which the bot asks for the
intentions of fills in needed information. They are presented as ovals within the
graph. These include:

e Greeting and asking about the type of the problem.

e Asking for the PESEL number.

e Informing about an incorrect PESEL number and a request for repeating.
* Informing about a lack of possibility to verify the identity.

* Asking for the place of the accident.

* Asking for a short description of the accident.

The intentions are different requests, commands, questions, and answers of the
users based on the questions of the Assistant. The intentions are indicated as the
vectors within the graph

e The choice of “accident”.

e The choice of “registration”.

e The choice of “reservation”.

e The choice of “payments and receipts”.
e The provision of PESEL number.
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intent: accident

action_out: correct PESEL

/
/ sds: data

action_out: IncofmﬁPEsEl.
action_out: correct PESEL
\
sds: place
|
J 505 time

action_out: incomect PESEL

Fig. 2 Dialogue graph—an automatization of a part of damage report system
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The variables (slots) are the data which can be collected from the intentions.
Some of them are generic (numbers, dates). Others are variables which are specific
for a given dialogue, e.g. the names of services or products:

e PESEL.
¢ Place of the accident.
¢ Date of the accident.

Actions are the operations on data collected during the dialogue. They are imple-
mented for a given business process and require integrating with the system. In the
analysed example actions are indicated by rectangular nodes in the graph. These
include:

e Switching over to the consultant.
e Validation of the PESEL number.
» Saving the date, time and place of the accident in the system.

5 Conclusions

The development of urbanization presents the people responsible for urban mobility
with a number of challenges. Shared mobility and intermodal transport solutions are
becoming more and more significant for the cities. There are the global economic
trends which can significantly alter the urban mobility, because right now the indi-
vidual motorization ratio is growing and the accessibility of parking spaces is
decreasing. The operators of shared mobility systems provide the cities with a solu-
tion which can complement public transport. The shared mobility systems are
becoming popular among people who can abstain from owning a car without losing
the comfort of driving one. However, in order for these systems to work in an effi-
cient way, new information technologies have to be implemented. These applica-
tions allow to change the customer service approach and automatize some of the
labour currently carried out by employees. Automatization is the future of customer
service, especially in share mobility services, which, due to their specifics, require
for example 24/7 control of the processes. The projects of the bots are rapidly evolv-
ing and innovative companies use them because they want to increase their produc-
tivity and create a new culture of customer service. Therefore conversational bots
can and should be used in shared mobility companies to carry out the customer
service in a more efficient way.
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Poland as an Example of Using Flexible
Transportation Systems as a Tool
for Meeting the Needs of Mobility
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Tomasz Kwarcinski

Abstract The article presents theoretical and pragmatic aspects related to the
organisation and operation of the flexible transportation systems. Such systems are
seen as promising from the point of view of ensuring mobility to the inhabitants,
especially those living in the areas with a low demand for transport services. After
1990, inhabitants in multiple regions across Poland were deprived of their access to
public transport. The main reason for which such services were no longer provided
was the decrease in demand for public transport. Flexible systems may become a
valuable supplementation of the public transport, as well as an alternative for indi-
vidual car transportation, in the pragmatic level, the functioning of the flexible
transportation in the city of Szczecin. This city is one of the two in which the trans-
port on demand has been introduced. The statistical data analysis makes it possible
to see the increased use of this form of transportation by the inhabitants.

Keywords Flexible transport systems - Public transport - Mobility

1 Introduction

Within the market, the transportation requirements of the inhabitants can be met by
providing regular and irregular transportation services. The characteristic feature of
the regular transportation service is a schedule that is available to the public, which
does not apply to the irregular transportation service. The irregular transportation
service is applied only after the requirement for it is submitted (e.g. via phone call)
by the individuals that will use such a service. This manner of fulfilling the transpor-
tation needs of the inhabitants is referred to as a flexible transportation. The avail-
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able literature also refers to such a solution as a demand-driven transportation
services. In practice, the term “transportation on demand” is also used.

The flexible transportation fulfils two primary objectives. The first has a social
nature and it is related to providing the inhabitants with access to public transport.
The second objective has an economic nature and is related to the rationality of the
using: means of transport, limited resources and minimising the costs of the trans-
portation services provided.

The purpose of this article is to present the theoretical and practical aspects
regarding the function of the flexible transportation system. This issue has been
rarely described by any literature related to the subject. On the theoretical level,
attention was drawn to the flexibility of the public transport system, highlighting its
limitations and benefits. However, within the pragmatic aspect presents the prem-
ises of the development regarding this form of public transportation as well as the
selected aspects of organisation and functioning of the flexible transportation as it is
implemented in Szczecin. The article presents statistical data obtained from the
organiser of the flexible transport in Szczecin—the Public Transport Authority.

2 The Essence of the Flexible Transportation System

Flexible transport systems constitute a new type of passenger transport services, the
so-called demand-driven services. They are a form of public service implemented in
response to individually/collectively reported transport needs (so-called services on
request, or demand). Services of this type are provided in the times of days charac-
terised by low demand for public mass transport services. They can be used as: main
offer in medium-sized towns, with extension to neighbouring towns and rural areas,
transport to a regular transport line, basic service network in rural areas, comple-
mentary services (e.g. on non-working days), dedicated or special services [1, 2].

Irregular transport in the literature of the subject is considered promising for
areas with low demand for transport services [3]. They constitute one of the solu-
tions applied to the problem of limited (or lack of) access to passenger transport in
rural areas [4]. In addition, like the regular public transport, they are an important
alternative to individual car transport [5].

Within the framework of the flexible transportation systems, we can distinguish
between the following transportation services being provided [5, 6]:

* on communication lines,

» within a specific area,

* by taxi services (companies),

» for people with limited mobility (special transportation),
e by means of transportation provided to the inhabitants.

A characteristic feature of the flexible transportation is the irregularity, which
regards the time and the area of the transport services. These two parameters allow
to distinguishing between the two basic types of transport on demand: linear
and area.
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The linear system is included in the schedule, but it is used upon request. Its
characteristic feature is the utilisation of a predetermined communication line and
stopping only at stops specified by the passengers. This system may also have a
mixed nature, i.e. some of the routes on a given line are served regularly (most often
school and employee transport), and some routes are carried out only on demand,
most often at lunchtime or in the afternoon. The time of utilising the flexible system
is usually limited to working days. The flexibility may also apply to the period in
which the transport services are provided. For example, during holiday time, holi-
day breaks, a portion of regular routes is altered into irregular ones.

The time in which the transport services are provided is determined by the pas-
sengers themselves, which means that the role of a potential passenger in organising
the transportation is increased. This influences the level of adjustment to the needs
of the inhabitants, which are significantly smaller in rural areas. The flexible trans-
port services provide the opportunity for a better adjustment between the time in
which such services are required and the provision of the said services. The growing
demand for transport may prompt the transport organiser to implement a transport
on demand within the timetable, provided that the operator will perform the service
upon receiving prior notification. This type of adjustment lies within the linear
transportation system on demand.

The irregularity of flexible transportation, unscheduled, may also apply to the
planned routes. This type of organisation is related to the flexible transport area
system, which is characterised by the lack of predetermined communication routes.
The route of the vehicle is determined by a special program (algorithm) or individu-
ally by the dispatcher utilising the flexible transportation system in contact with the
driver. In this system, it is important to establish a transport point, to which the pas-
sengers from a given area are transported. Passengers travelling a longer distance
can use regular transport with the ticket they had purchased which allows them to
meet their demand. In addition, in this system, it is necessary (if the organiser
decides so) to introduce additional fees which would be added to the total price for
the transport service.

The flexible transportation system allows the performance of multiple functions
regarding a social, economic and environmental nature. This form of transport is
used to improve the level of accessibility to public transport services which is sig-
nificant in areas with limited access or with no access to public transport. In social
terms, it allows limiting the feeling of social exclusion.

Public transport plays an important role related to the Public Service Obligation
(PSO) [7]. In social terms, this form of transport also contributes to limiting the
phenomenon of social exclusion [8]. In economic terms, public transport enables
residents to move around, taking into account the spatial distribution of production
and settlement centres [9]. By enabling access to public transport for people who,
due to their age, predispositions and economic status, are unable to use other forms
of transport (e.g. using individual car transport), give opportunities to satisfy all
obligatory and optional needs (work, school, shopping, health, culture, social pur-
poses) [10].

From the economic point of view, the issues related to the profitability of the
flexible transportation system are important. In general, it can be assumed that profit
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is not the goal of providing flexible transportation services. The transportation ser-
vices are treated as a public good that requires subsidising. However, it should be
noted that the cost of providing transport services in a flexible manner is lower than
providing such transportation services on a regular basis. Financial support may be
used for the purchase of various means of transport and the cost of their mainte-
nance by public authorities. The important and, at the same time, expensive part of
the management system is the one (the so-called recording organisation) which by
using the appropriate software, the management of the means of transport, estab-
lishing the routes, collects information regarding the demand for transit, etc. Another
type of cost, which, to a certain extent, applies to the regular transportation, is the
so-called readiness of the means of transport to provide a service and that includes
driver’s wages and the maintenance of the vehicles that are in reserves.

The organisation of the irregular transportation takes into account the principle
of rationality in the manner in which such services are provided. It is connected with
the minimisation of costs required to satisfy the demands for transportation. The
cost of providing irregular transportation services is lower than the maintenance of
the regular transportation, especially in areas characterised by low demand for
transportation services.

The development of the flexible transportation systems requires a support from
public authorities in terms related to the organisation of it. It is important to incor-
porate flexible system solutions into the general public transport system through
integration of technical aspects, the time and the tariff. It gives a sense of stability
of the transport system, creating a higher added value for passengers.

An important feature which distinguishes the flexible transportation systems is
the use of ICT-based solutions (primarily telephone and the Internet) as well as
mobile applications. They combine customers and transport operators while, at the
same time, fulfilling many functions, e.g. providing information, requesting a means
of transport, payments, etc. Maintaining traditional phone calls is especially impor-
tant for elderly customers who often do not have access to the Internet or do not use
it and do not use mobile applications which are available on smartphones.

In some types of flexible systems, there is the possibility to use the means of
transport in a better way by directly stating the destination. In this manner, the direc-
tion of transit is determined. It can be, for example, a shopping centre, as well as
reaching a destination related to receiving healthcare services (e.g. reaching any
hospital).

3 The Premises for the Development of Flexible
Transportation Services

The provision of transportation services on a regular basis is typical for areas with
high demand for transportation services, which affects the frequency in which the
said services are provided. For the transport user, the frequency in which the trans-
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portation services are provided is the deciding factor when choosing the method of
travelling. The higher frequency in which the services are provided also increases
the attractiveness of public transport.

The situation is different in the case of areas which are characterised by small
and dispersed transportation demand as it generates low demand for transport ser-
vices. In such areas, transportation services are provided rarely—several times a
day or less. In many cases, the consequence of the low (and decreasing) demand for
transportation services is that the entities responsible for organising the transporta-
tion services decide to limit the frequency and the offer of such services, and on the
other hand, the lack of the said offer reduces the needs or raises the need to search
for a substitute to such services in order to travel.!

Restricted access to transportation services may regard both the time and the
location. As a result of that, the attractiveness of public transport decreases, espe-
cially in comparison to a passenger car, which reduces the demand for public trans-
portation services. Apart from an individual car transport, the demand for
transportation can also be met by utilising various forms of travel sharing, e.g. car
sharing or carpooling.

In Poland, limiting the supply of transport services is particularly visible in the
nonurban areas and it is correlated with the dynamic development of individual car
transport in such areas. Passenger cars in extra-urban areas are usually old, in a
worn technical condition, and more detrimental to the environment than newer cars.
However, they allow their users to meet their transportation demands. Therefore,
they play a positive and important role for the inhabitants of these areas, although
from a social and environmental point of view, they generate detrimental results. It
is due to the manner in which they are used and recycled [11].

In Poland, between the 1980s and 1990s, the number of transported passengers
exceeded 2 billion per year with an automotive index of 100 vehicles per 1000
inhabitants. It should be emphasised that the beginning of the 1990s was a time of
big changes within the passenger transport market, in particular caused by its liber-
alisation. The effect of the changes was the introduction of a large number of small
enterprises onto the market, which due to the small number of people employed
were not subject to the statistical reporting obligation. Changes in the length and
number of communication lines, transport volumes, automotive index and partici-
pation of individuals with a passenger car are shown in the Table 1.

The economic changes in Poland, which took place after 1990, had an impact on
the decline in regular bus transport (as well as rail transport).> The largest decline
was recorded in the first years during which the said changes took place in Poland.
In the years 1990-1995, the decline in passenger transport by regular bus transport
was equal to 46%. In the period 1990-2017, the decline in the number of passengers

'This is the case for public transport services provided in nonurban areas. In Poland, they are
implemented on a commercial basis, which means no subsidies from the state or local government
units. Transport operators are also the organisers of public transport in this case.

?In rail transport, the number of transported passengers amounted to 789 thousand. (1990) and 303
thousand (2017) [12, 13].
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Table 1 Activity of the regular bus transportation in Poland between 2003 and 2017 within the
scope of changes in the individual automotive index

The
volume of
transport Total
by the individual Participation
Length of regular automotive Participation | of individuals
regular bus | Number of | means of |index (number | of individuals | with passenger
lines (in regular bus | transport of passenger | with passenger | cars in
thousands | lines (in (in millions | cars per 1000 | cars in urban | nonurban areas
Year | of km)* thousands) | of pas.)® inhabitants) areas (in%) (in%)
2003 | 1236.4 26.7 688.6 294 44.0 51.0
2005 | 1284.1 253 671.1 323 44.7 -
2007 | 1234.5 24.1 609.4 383 52.5 -
2009 |1110.1 22.2 516.7 432 55.8 67.2
2011 | 947.6 18.5 446.4 468 56.6 67.6
2013 | 838.7 16.3 385.3 504 56.5 70.9
2015 | 754.0 14.3 347.7 539 58.2 71.1
2017 | 627.5 13.0 312.1 586 60.1 75.3
2017: | —49% -52% —55% +99%
2003

Source: based on our study of the data provided by: Transport wyniki dziatalnosci 2003, 2005,
2007, 2009, 2011, 2013, 2015, 2017, GUS, Warszawa, 2004, 2006, 2008, 2010, 2012, 2014, 2016,
[14] and Sytuacja gospodarstw domowych w 2003, 2005, 2007, 2009, 2011, 2013, 2015, 2017 r. w
Swietle wynikow badania budzetéw gospodarstw domowych, GUS, Warszawa, 2003, 2005, 2007,
2009, 2011, 2013, 2015, 2017

20f enterprises employing more than nine persons, providing regular national and international
traffic; excluding urban transport services. Data concerning line of scheduled bus communication
includes: suburban lines, regional lines, long-distance lines

°In enterprises employing more than nine persons. Data on road transport of passengers does not
include transport of persons by buses: of urban public transport enterprises, enterprises carrying
out tourist services and transport of persons by buses on own account

using bus transport in Poland was equal to 85%. The drop in transport had an impact
on further limitations of the length and number of communication lines. According
to the statistical data, in 2003-2017 the length and number of communication lines
has decreased by half in Poland.

The decline in the regular bus transport in Poland occurred for various reasons.
As previously mentioned, within the initial period, it was associated with the
changes in the economy. The fall of large enterprises and the development of micro
enterprises resulted in changes in the scale, structure and the route of vehicles. The
decline in passenger transport was also due to the increasing number of passenger
cars in Poland. Since 1990, there has been a large inflow of used cars to Poland,
which, in some respects, was a response of the residents to the limited access to
public transport.

The increase in the number of passenger cars had an impact on the growth of the
automotive index and the participation of individuals with passenger cars. Currently,
the automotive index in Poland has reached values that are present within the
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Western European countries. However, the overall participation of individuals with
a passenger car exceeded 60%. The dependence based on a sustained higher partici-
pation of individuals with passenger cars located in nonurban areas should be noted.
In addition to the higher volume of passenger cars, the suburban areas in Poland are
characterised as higher, in relation to urban areas, number of vehicles: scooters,
motorcycles and bicycles. This may be due to the fact that residents of rural areas
have to travel longer distances for travel purposes.

The continual advantage based on the participation of individuals with passenger
cars in nonurban areas within Poland should not be combined with their higher
economic status but rather with a practical approach to the ability to meet transpor-
tation needs. In view of the continuous reduction of the length and the number of
regular communication lines in rural areas, a passenger car provides a better mobil-
ity options for these inhabitants.

The process of limiting the length and number of communication lines adversely
affects the level of accessibility of public transport in nonurban areas. The develop-
ment of individual motoring favours the attractiveness of public transport, which is
reflected, among other things, in the decline in the number of passengers. This pro-
cess can be described as a vicious circle, which in extreme cases leads to an integral
disappearance of access to public transport and, consequently, creates a sense of
social exclusion. In Poland, this phenomenon can be observed in nonurban areas. In
the light of the research carried out by the author, the disappearance of the offer of
transport services occurs throughout the country, although the majority of nonurban
locations without access to public transport occur in eastern Poland. In this area
about one-third of rural areas are deprived of access to public transport. In addition,
the factors that limit the attractiveness of public transportation services within non-
urban areas in Poland are: low frequency of services and lack of up-to-date timeta-
bles placed in the paper version at transport stops.

According to other studies [11] referring to the level of accessibility of public
transport in non-urban areas in Poland, there is a relationship between the develop-
ment of the communication network and the settlement structure. The regions of
eastern and central Poland are characterised by lower availability of bus transport
services. From the point of view of the settlement structure, suburban settlements of
this area are smaller and more dispersed. In contrast, in southern and western
Poland, the communication network is better developed. Suburban villages located
in this area are larger and are characterised by a compact design.

The drop in demand for transport services was also due to the fact, that the state
stopped subsidizing such services. To a certain extent, compensation for residents of
nonurban areas in Poland was an extension of the scope of statutory concessions.
However, limiting the availability by commercial carriers resulted in the lack of the
possibility of using the rights granted to the residents.

The flexible transportation system could improve the situation in suburban areas
within Poland, especially those with no access to public transportation services.
This form of transport can be considered as important for the revitalisation of public
transport in areas without access to it [4]. It is impossible to expect that a car will
replace public transport. Not all people, for various reasons, may own and also use
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without the support of other people from this mode of transport (children, adoles-
cents, the elderly, no entitlements).

4 The Organisation and Functioning of the Flexible
Transportation System in Szczecin

Szczecin is the second city in Poland, which introduced flexible transport into the
offer in April 2016. Its purpose was to provide the inhabitants with the regular
means of transport that would operate within the peripheries and low density areas
to their destinations.

The organiser of the transportation services on demand is the Transport
Management Office in Szczecin. This entity, as the municipal budgetary establish-
ments, is responsible for the organisation of public transport within the city and in
the municipalities which, on the basis of inter-municipal agreements, requested the
organisation of local transportation service in their area (Kotbaskowo, Dobra).

The role of the flexible transportation organiser is to choose the operator. The
operator’s experience in transport and the price of the service influence the choice.
The selected operator receives from the organiser the payment for the provided
transport services, which includes two components: the actual kilometres travelled
and the readiness to provide services. The organiser also covers the costs related to
the booking of courses for which he is responsible located at the board of the
Dispatching Centre.

The role of the Centre can be determined by their functions, which are: manage-
ment of the transportation needs of the inhabitants requesting transportation ser-
vices on demand, planning and managing the system including the vehicles. Its
function is also to maintain contact with flexible transport services providers.

Initially, the flexible transportation services were limited to one of the districts of
Szczecin—Podjuchy. This location was chosen based on the features of that area,
such as topographic conditions (hilly terrain), narrow streets and a relatively low
population density (predominantly single-family houses). The transport volumes
for this area are presented in Table 2.

Within 2.5 years of flexible transport operation in the Podjuchy area, nearly 95
thousand of the transport services have benefited from this form of transport ser-
vices passengers. The relatively short period of functioning of flexible transport
does not allow for the identification of significant dependencies (e.g. seasonality on
service demand). In a detailed analysis of the functioning within the system, infor-
mation on the structure of transport, transportation needs, etc. would be valuable. In
general, the tendency associated with the growing number of people using this form
of transport should be positively assessed.

From September 2018, the offer of the flexible transportation services was
extended to the next district—Gumience. Two new flexible transport lines were
launched in this area (98, 99). Since the launch of the 98 line, 986 (September
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Table 2 Number of passengers using on-demand transport on the line 95

Number of Number of Number of
2016 passengers 2017 passengers 2018 passengers
January — January 2429 January 2991
February | — February 2082 February 3010
March - March 3026 March 3692
April - April 2591 April 3432
May - May 2966 May 3704
June - June 2799 June 5111
July 1136 July 2925 July 4085
August 1612 August 2968 August 3870
September | 2257 September | 4297 September | 3799
October 2489 October 4639 October 4141
November | 2512 November | 5012 November | 2589
December | 2407 December | 3023 December | 3096
Total 12,413 Total 38,757 Total 43,520

Source: based on our study of the data provided by the Transport Management Office in Szczecin

2018), 1396 (October 2018), 1803 (November 2018) and 2619 (December 2018)
passengers benefited from flexible transport services. On the other hand, on route
99: 1403 (September 2018), 1764 (October 2018), 1671 (November 2018) and 1584
(December 2018) passengers.® Taking into account the line in Podjuchy, jointly in
Szczecin, in 2018, the flexible transportation services have transported over 57
thousand passengers.

In the initial period, the organisation of flexible transport in Szczecin was
dynamic. The passenger determined the time of the journey. In addition, special
software allowed the selection of the optimal route to/from the interchange point
with regular transport. As a result of the growing demand for transport, the rules of
its organisation have been modified. A timetable has been introduced, provided that
the route will be established when such service is requested and the route of the
vehicle has been planned. Taking into account the types of flexible transportation, it
can be noticed that the growing demand for transport services forced Szczecin to
switch from the area system to the linear system.

The communication line 95 (Podjuchy) launched in 2016 had initially 14 stops,
later this number was increased to 16. It is serviced by 2 microbuses, and the sys-
tem’s operating time is limited to business days. Services are provided between
06:30 and 17:00. In turn, on lines 98 and 99 there are respectively 31 and 27 bus
stops. The number of microbuses servicing them is the same as in the case of the
line 95 after 02:00. Otherwise, the time of system operation is shaped. In the case of
line 98, it is available on weekdays from 06:00 to 22:00, while line 99, in addition
to providing services on working days at the same hours, also provides services on
public holidays from 09:00 to 19:00.

3The data provided by the Transport Management Office in Szczecin.
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5 In Summary

Flexible systems play an important role in suplementing regular public transport.
They improve the accessibility of transportation services, which is important in
areas characterised by a low demand in services. In social terms, they play an impor-
tant role in preventing the emergence and deepening of the phenomenon of social
exclusion. They have a positive impact on reducing the negative effects of transport
on the natural environment. The development of this form of transport is an alterna-
tive to the development of individual car transport and the need to own a car.

The launch and development of the flexible transportation system in Szczecin
should be assessed positively. The growing demand prompted the organiser of the
flexible transportation system to establish new communication lines and include
them in the timetable, provided that the service will be provided after its booking.
For passengers, it is advantageous to be able to mix the tariff system already exist-
ing within the city, and new stops have improved the overall accessibility to public
transport in the city.
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Analysis of Trends in Development
of Electromobility in Poland: Current
Problems and Issues

Elzbieta Macioszek

Abstract The notion of electromobility spans an overall body of problems related
to the use of electric vehicles (EV), covering both technical and service-related
aspects of the EV, the charging technology and infrastructure, as well as social,
economic and legal problems involved in the designing, manufacturing, purchasing
and using of electric vehicles. The article addresses such matters as the share of
electric vehicles in the automotive market as well as the problems of operation of
electric vehicles both by private users and in public transport. Moreover, an analysis
of trends in the development of electromobility in Poland, including current prob-
lems and issues, has been presented in this chapter. Some results of an analysis of
accessibility of charging points and charging stations for electric vehicles currently
used in the Conurbation of Upper Silesia and Dabrowa Basin have also been dis-
cussed in the chapter.

Keywords Electromobility - Electric vehicles - Accessibility analysis

1 Introduction

The notion of electromobility spans an overall body of problems related to the use
of electric vehicles (EV), covering both technical and service-related aspects of the
EV, the charging technology and infrastructure, as well as social, economic and
legal problems involved in the designing, manufacturing, purchasing and using of
electric vehicles.

In 2017, the Polish Government adopted the Electromobility Development Plan
[1] Aimed to create adequate conditions to enable development of electromobility
and the industry related to this sector in Poland as well as stabilisation of the power
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supply network. According to the plan, the electromobility development should pro-
ceed in three phases, depending on the degree of the market maturity and the
required involvement of the state. One of the plan’s assumptions was that the first
phase would be of preparatory nature and last until the year 2018. This phase was
planned to cover building conditions for the electromobility development in terms
of the regulatory framework and establishing rules of public financing. In the sec-
ond phase scheduled for the years 2019-2020, the infrastructure needed for charg-
ing of electric vehicles will be built in selected urban areas and incentives to buy
electric vehicles will be intensified. The expectations are that results of the research
activities performed in the area of electromobility, commenced already in the first
phase, will be commercialised, and new business models aimed to popularise the
EV will be implemented. In phase three, spanning the years 20202025, the electro-
mobility market is assumed to have matured, which will allow for the public aid
instruments to be gradually withdrawn.

The year 2018 saw the enactment of the act on electromobility and alternative
fuels (Journal of Laws of 2018, item 317) [2]. The rationale behind the law was to
regulate the market of alternative fuels in Poland, particularly with regard to elec-
tricity and natural gas. The act was intended to solve numerous problems, including
the lack of sufficient infrastructure in agglomerations, densely populated areas and
along trans-European transport corridors as a means to enable unconstrained flow of
vehicles running on these fuels. According to its pre-assumptions, the act is expected
to establish a regulatory system making it possible to build the public infrastructure
required for charging of electric vehicles as well as for fuelling vehicles with CNG
and LNG. All the related investments are supposed to contribute to the development
of low-emission and zero-emission transport, which in turn is intended to reduce air
pollution. The act provides for a system of incentives, including abolition of the
excise tax on electric cars, increased depreciation charges for businesses, exemption
from parking fees or admission to bus lanes for electrically driven vehicles. The
document also proposes to introduce an obligatory share of electrical vehicles in the
fleets managed by some of central administration bodies and selected local govern-
ment authorities. The Parliament was proceeding very quickly on the act. Such
haste was explained by representatives of the Ministry of Energy by the necessity to
implement European Parliament Directive 2014/94/EU of 22 October 2014 on the
deployment of alternative fuels infrastructure in the local legal framework.

Parallel to the preparations of the strategic electromobility documents performed
over the recent years in Poland, numerous domestic research centres and scientific
institutions have been studying the electromobility problem, producing a number of
scientific publications elaborating upon electromobility in individual transport
(including [3—-13]) as well as in the sphere of public collective transport (including
[14-19]).

This article addresses such matters as the share of electric vehicles in the auto-
motive market as well as the problems of operation of electric vehicles both by
private users and in public transport. Moreover, an analysis of trends in the develop-
ment of electromobility in Poland, including current problems and issues, has been
presented in this chapter. Some results of an analysis of accessibility of charging
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points and charging stations for electric vehicles currently used in the Conurbation
of Upper Silesia and Dabrowa Basin have also been discussed in the chapter.

2 Market Share of Electric Vehicles

An electric vehicle is a motor vehicle featuring a power transmission system con-
taining at least one non-peripheral electric device functioning as an energy con-
verter with an electrically charged energy storage unit which can be charged from
an external source. Electric vehicles can be divided into:

e PHEV (plug-in hybrid electric vehicles)—automotive vehicles featuring a com-
bined combustion and electric motor system, equipped with batteries that can be
charged from external units.

e BEV (battery electric vehicles)—automotive vehicles that only use the energy
accumulated in batteries for propulsion, while the batteries can be externally
charged or replaced.

* EREV (extended-range electric vehicles)—electric vehicles with a built-in low-
capacity engine unit. The latter can function as an external electric power genera-
tor when the vehicle’s on-board batteries are discharged. Once it has switched
on, the built-in engine functions as a typical power generator feeding the empty
batteries.

e FCEV (fuel cell electric vehicles)—electric vehicles which, instead of the bat-
tery, use fuel cells alone or in combination with a battery or a supercapacitor to
power the built-in electric motor. The fuels cells on board these vehicles generate
electric energy to feed the motor typically by using airborne oxygen and com-
pressed hydrogen. Most fuel cell vehicles are classified as zero-emission vehi-
cles producing water and heat only. Compared to combustion engine vehicles,
those that run on hydrogen accumulate pollutants in the hydrogen production
unit, while the hydrogen itself is typically produced from reformed natural gas.

Electric vehicles are about to play a significant role in the transformation of both
the transport and the power industry. They are currently considered as a prospective
alternative for combustion engine vehicles. The potential benefits attributed to using
them have partially triggered certain actions aimed at further development of elec-
trification of car transport. The declaration signed at the Climate Summit in Paris in
December 2015 stipulates that the share of the EV in the overall global stock of
vehicles in operation should reach at least 20% by 2030 [20], while the forecast of
the International Energy Agency (IEA), as provided in its annual report entitled
“Global EV Outlook 2017 [21], is that the said share will rise to 30% by 2030. In
the EU, the share of the PHEYV in the overall volume of sale of new cars is assumed
to come to 20% by 2030, while that of the BEV to 30%. Electric vehicles are ready-
to-use solutions capable of helping the EU in its pursuit of the goals defined in the
Paris Agreement of 2015. The automotive industry has already started investing in
electric drives, and the number of customers who decide to buy such vehicles is
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growing on a regular basis. According to the data provided by the International
Energy Agency [21], the number of electric vehicles (BEV, PHEV, FCEV) reached
3.1 million units globally in 2017, which corresponded to an increase of 54% com-
pared to 2016.

In 2017, European customers purchased 216,566 EVs, which was 39% more
than a year before (155,757 pcs.). Most EVs were sold in Germany (54,617 pcs.),
the United Kingdom (47,298 pcs.) and France (36,835 pcs.). The number of plug-in
EVs per one normal power charging position and one high power charging position
respectively in selected countries in 2018 has been presented in Figs. 1 and 2. The
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Fig. 1 The number of plug-in electric vehicles per one normal power charging position in selected
countries in 2018 (Source: Own base on [22])
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Fig. 2 The number of plug-in electric vehicles per one high power charging position in selected
countries in Turkey in 2018 (Source: Own base on [22])
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average number of plug-in EVs per one normal power charging position is 15
PHEVs, whereas the average number of plug-in electric vehicles per one high power
charging positions equals 60 PHEVs.

3 Electromobility in Private Transport

What currently constitutes the most serious barriers preventing consumers from
buying an electric cart in Poland is the high price and general lack of charging infra-
structure. They consider the possibility to charge an electric car at home or at work
to be the major factor. Assuming Poland’s average daily kilometrage of 25 km and
the realistic range of electric cars ranging between 100 and 150 km, one would have
to recharge the electric car every several days. However, for those who do not own
a parking place or a garage, the only alternative is to use the poorly developed net-
work of public stations.

It is still difficult to travel between large towns on account of the charging infra-
structure deficiencies, since fuel companies have only just begun installing the first
charging stations at motorway traveller service points (MOP) next to major junc-
tions. In accordance with the said act [2], 6000 normal and 400 quick EV charging
stations are assumed to be installed in Polish agglomerations by 2020. It is the
combination of the public system with the service points to be installed by larger
businesses and smaller private charging stations which should enable unconstrained
and convenient use of roads all around Poland.

However, there are still numerous other challenges which must be tackled to
ensure the infrastructural development, including optimum siting of service points,
acquisition/lease of land to build stations, capabilities of the existing power grid,
financing for construction of charging stations, as well as such limitations as long
charging time (compared to car fuelling time) which translates into a significantly
lower service capacity of such stations. Consequently, the limitations applicable to
the transport network in terms of the EV charging capabilities are major factors
which affect the siting of charging stations. Searching for an optimum location for
electric car charging points/stations, one must take numerous aspects into consider-
ations, including:

 electric car’s service range (typically 100—150 km),

* electric car charging time (at least 30 min),

* population density of the area analysed,

e number of electric cars operated in the given area,

 availability of the power supply infrastructure,

* availability of parking places (for car charging purposes) and land ownership
aspects,

 distance between charging points located in different agglomerations in order to
enable convenient travelling between towns.
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4 Analysis of Transport Accessibility of Electric Car
Charging Points/Stations in the Conurbation of Upper
Silesia and Dabrowa Basin

At the end of 2018, there were 24 electric car charging stations in the Conurbation
of Upper Silesia and Dabrowa Basin, scattered around different towns. There were
7 public-access charging points in Katowice at the end of 2018, with 22 such facili-
ties under construction. As declared by the Municipal Office in Katowice, further
115 publically available electric car charging points are about to be commissioned
in the town by 2020 [23].

The scientific literature discusses many different approaches and methods used
to solve the problem of siting of charging points or charging stations for electric
vehicles. Some examples are provided in A. Lam et al. [24, 25], F. Guo et al. [26],
Z. Liu et al. [27, 28], L. Jia et al. [29], E. Pashajavid et al. [30], T. Chen et al. [31],
Z. Drezner [32], D. Mayfield [9], I. Frade et al. [33] and J. Jung et al. [34]. When
choosing a location of charging points or charging stations, the methods used most
commonly for this purpose include: multi-criteria methods, multi-criteria decision
analysis (MCDA), mathematical programming, gravity methods, optimisation
methods, multiple location methods, heuristic methods, spatial interaction methods,
weighted checklist methods, covering methods, regression analysis methods, game
theory methods, location-allocation methods and many others. The aforementioned
methods were used for siting of the selected charging points and charging stations
for electric vehicles functioning in the Conurbation of Upper Silesia and Dabrowa
Basin. It should also be noted that, in many cases, the MCDA method was used
(with a different number and type of criteria). The author’s own study involved a
transport accessibility analysis performed for the EV charging points and charging
stations in operation in the Conurbation of Upper Silesia and Dabrowa Basin.

This kind of information can be useful for planning and operating reasons. The
graphical representation of some of the results have been presented in Fig. 3. The
relevant range is marked with a circle of 25 km in radius (red colour), 50 km in
radius (green colour) and 100 km in radius (blue colour). The ranges were assumed
on the basis of the available literature of the subject. The central part of the
Conurbation of Upper Silesia and Dabrowa Basin is characterised by high accessi-
bility of the charging points and charging stations for electric vehicles currently in
operation. Moreover, having assumed larger service ranges (50 and 100 km in
radius), one can observe a high level of transport accessibility in the central part of
the Conurbation of Upper Silesia and Dagbrowa Basin. The fewest charging points
are located on the fringes of the Conurbation of Upper Silesia and Dabrowa Basin,
which automatically translates into poor accessibility of these areas by the means of
transport in question.
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Fig. 3 Locations of the charging points and charging stations for the electric vehicles currently in
operation on Upper—Silesian—Zaglebiowska Conurbation (R = 25, 50 and 100 km) (Source:
Own research)

5 Electromobility in Public Transport

In global terms, a fair share of public transport has long relied on electricity, just to
mention trams, trolleybuses, trains or metro services. In some Polish towns, the act
on electromobility has induced local authorities to start replacing bus fleets with
more ecofriendly vehicles or fully electric ones (including in Warsaw and Krakow).
As an outcome of the collaboration between the central government and local
authorities, a letter of intent was signed in 2017, with the municipalities undertaking
to purchase 780 electric buses and 481 electric cars. The size of the electric bus fleet
and the number of buses in general in selected Polish towns in the first half of 2019
has been summarised in Table 1. The data provided in Table 1 imply that combus-
tion engine buses are still predominant in public collective transport. The most
numerous fleets of electric buses are operated in Warsaw, Krakow and Zielona Gora.
They are all municipalities which attach great attention to the quality of collective
transport services as well as air quality in the local policies they implement.
Furthermore, the attention to the matters of public space triggers maximisation of
quality and minimisation of nuisance of transport, particularly in city centres. Many
other municipalities in Poland are also interested in the electromobility problem,
having declared their willingness to conduct pilot studies or purchase electric buses.

The experience in operating electric buses municipalities and communes have
acquired to date is generally positive. An electric bus can cover an average range of
150 km, and slow charging typically takes place at depots (e.g. in Warsaw,
Sosnowiec) and bus terminuses (e.g. line 154 in Krakow). Fast charging, on the
other hand, is provided using pantographs (e.g. in Jaworzno). On top of that, one
should consider the related environmental aspects, such as elimination of exhausts,
travelling comfort and lack of noise when an electric bus is used. Other advantages
of this mode of public transport include low operating costs and fleet maintenance
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Table 1 Size of the electric bus fleet and the number of buses in general in selected Polish towns
in the first half of 2019 (Source: own materials based on statistical data obtained from the [35])

The number of
combustion, hybrid and

The number of

The total number

City gas buses electric buses of buses in the city
Biatystok 261 0 261
(planned purchase 25
buses in 2020)
Bydgoszcz 190 11 201
Czestochowa 122 0 122
Gdynia 266 6 272
Jaworzno 59 23 83
Kalisz 65 11 76
Kielce 206 25 231
Krakow 625 26 651
KZK GOPi MZKP 1858 10 (Katowice) 1871
Tarnowskie Gory 3 (Sosnowiec)
Legnica 65 0 65
Lublin 285 21 306
Lodz 409 0 409
Olsztyn 185 0 185
Poznan 466 0 466
(planned purchase 21
buses in 2020)
Rzeszow 180 10 190
(planned purchase 90
buses)
Szczecin 421 0 421
(planned purchase 11
buses in 2020)
Tarnéw 96 0 96
Torun 140 0 140
(planned purchase 6
buses in 2025)
‘Warszawa 1704 20 1724
(planned purchase 140
buses to 2020)
Wroctaw 421 0 421
(planned purchase 10
buses in 2020)
Zielona Goéra 76 0 76
(planned purchase 76

buses)




Analysis of Trends in Development of Electromobility in Poland: Current Problems... 153

causing little problem. Nevertheless, there is also a serious disadvantage, namely
heating under winter conditions which significantly reduces the battery life.

6 Conclusions

Governments of many countries all over the world have been introducing regula-
tions aimed to motivate consumers to purchase the EV using various incentives, like
the subsidy scheme which has already been deployed in 17 European countries (e.g.
in Norway, Germany, France, Spain, Romania, Slovenia and the United Kingdom).
In terms of the state support the EV buyers receive, Norway is an unquestioned
leader. In 2017, electric cars accounted for 42% of all newly registered cars in
Norway. Persons who buy the EV in Norway are—among other reliefs—offered
exemption from 25% VAT charged upon purchasing an electric car (paid by those
who buy combustion engine vehicles) as well as from administrative fees due upon
vehicle registration, and they are eligible for free use of toll motorways. Moreover,
owners of the EV are obliged to pay road tax at a reduced rate, while in some
regions of the country they are not charged for the use of parking spaces and are
entitled to use bus lanes. Plans made by governments of other countries also contrib-
ute to the popularisation of the EV, as some of them have announced a ban on sales
of combustion engine cars (starting from 2025 in Norway, from 2030 in India, and
from 2040 in France and the United Kingdom). According to forecasts, one can also
expect prices of lithium-ion batteries to decline in the incoming years, and so will
the EV purchase prices. The network of charging stations will keep developing.
According to some sources, as many as 530,000,000 electric cars may be put into
operation by 2040 worldwide.

As forecasted by the Alternative Fuels Market Observatory [36], prices of elec-
tric cars in Poland will start to gradually level up with those of traditionally pro-
pelled cars in the years 2026-2029. It is assumed to be affected by the technological
progress, mainly including the decline in battery prices and the effect of production
scale which is expected to translate into more affordable prices offered by automo-
tive companies. This will coincide with a demand increase, enabled by a more
highly developed charging infrastructure and fostered through public aid schemes.
With reference to the analysis provided in the article, one can claim that, compared
to other European countries, Poland is still at an early stage of electromobility
development. The act on electromobility and alternative fuels obligates municipali-
ties and communes to build electric car charging stations, but prices of electric cars
are still disproportionately high compared to average remuneration of the Poles.
There are no efficient incentive programmes that could foster purchasing an electric
car. In spite of the foregoing, the growing environmental awareness of the society
triggers interest in electric cars, both among private consumers and in the public
collective transport sector. As provided in the article, results of the transport acces-
sibility analysis imply that the central part of the Conurbation of Upper Silesia and
Dabrowa Basin is characterised by appropriate distribution of the existing charging
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points and charging stations for electric vehicles. Moreover, having assumed larger
service ranges (50 and 100 km in radius), one can observe a high level of transport
accessibility in the central part of the Conurbation of Upper Silesia and Dabrowa
Basin. The fewest charging points are located on the fringes of the Conurbation of
Upper Silesia and Dabrowa Basin, which automatically translates into poor acces-
sibility of these areas by the means of transport in question. Nevertheless, it should
be noted that the share of electric cars in the automotive market, so in the Conurbation
of Upper Silesia and Dabrowa Basin as in the whole of Poland, is still negligible.
However, as the number of users of electric cars grows, it will be increasingly neces-
sary to expand the EV charging infrastructure on account of the limited service
capacity of the existing stations. It is now a greater challenge to travel between
towns and agglomerations than to me within a conurbation, since—as the available
data imply—the number of charging stations which can be used in interconnecting
roads is largely insufficient.
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Wireless Sensor Networks for Traffic
Monitoring

Wiktoria Loga, Justyna Sordyl, and Artur Rygula

Abstract Nowadays, one of the most dynamically developing issues inherent to
sustainable development is a Smart City concept. Intelligent Transportation Systems
become a tool for providing information on traffic conditions as well as traffic con-
trol, therefore they require modern and effective measurement methods. Wireless
Sensor Networks (WSN) are an example of those solutions as they (due to their
functionality) enable continuous and low-cost road network monitoring in selected
area.

Authors of the research used Wi-Fi based WSN for traffic streams detection and
made an attempt to evaluate the network performance. The presented measurement
results were obtained using devices and systems integrated by ITS testing ground
located in University of Bielsko-Biala. The research is a continuation of a previous
work regarding wireless multisensor networks suitability for traffic flow detection
and tracking.

Keywords Wireless sensor network - Wi-Fi detection - Traffic flow tracking -
Pedestrian flow

1 Introduction

Along with the road traffic volume increase, the competent traffic flow control
becomes a challenge for infrastructure administrators. The actual and reliable data
coming from the road net and their analysis and characteristics are the valuable tool
for the road traffic service and the future investment planning. The information
demand is especially essential at urbanized areas where the traffic flow is higher and
transport congestions, bottlenecks, increasing noise and air pollution occur
more often.
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For the road traffic engineering, the information on the motor and pedestrian traf-
fic flow is one of the most essential among the basic characteristics describing the
traffic. The road traffic detection and supervision are also the fundamental elements
of functioning the Intelligent Transport Systems and development of the Smart City
concept. This concept assumes use of digital information and communication net-
works to integrate the city systems in order to improve their efficiency and
interactivity [1, 2]. Use of these elements allows to meet the increasing require-
ments of the urbanized area habitants as regards fulfillment of their transport needs.

2 Detection Systems

In view of high demand, the detection system market has been developing very
dynamically for the recent years. Besides the detection itself, the modern systems
allow to obtain data concerning the traffic distribution, the speed, the traffic density
(headway measurement), the individual vehicle classification and weight. Multitude
of solutions and technologies provides a variety of products. The presently used
solutions are based on detection of effects accompanying the passing vehicle.
Actually used measurement technologies can be divided into two basic groups:
based on invasive and noninvasive sensors.

The first group includes solutions where detectors are mounted directly in the
pavement with disarrangement of the roadway structure. This group contains induc-
tive loops, magnetometers, microloop probes, pneumatic road tubes, piezoelectric
cables, or other alternative weigh-in-motion sensors [3]. The invasive systems are
characterized by high accuracy of measurement, however their installation and
maintenance afford necessity of the road traffic interruptions. In addition, interven-
tion in the pavement structure leads to faster exhaustion of its fatigue life and the
maintenance work can result in necessity of replacement or recalibration of the sen-
sors installed.

The second group includes cost-effective, noninvasive solutions; the sensors are
usually installed above the traffic lane or at the roadside. This group contains,
among others, video image processing, microwave and laser radars, passive infra-
red, ultrasonic, passive acoustic array, sets of diverse sensing technologies such as
passive infrared Doppler radar. Some of the noninvasive technologies can reach the
detection accuracy comparable to the invasive solutions. At present, the very popu-
lar solutions use also the low-cost and wireless sensor networks. The assembly and
maintenance work influence on the road traffic is limited up to minimum. The usual
mobility of these solutions allows also easy change of detector locations, e.g., the
solutions based on detection of activity of devices equipped with Wi-Fi or Bluetooth
module [4, 5]. In presented research authors used Wi-Fi based WSN for traffic
streams detection and made an attempt to evaluate the network performance.
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3 Technology Used in the Study

The wireless sensor networks (WSNs) present a set of any number of compact, low-
cost devices (sensor nodes) that intercommunicate wirelessly and their task consists
in event detection and evaluation of its parameters. A typical sensor node consists of
a sensor, a processor, a memory card, a communications module and a power supply
source. The network nodes exchange data with the base station called the sink node
that is used to collect and process data in the centralized mode; it performs also a
role of an interface between the detection area and the user. A typical WSN archi-
tecture is shown in the Fig. 1.

In order to obtain proper functioning the Wireless Sensor Network, its competi-
tiveness in relation to other solutions and its measurable advantages, it is necessary
to meet the following requirements [6]:

e Scalability—ability for a network to grow in terms of the number of nodes
attached to the wireless sensor network.

* Responsiveness—ability of the network to quickly adapt itself to change in the
topology.

e Reliability— probability that a system will perform satisfactorily during e.g.,
node failure until the other nodes collecting similar data in the same area are
accessible.

¢ Increased range—many wireless sensors can replace one wired item to cover the
larger region.

* Mobility—ability to handle mobile nodes and changeable data paths.
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Fig. 1 Wireless sensor networks architecture (Source: own study)
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Application of this solution in transport can be used to for real-time data detec-
tion, processing, and transfer. They are necessary for the optimum and complex
road traffic management and adaptation to a dynamically changing situation in the
detection area. WSN allows, among others, data collection concerning the location,
the road traffic conditions, the route and duration of passage/drive, the object speed
and acceleration, weather conditions, etc. [7].

4 ITS Testing Ground

In 2016, at the campus of University of Bielsko-Biala, the instructive and research
ITS testing ground was built to carry out the road traffic studies. The testing ground
is divided into the monitoring center that integrates all subsystems and the measur-
ing apparatus implemented in the road system.

The measuring part (Fig. 2) includes the following elements of the road infra-
structure [8]:

* Table of variable content of RGB type,

e 3D scanner allowing the vehicle outline classification and detection,

e Scales to preselect vehicles in motion in the WIM (Weigh In Motion) mode,
* Inductive loop set to classify vehicles and specify their velocity,

e Weather station,

e QOverview camera set,

e Bluetooth activity sensor system.

Fig. 2 Location of ITS testing ground elements (Source: own study)
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S Using WSNs on the Campus Area

Within the work at the testing ground, the traffic stream detection is developed,
especially in the area of estimation of the vehicle and pedestrian stream rates and
their demarcation. So far, the studies concerning, among others, effectiveness and
specificity of the Bluetooth detection system operation were carried out with refer-
ence to the data coming from the remaining integrated infrastructure of the testing
ground [9]. It results from the research being carried out that the system based on
Bluetooth detection, implemented on the municipal communications network, is
able to detect between 10% and 35% of all vehicles [8, 10].

To extend the research and instructive capabilities, the testing ground was devel-
oped in 2019 with a new functionality—Wi-Fi activity sensor system. In this way,
the comprehensive research on determination and demarcation of the vehicle and
pedestrian streams has been made possible. Principle of sensor network operation
consists in search of Wi-Fi wireless radio activity. Each sensor (Fig. 3) listens to
802.11 traffic and detects all mobile devices in active Wi-Fi scanning mode. Each
device with the active Wi-Fi module is registered in the database together with its
ID (MAC address) and the accurate time marker, when it occurred in the detec-
tion range.

Moreover, the individual hardware address of MAC network card of each device
provides information on the given unit origin. The address (Fig. 4) is the 48-bit
number in the hexadecimal format; the first 24 bits of the number mean the network
card manufacturer, the remaining 24 bits are the unique item identifier assigned by
its producer. At present, the user privacy protection trend gains popularity and
thereby many manufacturers of mobile devices use MAC-Anonymity. This measure
purposes randomization of MAC address by use of its encryption by means of vari-
able and random character set. Consequently, the unique identification of the spe-
cific device and its tracking is not possible within the longer period of time.

In connection with the above, the scheme of research carried out using the
Bluetooth technology has been repeated using the new technology. This allowed to
test and check the Wi-Fi sensor usefulness for estimation of the pedestrian stream

The sensor consists of:

+ |EEE 802.11 Wireless
USB Adapter,

* 4 dBi external antenna,
* Raspberry Pi
microcomputer,

* power cord and Ethernet
cable,

* sensor enclosure.

Fig. 3 Wi-Fi sensor and its elements (Source: own study)
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parameters. As the previous research of the wireless sensor networks based on Wi-
Fi detection has shown [11], there is correlation between the pedestrian streams and
the number of the detected Wi-Fi devices. Thereby, the system usability in pedes-
trian traffic detection has been confirmed and, consequently, complementarity in
relation to the Bluetooth WSN detection technology implemented before has been
ascertained.

6 Measurement Data Analysis

6.1 Analysis of Number and Type of the Detected Devices

To specify the detection capability of the used sensor network, the analysis was car-
ried out based on the data collected within the week (08/04/2019 to 14/04/2019) for
the nodes A and D (Fig. 5). These are the sensors located at the entrance and the
main exit from the campus site. It shall be mentioned that the outpatient clinic, the
main University administration building and the measurement infrastructure of the
ITS testing ground are located in the vicinity of the node A.

Effect of the mentioned devices is apparent in the Fig. 6 where, for the node A,
the number of the unique MAC addresses in comparison to all detections decreased
on average by about 43% for business days while by 33% on weekends. This differ-
ence can result from lack of office devices activity on weekends that is dictated by
the university administration worktime. The differences in the number of the devices
detected before and after data cleanup are by far lower for observations coming
from the node D. The number of the unique MAC addresses in comparison to all
detections during the whole week remained at the similar level while decreasing on
average by about 26%. The most likely, this is due to location of the node D that
does not sit next to the organizational and administrative facilities or the advanced
measuring apparatus.

To verify the generic structure of devices detected by the wireless sensor net-
work, the authors made an attempt to identify manufacturers of the detected devices
equipped with the Wi-Fi module. Analysis of first member of the MAC address
allowed identification of manufacturers of some of the devices. The identification
was carried out using the official database of The IEEE Registration Authority. It
should be emphasized that due to the data randomization process mentioned in the
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Fig. 5 Arrangement of Wi-Fi network nodes and vehicle traffic organization at the campus site
(Source: own study)
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Fig. 6 Comparison of the detection values before and after data preliminary filtration for the
nodes A and D (Source: own study)

Chap. 5, the large part of the detected MAC addresses started with the universal
prefix DA:A1:19 belonging to Google. In view of MAC-Anonymity, any detected
object could be identified as a mobile device, however randomization precluded to
specify a manufacturer precisely. All observations have been cleared from
interferences through separation, pure and simple, of unique MAC addresses. The
Fig. 7 shows comparison of structure of the devices detected by the chosen network
nodes. In case of the node A, the identified MAC addresses made 75%, i.e., they
represented the mobile devices definitely. The unidentified 25% of observations can
represent both mobile devices with randomized MAC address using the variable
prefix and office devices at the administrative facilities or ITS testing ground mea-
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Fig. 7 Percentage of identified and unidentified devices for the nodes A and D (Source: own
study)
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Fig. 8 Participation of device manufacturers identified precisely from the node A (Source: own
study)

suring apparatus. In case of the node D, the unidentified MAC addresses made only
2%. This confirms the earlier conjectures that there are no interferences coming
from devices that are not mobile at the location under examination. Consequently,
98% of devices could be identified as the mobile devices, whereout 74% were
classified as devices with Android system or iOS with randomized address and 24%
were attributed explicitly to the concrete manufacturer.

Among all devices detected by the node A, 62% could be classified as mobile
Android or iOS devices (judging by randomized Google prefix), however 13% of
devices could be identified precisely and attributed to the manufacturer (Fig. 8).
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Fig. 9 Distribution of the detected MAC addresses for the Wi-Fi and Bluetooth wireless commu-
nications systems (Source: own study)

6.2 Comparative Analyses of WSN Detecting Wi-Fi Activity
and the Network Detecting Bluetooth Activity

To compare numbers of Wi-Fi device and Bluetooth device detections, the detected
unique MAC addresses have been listed for the chosen measuring day (08/04/2019).
The analysis included data from the nodes A and D located at the entrance and the
main exit from the campus site, respectively (Fig. 5). The hourly distribution of
number of the detected MAC addresses for the individual wireless communications
systems is shown in Fig. 9.

For the node A, there is the noticeable morning rush hour about 7:45 a.m. registered
for the detected devices, both Wi-Fi and Bluetooth; this corresponds to the time of
work and course commencement at the University. It shall be noticed that the number
of Wi-Fi device detections is over 10 times higher than Bluetooth device detections. At
the exit node D, the main rush hour during the day happens on 12:45 for Wi-Fi detec-
tion and on 15:00 for Bluetooth detection. This difference can be caused by the higher
detectability of pedestrian streams using Wi-Fi detection and of vehicle streams using
Bluetooth detection. These hours correspond to the typical completion time of course
for students (about 13:00) that, in large part, walk on foot due to limited possibility to
enter the campus with vehicles. However, for the network based on Bluetooth technol-
ogy that detects mainly vehicle streams, the rush hour was noted down about 15:00
what corresponds to the work completion time of the University administration. In
case of the exit node D, the difference in number of detections between the described
technologies is by far lower, i.e., they differ only four times. This can result from the
fact that the exit at the node D is not the only exit for pedestrian streams since the
internal vehicle traffic organization at the campus is not binding for pedestrians.

7 Conclusion

The purpose of the research was using Wi-Fi-based WSN for traffic streams detec-
tion and the evaluation of the network performance. The analyses shown in the
article are the continuation of research on wireless sensor network usefulness for
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detection of vehicle and pedestrian streams. All of the analyses shown are of the
preliminary research nature in view of the relatively new implementation. The
research carried out before by the authors confirmed explicitly the legitimacy to use
the networks based on Wi-Fi and Bluetooth activity detection to detect vehicle and
pedestrian streams. The analyses presented in the paper purposed the further
research of the implemented Wi-Fi activity sensor network as regards the system
functioning efficiency and stability.

While comparing the findings of research carried out within the week (08/04/2019
to 14/04/2019) with the results for the chosen measuring day (18/01/2019) shown in
the previous research [11], the high repeatability of indications can be found. This
is confirmed by stable sensor operation and almost identical level of type identifica-
tion of the devices recognized.

A great influence of peripheral equipment of the administrative facilities and the
instructive and research test ground on the node A detection quality has been shown;
the equipment communicated the node continuously while disturbing the number of
devices detected in fact. This influence diminishes considerably on weekends when
there is lower number of interference sources. This fact is confirmed by the data
obtained from the node D located far away from the administration buildings and
the measuring apparatus of ITS test ground. They show smaller differences between
the raw and cleared data and the very high level of the detected unit identification
including the mobile device participation of 98%.

In the comparative analysis of two WSNs functioning at the University site, the
similar trend was observed in detections at the campus entrance—the highest rush
hour was noted down at 7:45 a.m. When considering the data from the nodes located
at the exit, the discrepancy was observed for the time of afternoon rush hour. This
situation is connected with different times of the courses and the administration
worktime. The difference between the data obtained from the network detecting
Wi-Fi activity and the Bluetooth network results from the detected stream types.
The Wi-Fi WSN detecting mainly the pedestrian streams [11] has shown the rush
hour about 13:00 and this is connected with the limited possibility for students to
enter the campus with vehicles and the fact that they walk on foot mainly at its site.
However, for the network based on Bluetooth technology that detects mainly vehi-
cle streams, the rush hour was noted down about 15:00 what corresponds to the
work completion time of the University administration.
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Electronic Fare Collection Systems vs.
Passenger Rights and Effectiveness
of Services Provision

Grzegorz Dydkowski

Abstract The chapter presents premises and benefits resulting from e-ticket sys-
tems implementation, in which the obligation was adopted to register each entry
when travelling. The check-in registration system may be used to study passenger
flows and this in turn to optimise the transport offer on a current basis and to carry
out settlements with entities financing the urban public transport from public funds.
Also analysis and assessment were performed, to what extent the registration obli-
gation is permissible in the existing Polish legislation and whether it violated the
collective consumer interest and is inconsistent with decency. This issue is related
to dynamic development of IT technologies and the origination and use of all sorts
of IT solutions. It enforces the updating of standards and adapting them to the
changing social and economic environment.

Keywords Electronic fare collection systems - Public transport - Passenger rights
- Urban transport

1 Introduction

The implementation of fare collection systems utilising e-tickets with registration of
entering the vehicle (check-in) in the case of bigger cities and numerous operators
is a relatively big and complicated investment project. It requires creating an appro-
priate infrastructure in vehicles of the urban public transport and a sales network,
ensuring data transmission and processing, and their availability in an online stan-
dard, issuing a relevant number of cards as well as ensuring the entire system opera-
tion continuity. Also a change of hitherto rules of services use is important, where
passengers use an electronic card instead of a paper ticket. During the system
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designing, apart from changes of habits, it is also necessary to consider to what
extent the assumptions comply with the binding legislation, in particular in the field
of consumer rights and of personal data protection. The situation is complicated by
the fact that many issues are based only on the interpretation of legal acts provi-
sions, made most frequently only after the system implementation and start.

The application of entry (check-in) systems registration is often crucial from the
point of view of economic benefits resulting from the implementation of fare collec-
tion systems based on electronic cards. Because it enables collecting the data on
transport, which later on can be used to create a transport offer and in settlements
related to the public financing of the public transport. So far the literature addresses
the issues of fare collection systems functionality, standards used, and infrastructure
necessary to implement such systems (P. Krukowski, W. Rokicki, K. Hebel,
A. Urbanek, G. Dydkowski, B. Kos, J. Gnap, J. Paddington) and provides presenta-
tions of entities implementing such systems, like Asseco Poland S.A., Mennica
Polska, R&G Plus Sp. z 0.0., and PZI Taran Sp. z 0.0. Research within the European
Union is being conducted on a large scale [1]. Unfortunately, despite already quite
common application of fare collection systems using e-cards, the legal issues or the
carried out interpretations of the right to collect data based on electronic cards read-
ing were not the subject of research and hence there is a lot of ambiguity. These
issues are in the area of interest of the Office for Competition and Consumer
Protection (UOKIiK) and formerly of the General Inspector of Personal Data
Protection—now the Personal Data Protection Office. The experience shows also
that the aforementioned authorities approach the matter of e-tickets compliance
with legislation on an individual basis, examining individual cases separately, and
at the same time there are no systemic guidelines or so-called best practices in
this field.

The chapter presents premises ad benefits resulting from e-ticket systems imple-
mentation, including systems of each entry registration when travelling. Against
this background also the assessment has been presented, to what extent the fare
collection system with the use of e-cards and with entry registration can violate the
passenger rights. This issue has a specific economic dimension, which is difficult to
overestimate. Because if the system of entry (check-in), and possibly exit (check-
out), registration is given up, then at the same time the collection of data indispens-
able now to manage the transport offer and the system of tariffs and settlements of
public funds allocated to the public transport are given up. The research was carried
out based on the example of fare collection system using electronic cards, imple-
mented by the Municipal Transport Union of the Upper-Silesian Industrial Region
in Katowice [2]. This is a large system [3]—the cost of implementation including a
5-year period of system maintenance amounts to approx. PLN 180 million, and in
the period between October 2015 and the end of 2018 approx. 500,000 cards have
been issued. Correspondence with the Katowice Branch of the Office for Competition
and Consumer Protection and with the Personal Data Protection Office has been
carried out from 2016, finished with the Decision of the UOKiK President [4]. Now
the judgement of the Regional Court in Warsaw is expected, where appeal against
the UOKIK President’s decision was filed [5].
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2 Premises for Fare Collection Systems Using Electronic
Cards Implementation in the Passenger Public Transport

The end of the twentieth century and a dozen or so of the twenty-first century years
are marked by dynamic development of IT technologies and their deployment in
transport. Advanced IT technologies, data collection and processing as well as big
data sets management, the use of software with very developed functions, of com-
puter networks, wireless communication, data transmission, and location systems
are being developed, implemented and used in current operations. This expands
capabilities of entities and even creates new conditions to carry out business and to
manage the transport processes and also the entire area of services distribution,
sales, and promotion—i.e. the front office. IT systems become an element combin-
ing into a whole individual stage of the transport system, enable quick access to the
information and direct control of processes. The reduction of hardware prices, or
maintaining the prices and offering hardware of greater capabilities, creates good
conditions for the growing scope of performed functions, results in increasingly
wide application of IT technologies, including in the urban transport.

The IT sector has developed and stabilised in Poland during the last twenty years.
Deliveries of hardware and software, and also the deployment, are offered by big
entities with substantial equity and financial resources and with many years of expe-
rience, as well as thousands of smaller entities flexible in operations, specialising in
delivering and maintaining systems and modules in the field of selected areas of
entity operations. A mature IT sector means also a greater availability of IT solu-
tions and reduction of risk existing during IT systems implementation. The avail-
ability of IT technologies and areas of their application systematically grow, and
entities—including in the urban transport—implement solutions, which are com-
prehensive, technologically advanced, and feature expanded functionality [6].

The progress in information transfer technologies has special importance in the
transport business, including the public transport. Public transport services are not
provided in one place, the possibility to transfer information facilitates the supervi-
sion and intervention in the event of disturbances, occurring on transport lines, fre-
quently passing vast areas, outside dispatcher and control points. IT technologies
ensure communication and information not only about the current location of vehi-
cles, but also everything related to the fare collection systems.

Apart from location, the fare collection systems are an important area of IT sys-
tems implementation in the public transport. The type of fare collection for public
transport services and the type of carrier on which the information about the col-
lected fare is recorded are factors affecting the adopted tariff solutions, in particular
possibilities to diversify prices, the flexibility of tariff changes, the used promotions
and solutions in the field of tariff correspondence. The fares collection using elec-
tronic tickets and the registration of the number of rides enables using the data not
only in relation to the fares charging, but also to the transport offer planning, to car-
rying out current changes and settlements, primarily with entities financing from
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public funds (in Poland municipalities) the urban public transport, as well as settle-
ments between entities during common tariff projects [7].

Electronic cars provide potentially biggest possibilities to collect and process
data about urban transport rides. In terms of the technologies applied—modern
solutions are used. Chip (smart) cards are utilised, allowing to acquire data about
rides and collected fares for the public transport services use. The introduction of
fare collection systems based on electronic cards provides a possibility to acquire in
a digital form the data related to the service use—it is easier to process the data and
to use it to control the equipment, e.g. entries to transfer point areas. Electronic card
technologies together with systems of legal and organisational solutions create a
possibility to pay for services provided by various operators (not only related to the
urban transport and vehicles parking) and to perform relevant related settlements.
Therefore in a part of cases the implemented systems assume expansion of the ser-
vices scope, where the card can be used e.g. in other municipal services. Solutions
should be designed to provide a possibility of breaking down the payments made
into individual services and into individual operators, which is especially important
from the point of view of urban transport tariff integration.

In the case of electronic cards the data originating from fare collection systems
can be the basic source of information about carried out rides and thereby about
settlements between entities. It is possible to determine the number of passenger-
kilometres (registration of check-ins and check-outs and of the distance covered by
the vehicle between individual stops) or the number of passengers (only check-ins
registration). The system may be supplemented also with data originating from the
observation of the number of passengers directly in a vehicle or from the video
monitoring. They can be applied in the transport offer planning processes and also
for settlements related to the public financing of the public transport or to identify
the amount of lost revenue resulting from the application of entitlements to conces-
sion and free travels.

The degree of IT deployment difficulty in the urban public transport depends on
the solution scale. For small systems of urban public transport there are no major
problems at the implementation of solutions in the field of automatic recording of
the revenue amounts for individual lines or their sections. The fact that the imple-
mentation cases of fare charging based on e-cards, in the entry-exit or only entry
identification system, is easiest in small and medium cities, could be an example.
With the increasing city size, the number of operators, as well as with diversification
of public transport reach and of the transport offer the project becomes more and
more costly and complicated. Situations, where full functionality of fare collection
systems using e-cards has not been achieved, most often do not result from techno-
logical conditions, but from organisational, legal or social reasons, or from mistakes
made during a new solution promotion. The use of one electronic card in public
transport systems, participated by many entities with various tariff regulations,
requires relevant institutional solutions or using bank services for funds settlement.

The urban public transport is subject to regulation both in the field of price set-
ting and of terms and conditions of transport services provision. Moreover, via the
urban public transport price also the social, health protection, or related to the city
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land development policies are pursued within quite broad scope. Therefore it is pos-
sible to state that the obtaining of benefits depends in the possibility to implement
and to accept new solutions in the field of prices, which to a large extent is beyond
decisions of urban public transport managing units or operators [8].

It is also necessary to add that during the nearest years the IT technologies will
become basic transport integration tools in the field of technical and technological
solutions. So far electronic card systems are implemented primarily in urban trans-
port systems or independently and separately in urban transport systems and in
regional railway transport systems. Actions in favour of the tariff integration, but
based on a common carrier, which will be an electronic card, are being undertaken
now. Because cards valid in urban public transport systems are widespread, assump-
tions are made that it will be possible to use them also in the railway transport. Over
time such systems should be tools used to a larger and larger extent during the trans-
port offer planning, timetables coordination, traffic management, provision of infor-
mation to passengers, and for settlements of funds between entities. They are also
positively evaluated by the residents [9].

3 Passenger Rights in the Context of Forbidden Contract
Clauses and of Personal Data Protection

3.1 The Obligation to Register the Vehicle Entering (Check-In)
Each Time

The implementation of modern systems for public transport management is related
to the acquisition and processing of a broad range of data. Such data are related not
only to the location, parameters of means of transport traffic, and the size of trans-
port performed by individual means of transport, but also necessarily to the location
of persons—city card users and sections on which they were travelling. The right
and legitimacy of such data collection by the public transport systems managers can
raise doubts. In practice this means a question to what extent the organiser or carrier
are authorised to order passengers, who have purchased and activated a season
ticket without a limit of rides, to register each time the ride by carrying out the
check-in, and possibly also carrying out the check-out. Together with systems
development another question will arise, to what extent the organiser or carrier will
be authorised to collect the data about passenger’s ride on a specific route, in an
automatic way, without the obligation to register the card at the entry, and possibly
at the exit from the vehicle as well. In particular doubts related to each entry regis-
tration are articulated in the case of season tickets without a limit of rides, which
have been previously bought and activated.

The right to impose obligation of registering each time the travel start results
from the provision of Art. 16 of the Act of 15 November 1984 on Transport Law
[10]: “A transport contract is concluded by purchasing a travel ticket before the start
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of travelling or by meeting other conditions of access to a means of transport deter-
mined by the carrier or by a collective public transport organiser, and if they are not
determined—by the fact of taking place in a means of transport.” That means that
the legislator authorised public transport organisers to determine conditions of
access to means of transport, which passengers must meet to conclude a transport
contract. Such conditions are most frequently determined in the tariff or in another
document regulating the rules of electronic cards use, where it is then possible to
introduce the requirement of registration of entering the vehicle by holders of sea-
son tickets encoded on an electronic card or encoded entitlements to free travelling.
In the case of establishing the obligation of registration, the fact of having an
encoded season ticket on the card, without checking-in at each entry to a vehicle,
does not meet the access conditions to means of transport determined by the organ-
iser. At the same time attention should be drawn to the fact that the provision of Art.
16 of the Transport Law [10] gives a possibility to determine the access conditions
to means of transport by organisers or carriers and does not limit or create a close
catalogue of their advisability introduction, and does not require any particular jus-
tification. It is possible to assume that such conditions should only not violate gen-
eral principles of social coexistence and obviously should not infringe other
regulations by law. So in this context it does not seem that the obligation to register
the card is an illogical and arduous action when entering a means of transport.

The opinion about a possibility to demand by an organiser or carrier to register
each entry in the case of a season ticket purchased previously is confirmed by the
reasons of the Voivodeship Administration Court in Bialystok, which having exam-
ined at Division I during the hearing on 16 April 2014 of the case resulting from the
complaint against the Resolution of Biatystok City Council from April 2011, related
to the determination of additional charges due to transport of persons, luggage or
animals taken aboard a means of transport, and the amount of the manipulation
charge, dismissed the case [11]. The reasons state that first it is necessary to deter-
mine, whether the term of missing appropriate transport document comprises non-
registration at the entry to the vehicle of an electronic card with the encoded ticket.
So it is necessary to clarify the term ‘appropriate transport document’. Provisions of
the new Transport Law do not comprise such a definition. In this case it is helpful to
refer to regulation of Art. 16 para 1 of the Transport Law. Pursuant to it a transport
contract is concluded by purchasing a travel ticket or by meeting other conditions of
access to a means of transport determined by the carrier or by the collective public
transport organiser, and if they are not determined—by the fact of taking place in a
means of transport. So one should agree that the legislator allows various methods
to conclude a transport contract. Not only the purchase of a travel ticket is indicated,
but also meeting other conditions of access to a means of transport determined by
the carrier or by the collective public transport organiser. It is also necessary to
notice that, apart from the presented possibility to determine conditions of access to
a means of transport by the carrier or by the collective public transport organiser,
provisions of the Transport Law authorise carriers or collective public transport
organisers to establish regulations specifying conditions of travellers’ service, terms
and conditions of check-in, and passenger and luggage transport conditions (Art. 4)
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as well as authorise municipality councils to determine order regulations referring
to the municipal regular transport of persons and to transport of persons and luggage
by taxies (Art. 15 para 5) [11].

Pursuant to those regulations related to the collective public transport in the
urban transport organised by the Municipality of Biatystok § 7 of Order Regulations
indicates the meaning of ‘appropriate transport document’, with respect to services
provided by the Biatystok urban transport. A transport document confirming the
conclusion of a transport contract is ‘a valid ticket—consistent with the price list
and with the travel tariff zone—purchased, validated, registered when entering the
vehicle’ or a document entitling to free travelling. Pursuant to § 9 a journey with a
ticket encoded on an electronic card to be valid requires the card registration when
entering the vehicle. Because of that a ticket encoded on an electronic city card, to
be considered an ‘appropriate transport document’ for the purpose of the Transport
Law, must be registered by the passenger, immediately after entering the bus. As a
result, with respect to the situation of missing registration, at the entry to the vehi-
cle, of a ticket encoded on an electronic card—i.e. missing appropriate transport
document, the authority can determine the amount of an additional charge based on
Art. 34a para 2 in connection with Art. 34a para 1 sub-para la of the Transport
Law [11].

On the basis of the above there are no grounds to state that the introduction of the
obligation to register each entry in the situation of purchasing previously and hold-
ing a season ticket without a limit of rides violates the collective consumer interest.

3.2 No Violation of Collective Consumer Interest
and of Decency

One cannot assume that the introduction of electronic ticket systems and the adop-
tion of the obligation to register a season ticket without a limit of rides at each enter-
ing the vehicle violates the collective consumer interest. Pursuant to Art. 24 para 2
of the Act on Competition and Consumer Protection, a practice violating the collec-
tive consumer interest is the businessman behaviour, which is illegal or inconsistent
with decency, which harms the collective consumer interest [12]. The provision of
Art. 24 para 2 of the Act on Competition and Consumer Protection does not protect
the economic interest as a consumer need, but his/her legal interest, understood as
consumer needs, which were considered by the legislator as worthy protection [5,
13]. The violation of collective consumer interest occurs, if it is found that the legal
interest based on appropriate piece of legislation has been violated. This excludes
protection based only on the opinion itself that the consumer interest has been vio-
lated, if no legal grounds have been indicated, from which such interest should
result [14]. And these have not been shown so far. The interest subject to protection
does not consist of subjective consumer needs, but the needs, which were provided
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protection and security by the legislator, which is equated with the legal interest
[S, 15].

It is also necessary to draw attention to the fact that it is difficult to show that the
obligation of each entry registration is inconsistent with decency. Decency is a gen-
eral clause, occurring many times in various branches of Polish legislation. As a
term, which has not been defined by the law, it became the subject of doctrine inter-
pretation. However, the clause importance is not universal, because it should be
decoded in relation to a defined actual state [5]. In the adopted decisions of the
Competition and Consumer Protection Court actions aimed at provision of incom-
plete information, disorientation, causing an erroneous consumer opinion, exploit-
ing his/her ignorance or naivety may be considered inconsistent with decency, so
actions which are popularly referred to as unfair, unreliable, deviating from adopted
standards of proceeding [5, 16]. Moreover, taking into account the pace of IT tech-
nologies development and the origination and application of diverse IT solutions, in
many cases related to the user location and identification, it is necessary to consider
the updating of standards and adapting them to the changing social-economic
environment.

3.3 Request to Use an Electronic Card in the Case
of Entitlement to Free Travelling

Another reservation may be related to the introduction of the obligation to get and
use an electronic card by persons, who were granted entitlement to travel for free.
In the past, in the urban public transport, in which paper tickets were used in the fare
collection systems, such persons were travelling based on document issued by vari-
ous institutions and allowed in the urban public transport as documents entitling to
travel—e.g. school or disabled persons IDs, or identity document confirming the
age. In the situation of electronic cards implementation it is expected that such card
will be issued or received. Like before, the legal grounds for the request to make and
use a card as well as to make registrations during journeys by the urban public trans-
port will consist in Art. 16 of the Transport Law. For public transport services users
such a requirement has no grounds, but this results most often from unfamiliarity
with the fact that free rides for passengers are related at the same time with public
financing systems created for this purpose. Because of provision of free rides the
carriers receive relevant funds—reimbursement of the lost revenue resulting from
honouring the concession/free entitlements and it is necessary to know their
amounts—corresponding to the number of transported persons with specific entitle-
ments to travel for free. Therefore a precise registration of the transport volume and
of the lost revenue is necessary. Such systems have been used for many years in the
public transport of regional and national reach [17], and their application in the
urban public transport was limited just by the lack of technical register of the lost
revenue. In certain cities the entitlements to travel for free are implemented for the
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next groups, for example, in recent years free rides were introduced for children and
youth, moreover, solutions of free urban public transport are applied on days of high
air pollutants content (so-called smog days). Such actions require establishing rel-
evant systems of financing.

The example of railway and regional transport shows that the situation, in which
a passenger entitled to travel for free is obliged to register his/her travel (e.g. by col-
lecting a free ticket from the ticket office) is not a new practice in the public trans-
port. This solution has been operating for many years at regional railway carriers,
where despite the fact that the passenger holds the entitlement and documents
authorising to travel for free, (s)he is obliged to collect each time from the ticket
office a single-travel ticket with a 100% concession. The provision of Chapter 3,
§17 sub-para 3 of the Koleje Slaskie Transport Tariff may be an example [18],
including the clause: ‘... rides of a child (children) up to 4 years of age are carried
out based on a single-travel ticket with a 100% concession together with a document
stating the child’s age (e.g. child health card)’. This situation, from the point of view
of the necessity to perform additional actions before enjoying a free ride, basically
is not different from the obligation to register the entry to the vehicle in the urban
public transport, and so far it has not raised any objections from the point of view of
imposing unfavourable contract conditions. A similar situation exists also in the
Warsaw metro, where persons entitled to travel for free, willing to travel by metro,
have to collect a free entrance ticket [19].

It can be also added, that the requirement of making additional actions during the
use of services, even in a situation that they are provided to a specific social group
for free, is nothing new and it was not introduced with the implementation of elec-
tronic card systems. Examples of many other services may be given, including such,
which are free for the user, where it is necessary to present the required document
or to make some action. The use of doctor’s services may be given as an example
(previous registration is required) or unlimited access cards to recreation facilities,
such as swimming pools, gyms, cinemas, where it is always required to register the
entry and this way to confirm the previously acquired right to the service.

3.4 Solutions Ensuring the Personal Data Protection

The collection, by a collective public transport organiser, of data on registered
check-ins and check-outs in the urban transport vehicles raises concerns related
primarily to the privacy protection and personal data protection. The care of per-
sonal data security is something natural, especially in the context of more and more
universal usage of IT in all areas of life and as a result of personal data gathering and
processing on a previously unprecedented scale. It is possible to notice that the
concerns for the privacy protection are common to all technologies, which link a
device or a card with a specific user and which allow to gather the data on his/her
behaviour (mobile telephony, bank systems, i.e. credit and payment cards or cards
used in the health service, urban public transport, etc.) [20]. At the same time the
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issues of personal data protection are very restrictively regulated in the European
and Polish legislation. Modern electronic payment systems based on smart cards,
such as SKUP cards, meet high standards—and in the case where such systems are
developed together with banks—safety standards determined by the banking sys-
tems. Personal data in electronic card systems are processed in a way guaranteeing
meeting requirements set by the Act of 29 August 1997 on Personal Data Protection,
together with secondary legislation to that act, which is supervised by appropriate
institutions, including the General Inspector of Personal Data Protection [21].

For the system implementing entity it is significant to obtain data about passen-
ger flows for settlements with municipalities and for management of the transport
offer on a current basis and for its adaptation to changing needs. Thereby it is neces-
sary to collect and used the data on tickets purchases and registration in individual
vehicles. This is the data related to the number and amounts of transactions, and to
registered ticket types. Such data may be obtained also with the accuracy of indi-
vidual cards. To ensure personal data protection in the system of Silesian Public
Services Card (SKUP) implemented by the Municipal Transport Union of the
Upper-Silesian Industrial Region in Katowice, a solution was applied, in which only
and exclusively the card number is the identifier (this applies both to personal and
bearer cards). In the SKUP system, there is no information about such card’s user
and hence it is not possible to connect the data on the card use with the user personal
data, because the personal data is not recorded in the SKUP IT system. Also on-
board readers in vehicles read the card number and recorded rights to concessionary
or free travels, while they do not read from the card and do not register in the system
the information about specific card user. Thereby in such cases there is no personal
data processing.

Personal data of personalised (personal) cards users is collected in the process of
cards ordering and processed for the needs to conclude the contract on the card use
and to execute it. It should be clarified, that mBank is the card issuer, to whom
Municipal Transport Union entrusted personal data processing for this purpose.
While mBank entrusted the personal data processing to the DanubePay company,
which is the Clearing Agent of the SKUP system and manages the process of cards
personalisation. It is just the Clearing Agent’s IT system, where the personal data is
collected and processed. During the filing of an application for a personalised card,
be it on the Customer Portal or in service points, a form is filled, which is automati-
cally transferred via the SKUP IT System to the Clearing Agent system, while the
data is not saved in the SKUP system. Municipal Transport Union, as the SKUP
system administrator, and other entities participating in the project implementation
do not have access to the Clearing Agent system. Thereby it is not possible to con-
nect the data used among others for settlements with the personal data of card users
gathered in the Clearing Agent system. This system on the one hand ensures acqui-
sition of relevant data related to the organisation and financial settlement of the
public transport, and on the other hand it guarantees personal data protection during
their processing.
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4 Summary

It is difficult to assume, that the implementation of electronic tickets systems and
principles of check-in registration violates the collective consumer interest. The
violation of collective consumer interest occurs, if it is found that the legal interest
based on appropriate piece of legislation has been violated. This excludes protection
based only on the opinion itself that the consumer interest has been violated, if no
legal grounds have been indicated, from which such interest should result. And
these have not been shown so far. It is also necessary to draw attention to the fact
that it is difficult to show inconsistency with decency.

The organiser or carrier are authorised to determine access conditions to a means
of transport. This authorisation results from the Transport Law and it is possible to
show organisers in Poland, who based on that for many years have been using the
rule of obligatory registration of entering the vehicle, even in the situation, where
the passenger has previously bought a season ticket without a limit of rides recorded
on the electronic card. The application of check-in registration systems may be used
to study passenger flows and this in turn to optimise the transport offer on a current
basis and to carry out settlements with entities financing the urban public transport
from public funds.

The situation, in which big IT projects are financed from public funds should not
be assessed very well, when substantial expenditure is incurred and only after such
project implementation state authorities perform assessments and raise doubts in the
field of applied solutions. It is also possible to expect that in situations raising
doubts, but at the same time a specific solution is used in various cities, it would be
favourable to develop guidelines or to present best practice, so as to avoid spending
substantial funds to achieve defined functionalities, which later on are contested or
challenged.
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Abstract Rail transport is becoming an increasingly common mode of transport
supporting agglomeration/metropolitan traffic. It is affected by a variety of factors,
such as substantial degree of punctuality and safety, possibility of transporting a
significant number of passengers at the same time, limited negative impact on the
natural environment and the quality of being independent from road congestion.
The emerging metropolitan rail networks can effectively counteract the uncon-
trolled development of individual transport, thus promoting the use of public trans-
port in handling passenger traffic in urban and metropolitan areas.

The primary purpose of the chapter was to identify current barriers hampering
the use of public transportation by metropolitan residents and show the possibility
of reducing those barriers by a metropolitan railway system on the example of the
Szczecin Metropolitan Railway investment project in Poland.

To this end, the following research methods were applied: critical evaluation of
the relevant literature, documentary method, survey method, and individual in-
depth interviews. In addition, the results of research carried out by the Authors dur-
ing the implementation of the “Concept of the Szczecin Metropolitan Railway”
(2012) and “Feasibility Study of the Szczecin Metropolitan Railway” (2014-2015)
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1 Introduction

Transport is an important part of human life. Due to demographic, economic, and
lifestyle shifts people are traveling more often and further, and the time they spend
inside means of transport is becoming longer. Therefore, mobility is proving to be
one of the most important human needs of the twenty-first century [1]. Passenger
transport and goods traffic also constitute an important basis for social participation
and the prosperity of the population [2]. Citizens who are unable to access public
transport are excluded from participating in economic and social activities [3].
Therefore, modern transport can be considered as:

e generator of economic development,

e important factor for improving the well-being of people,

¢ tool to ensure inter-territorial ties,

 indispensable tool for trade exchange in the era of globalization.

At the same time, transport has become very harmful to the environment. Its
development has exerted negative impact on the environment through, among oth-
ers, noise, vibration, accidents, area needs, congestion, and energy intensity [4].
Currently, cities and agglomerations are facing numerous problems caused by the
increasing level of vehicle-to-population ratio [5]. The dynamic development of
urbanized areas and, in particular, the uncontrolled spatial development, further
deepen this problem.

Social expectations for improving the conditions of life in cities and current
increase in mobility pose a difficult challenge for organizers of urban transport [6].
In general, cities and agglomerations are trying to make automobile travel less
attractive and increase the use of public transport [7]. The organization and develop-
ment of public transport in metropolitan areas is an important task of self-
governments, because the efficacy of transport systems in highly urbanized areas
translates directly into the rate of their economic development [8].

The primary purpose of the chapter was to identify current barriers hampering
the use of public transport by metropolitan residents and show the possibility of
reducing those barriers by a metropolitan railway system on the example of the
Szczecin Metropolitan Railway investment project (SMR) in Poland.

An important part of the research was to answer the following questions:

e What is the current state of passenger transport system in SMA?

e What solutions will the SMR investment project offer to its future passengers
(SMA residents and visitors)?

e What will be the target passenger system in the SMA (after starting the SMR)?

The chapter presents the results of the research, which was carried out in
two stages:

* first, surveys were conducted among SMA residents (2013, 2015, 2017),
e second, in-depth individual interviews were conducted with a deliberately
selected group of SMA residents (2018).
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2 The Role of Railways in Serving Passenger Traffic

Under favorable conditions, the numerous characteristics of rail transport may allow
it to compete with other modes of transport. They include [9, 10]:

e Travel safety,

e High speed,

e High degree of punctuality,

e Limited impact on the natural environment,

e Low degree of vulnerability to weather conditions,

» Relatively low degree of occupancy of the area,

¢ Independence from traffic congestion, and.

e Ability to transport a significant number of passengers at once.

The aforementioned characteristics of railway transport cause it to be an increas-
ingly common element of city passenger transport systems. The railway may affect
the increase in the competitiveness of public transport in relation to individual trans-
port. Furthermore, urban development harmonized with urban railway systems with
a higher service frequency should be a key factor in the strategic implementation of
low-carbon urban public transportation corridors [11]. The delayed timing of urban
railway introduction could contribute to a negative spiral of motorization, which
would provoke a severe increase in CO, emissions from the transportation sec-
tor [11].

There are notions characterizing the functioning of urban railway in cities and
metropolises: Light Rail Transit (LRT) and Light Rail System (LRS). LRT/LRS are
understood as a solution which makes use of the railway to integrate the passenger
transport system [12] into urban or metropolitan areas. This system provides high-
quality, high-speed, and environmentally friendly public transit service on estab-
lished trunk corridors linking major trip generators, regional centers, and county
cores [13]. The SMR may become the core of the transport system in the region,
providing connections between main generators of passenger traffic.

The LRT/LRS system is an element of railway services, whose role is to support
the development of urbanized areas and reduce traffic congestion [14]. The imple-
mentation of LRT/LRS is an essential factor encouraging the shift from individual
to public transport [15]. Therefore, it may be pointed out that rail transport, includ-
ing the LRT/LRS system, may be a significant and useful tool to create sustainable
and friendly cities and agglomerations.

To recap, LRT/LRS systems offer an advantage over traditional means of trans-
port used in urban and agglomerations traffic, because they may help to create main
transport corridors [16], which provide connections between important transport
nodes of urbanized areas.

When assessing the importance of particular modes of transport for the creation
of a sustainable passenger transport system in cities and metropolises, one can point
to the importance of rail transport. Due to the low susceptibility to weather condi-
tions as well as separate infrastructure and independence from the road congestion,
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Fig. 1 The role of particular modes of public transport in the metropolitan transport system (Own
source)

railway may maintain high frequency and punctuality, performing regardless of the
time of day (also during communication peaks). It should be remembered, however,
that there are some limitations—the train will not be able to fully replace the func-
tionality of a car or bus. For instance, it is unable to help passengers commute
directly from home to work. The role of rail transport should therefore be directed
primarily toward servicing large passenger flows between main transport hubs in
the region, including the connections between neighboring cities and the main
urban center of a given metropolis.

Designing a sustainable transport system for a city and a metropolis usually
requires the involvement of other modes of transport to support the functions of the
railway. Where possible, other forms of public transport, such as a tram, bus, metro,
should be preferred. Figure 1 shows the diagram of the functioning of the system in
question.

The use of rail transport in urban and metropolitan transport systems, in addition
to activities oriented at changing the transport behavior of its users and improving
the quality of the environment, may also bring other benefits. The presence of a
modern and efficient railway system may affect the competitiveness and prestige of
a given area.

3 Szczecin Metropolitan Area (SMA) as a Research Area

The development of metropolitan areas is one of the most important factors which
contribute to the competitiveness of the region in the domestic and international
market. The Szczecin Metropolitan Area (SMA) is located in the West Pomeranian
Voivodeship and includes 13 cities and municipalities. Key SMA data are as follows:
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o Area—2795 km? (representing 12.21% of the area of the West Pomeranian
Voivodeship).

* Population—686,582 people (representing 40.4% of the total population of the
West Pomeranian Voivodeship).

* Economic potential—45.8% of regional economic entities are located within the
SMA.

The primary objective of the SMA is to strengthen the cooperation between local
self-governments (in particular, between Szczecin and neighboring units) and to
develop and implement a coherent urbanization system, integrated transport system,
communication network and to strengthen its social capital.

The SMA passenger transport system consists of several different subsystems:

e Transport system of the main city of the SMA (Szczecin),

e Transport systems of medium-sized cities (Stargard, Goleniéw, Gryfino,
Swinoujs’cie, Police),

* System of connections between the indicated urban centers as well as these cen-
ters and small towns and rural areas.

Problems which the SMA transport system is facing are similar to those occur-
ring in other urban and metropolitan centers in Poland, Europe, or the world. The
most important ones include too many individual vehicles, unsustainable modal
split, traffic congestion, or air pollution.

The current division of tasks between particular modes of transport shows that
road transport (including individual transport) plays a dominant role. As there is no
proper infrastructure or organization of the system, the railway transport only plays
a marginal role in servicing passenger flows in the SMA area (Fig. 2).
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Fig. 2 Diagram of passenger transport system in SMA—current state (Own source)
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4 Szczecin Metropolitan Railway (SMR): Objectives
and Solutions

The main objective of the SMR is to create an efficient transport system implement-
ing passenger connections in the Szczecin Metropolitan Area [17]. An important
solution is to modernize the existing railway network within the SMA area and to
create the main public transport axis thereupon. This network will connect the capi-
tal of the voivodeship, Szczecin, with other cities in the area: Stargard (railway line
351), Goleniow (line 401), Gryfino (line 273), and Police (line 406). The SMR will
primarily be responsible for handling passenger flows between the main transport
hubs in the region. The assumptions adopted for the purposes of the feasibility study
of the investment project (2014/2015 and update 2016/2017) [17] show that the
SMR will be fully integrated with other modes of transport, both public and indi-
vidual. The main solutions of the SMR investment project are as follows:

» Construction of interchanges connected with other modes of transport,

* Construction of new Park&Ride parking lots (over 1500 new parking spaces),

* Construction of new Bike&Ride parking lots (over 1280 new parking spaces),

* Modification of the course of bus and tram lines and adjusting them to the SMR,

* Coordinating the timetables of bus and tram lines and adjusting them to the
SMR,

e Integrated ticket system for all types of public transport in the SMA,

* Purchase of modern trains,

e Adaptation of all train stops to the needs of families with children and the
disabled.

The SMR will provide its users with high degree of punctuality, favorable travel
time and high frequency of running vehicles adapted to their needs in terms of
mobility. Its purpose is to introduce changes, so that public transport will be able to
compete with individual transport, consequently reducing the number of journeys
made in private cars. The SMR provides for passenger services at 40 diverse stops:
international (1), agglomeration (5), urban (23), or local (11). Some will include
completely new (9), revitalized (after being out of use for a long time) and modern-
ized stops.

It is the opinion of the authors that another important issue is the additional effect
which the construction of the SMR will exert—there will be as many as 26 SMR
stops in the area of Szczecin (currently, there are only 9), which will also allow it to
function as an urban railway. With such organization, the rail system may signifi-
cantly strengthen the role of public transport in servicing typically urban passen-
ger flows.

It is worth pointing out that the SMR, implemented in accordance with the eco-
nomic and social analysis carried out as a part of the feasibility study, successfully
applied for financial support offered by EU funds. The indicators of economic and
social efficiency were higher than the limit values. In the case of ENPV, it was PLN
751.8 m, and IRR—11.9%. In 2018, the SMA received EU grants to help finance
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Fig. 3 Walking and cycling availability of SMR stops [17]

the project. The same year, the SMR investment process began. We may assume that
the system will be fully operational in 2022. Figure 3 presents the expected avail-
ability of SMR stops (for walking and cycling).

5 Szczecin Metropolitan Railway: Possibilities of Reducing
the Development of Individual Transport

Several studies were conducted in order to identify current barriers hampering the
use of public transportation by metropolitan residents and show how to reduce these
barriers for the metropolitan railway system on the example of the investment proj-
ect of the Szczecin Metropolitan Railway.

First, in 2013, 2015, and 2017, the authors conducted a survey among the resi-
dents of the SMA and the West Pomeranian Voivodeship. The study involved a
group of respondents: 1752 people in 2013, 1528 in 2015, and 1887 in 2017. The
wide scope of the research concentrated on the passenger transport system in the
region, both in terms of individual and public transport. One of the objectives of the
research was to identify barriers hampering the use of public transport in the area of
SMA and the West Pomeranian Voivodeship. The key barriers pointed out by
respondents are shown in Table 1. More results of the surveys are discussed in
[18, 19].

Respondents also pointed to other, often incidental factors, such as illness, sud-
den event and unwellness. Due to the marginal nature of these answers, the authors
left them out of further analyses.
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Table 1 Key barriers hampering the use of public transport by users of the SMA transport system

Barriers

Description

Limited access to
public transport
infrastructure

No nodal or linear infrastructure (e.g., stop or railway line) near the
point of beginning or ending of the journey

Lack of convenient
connections in the case
of public transport

Lack of public transport connections adjusted to the needs of
respondents

Lack of integration
between individual and
public transport

No possibility of leaving own vehicle in a designated area and continue
the journey by public transport

Too long travel time by
public transport

Travel time is not satisfactory for the passenger, thus the passenger
usually decides to use their own vehicle

Lack of integration of
timetables in public
transport

Waiting time to change from one public vehicle to another is too long,
which increases the duration of the entire journey

Inflexible/not
integrated ticket tariff

No common ticket for various means of transport (e.g., railway, tram,
bus), lack of integrated tariff between public transport and
complementary solutions (e.g., P&R)

Lack of adaptation to
the needs of families
with children

Lack of facilities in vehicles (e.g., suitable space for baby strollers,
low-floor vehicles), lack of facilities at stops (e.g., low curbs, elevators)
or unattractive ticket tariff (e.g., discounts for journeys with children,
family tickets)

Lack of adaptation to
the needs of the
disabled

Lack of facilities in vehicles (e.g., suitable space for wheelchairs, low
floor vehicles), lack of facilities at stops (e.g., low curbs, elevators)

Convenience of using
individual transport

Individual feeling of the passenger toward his own vehicle; it may refer
to objective features, e.g., door-to-door travel, adjustment of departure
time to individual needs, as well as subjective assessment of vehicle
features, e.g., dual zone air conditioning, comfortable seats, tinted
windows

Limited promotion of
public transport

No advertising campaign, no temporary promotions

Habits, routine

Passengers often choose well-known solutions without looking for new
travel opportunities

Too expensive tickets

Ticket prices are uncompetitive compared to individual transport

Further, the solutions adopted in the SMR investment project were indicated.
They are the result of the research carried out as a part of developing the SMR fea-
sibility study (as indicated in Part 4 of the chapter, the research was carried out in
2014-2015 and updated in 2016-2017).

The final stage of the research consisted in individual in-depth interviews in 2018
with 30 respondents. They were selected from among people living in the SMA
area, who did not use public transport there or only used it sporadically.

The respondents received a list of barriers constituting the result of surveys and
a list with solutions adopted for the SMR investment project. Their task was to:

¢ Select and indicate barriers that concern them, and.
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* Indicate which of the adopted SMR investment solutions can eliminate individ-
ual barriers hampering the use of public transport.

As aresult, a matrix of SMR impact on the barriers to the use of public transport
in the SMA area was obtained (Fig. 4), in which:

e Barriers hampering the use of public transport (survey results) are shown in red.

* SMR investment solutions (from the SMR feasibility study) are shown in orange.

* Sustainable transport policy goals (local, domestic and European) are shown in
green.

BARRIERS SMR SOLUTIONS SUSTAINABLE
e TRANSPORT POLICY
RAILWAY LINE NO. 406 GOALS
LIMITED ACCESS TO PUBLIC (SZCZECIN - POLICE)
TRANSPORT
INFRASTRUCTURE INTEGRATED
INTERCHANGES
LACK OF CONVENIENT
COMMECTIONS IN THE CASE
OF PUBLIC TRANSPORT
BUILDING OF NEW STOPS
LACK OF INTEGRATION
BETWEEN INDIVIDUAL AND
PUBLIC TRANSPORT REVITALIZATION OF NON-
FUNCTIONING STOPS
TOO LONG TRAVEL TIME BY
PUBLIC TRANSPORT
P&R CAR PARKS
B&R CAR PARKS
LACK OF INTEGRATION OF
TIMETABLES IN PUBLIC A
TRANSPORY =y COORDINATION OF PUBLIC
TRANSPORT TIMETABLES
INFLEXIBLE TICKET TARIFF
ADJUSTMENT OF THE
PUBLIC TRANSPORT LINES ——
TO SMR
TOO EXPEMNSIVE TICKETS
REALIZATION OF URBAN
TRIPS BY SMR
LACK OF ADAPTATION TO
THE MEEDS OF FAMILIES
WITH CHILDREN
INTEGRATED TICKET
LACK OF ADAPTATION TO
THE MEEDS OF THE
DISASLED g MODERN MEANS OF
TRANSPORT
CONVEMIENCE OF USING
INDIVIDUAL TRANSPORT ADAPTATION TO THE
NEEDS OF FAMILIES WITH
CHILDREN
LIMITED PROMOTION OF
PUBLIC TRANSPORT
ADAPTATION TO THE
NEEDS OF DISABLED
HABITS, ROUTINE
SMR INFORMATION
CAMPAIGN

Fig. 4 Diagram of SMR impact on barriers to the use of public transport within the SMA (Own
source)
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As a result of research carried out in the SMA area, it was shown that:

e There are barriers hampering the use of public transport; they are diverse because
they relate to infrastructure, economic, organizational, and social issues,

* Solutions adopted as a part of the SMR construction project may be an answer to
the barriers indicated by residents,

e Individual solutions adopted in the SMR investment project may limit several
barriers hampering the use of public transport.

The authors are of the opinion that the developed matrix may constitute a model,
as the impact of SMR solutions on other barriers cannot be excluded. It can be
assumed that the impact will have a wider reach. The implementation of individual
SMR investment solutions may help to achieve specific goals of the sustainable
transport policy, and consequently increase the competitiveness of public transport
and limit the development of individual transport in the SMA area.

The implementation of the SMR investment solutions may contribute to the
change of the modal split in the SMA area. For the sustainable development of
SMA, the desired system is the one where public transport plays a dominant role
(with a significant share of rail transport—SMR). Road transport, including indi-
vidual transport, serves only as a supporting system (Fig. 5).

6 Conclusion

The SMR as a solution combining significant transport capacity with limited sus-
ceptibility to transport congestion may decide on the success of public transport
over individual transport. It may be observed in the following relations:
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» City—city,

» City—suburban areas,

* To alimited extent, intracity relations (e.g., service by rail connections within the
capital of the region—Szczecin).

This study shows that the SMR can bring benefits for the residents of the entire
area included in the SMA as well as the residents of Szczecin. The former may be
able to enjoy rail connections (competitive to individual transport) between the cit-
ies of the metropolitan area and the cities through which the SMR network will run.
When traveling to Szczecin, they will be able to choose one of many stops near the
destination of their journey. The SMR running through the area of Szczecin, along
with as many as 26 stops on its territory, may gain additional functionality—urban
railway. Residents of the city can use the SMR when moving between its districts.
The achievement of the target modal split depends, however, on the implementation
of a full set of solutions that limit or eliminate barriers to the development of public
transport in the SMA identified by the authors. If the implementation of certain
SMR solutions is incomplete, they may result in delays or failures to achieve the
assumed objectives. Consequently, limiting the development of individual transport
in the SMA area using the metropolitan railways may be slower or insufficient.

References

1. Skrucany, T., Kendra, M., Skorupa, M., Grencik, J., Figlus, T.: Comparison of chosen environ-
mental aspects in individual road transport and railway passenger transport. Proc. Eng. 192,
806-811 (2017)

2. Saighani, A., Sommer, C.: Method for an economical assessment of urban transport systems.
Transp. Res. Proc. 37, 282-289 (2019)

3. Adhvaryu, B., Patel, M.: Is public transport in Ahmedabad inclusive? Econ. Polit. Wkly. 54(8),
17-20 (2019)

4. Dolinayova, A.: Factors and determinants of modal split in passenger transport. Horizon. Rail.
Transp. Sci. Pap. 2(1), 33-39 (2011)

5. Hovavko, 1.Y.: Economic analysis of traffic jams in Moscow. Public administration. Electron.
Gazette. 43, 121-134 (2014)

6. Pomykala, A.: Effectiveness of urban transport modes. MATEC web of conferences, vol. 180,
03003. (2018)

7. Varghese, V., Adhvaryu, B.: Measuring overcrowding in Ahmedabad buses: costs and policy
implications. Transp. Res. Proc. 17, 145-154 (2016)

8. Wazna, A., Wazny, K.: Organisation of public transport in metropolitan areas. Res. J. Univ.
Gdansk. Transp. Econ. Log. 67, 53-63 (2017)

9. Pietrzak, O., Pietrzak, K.: The role of railway in handling transport services of cities and
agglomerations. Transp. Res. Proc. 39, 405-416 (2019)

10. Pietrzak, K.: Analysis of the possibilities of using “Light Freight Railway” for the freight
transport implementation in agglomeration areas (example of West Pomerania Province).
Transp. Res. Proc. 16, 464-472 (2016)

11. Tsumura, Y., Nakagawa, D., Matsunaka, R., Oba, T.: A study on the timing of Asian metropoli-
tan railway development with motorization and its effect on CO2 emissions from transporta-
tion. IATSS Res. (2019). https://doi.org/10.1016/j.iatssr.2019.01.001


https://doi.org/10.1016/j.iatssr.2019.01.001

192 K. Pietrzak and O. Pietrzak

12. Huang, J., Xu, Y., Wang, C., Xiong, L., Hai, J.: Research on problem of urban regeneration
and optimization of land-use around light rail transit in Nanhai District of Foshan City. Transp.
Res. Proc. 25, 3055-3065 (2017)

13. https://nacto.org/docs/usdg/Irtserviceguidelines_vta.pdf

14. Zhou, L., Liu, Y.-J., Yu, L., Liu, Y.: Research on the spatial-system-based rail transit. Systems
of the world cities. Proc. Eng. 137, 699-708 (2016)

15. Ortega, J., Janos, T., Tamds, P.: Estimation of parking needs at light rail transit system stations.
Conference on Transport Sciences 2019, at Gyér-Hungary. ISBN 978-963-8121-85-1 (2019)

16. Huang, R., Moudon, A.V., Zhou, C., Stewart, O.T., Saelens, B.E.: Light rail leads to more
walking around station areas. J. Transp. Health. 6, 201-208 (2017)

17. http://www.skm.szczecin.pl

18. Pietrzak, O.: Systemy transportu pasazerskiego w regionach—funkcjonowanie, ksztattowanie,
rozwdj. Przyktad wojewddztwa zachodniopomorskiego. Wydawnictwo Bel Studio, Szczecin
(2015)

19. Pietrzak, O.: System transportu pasazerskiego wojewddztwa zachodniopomorskiego w ocenie
jego uzytkownikéw. Prob. Transp. Log. 35(3), 131-141 (2015)


https://nacto.org/docs/usdg/lrtserviceguidelines_vta.pdf
http://www.skm.szczecin.pl

®

Check for
updates

Generalized Cost of Daily Trips
on the Example of Public Transport
and Private Car Selection

Zuzanna Klos-Adamkiewicz

Abstract Transport users frequently face the dilemma of maximizing the utility of
usage of two resources—time and money in relation to the transport services. The
perceived value of the transport services for passengers is the result of what they
have received in relation to the costs of transport service. It expresses the concept of
generalized cost, which includes financial costs, time costs, discomfort, and other
elements that can be perceived in general by the user as costs.

The chapter presents the generalized cost on the example of selection of private
car and public transport. Car users, while comparing the ability to move by car or by
public transport, often do not take into account the full cost of car ownership and
usage. While in urban transport homogeneous rates for different tariffs are adopted,
whereas in the case of individual transport costs are not limited to the fuel price. The
concept of generalized cost is presented in the chapter, based on market research
carried out in Szczecin and the proposed method of calculating these costs in
transport.

Keywords Generalized travel cost - Urban transport - Passenger car - Cost
analysis

1 Introduction

Every journey is a process of people moving in a certain way between designated
travel destinations (starting and ending points) that can be divided into particular
stages, which are related to the choice of the travel mode (e.g. on foot, using bicycle
or using a specific mode of transport). Therefore, each journey can be treated as a
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chain of displacements implemented as part of the transport of people, while each
displacement is identified as a specific stage.

The chapter presents the methodology of assessing generalized costs and
answers the question about the differences between the type of costs that appear
while using private car and public transport. It introduces to the subject concerning
estimation of full costs of transportation. The idea of generalized costs appears in
transport literature, though very often it’s not presented in details. It is important to
underline, that presented case shows how to estimate those costs in practice, using
specific data.

Research in the area of generalized travel costs is important in the case of assess-
ing the attractiveness of individual transport modes, in this case individual transport
and public transport. Transport users take into account different variants of the ser-
vice in the selection of means of transport, taking into consideration elements such
as price, quality and time of travel. The usability theory assumes that they are able
to clearly formulate their preferences and evaluate alternatives, and the conse-
quences of each solution might be estimated [1].

2 Generalized Cost of Journey: Theoretical Approach

In recent years, there has been an increase in the significance of the notion of the
generalized cost, both in theory and in practice. There is no clear definition of this
concept in literature, but very often in economic theory it is used in numerous stud-
ies and researches. The generalized cost is one of the categories of transport eco-
nomics, and in particular the analysis of prices and costs.

One of the authors of the definition of the generalized cost of travel is Kenneth
Button, who states that this is a measure of measurable character (often presented in
the form of a line chart), presenting the total travel costs [2].

K. Button presents a simplified pattern of generalized costs based on the formula

(Eq. 1) [31:
G=¢g(C,.C,.C,....C,) (1)

where: G—generalized cost, C, C,, C;, ... C,—different travel costs (money,
time, other).

The generalized cost of travel is related to the time devoted to travelling (often
perceived as a loss of time) as well as the costs associated to the movement.

Another example of the perception of generalized costs was presented by Trujillo
and Nombella [4]. They paid particular attention to the value of time that should be
spent on the travel. According to their formula, the generalized cost is (Eq. 2):

G=p+(1xV) 2)
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where: G—ageneralized cost, p—price of transport service, —time, V—value
of time.

U. Marchese presents the generalized cost as the sum of costs/prices in transport
and the value of time spent on travelling. According to him, costs of transport and a
measurable value of time are homogeneous and they are elements that can be added
to each other. It follows that it is the sum of monetary and nonmonetary travel
expenses. Monetary costs include: fuel, work, insurance, and maintenance.
Nonmonetary costs include elements that are the sum of qualitative attributes result-
ing from the travel, which do not have a direct monetary indicator, but play an
extremely important role in the choice of mode of transport and how it’s being
assessed and perceived. It can be included, among others: reliability, speed, security,
punctuality, etc. According to this author, the model of generalized cost is as follows
(Eq. 3) [5]:

G =c+u(m;,m,,m,,...m,) 3)

where: G—generalized cost, c—monetary costs, u (m,, m,, ms, ... m,, —nonmone-
tary costs, being a function of the attributes of transport mode.

The generalized cost includes all possible costs that the user has to cover in order
to overcome the path from the point of start to the ending point of his journey. It
includes, depending on the chosen means of transport: operating costs, travel time
costs taking into account the level of nuisance of individual travel stages, which
may be expressed in financial, time or other form corresponding to the value of time.

3 Valuing Time

As noted by many authors referring to the concept of generalized travel costs
(Button, Trujillo, Gombella), the important element that determines the size of this
cost is the time necessary to complete the journey. The literature distinguishes dif-
ferent definitions of time that relate to travel (Table 1).

Different ways of perceiving time can be noticed (subjective or objective charac-
ter) and how this information can be used for economic analysis. The most general
concept is the time of the clock, which has an objective character and enables real
time estimation.

In the case of travel time, which is a very broad concept, one can distinguish time
perceived by the user (subjective in nature), time devoted to travelling related to
paid work (which affects our income) or personal travel time related to everyday
mobility. The time that is devoted to performing professional duties should be mea-
sured on the basis of real time, while the personal travel time is subjectively assessed,
in most cases differently from the time (objective) time. The generalized cost
included in the table contains monetary elements related to the cost of travel and
nonmonetary related to travel time, which translates into their measurable,
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Table 1 Defining time
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Time concept

Definition

Implication

Time of the clock

Travel time in objective terms,
determined by the clock

The way in which time is measured

Travel time, Time spent on the journey The most widely perceived time

including category and the least detailed
aspect of its perception

Perceived Journey time experienced by the It reflects the comfort of travelling

(cognitive) time

traveller, which may significantly
differ from the clock time (time in a
subjective approach)

Time spent on
travelling related
to work

Time spent by the employee to
perform their basic professional duties,
travel time included in working time
(deliveries, trips to work-related
places)

This type of travel often has a high
hourly value

Personal travel
time

Time allocated for daily trips (daily
travel to work, school, etc.)

This type of time is given the most
attention in economic analysis

Generalized cost

A combination of travel time and
financial costs associated with the

This is an example of including
travel time in traffic models (e.g.

travel cities transport models indicating
travel time at different times of the

day)

Source: own elaboration based on [6]

cost-intensive nature. The considerations regarding the value of time are different
depending on the chosen means of transport and different from the needs of indi-
vidual users.

4 The Method of Measuring the Generalized Cost for Travel
Made by Public and Individual Transport

Taking into consideration of the specific features of the functioning of public trans-
port, which involves many features that must be met to meet the needs of its users,
it affects the way of measuring the generalized cost. In the process of identifying
nonmonetary elements of this cost, the travel behaviour of residents should be
included, their preferences or the perceived value of travel time. The same applies
to the use of passenger cars for daily trips. Each of the presented ways of moving is
diverse in terms of the components of the generalized cost. This cost, in addition to
its monetary components (travel cost) includes the subjectively estimated real time
of the user's journey (it can be referred to the perceived time, time related to paid
work and personal travel time).

The starting point for determining the methods of measuring the generalized cost
for journeys made by means of public transport and car should be the separation of
travel stages (displacement chains) (Fig. 1).
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Fig. 1 The travel process with usage of individual and public transport (Source: own elaboration)

In relation to the components of the generalized cost of travel by car and public
transport, the following monetary and nonmonetary costs of this type of travel can
be distinguished (Table 2).

In the case of stages of car travel, elements affecting the overall travel time that
should be distinguished:

* time to get to the parking place (or garage) of the car;

e driving time, which should also take into account the time of stopping or length-
ening the journey resulting from congestion;

* time to look for a parking space;

e time to reach the destination of your trip (which may vary depending on the
choice of parking space).

Considering the previously presented formulas at a generalized cost and accept-
ing the previously described monetary costs of travel by car and other nonmonetary
costs, the following formula for the generalized cost of travel by car can be pre-
sented (Eq. 4):

Gso = Ke + Kpark + Knpos (4)
where: G,,—generalized cost of travelling by car [PLN], K.—car maintenance
costs [PLN], K,.—parking costs [PLN], K,,,—nonmonetary costs [PLN].

Formulas for individual components of the generalized cost of travel by car
(Egs. 5 and 6):

K.=K,+K +K,+K,+K, +K, (5)
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Table 2 Components of the generalized travel cost

Monetary costs Nonmonetary costs

Passenger | ¢ Car operation . These are all of the elements of

car — costs of consumed fuel; travel time resulting from the

— costs of repairs resulting from the | implementation of its subsequent stages
use of the car and the wear of its (walking time to reach the car, driving time,
components (which are diversified in | time to look for a parking space, walking
terms of driving style, type of car, time to destination point)
age, etc.);

— insurance costs;

— costs of annual reviews;

— credit, loan or leasing costs;

— other costs related to car;

. parking costs (Parking
costs may include both parking at the
destination (e.g. in the paid parking
zone in the city) as well as at the
source of the travel, in the case of
renting a parking space.)

Public | Costs of travelling by . These are all of the elements of
transport | public transport (single tickets or travel time resulting from the
season tickets) implementation of its subsequent stages

(time to reach the bus stop, waiting time at
the bus stop, driving time, time needed for
changing the vehicle, arrival time)

Source: own elaboration

where: K,—fuel costs [PLN], K,—costs of repairs [PLN], K,—insurance costs
[PLN], K,—review costs (technical etc.) [PLN], K,—loan/leasing costs [PLN],
K,,—other costs [PLN].

Koo = (tao T 1+ 1y 140 ) XK (6)

where: 74,—travel time from starting point to park place [min], —journey time
(including congestion) [min], f,,—time needed to find park space [min], fgoc—
travel time to destination point [min], k—unit cost of travel time [PLN/h].!

The amount of operating costs, parking costs and non-monetary costs should be
calculated on a full-year basis.

Within the components of the time that should be spent on travelling by public
transport, it can be distinguished:

e time to get to the public transport stop;

e waiting time for the public transport vehicle;

e driving time, which should also take into account the time of stopping or length-
ening the journey resulting from congestion;

'In the analysis the value of unit cost of travel time for work travels in 2018, which is 34.38 PLN,
was based on [7].
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» time needed for possible change of means of transport (sometimes travellers are
able to extend the driving time just to avoid changing the vehicles);
e time to get from the bus stop to the destination of the trip.

The model of the generalized cost of travel by public transport based on earlier
considerations looks as follows (Eqs. 7 and 8):

ka = Kpr + Knpkm (7)

where: Gy,,—generalized cost of public transport journey [PLN], K,—travel
costs made by public transport [PLN], K, ,—nonmonetary costs [PLN].

K

i = (Lao H1, 1,41, F 14, )Xk (8)

where: 7,,—travel time from starting point to public transport stop [min], f,—
waiting time for public transport vehicle [min], f—journey time (including conges-
tion) [min], f,,,—time needed for interchange [min], #4,—travel time to destination
point [min], k—unit cost of travel time [zt/h].

Driving time, which is often prolonged due to congestion, can be seen as an
advantage, but also as a waste of time. When travelling by public transport, users
often use this time to relax, prepare for work, or other activities that they would not
be able to do while driving. Therefore, it can be noted that the inevitable stop in the
so-called traffic jams can give benefits to public transport passengers. In the case of
driving a car (as far as the driver is concerned), this time is used to a lesser extent
and the attention to be devoted to travel makes it impossible to perform other
activities.

4.1 Generalized Travel Costs
4.1.1 Case Study

Transport users take into account different variants of the service in the selection of
means of transport, taking into account elements such as price, quality and travel
time. Their influence on decisions can be different. In Szczecin, the features that
decide on the choice of public transport are: convenient connections by public trans-
port and a relatively lower cost of travel, while in the case of choosing a passenger
car, convenience and too long travel time by means of public transport are indicat-
ed.? Among the most important features of the functioning of public transport: fre-
quency, punctuality, availability and price were indicated (ordered in relation to the

2Data based on authors’ research made during the preparation of PhD.
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number of indications of a given feature). It should be noted that these features
differ in particular cities as well as dynamically change over time and they are con-
ditional and difficult to measure.

While the method of measuring the generalized cost of travel can be universal,
the results that can be obtained can be very diverse. It is influenced by, among oth-
ers: type of travel (distance between the source and the destination), type of car
(age, combustion level, brand), type of public transport tickets used (one-time, peri-
odic, the possibility of using statutory discounts). In the case study presented, com-
parison of generalized travel costs referred primarily to daily travel, carried out
regularly (e.g. to work).

Below is an example of calculating the generalized cost of travel in Szczecin,
with the following assumptions:

 distance from the source of the trip to its destination:

— travel starting point: ul. Cynowa 1;
— travel destination point: plac Armii Krajowej 1;

e car used:

— Opel Astra K sports tourer (production year—2016);
— petrol engine: 1.4 turbo (average combustion level: 7 1/100 km);?

* public transport ticket used: monthly personal name ticket for all lines;
 the annual subscription for zone A in the paid parking zone used.

These calculations apply only to daily travel from source to destination (work),
5 times a week in 2018* (Table 3).

Taking into account the above assumptions, the generalized cost of travel per
year for a passenger car is:

K o, =250x[(0.08+0.66+0.17+0.17)x34.38 | = 9282.6 PLN

npos

K, =2308.6+2500+450+200 = 5458.6 PLN
G, =5458.6 +1500 + 9282.6 = 16,241.2PLN

In contrast, the generalized cost of travel per year for public transport is:

K pon =250x[(0.13+0.17+1+0.08+0.07) x 34.38 | = 12,462.75 PLN
Gy = (12162 PLN)+12,462.75PLN = 14,406.75PLN

3 Average petrol price in 2018: 4.85 PLN.
*Working days in 2018—250.
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5 Conclusions

The example of Szczecin shows the values of the generalized travel cost in the case
of passenger car selection (PLN 16,241.21) and public transport (PLN 14,406.75).
The costs of car travel alone are in this particular case higher (PLN 2308.6) than in
the case of public transport (PLN 1944). It should be taken into account that the
car’s operating costs (PLN 5458.6) do not occur in the case of using public transport
services. It should also be added that in this case, the cost of credit has not been
taken into account, and they may play a big role in the overall cost. The last factor
that has an impact on the cost of the generalized are nonmonetary costs expressed
in the time necessary for the travel. In the case of a passenger car, it is 65 min a day
(which translates into PLN 9282.6 per year), while in public transport it is 87 min a
day (PLN 12,462.75). Despite the higher value of nonmonetary costs related to
travelling by public transport, the final value of the generalized cost in this case is
smaller. It should be noted that the nonmonetary aspect resulting from the travel
time is subjective. Everyone has a different approach to it and time associated with
travel can also be perceived as an advantage, which is difficult to attribute to cost
aspects in this case as well as to be seen as a measurable, financial equivalent loss.

It is worth considering, especially in the face of challenges facing cities in the
field of sustainable mobility (which one of the aims is the limitation of passenger
cars in daily trips) to create an app or programme that is able to present and help
residents calculate the costs of choosing different modes of transport in the city area
and benefits (not only financial) that are related to this.

Table 3 Data for the formula for the calculation of the generalized travel cost (average annual
values for 2018)

Passenger car Public transport

Element of the formula Value Element of the formula Value

K, 2308.6 PLN/year | K, 162 PLN/month
K, 0 PLN fao? 8 min (0.13 h)
K, 2500 PLN t 10 min (0.17 h)
Ky 450 PLN t; 60 min (1 h)

Ky 0 PLN Tors 5 min (0.08 h)
K,, 200 PLN Ldoc 4 min (0.07 h)
Kk 1500 PLN k 34.38 PLN/h
tao 5 min© (0.08 h)

1 40 min¢ (0.66 h)

toark 10 min (0.17 h)

Tdoc 10 min (0.17 h)

K 34.38 PLN/h

Source: own elaboration

*Average two-way distance: 27.2 km
"Values based on route calculation programme: jakdojade.pl
“Values for time are multiplied by 2 (for return trips)
“Including congestion in the morning and afternoon peaks
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In the case of measures to increase the use of public transport for everyday travel,
it is the responsibility of the city, transport organizers and carriers to improve the
offer, or to reduce the generalized costs of users, mainly in the nonfinancial part of
costs (saving time, mental effort). Generalized transport costs by collective trans-
port are in the passenger’s mind lower, provided that the demand for accessibility
and convenience of travel is met (short time to reach the bus stop and waiting for
other means of transport, clean and comfortable public transport vehicle, availabil-
ity of information about the transport service). This cost may be even lower than in
the case of using a passenger car, unless the passenger experiences the stress associ-
ated with the travel and productively can use the time during the trip (rest, prepara-
tion for work, making friends, etc.).
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Abstract Transport is one of the main urban logistics issues. The discussion on the
development of transport systems, expressed in consecutive EU White Papers and
communications, highlights two main challenges, i.e. the need to change the modal
split, including the growing role of public, rail and intermodal transport, as well as
changes in energy sources. The response to the second challenge includes, inter alia,
electromobility. Technological advancement turned the electric vehicle into a real
alternative to the conventional car, especially in urban areas. This enabled to reduce
the negative impact of transport on the environment (e.g. reduced emission and
energy consumption) which did not require a major increase in the use of public
transport.

The chapter describes challenges for the urban logistics as regards the large-scale
implementation of electromobility. It distinguishes four main types of activities,
such as the development of vehicles, adjustment of infrastructure, improvement of
organizational structure and the support of integrated information systems.

Analyses referred to were implemented as a part of the international research
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1 Introduction

The transport network is the circulatory system of the city. Movement of people and
cargo necessitates relevant organizational setup and also has a negative impact on
the city itself. Contemporary challenges forced the improvement of efficiency in
companies through the implementation of a new approach to urban logistics. There
are several definitions of urban logistics. Most of them make reference to the sus-
tainable urban development (e.g. [1-7]). One of the definitions, which encompasses
possibly the largest number of issues, has been presented in [8]. According to the
definition, urban logistics is a set of processes, including the management of people,
cargo and information flows in the city logistics system, aimed at meeting city
development needs and goals. Those needs and goals are met with due respect to the
natural environment and the fact that the city is a social organization which overrid-
ing goal is to meet users’ needs. As regards urban logistics, we may distinguish
three types of stakeholders, such as the local council, companies operating in their
specific areas of business, and inhabitants and people permanently staying in the
city. Negative impact of transport (external cost of transport [9]) can be seen primar-
ily as emission of noxious substances, noise and congestion. From the point of view
of the social dimension of a city [10], we should examine choices people make
while travelling and their impact on the functioning of a given area [11]. The pro-
cess can be supported by mobility plans which are introduced to promote specific
transportation behaviour [12].

Recently, we have observed a significant development in the area of alternative
fuels. It is the consequence of guidelines published, including guidelines for the EU
member states [13—15]. According to the guidelines, decarbonization of transport is
one of the main global challenges (e.g. [16, 17]). Although electricity has become
an alternative to traditional fuel, the development of electromobility necessitates a
number of actions and poses a challenge for contemporary cities. Undoubtedly, sev-
eral social barriers need to be overcome and the same applies to thinking about
electric cars. It is, however, a technical issue related to the development of vehicles
and transport infrastructure [18, 19], but also information systems:

Dy, :f( DEV’DTI’DICT) (D

where: Dgy—electromobility development, Dzy—development of electric vehicles,
Dr—development of transport infrastructure, D;cr—development of information
systems.

The chapter presents issues related to the implementation of electromobility.
Technical changes are combined with information technologies; the latter can sub-
stantially shape user behaviour and expedite full implementation of electromobility
in urban logistics.
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2 Development of Electric Vehicles

Currently, a number of countries have intensified their efforts to develop electromo-
bility. For instance, Poland established the 2016-2025 Electromobility Development
Plan [20]. We may expect that in the longer term the technology will prevail in
transport, especially that we have already observed an increase in the number of
new electric cars registered [21]. According to the Polish national estimates, in
2025, we expect to have one million electric vehicles. According to the EU forecast,
we should have eight to nine million electric vehicles by 2020 [13], whereas the
global outlook is 20 million [22]. In 2015, the number of electric vehicles (including
hybrids) exceeded 1.26 million [22], and in 2016, 2 million [23]. From the point of
view of users, major barriers to a wider expansion of those cars are their range and
price. According to Table 1, the range of an electric vehicle is insufficient for com-
muting to work or school. In the case of longer distances, only the most expensive
makes can meet expectations. We may compare the positioning of an electric car
against other modes. Thus, considering longer distances and the use of public trans-
port (e.g. rail, bus), a larger range does not have to be a rudimentary feature of an
electric car.

Unfortunately, the price of an electric car remains the main barrier for users.
Figure 1 shows that to buy an electric car one needs to spend PLN100 to PLN160
thousand. Two cheaper makes can meet the range requirement, but due to their lim-
ited size they are not able to transport the standard number of passengers.

A number of research projects have been implemented, e.g. Horizon 2020
Programme, as regards the construction of new electric vehicles and improvement
in the capacity of their batteries. It should be noted that those projects cover both
individual passenger cars and trucks [25]. The latter are an important link in the
green supply chain [26] for the first and the last mile [4], especially when a vehicle
needs to enter a city centre and due to the emission zoning other types of vehicles
are banned [27]. Selected projects of 2015-2018 are listed in Table 2.

The development of electric vehicles does not apply to individual passenger cars
only. The recent intensive effort led to the implementation of electric buses in public

Table 1 Electric car ranges. (Source: author’s own collaboration based on car manufacturers’
websites and [24])

Brand and model Range® [km] Brand and model Range* [km]
Tesla S 340-540 Hyundai Ioniq Electric 200
Hyundai Kona 390 Renault Kangoo ZE 181

Jaguar I-Pace 354 Ford Focus Electric 185

Nissan Leaf 340 Kia Soul Electric 150

BYD e6 301 ¢.GO Life 130

Renault Zoe 268 Volkswagen e-up! 107

BMW i3 240 Renault TWIZY 100
Volkswagen e-golf 200 Smart Fortwo Electric Drive 93

for selected makes, longer range corresponds with the most powerful battery
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Fig. 1 Electric car prices (Source: author’s own collaboration based on car manufacturers’ web-
sites and [24])

Table 2 Selected European electromobility research projects (2015-2018). (Source: author’s own
collaboration based on project’s websites and European Commission website [28])

Project
acronym Project full title Topics Project’s website
EU-LIVE Efficient Urban LIght VEhicles Concept and eu-live.eu
design electric
vehicles
RESOLVE | Range of Electric SOlutions for L-category | Concept and www.resolve-
VEhicles design of electric | project.eu
vehicles
ESPRIT Easily diStributed Personal Rapld Transit | Concept and WWW.esprit-
design electric transport-
vehicles system.eu
ECAIMAN | Electrolyte, Cathode and Anode Batteries and www.ecaiman.
Improvements for Market-near Next- battery packs eu
generation Lithium Ion Batteries
SPICY Silicon and polyanionic chemistries and Batteries and WWW.spicy-
architectures of Li-ion cell for high energy | battery packs project.eu
battery

transport. Apart from public transport advantages, i.e. reduced occupancy of urban
space, the development brought a positive influence on the environment by limiting
emission [29]. The implementation of electromobility in public transport necessi-
tates a number of organizational changes pertaining to routing and timetable plan-
ning. The routing needs to guarantee that a vehicle reaches its charging stations in
due time (depot or terminus) (more in: [30-34]).

Apart from public transport and individual cars, urban logistics provides a num-
ber of opportunities for organizational and conceptual changes designed to establish
and operate electric car and scooter rental [10, 35]. Not only does the urban logistics
aim at increasing the number of users of electric vehicles but also integrate various


http://eu-live.eu
http://www.resolve-project.eu
http://www.resolve-project.eu
http://www.esprit-transport-system.eu
http://www.esprit-transport-system.eu
http://www.esprit-transport-system.eu
http://www.ecaiman.eu
http://www.ecaiman.eu
http://www.spicy-project.eu
http://www.spicy-project.eu

Challenges Related to the Implementation and Development of Electromobility in Cities 207

modes of transport. Electric car-sharing can be a good complement to the public
transport chain, and incentivise people to use electric vehicles. The idea of combin-
ing electric car rental with Park & Ride systems establishes a transport chain, in
which people first use their private cars, then public transport, and they cover the
last stretch using an environmentally friendly car from a city car rental [36].

3 Changes of Transport Infrastructure

The development of infrastructure involves the building of charging stations.
Shortage of such stations is a technical barrier for operating electric vehicles and a
mental barrier for users. Locations of such stations should correspond with people’s
needs. While discussing the issue of electric car charging stations, we need to dis-
tinguish three parameters [23]:

e Output power,
e Type of plug,
* Mode of operation defining communication between charger and vehicle.

To promote integration and expedited implementation of electric cars attempts
are made to harmonize technical specifications [13]. At the moment, several differ-
ent types of plugs are used in the world, including type 1, type 2, CHAdeMO, CCS,
Commando, 3-pin etc. We can also distinguish slow and fast chargers with rated
power below 22 kW and above 22 kW, respectively [23]. Although recently, we
witnessed a major increase, differences between specific areas still remain. The
diversity in the development of electric car charging stations is presented in Fig. 2.
While in certain areas, despite high industrialization (Upper Silesia Conurbation),
we can still see a shortage of such transport infrastructure, some cities, e.g.
Amsterdam, have become friendly to electric cars [39].

In the nearest future, we can expect a major increase in the number of charging
stations. In Poland, until the end of 2020, it is planned to establish at least 1370
charging points [40]. According to the global forecast, until 2025, we expect 4 mil-
lion slow chargers and 0.1 million fast chargers [23].

4 Support for Integrated Information Systems: Example
of Electric Travelling Project

The expected increase in the number of electric vehicles on our roads, the develop-
ment of infrastructure, and organizational changes has created an information gap
regarding travelling options. Therefore, on the one hand, we should look for tools
that can facilitate education of users regarding electromobility in an integrated man-
ner, and on the other, such a tool should support local governments in the
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Fig. 2 Location of charging stations in selected cities and areas in Europe: (a) Amsterdam, (b)
Budapest, (¢) London, (d) Oslo, (e) Krakow, (f) Gdansk, (g) Warszawa, (h) Upper Silesia
Conurbation (Source: own research based on [37, 38])
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implementation of electromobility solutions. The above tool has been developed by
the international research project of ‘Electric travelling—platform to support the
implementation of electromobility in Smart Cities based on ICT applications’ (ET
Project) [41] under the ERA-NET CoFund Electric Mobility Europe Programme.
The analysis of information shortages has helped to identify main needs. The tool
developed comprises a trip planner and development scenario simulator.

The trip planner has been designed to provide users with functionalities to
choose, visualize and compare possible trips, as well as support the development of
the transport network between two (or more) points within a transport chain consist-
ing of one or more means of transport. The majority of trip planners, however, is
limited to defining distance and travelling time, and only a few take into account the
environment (more in: [42—45]). In the case environmental impact is included. It
means user can choose between time, distance but also cost and environmental
impact. In all these criteria, optimal solution will be minimum of the value of
selected criteria.

Apart from the majority of means of transport in the city, including public trans-
port, individual cars, bikes, and walking trips, the new trip planner (Fig. 3) encom-
passes transport chains using existing Park & Ride and Bike & Ride systems and
car-sharing and bike-sharing systems. Moreover, the planner enables to plan one’s
trip using an individual electric car, which is particularly important for the promo-
tion of electromobility. The tool is an extension of the route planning system devel-
oped by the Green Travelling project [46]. The optimized route is set taking into
account charging stations available in the city and the user can receive information
about the need to recharge batteries during their trip. This improves the image of the
electric car and overcomes the mental barrier that prevents users from buying the
electric car due to its limited range. The system, including the planner, can be con-
nected to Smart Transport Systems operating in the city [47-49] and the system can
set better routes that take into account congestion and availability of charging
stations.
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Fig. 3 ETPlanner interface (Source: own research)
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Fig. 4 Multi-agent simulator as support in decision-making process (Source: own research)

The second component of the system is the multi-agent simulator. The tool
enables to simulate behaviour of travellers who use various modes of transport [50].
A system-generated report can be used as a support in decision-making [51] and
selecting the most appropriate scenario for a specific area (Fig. 4).

Comparisons included in the report collate the current status, locations of new
charging stations and selected incentives. The report provides suggestions for the
local government to facilitate planning of electromobility and expedite the introduc-
tion of electric vehicles in the city. Since the planner is based on a heuristic approach,
the local government can introduce limitations to the traffic for specific groups of
users directly through a routing algorithm [52]. Real needs of travelling persons can
be collected based on user queries recorded in Big Data server.

5 Summary

Environmental benefits and incentives for users make electric cars more popular in
the world. However, we should remember about barriers that need to be overcome
on the way to make the solution really effective. The full implementation of electro-
mobility requires a multifaceted approach and integration with existing transport
systems. Apart from the development of vehicles, batteries and charging infrastruc-
ture, users’ behaviour can be changed by well-tuned and properly delivered infor-
mation. As discussed in the chapter, the tool developed by the ET Project can be one
of elements supporting promotion and faster implementation of electromobility
in cities.

It is expected that further research will develop the tool. Moreover, it has been
planned to combine the tool with the existing ITS in a specific area for testing.

Acknowledgements The present research has been financed from the means of the National
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Fare-Free Public Transport vs. Private
Cars: Zero Fares as an Instrument

of Impact on Public Transport Mode
Share?

Check for
updates

Anna Urbanek

Abstract For several years in Europe, and particularly over the last few years in
Poland, there has been a lively discussion about fare-free public transport (FFPT).
The discussions focus mostly on the effectiveness of urban public transport fares in
increasing the attractiveness and competitiveness of public transport in cities. This
is particularly important in the era of increasing congestion and deteriorating qual-
ity of life in cities. The price, after all, directly affects the market demand; it is also
the most powerful instrument of marketing mix influencing the customer behaviour.
Moreover, public transport fares are an essential tool of transport policy. The aim of
the chapter is to investigate the effectiveness of FFPT in increasing its competitive-
ness, especially in relation to private cars. The chapter presents the results of a sur-
vey carried out among individuals commuting by private car in the central part of
Silesia Province in Poland.

Keywords Public transport - Fare-free - Fareless - Modal shift - Travel behaviour -
Private cars - Travel attitudes - Sustainability - Zero fares

1 Introduction

The dynamic development of road transport, including especially private car traffic
that we have been experiencing globally for over 40 years, is one of the major
sources of natural environment pollution, noise, as well as increasing problems
related to congestion and deteriorating quality of life for inhabitants of cities. A vast
majority of journeys begin and end in cities, and it is precisely the cities that are
most affected by the negative effects of modal imbalance in passenger transport. In
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cities around the world, it is necessary to undertake actions that will result in reduc-
ing private car traffic in favour of alternative, more resource-saving and environ-
mentally friendly transport modes, especially actions towards increasing public
transport share in fulfilling the mobility needs of inhabitants of cities.

Over the last 10-15 years, the world literature on the subject has been increas-
ingly focused on the issues related to the efficiency of the impact of fare-free public
transport (FFPT). In recent years, this issue has also been increasingly undertaken
in the literature on transport economics worldwide, as well as in Poland [1-4].
Lively discussions are held as part of the public and scientific agenda regarding the
efficiency of FFPT as an instrument for increasing the attractiveness and competi-
tiveness of public transport in comparison with individual car transport.

In this context, what appears to be particularly significant is the knowledge about
the attitudes of private car users towards public transport, as well as the knowledge
about the extent to which travel cost is the decisive factor for selection of a specific
means of transport. To obtain this knowledge is the main purpose of the conducted
survey, the selected results of which were presented in this article.

The main aim of the article is to present the results of the survey conducted
among individuals commuting by private car and to discuss the previous research
results in respect of the efficiency of impact of fare-free public transport on the
increase of public transport mode share.

2 Fare-Free Public Transport and Modal Shift:
A Literature Review

2.1 The Effect of Fares on Public Transport Demand

The sensitivity of passengers to changes in public transport services is a relatively
well-researched issue in the world literature on the subject. There are available
research results from different countries, conducted for various market conditions,
e.g. Webster and Bly [5]; Oum et al. [6]; Goodwin [7]; Paulley et al. [8]; de Rus [9];
Dargay and Hanly [10]; Lago et al. [11], Hensher [12], Cervero [13].

The results of previously conducted research indicate that passengers are more
sensitive to changes of transport offer and quality of services than to changes of
prices. Changes in transport offer, i.e. reduction of travel time and increase of fre-
quency have a better chance of positive impact on increasing the number of passen-
gers in public transport than reduction of fares [13—15]. This may be confirmed by
the results of meta-analysis of public transport demand conducted by Holmgren
[16], who performed an analysis and summarised the previously conducted research
on bus demand elasticities (Table 1).

Elasticity of demand can be defined as the ratio of relative (percentage) change
of demand volume and relative (percentage) change of factor affecting the demand.
Negative value means changes in the opposite direction, i.e. for example an increase
of a specific factor implies a decrease of demand. Positive value means changes in
this direction [16, 17].



Fare-Free Public Transport vs. Private Cars: Zero Fares as an Instrument of Impact... 217

Table 1 Elasticity values from the bus demand studies included in the meta-analysis performed
by Holmgren (Source: [16])

Variable Number of studies Mean Std. error Min Max
E, 81 -0.38 0.23 -1.32 —0.009
Em 58 0.72 0.37 0.075 1.88

E, fare elasticity of demand, E,,, elasticity with respect to vehicle-kilometres supplied

As follows from the data gathered in Table 1, the average fare elasticity of bus
demand arising from the research is lower (absolute value) than the average value
for elasticity with respect to the vehicle-kilometres supplied. This means that an
increase of operational work has a stronger impact on the increase of the number of
passengers than reduction of prices.

Price elasticity can also be calculated in case of abolishing fares for public trans-
port services and may be used for forecasting change in demand following the intro-
duction of FFPT. It should be calculated on the basis of mid-point arc elasticity
formulation [13, 17]. However, some researchers have drawn attention to the fact
that the suitability of traditional fare elasticity is limited in case of introducing
FFPT [18].

There are many factors that determine the sensitivity of passengers to changes of
public transport prices. The level of this sensitivity depends e.g. on age, income,
professional activity, availability and prices of alternative travel modes, as well as
on the geographic features of the examined area [17, 19].

The previously conducted research has also demonstrated that the sensitivity of
passengers to PT fares depends on the quality of transport offer. The research by
Lago et al. [20] conducted in big cities demonstrates that the passengers of rapid rail
service were significantly less sensitive to prices than bus passengers, which prob-
ably resulted from better quality of services, especially in respect of time travel and
reliability.

According to Hensher et al. prices are the most important factor that is ultimately
decisive for the perception of public transport, whereas the quality of services is
only taken into consideration by the users as a second choice [21]. However, most
importantly, Hensher et al. pays attention to the fact that the price is always referred
to the quality received by the user and assessed only in the context of what the pas-
senger buys for a specific price [21]. Therefore, the solution is not to lower prices,
but to improve quality, so that it corresponds to the service price.

2.2 Effectiveness of Fare Abolition on Public Transport
Mode Share

Complete abolition of public transport fares, i.e. implementation of the so-called
‘zero fare’ rarely concerns the entire public transport system in a specific area, e.g.
in a city. This solution is also relatively rarely implemented over a long period of
time, e.g. above 1 year. It much more frequently concerns a selected part of a city,
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selected routes, specific social or age groups, distinguished times of the day or
selected days in a year. For example, in Europe, free public transport is relatively
commonly introduced on the occasion of Car-Free Day (celebrated on 22nd
September) for all passengers, or only for the owners of private cars. In some cities,
fare abolition is extended for the entire European Mobility Week. Abolition of fares
for public transport services is sometimes the effect of dramatic events, such as e.g.
terrorist attacks, natural disasters, or the days when air pollution limits are signifi-
cantly exceeded, which has become quite a common practice in Poland in recent
years [22].

In cities around the world, zero fare is most frequently applied only to a limited
extent, e.g. for selected passenger groups. Children until certain age, people with
various degrees of disability, elderly people after certain age and low-income groups
are very often entitled to free journeys.

FFPT is a tool whose use is intended to contribute to achieving specific goals.
Based on the cities which abolished public transport fares in whole or in part, the
following three main groups of goals of introducing FFPT can be distinguished [15,
23, 24]:

* modal shift from car to public transport: reducing car dependency and car exter-
nalities (especially air pollution and noise),

* increased availability of public transport for elderly people, students, low-income
groups or the unemployed,

 efficiency goals: reduction of congestion costs in cities and reduction of expen-
diture on road transport infrastructure.

As noticed by Hebel et al., regardless of the presented objectives, the introduc-
tion of FFPT always has a certain political dimension, which may be evidenced by
intensification of activities and discussions in this respect during electoral cam-
paigns [3].

Over the last 10-15 years, the world literature on the subject has been increas-
ingly focused on the issues related to the efficiency of the impact of FFPT on the
increase of public transport mode share. However, the research on this issue is not a
novelty in transport economics. We may refer to the research conducted in 1960s
and 1970s [25]. It is worth mentioning very interesting results of the survey con-
ducted in 1962-1963 in Chicago by Moses and Williamson [25]. Back then, only
13% of car users declared that they would switch to public transport, if it was free.
The interesting thing is that in order to convince 30% of respondents to switch to
public transport, each of them would have to be paid extra 15 cents for each journey,
whereas 47% of respondents would require as much as 30 cents to be paid for each
journey [25]. Therefore, the prices of public transport services did not constitute a
strong factor motivating to switch from private car.

The analysis of the survey carried out on the individuals commuting to Brussels,
conducted in 2005 by De Witte et al., leads to similar conclusions [26]. The survey
was carried out on 1276 respondents (536 private car users and 740 railway pas-
sengers). According to the conducted research, only 10% of respondents commut-
ing by private car declared the willingness to switch and use free public transport;
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42% are the respondents who were unable to declare such willingness unambigu-
ously, whereas as much as 48% of respondents would definitely not change the
transport mode. The following obstacles that discourage the respondents from using
public transport in daily commuting were most frequently mentioned: lack of suit-
able connections (61%) and insufficient travel speed (46%). If the main obstacles
were removed, as much as 25% of private car users declared the willingness to use
public transport instead of private cars. 22% of private car users answered nega-
tively [26].

In the source literature, there are also available research results concerning the
analysis of actual behaviour changes after introducing fare-free public transport.
Fare-free public transport was introduced in 1997 in Hasselt (a town in Belgium
with approximately 72,000 inhabitants). The number of passengers in public trans-
port increased four times (from 360,000 to almost 1.5 million) already during the
first year of the operation of fare-free public transport [27]. In the subsequent years,
the demand for urban transport was constantly increasing. In 1997-2012, the num-
ber of bus passengers increased tenfold [28]. The increasing number of passengers
and growing expectations regarding the transport offer caused the necessity of more
than tenfold increase of the expenditure on public transport, which consequently
forced the authorities of Hasselt in 2013 to withdraw from the zero fare and intro-
duce transport fares. The entitlement to fare-free public transport was maintained
only for the group of young people aged up to 19 [27]. However, the research on the
so-called additional passengers in Hasselt demonstrated that only 16% of them were
individuals who would use a private car if public transport was not free, whereas the
others were the substitution effect of pedestrian movements and bike journeys (20%
of additional passengers), as well as additional mobility—as many as 60% of addi-
tional passengers declared that if public transport was free, they would not need to
travel [28].

As indicated by Boussauw and Vanoutrive, a similar phenomenon was noted in a
group of students in Leuven, who were exempted from public transport fares
between 2001 and 2013. It turned out that a vast majority of new public transport
passengers were students who had previously travelled to university by bike [29].

The research conducted so far demonstrates that the assumed goal of shifting a
part of private car movement to public transport was also not achieved in Tallinn,
where FFPT was introduced in 2013. To date, Tallinn is the biggest city in the world
that introduced fare-free public transport for all its inhabitants (approximately
420,000 of inhabitants). Before the introduction of zero fares, Tallinn was among
the cities with relatively sustainable distribution of transport tasks and relatively low
level of public transport prices [30], because the public transport share in fulfilling
transport needs in the city was relatively high—it amounted to approximately 40%.
The research conducted by Cats et al. demonstrates that the introduction of zero fare
in a period of less than 1 year contributed to the increase of public transport share in
distribution of transport tasks in the city by 8 percentage points (from 53% to 63%),
decrease of car journeys amounts to 3 percentage points (from 31% to 28%),
whereas pedestrian movements decreased from 12% to 7%, and the share of bike
journeys (1%) remained unchanged [30].
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The results of research conducted by Thogersen [31], Thogersen and Moller
[32], DeWitte et al. [33] indicate that the increased number of public transport jour-
neys can only be observed during the initial period of fare abolition; this phenome-
non is rather short-lived and very hard to maintain.

Therefore, the previous research results show that the introduction of fare-free
public transport did not lead to a significant and durable modal shift from private
cars to public transport and, consequently, to reduction of passenger traffic and con-
gestion in cities, but it caused to a greater extent a substitution of movements unfa-
vourable from the perspective of sustainable development [24].

3 Results of Empirical Studies in Upper Silesia Region
in Poland

3.1 Methods

The survey was conducted among the individuals commuting by private car in the
central part of Silesia Province in Poland, in the municipalities that jointly organise
public transport (within the framework of Municipal Transport Union of the Upper
Silesian Industrial District—KZK GOP). It is a highly urbanised area, inhabited by
approximately two million people, where the increase of private car share with
simultaneous decrease of public transport share in model split has been observed for
many years.

The research was conducted in the period from 15 November to 20 December
2017 using two methods: CAPI (Computer Assisted Personal Interview) and CAWI
(Computer Assisted Web Interviewing). The study comprised approximately 900
respondents; however, only 343 completed surveys were received. Ultimately, due
to formal reasons, 317 surveys were subject to analysis.

The employees of the companies drawn to take part in the research who use their
own private car in daily commuting took part in the survey. The companies chosen
for the research were drawn using the stratified sampling method. Ten cities were
drawn in the first place, out of 29 municipalities organised in KZK GOP (Municipal
Transport Union of the Upper Silesian Industrial District). The second stage con-
sisted in randomly choosing one company in every city for the survey from the
database of medium-sized and large companies (overall 10 companies). The sample
involved both public and private companies, including five large companies and five
medium-sized companies. A similar number of survey questionnaires were com-
pleted in each company (30-33 correctly completed questionnaires in each
company).

The majority of the respondents were men (54.3%). The most numerous group
were people aged 35-44 (34.7%). People aged 45-54 were 22.1% of respondents,
whereas people aged 25-34 were 19.5% of respondents. The others included elderly
people, younger people or individuals who did not declared their age. The most
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Table 2 Characteristics of survey respondents with respect to declared net income per family
member and car ownership. Source: Own study

Declared net income per family Up to Up to Up to Above No
member (PLN) 1000 2000 3000 3000 response
Responses [%] 11.7 40.1 17.9 7.6 22.7
Number of cars available in the 1 2 3 4 5
household (average 1.51)

Responses [%] 58.3 34.4 54 1.3 0.6

numerously represented were people with secondary education (58.1%) or higher
education (30.9%). One private car was available in a majority of households that
the respondents were members of (Table 2).

40.1% of respondents who answered the question concerning the income
declared the net income per family member in the amount of up to PLN 2000. It is
worth adding that the average monthly disposable income per one person in Silesia
Province in 2017 amounted to PLN 1645.75.

3.2 Results

The dominating reasons for selection of private car for daily commuting to work
included shorter travel time (25.8% of responses) and travel comfort (16.7%). Other
causes, such as e.g. necessity to transport family members, e.g. children, lack of
necessity to make transfers or lack of necessity to wait for public transport, were
indicated with similar frequency at the level of 4.9-8.8%. Only 5.3% of respondents
indicated the lack of alternative connection by public transport as the reason for
selection of private car.

The respondents were also asked to answer the question regarding the standard
average travel time by private car (understood as the door-to-door time). This was
followed by the question in which the respondents were requested to state travel
time in case of using public transport, also understood as the entire travel time, i.e.
door-to-door. Both responses were compared at the level of every respondent, and
then aggregated (Table 3).

The interesting fact is that for 4.7% of respondents commuting by public trans-
port would take exactly the same time as commuting by private car, or even 10 min
shorter (1.3%). For 22.3% of respondents this time would be only 15 min longer,
whereas for further 27.4% the travel time would be extended by between 20 and
maximum 30 min.

The respondents were also asked about the average monthly expenses on fuel for
their private car that they use for commuting to work. A vast majority of the respon-
dents spend PLN 200-500 (45.5% of answers) or PLN 500-1000 (30.9%) on fuel.
The respondents were also asked to indicate the level of average monthly expenses
on fuel that would force them to switch from private car use in daily commuting.
Again, both responses were compared for each respondent and aggregated (Table 4).
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Table 3 Declared Answer Responses [%]

commuting time by public 10 min. shorter 13

transport compared to - -

commuting time by private 0 min. (the same time) 4.7

car (n =317). Source: 5 min. longer 3.2

Own study 10 min. longer 8.5
15 min. longer 10.7
20-30 min. longer 27.5
30—40 min. longer 7.9
40-60 min. longer 10.7
1 h longer or more 12.6
More than 1.5 h longer 2.5
I don’t know 5.0
There is no such connection | 5.4

Table 4 Declared willingness to pay more for fuel in a month on the average (n = 317). Source:
Own study

Difference between the current level of expenditure on fuel and the level

declared as maximum [PLN] Responses
(I am willing to pay more by....) [%]
0 (I am not able to spend more) 2.2
300 more 0.9
500 more 26.8
800 more 4.7
1000 more 33.8
1300 more 0.3
1500 more 11.7
2000 more 1.9
2500 more 0.9
3300 more 0.3
The amount of expenditure on fuel is not important for me 9.2
I don’t know or lack of response 7.3

The respondents were characterised by relatively small sensitivity to increase of
expenditure on fuel. Over 33.8% of respondents are willing to pay for fuel as much
as PLN 1000 more compared to the current level of expenses. 11.7% of respondents
declare that they are willing to pay even up to PLN 1500 more. Moreover, 37.9% of
respondents admitted that they were willing to spend on fuel even up to maximum
PLN 1500 per month, which means that more than every third respondent is willing
to spend on fuel one third of the average monthly gross remuneration in Silesia
Province, which in 2017 amounted to PLN 4481.57.

Interestingly, only less than a half of the respondents (48.6%) would use public
transport if they were forced to it e.g. due to high prices of fuel. As many as 37.8%
of respondents declared that they would still commute by private car, but they would
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decide to share journeys with other individuals. 10.1% of respondents would decide
to commute to work by bike, whereas 3.5% would choose walking.

Among the most important factors that constitute obstacles in public transport
use in daily commuting for the respondents include those connected with the trans-
port offer: lack of proper connections, too long travel time and insufficient fre-
quency. These results are convergent with the research results from the Brussels
area obtained by De Witte et al. [26]. However, the factors most frequently men-
tioned as such that would encourage the respondents to use public transport to the
largest extent include those directly related to the difficulties with car use, i.e.
increase of fuel prices, as well as increase or introduction of parking charges in the
workplace rather than those related to public transport offer and quality.

Therefore, the obtained results show that the respondents are willing to bear very
high expenses related to the use of the means of transport that fulfil their needs in
daily commuting to work best. The obtained results show how respondents actually
evaluate shorter travel time, comfort and quality features that travelling in a private
car offers them. However, it is worth noting that the car is something more than just
a transport mode. The researchers dealing with this subject draw attention to the fact
that psychological factors are very important in case of private cars. Car is presently
a tool for expressing personality and a symbol of social status [34]. Moreover, as
indicated in research conducted both in 1990s and nowadays, travelling by car has
been constantly identified with the sense of freedom and independence [35-37].

4 Discussion and Conclusions

The issues related to modal shift from private cars to public transport are a con-
stantly current and important research problem of large significance not only for the
development of the theory of transport economics, but also for the business practice.

The previous research results show that price tools in the form of ticket prices or
fare-free public transport have limited significance and low efficiency in stimulating
switch from private car. The examples of previous implementation of FFPT do not
provide unambiguous evidence for the efficiency of impact on significant and dura-
ble modal shift from private cars to PT.

The results of the presented surveys show that the sensitivity to commuting costs
is low. The respondents are willing to bear very high expenses related to use of own
private cars for daily commuting to work in return for shorter travel time and quality
of travel thanks to having their own car. Moreover, more than a half of the examined
users of private cars would use a different option than public transport if they were
forced to switch from private car use.

The results of conducted research show that the increase of public transport share
in serving the needs related to daily commuting to workplace and school requires a
complex approach. The impact of public transport fares is not sufficient for achiev-
ing goals related to modal shift from private cars to PT. First of all, the aim should
be to improve the public transport offer through the development of proper network
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and frequency of connections. However, due to the large significance of psychologi-
cal factors, at the same time it is necessary to undertake actions towards increasing
the inconvenience of car use in cities, e.g. through proper cost management and
availability of parking spaces.

References

1. Bakowski, H.: Economic attitude to the issue of zero tariff in the urban transport. Public
Transp. 1, 25-29 (2018). http:/komunikacja.kzkgop.com.pl/public_media/fb/files/KP1
_ANG_mail_OK.pdf

2. Tomanek, R.: Free-fare public transport in the concept of sustainable urban mobility. Transp.
Probl. 12, 95-105 (2017)

3. Hebel, K., Wotek, M., Jagietto, A.: Trends in free fare transport on the urban transport service
market in Poland. In: Sierpinski, G. (ed.) Integration as Solution For Advanced Smart Urban
Transport Systems. TSTP 2018, Advances in Intelligent Systems and Computing, vol. 844,
pp. 208-2017. Springer, Cham (2019)

4. Grzelec, K.: Bezptatna komunikacja miejska - cele oraz uwarunkowania jej wprowadzenia i
funkcjonowania. Transp. Miejski Regional. 4, 4-11 (2013)

5. Webster, F.V., Bly, PH. (eds.): The Demand for Public Transport. Report of an International
Collaborative Study. Transport and Road Research Laboratory, Crowthorne, Berkshire (1980)

6. Oum, T.H., Waters II, W.G., Yong, J.-S.: Concepts of price elasticities of transport demand
and recent empirical estimates. An interpretative survey. J. Transp. Econom. Policy. 26,
139-154 (1992)

7. Goodwin, P.B.: A review of new demand elasticities with special reference to short and long
run effects of price changes. J. Transp. Econom. Policy. 26, 155-170 (1992)

8. Paulley, N., Balcombe, R., Mackett, R., Titheridge, H., Preston, J., Wardman, M., Shires, J.,
White, P.: The demand for public transport: The effects of fares, quality of service, income and
car ownership. Transp. Policy. 13, 295-306 (2006)

9. De Rus, G.: Public transport demand elasticities in Spain. J. Transp. Econom. Policy. 24(2),
189-201 (1990)

10. Dargay, J.M., Hanly, M.: The demand for local bus services in England. J. Transp. Econom.
Policy. 36(1), 73-91 (2002)

11. Lago, A.M., Mayworm, P., McEnroe, J.M.: Transit service elasticities: evidence from demon-
strations and demand models. J. Transp. Econom. Policy. 15(2), 99-119 (1981)

12. Hensher, D.A.: Establishing a fare elasticity regime for urban passenger transport. J. Transp.
Econom. Policy. 32(2), 221-246 (1998)

13. Cervero, R.: Transit pricing research: a review and synthesis. Transportation. 17(2),
117-139 (1990)

14. Hess, D.B., Yoh, A., Iseki, H., Taylor, B.: Increasing transit ridership: a survey of successful
transit systems in the 1990. J. Public Transp. 5(3), 33—66 (2002)

15. Hess, D.B.: Decrypting fare-free public transport in Tallinn, Estonia. Case Stud. Transp.
Policy. 5, 690-698 (2017)

16. Holmgren, J.: Meta-analysis of public transport demand. Transp. Res. A Policy Pract. 41(10),
1021-1035 (2017)

17. Litman, T.: Understanding Transport Demands and Elasticities. How prices and other factors
affect travel behavior. Victoria Transport Policy Institute, Victoria (2017). http://www.vtpi.org/
elasticities.pdf

18. Chen, C., Varley, D., Chen, J.: What affects transit ridership? A dynamic analysis involving
multiples factors, lags and asymmetric behaviour. Urban Stud. 48(9), 1893-1908 (2011)


http://komunikacja.kzkgop.com.pl/public_media/fb/files/KP1_ANG_mail_OK.pdf
http://komunikacja.kzkgop.com.pl/public_media/fb/files/KP1_ANG_mail_OK.pdf
http://www.vtpi.org/elasticities.pdf
http://www.vtpi.org/elasticities.pdf

Fare-Free Public Transport vs. Private Cars: Zero Fares as an Instrument of Impact... 225

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

De Grange, L., Gonzilez, F., Muiioz, J.C., Troncoso, R.: Aggregate estimation of the price
elasticity of demand for public transport in integrated fare systems: the case of Transantiago.
Transp. Policy. 29, 178-185 (2013)

Lago, A.M., Mayworm, P., McEnroe, J.M.: Further evidence on aggregate and disaggregate
transit fare elasticities. Transp. Res. Record. 799, 42-47 (1981)

Hensher, D.A., Stopher, P., Bullock, P.: Service quality—developing a service quality index in
the provision of commercial bus contracts. Transp. Res. A Policy Pract. 37(6), 499-517 (2003)
Kebtowski, W.: Free public transport: Scope and definitions. In: Dellheim, J., Prince, J. (eds.)
Free Public Transit and Why We Don’t Pay to Ride Elevators, pp. 1-6. Black Rose Book,
Montreal (2018)

Fearnley, N.: Free fares policies: impact on public transport mode share and other transport
policy goals. Int. J. Transp. 1(1), 75-90 (2013)

Storchmann, K.: Externalities by automobiles and fare-free transit in germany—a paradigm
shift? J. Public Transp. 4(6), 89—-105 (2003)

Baum, H.J.: Free public transport. J. Transp. Econom. Policy. 7(1), 3-19 (1973)

De Witte, A., Macharis, C., Mairesse, O.: How persuasive is ‘free’ public transport?: a survey
among commuters in the Brussels Capital Region. Transp. Policy. 15(4), 216-224 (2008)
Canters, R.: Hasselt cancels free public transport after 16 years (Belgium). Eltis. (2014). http://
www.eltis.org/discover/news/hasselt-cancels-free-public-transport-after-16-years-belgium-0
Van Goeverden, C., Rietveld, P., Koelemeijer, J., Peeters, P.: Subsidies in public transport. Eur.
Transp. 32, 381-404 (2006)

Boussauw, K., Vanoutrive, T.: Transport policy in Belgium: translating sustainability dis-
courses into unsustainable outcomes. Transp. Policy. 53, 11-19 (2017)

Cats, O., Susilo, Y.O., Remail, T.: The prospects of fare-free public transport: evidence from
Tallinn. Transportation. 5(40), 1083-1104 (2017)

Thggersen, J.: Promoting public transport as a subscription service: effects of a free month
travel card. Transp. Policy. 16(6), 335-343 (2009)

Thggersen, J., Mgller, B.: Breaking car use habits: the effectiveness of a free one-month travel
card. Transportation. 35(3), 329-345 (2008)

De Witte, A., Macharis, C., Polain, C., Lannoy, P., Vandewalle, S., Steenberghen, T.: The
impact of “free” public transport: the case of Brussels. Transp. Res. A Policy Pract. 40(8),
671-689 (2006)

Steg, L.: Car use: lust and must. Instrumental, symbolic and affective motives for car use.
Transp. Res. A Policy Pract. 39(2-3), 147-162 (2005)

Tertoolen, G., van Kreveld, D., Verstraten, B.: Psychological resistance against attempts to
reduce private car use. Transp. Res. A Policy Pract. 32(3), 171-181 (1998)

Kos-Labedowicz, J., Urbanek, A.: The potential for the development of carsharing and car-
pooling systems: a survey-based analysis of University students in Poland. Int. J. Transp.
Econom. 44(3), 399-425 (2017)

Stradling, S.G., Meadows, M.L., Beatty, S.: Identity and independence: two dimensions
of driver autonomy. In: Grayson, G.B. (ed.) Behaviour Research in Road Safety. Transport
Research Laboratory, Crowthorne, Berkshire (1999)


http://www.eltis.org/discover/news/hasselt-cancels-free-public-transport-after-16-years-belgium-0
http://www.eltis.org/discover/news/hasselt-cancels-free-public-transport-after-16-years-belgium-0

®

Check for
updates

Methodology for the Evaluation

of Walking Trips Among the Inhabitants
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Abstract This chapter investigates walking mobility as an element of modal split
on the example of cities of Warsaw and Gdynia (Poland). Research methodology
presents a real challenge in trying to establish the precise share of walking in urban
modal split. Whilst the methods applied in defining and measurements of mecha-
nised trips have an established presence in the transport economics, the measure-
ment of walking mobility is not as simple. The results vary not only because of the
nature of cities (their size, spatial, demographic and socio-economic and natural
features) but also because of methodology being used to measure walking trips. The
chapter identifies main challenges of measurement of walking mobility, focusing on
results of different research methods. The comparison was made using the case
study of two cities in Poland conducted in 2015. Conclusions are of practical and
methodological importance for future research of sustainable mobility policy.

Keywords Walking - Modal split - Urban mobility

1 Introduction

After the initial boom in the use of cars in urban travel, in the twenty-first century
drawbacks associated with this mode of transportation have begun to emerge. Such
drawbacks include congestion that significantly prolongs the duration of travel; air
pollution; problems with parking and lack of space within cities; as well as health-
related issues connected with over-reliance on car transport and the resulting lack of
exercise [1-3]. Towards the end of the 1960s, some European cities have begun to
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plan the development of urban transportation systems which would take into account
the needs of all road users, with special focus directed to pedestrian travel [4].

Nevertheless, the European Commission drew attention to the negative impact of
transport on the natural environment within urban areas. Its claims were published
in 1992 in the Green Book "Influence of transport on the environment. EU strategies
for sustainable mobility" [5].

At the same time the sustainable development policy was introduced to the main-
stream transport and mobility policies of many European cities. Within the policy
preference is given to sustainable travel within cities, namely travel on foot, by
bicycle, or by public transport. Many forms of combined travel are being promoted
in order to decrease the importance of cars in everyday urban travel (i.e. walking
and public transport, P&R, B&R), in addition to various forms of shared transporta-
tion (carpooling, carsharing) [6].

The growing importance of active mobility (walking and cycling) in urban areas
represents one of the main current trends in sustainable mobility. The increase in the
share of walking trips in the modal split within cities is perceived as one of the most
effective economic, social [7], health-related [8], environmental and transport-
related [9] solutions. An increase in mobility and accessibility together with a
decrease in the role of cars and the resultant decrease of the demand for parking
spaces [10] and the improved safety of all transport users, are named amongst the
many transport benefits. Increasing share of active modes (walking and cycling) in
school trips is an important area of decreasing car dependency in cities.

The share of any mode of transport within cities is varied and influenced by many
factors such as demographics; structure of urban areas; stimulus and ways used to
encourage the use a particular mode of travel; impact of a given mode of travel on
the urban environment; accessibility of particular modes of travel in a given
urban area.

Modal split is calculated on the basis of comprehensive research into mobility or
transport behaviour of residents of particular areas [11]. It is mostly arrived at using
the number of trips rather than transportation work (in passenger-kilometre), inclu-
sive of distance travelled.

In recent years secondary data, available due to the increase in popularity of
smartphones, has grown in importance. In such cases the following could serve as
sources of information:

* Mobile telephones data from GSM operators
e GPS passive data [12]

e Bluetooth

* Wi-Fi

*  Mobile apps

Research methodology and organisation present a real challenge in trying to
establish the precise share of walking trips in urban modal split. Whilst the methods
applied in arriving at definitions and measurements of motorised trips (including
cycling) have an established presence in the transport economics, the measurement
of pedestrian trip is not as simple. The following issues can be named as the main
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obstacles in this line of research: the incidentalness in its time and space aspects of
pedestrian trip; difficulty to compare different areas of the city (which vary in the
way they appeal to respondents, according to their density [13] and land use struc-
ture and diversity [14]; the extensive time required to gather data; important
segments of citizens partially excluded from modern ways of measurements, includ-
ing smartphones (i.e. kids and elderly people). Additionally, depending on the
applied methods of research, the number of pedestrian trips on very short distances
may be underestimated, as was the case during the process of collecting data as part
of England’s NTS, where respondents identified fewer short trips (below 50 yards)
in their dairies as the week progressed. Revision of the methodology resulted in an
increase of five short walking trips per person over a period of 12 months [15].
Moreover, the weather could have a powerful influence on the decision to travel on
foot or in a different way [16, 17]. The sole definition of walking trip is ambiguous
and can be understood in many ways, depending on the applied methods of research.
It should be remembered that walking trip accompanies every other form of mecha-
nised travel (by car, bicycle, public transport). The sustainable transport plan
2006-2016 by The Auckland Regional Transport Authority (ARTA) found that
around 40% of short journeys (less than 2 km) were made entirely on foot and most
trips included a walking component as some part of the journey [18]. Other research-
ers implemented a definition of “short trip” that lasts up to 10 min. From them a
“proximity trip” was excluded, a trip made only by non-motorised modes [19].
Usually such trips cover short distances and despite the fact their share in the gen-
eral number of trips may be high, their volume measured in passenger-kilometres
will be much lower than in the case of mechanised means of urban mobility. The
findings of the research conducted in 2017 as a part of England National Travel
Survey seem to support this claim. Walking trips constituted 26% of the total num-
ber of trips but they covered only 3% of total distance made by all modes of trans-
port [20] (see Table 1). Nevertheless, all the above-mentioned obstacles should not
overshadow the benefits resulting from the increase of the share of walking in modal
split [21].

The increase in significance of sustainable urban mobility make it indispensable
to broaden research into walking, especially within city centres. The usefulness of
such data surpasses merely its practicality in spatial and mobility planning. It can be
potentially useful to the institutions of the public sector (i.e. health and wellbeing)
and private companies (mostly for trade).

Table 1 Share of selected transport modes in number of trips and in distance

Modal split Share in number of trips [%] Share in distance [%]
Car 61 78

Train 2 8

Cycling 2 1

Walking 26 3

Source: based on National Travel Survey: England 2017, Statistical Release July 2018, https://
assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/
file/729521/national-travel-survey-2017.pdf
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Taking particular action within the framework of sustainable development of
transport requires first and foremost identification of the transport behaviour of resi-
dents. This article aims to present and compare the current methodology of research
of walking mobility applied in two selected Polish cities.

The following research thesis was applied: the share of walking in urban modal
split strongly depends on the methods being used to measure it.

Verification of such thesis needs to answer on specific research questions, namely:

* Which methods are basic for determining the share of walking trips in the modal
split of Polish cities?

 Is the electronic (internet) survey a valuable source of information about walking
mobility?

* What is the role of observation in determining the share of walking trips in modal
split?

The thesis and research questions detailing them determined the structure of the
paper. Case studies were used to answer the research questions. Two Polish cities
were selected as part of it. The selection criterion was the fact of regularly conduct-
ing research on the mobility of residents (in Warsaw since 1980, in Gdynia since
1992) and the use of diverse research methods.

2 Results: Walking Trips in Warsaw

In some Polish cities there is a well proven methodology of complex traffic research.
The first research of this type was carried out in Warsaw in 1980 [22]. Recent stud-
ies have been very comprehensive and included the study of transport behaviours of
the residents of Warsaw, measurements of traffic and demand of public transport as
well as examination of freight traffic in the agglomeration area [23].

It was established during the Warsaw Traffic Research of 2015 that 17.9% of
trips can be classified as walking trips, which was defined as trips that are part of a
trip completed via means of public transport (accessing stops and changing lines)
[23]. Since Warsaw Traffic Research was conducted in 1980, 1993, 1998, 2005, and
2015, it is possible to compare data obtained over 35 years. A significant drop in the
volume of the share of walking trips was noted, with its most dramatic decline tak-
ing place between the research of 1993 and 1998 (nearly 10%). During the 1980s
and at the beginning of the 1990s nearly one-third of all trips were completed on
foot. Currently walking trips have a share of less than one-fifth of all urban trips
(Fig. 1).

The results of the Warsaw Traffic Research of 2015 were compared with the
results obtained via internet survey conducted in the same year. Internet survey was
also a part of the complex research (Table 2).
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Fig. 1 Share of walking trips in Warsaw in the years 1980-2015 (%). Source: based on [23]

Table 2 Comparison of walking trips research of 2015 in Warsaw

Sampling
Specification Administrator | Area Method method Sample
Main study of City of Warsaw Personal, Random 17,000
Warsaw Traffic Warsaw in-house route
Research interview
Internet survey City of Warsaw and its | CAWI No 6958
Warsaw functional area sampling

Source: [own research]

The results vary significantly (Fig. 2). According to the data obtained via internet
questionnaire, the share of walking amounted only to 8.7% of all urban trips within
Warsaw [24] and share of public transport trips dominated the whole results of the
internet study. This goes to show the influence of methodology on the results and it

particularly affects walking trips.

In addition, the results were split into age intervals of respondents involved in
both research. The internet research strongly underestimated share of walking trips
in all groups based on age but the biggest difference was visible for the youngest
group of respondents (Fig. 3). Results of Complex Traffic Research support thesis
of higher walking activity of youngest citizens, as they have less alternatives and
lower level of independent travel decisions.
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Fig.3 Share of walking trips in modal split in Warsaw in 2015 according to the method of research
and age interval of the respondents. Source: own study based on [24]

3 Results: Walking Trips Within Gdynia

In order to answer the research questions, the following part was dedicated to the
analysis of the share of walking trips in research that was conducted within varied
areas and according to diversified methods in city of Gdynia (Poland) (Table 3).
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Table 3 Comparison of walking trips research of 2014-2016 in Gdynia
Sampling
Specification Administrator Area Method method Sample
Research of University of Gdynia (all Personal, Random 1% of
transport Gdansk and districts) in-house sample inhabitants
behaviour and | Public Transport interview (based on between 15
preferences of | Authority in the sex, age | and 75 years
the inhabitants | Gdynia interval and | of age (total
of Gdynia district of size of
living) sample: 2000
respondents)
Research of University of ul. Observation | n.a. n.a.
traffic structure | Gdansk and Swietojariska
and volume Roads and (city centre of
within Gdynia | Greenery Gdynia)
city centre Authority in
Gdynia

Source: [own research]

Research into travel behaviour and preferences has been conducted in Gdynia
since 1994, in the form of an in-depth structured interview. The sample consists of
1% of inhabitants between 15 and 75 years of age. The sample is chosen proportion-
ally to the current structure of the city’s population and analysed according to the
cross-section of the number of inhabitants within a district, as well as their gender
and age. The paper presents the results of the 2015 research.

The methodology used was based on a so-called “travel diary” where the respon-
dents were asked to record all details of journeys completed on the previous day. For
a trip to be classified as pedestrian, the distance covered on foot had to be longer
than 500 m. Walking trips were, therefore, inclusive of trips solely covered on foot
as well as trips were walking was just part of a longer journey, i.e. walking to a
bus stop.

In this research walking trips amounted to 10.9% of all trips completed by the
inhabitants of Gdynia in 2015.

In the search of determinants characteristic for walking trips, their nature was
examined, including the age of inhabitants, their social and employment status as
well as gender. Figure 4 presents the influence of the age of the respondents on the
share of walking trips in the modal split for Gdynia. The lowest share of walking
was specific to the group between 41 and 50 years (professionally active), whilst the
highest was noted in the group of inhabitants between 61 to 70 years of age. Slightly
higher (than the average) share of walking was also characteristic feature for respon-
dents between 16 and 20 years. It has to be added, however, that the research did not
include inhabitants under 16 years of age, for which walking is the most dominant
way of urban mobility.

In the years 2014-2016 research into the structure and volume of traffic on
Swigtojariska Street in Gdynia (city centre) was conducted as a part of CIVITAS
DYN@MO project. This article presents results from the 2015 research. That same
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Fig. 4 The share of walking trips in the modal split for Gdynia in 2015 taking into account the age
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40%
35%
30%
25%
20%
15%
10%

5%

0%
Thursday Friday Saturday Sunday

observ. point 1 observ. point 2

Fig. 5 The share of walking within Swigtojariska Street in Gdynia in 2015 according to the day of
the week and measurement point (hour of 5.00 am—10.00 pm). Source: own work based on [26]

year the previously mentioned research into travel behaviours and preferences was
also conducted. For the purposes of this research the whole traffic including cars,
cychng, public transport (trolleybuses) and pedestrlans measured at 2 points on
Swigtojariska Street was taken into account (Fig. 5). Swietojariska Street is one of
the most important streets in Gdynia. Apart from its historical and symbolic value,
its location and functions it currently fulfils as an important element of the public
transportation network within the city centre of Gdynia (13 out of 16 trolleybus
lines pass via this street).
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The adopted methodology of observation allowed traffic volume to be measured
in both directions as well as for the division into basic means of travel within the
centre of Gdynia. The results revealed a significant 28% share of walking within the
city centre on a week-day, a result which is similar to other European cities, and as
much as 37% on a Sunday. The results also differ according to observation point,
especially for weekends. The results lead to the conclusion that share of pedestrian
traffic is higher at weekends. This points to a strong correlation with the time inhab-
itants may devote to a trip on particular days of the week and also shows that the
walking trips completed at weekends are mostly for pleasure—seen not as a neces-
sary form of travel but a leisure activity.

Higher share of walking trips as a result of the observation might be explained
due to the fact that there were no limitations in walking trip distance. Another factor
is the attractiveness of the central part of the city and its “common” use, especially
for leisure activities.

4 Discussion

Walking is becoming a frequent and strategic subject of scientific research and
transport policy at local level [27]. The importance of walking goes far beyond
mobility as it affects health topics as well [28]. A study conducted in Scotland has
found that higher distance travelled by active modes of transport (mainly walking)
characterises residents of the least deprived areas [29].

Although it is seen as an important tool to decrease greenhouse gas emissions
[30, 31] its share in modal split in Polish capital city of Warsaw decreased substan-
tially in period between 1980 and 2015.

Due to the nature of cities (their spatial structure, management, available public
transport vehicles) results of analysed cities being used as case studies vary signifi-
cantly. These differences are also a result of the application of different research
methods.

There are no common and widely agreed criteria defining a walking trip (time,
distance, or destination/motivation). Such a lack of unambiguous criteria diversifies
the share of walking in the urban modal split [32]. The methodology applied by the
National Travel Survey allows the shortest pedestrian trips, at a distance of up to 50
yards [20], to be singled out. In some complex traffic research in Poland a criterion
of a minimum distance of 250 m was used [33].

Solid research findings could serve as the basis for the inclusion of walking trips
into mobility structure. Such results should be characterised by regular, comprehen-
sive and comparable comparisons in space and time. It is also necessary to broaden
the research into walking trips through qualitative (matrix O-D, motivation, rela-
tions with built environment) and quantitative parameters (i.e. duration, distance,
topography). Results of such research will allow for the inclusion of the needs of
pedestrians in projects focused on transformation of street spaces.
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Another issue is differentiation between walking trips that are independent and
those which are part of a longer journey (as per accessing a bus stop, changing lines,
or reaching a final destination after travelling on public transport or by car). Such
differentiation requires a precise measuring tool. Such a tool can be a questionnaire
precisely developed to highlight a complex nature of walking activity in a city.

5 Conclusions

In-house interview results are the basic method for determining walking in the
modal split of both cities. The difference in the results is mainly due to a greater
range of age limits for respondents in Gdynia (respondents aged 15-75) and recog-
nition of travels over 500 m for walking.

It should be emphasised, however, that the methodology of research in Gdynia
has been subordinated to public transport goals for years (the manager of research
is the Public Transport Authority in Gdynia), and walking have been included in the
research since 2015.

Research in the form of an internet survey should be considered as supplemen-
tary in the light of the results from Warsaw. At the same time, limitations of this
method of contact with the respondent appeared (underestimation of young and old
people, freedom in considering what could be treated as a walking trip).

An example of research dedicated to the identification of the nature and scope of
walking trip can be seen in the research conducted in Gdynia within the main pas-
sageway of Swigtojariska Street. The results confirmed a high share of pedestrian
travel in the modal split for the city’s centre. It is comparable with other European
cities, amounting to 28% on a typical week-day. Moreover, the results allow for the
conclusion that the share of walking trips rises at weekends. This points to a strong
correlation with the time inhabitants may devote to a trip on particular days of the
week and also shows that the walking trips completed at weekends are mostly for
pleasure—seen not as a necessary form of travel but a leisure activity. Observation
conducted in a comprehensive manner and covering all cross-sections of transport
means is supplementary but a valuable method of verifying data obtained from
other sources. It also allows to observe changes in the modal split during the whole
week. It enables to highlight the differences between weekdays and days off, under-
lying the importance of leisure activities in urban mobility.
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Abstract Urban transport policies are currently determined by sustainable mobil-
ity. The selection and application of appropriate tools, which takes into account
transport behaviour and preferences of residents, as well as the analysis of their
willingness to change those, are necessary in order to achieve the goals of sustain-
able mobility. The identification of these determinants and trends requires research
to be carried out among the entire cross-section of residents, as well as on particular
groups of consumers targeted by the services offered. Working people constitute
one of the basic segments of consumers, regardless of the way in which urban trips
are completed. The article presents an analysis of changes in transport preferences
and behaviour of the aforementioned group of employed consumers resident in
Gdynia. It compares results of comprehensive research into transport behaviour and
preferences carried out in 2008 and 2015 and shows to what extent over a 7-year
period those preferences and behaviour of people in employment changed com-
pared to the entire cross-section of residents between 15 and 75 years of age. During
this period an increase in the number of cars per household (from 64% to 72%) as
well as an increase in their share in urban trips (from 47% to 58%) was noted. It also
evaluates the effectiveness of measures applied in order to achieve more sustainable
transport.
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1 Introduction

The research and analysis of transport behaviour and preferences are indispensable
in the effective implementation of the tools of sustainable mobility. The term change
in transport behaviour is vague and refers to both the observed trends as well as the
intentions of entities providing services. Transport behaviour is changing, and
understanding these changes can, in turn, provide the opportunity to further influ-
ence that behaviour. Politicians and those responsible for transport organisation
have greater influence on transport behaviour than they realise. However, that influ-
ence exists only under the provision that transport services are cohesive, sustained
over a long period of time, and supported by analytical data and evaluation [1]. It
has been observed that educational and information tools may have a substantial
impact on transport behaviour, however, they need to be evaluated with regards to
their effectiveness for the most viable techniques, procedures, and target groups to
be identified [2]. Research in the Netherlands suggests that some changes in trans-
port behaviour can be supported by monetary incentives. It has been proven that
employers “monetary incentives change employees” willingness to avoid rush hour
travel [3]. Research into changes in the transport behaviour of people in employ-
ment, encouraged by certain incentives (i.e. monetary) were also presented by
Karney [4]. Significant issues with air quality in southern California impelled the
South Coast Air Quality Management District to issue a directive requiring employ-
ers to draft and implement programmes to reduce employee commuting times [5].
A review of changes in tax law to favour more environmentally friendly forms of
travel and, in particular, to encourage employers to take part in Transport Demand
Management programs in Great Britain was presented [6].

For over 30 years, there was a visible tendency of societies of Central and Eastern
Europe to motorise and increase the usage of cars. It has lead to an increase in unde-
sired consequences, such as pollution, accidents and congestion. Changing this
mind-frame, together with the corresponding transport behaviour, will require pub-
lic transport to become a strong competitor against the perceived advantages of cars.
Timetables, frequency of transport, comfort and safety of travel are one of the most
important factors determining transport behaviour [7].

Transport behaviour is determined by the location of a person’s place of work,
whilst the choice of the workplace itself is influenced by the availability of transport
options. Mixed land use, residential density, street connectivity, and commute dis-
tance have also been identified as potential variables affecting transport-related
physical activity (TPA) behaviours [8]. Flexible working arrangements constitute a
useful tool in influencing transport behaviours. Such arrangements may have a posi-
tive impact encouraging the choice of sustainable transport, and, in case where trips
to a workplace are completed by car, allow for savings in both time and fuel [9].

Significant changes in urban travel market have already taken place in the twenty-
first century with car-sharing and bike-sharing possibly pushing the shift in trans-
port behaviours even further. Over the last 20 years car-sharing rose to the position
of the main travel choice of over one million consumers worldwide. Car-sharing



Changes in Urban Transport Behaviour and Preferences of Residents in Employment... 241

companies are currently in operation in over 1100 cities in 26 countries and on 5
continents [10]. It is anticipated that this form of travel will play its part in the
reduction of the CO, emissions (especially due to the vapour injection technology
in electric vehicles) and overall decrease in the number of cars within cities [11].
Research in Germany proved that car-sharing constitutes a suitable supplement to
public transport [12]. Bike-sharing constitutes an interesting alternative in work
commute. The wide number of benefits connected with this form of travel include:
improvement in overall health; wider choice of transport options; more direct con-
nections; possibility to decrease the duration of travel and costs connected with
travel; ability to gain different experience to that of other modes of travel. These
benefits are unevenly spread since consumers who opt for this type of travel are usu-
ally young men from social and economic upper classes. There is also insufficient
evidence to prove that bike-sharing plays a significant part in decreasing the conges-
tion, CO, emissions and pollution [13]. Further research is necessary. A steady
growth in popularity of electric bike-sharing has been observed. The effectiveness
of this mode of travel, however, requires both vehicles to be suitably adjusted tech-
nically as well as logistic adjustments to the network [14].

The increasing popularity of a healthy lifestyle encourages residents to travel
short distances on foot. The share of pedestrians in travel depends on many factors.
A British Study suggests that the increase in pedestrian travel is influenced by such
factors as: pavement cleanliness, safe crossing places, good connectivity and sense
of security [15]. Furthermore, an American study shows that the destinations of
pedestrians mostly include: home, shopping, restaurants, bars, banks and other ser-
vices. Distance travelled on foot to main destinations does not go above 600 m and
on rare occasions exceeds 1200 m. It follows that the assumption made in literature
on the subject of pedestrian travel, claiming that the distance to a pedestrian’s main
destination should not exceed 1000 m from their household, is entirely justified [16].

This chapter uses the results of comprehensive studies on transport preferences
and behaviours of inhabitants in Gdynia, carried out in 2008 and 2015, analyzing
changes in transport behaviours and preferences in the working people segment. It
has been hypothesized that the city authorities’ activities in achieving sustainable
mobility goals are not delivering the expected results. The city’s policy does not
lead to the expected changes in modal split—reducing the share of travel by car. The
reasons for choosing specific means of transport were also analyzed, examining
their statistical significance in connection with modal split. The conclusions of the
article should be used by city authorities when choosing specific instruments of
sustainable mobility.

2 Methodology

The analysis of the transport behaviour of residents in employment was carried out
on the basis of results obtained in the comprehensive research into transport
needs, demand, transport behaviour and preferences among the residents of Gdynia.
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The research was carried out in 2008 and 2015. Since 1994, every 2-3 years, the
Public Transport Authority (PTA) has carried out research connected with transport
behaviours of its consumers. The analysis of results obtained during such research
is then prepared by academic workers experienced in both organisations of public
transport services as well as designing transport systems.

The research was based on a standardised direct interview method. The measur-
ing tool was made up of a questionnaire of 40-50 closed and open questions. The
questionnaire was completed with respondents chosen on the basis of random sam-
pling, who were resident in Gdynia and were between 15 and 75 years of age. The
top and bottom age cap was established on the basis of mobility criteria, indepen-
dence in decision-making and rapport building ability. The sample consisted of 1%
of randomly chosen residents proportionally to the population of every district.
During the research interviewers had their primary and backup lists of respondents
in case the first choice respondent was unable to respond to the survey. The reasons
that prevented an interview with a respondent from being conducted were as fol-
lows: the owner of the property was letting his property or the person was too active
professionally and therefore most likely to travel by car. Substituting the initial
respondent usually was connected with different transport behaviour of the latter.
Therefore, car share in modal split has to be assumed to be lower than in reality.

The database was processed in such a way as to obtain information on the trans-
port behaviour and preferences of respondents in employment. A comparison analy-
sis was applied with the support of statistical analysis. Participant observation was
implemented to evaluate sustainable mobility policy in Gdynia.

3 Results

3.1 Profile of the Segment Comprising of Respondents
in Employment

Table 1 presents the profile of the segment comprising of respondents in employ-
ment who were resident in Gdynia in the years 2008 and 2015.

The share of respondents in employment increased by 9% between the years
2008 and 2015. The participation of women in employment decreased marginally.
The number of women employed in Poland has been decreasing since the launch of
the governmental 500+ benefit scheme in 2017. The decrease in the number of
women in employment in the data analysed may be connected with the aforemen-
tioned methodology and difficulty in reaching women who are highly active profes-
sionally. The share of people in employment who were under or 40 years of age
decreased, whilst the number of respondents in employment who were between 61
and 70 years of age increased by 5%. This was connected with the changes intro-
duced by the government at the time, which extended the age of retirement by
2 years for men (from 65 to 67) and by 5 years for women (from 60 to 65).
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Table 1 Profile of the Profile 2008 2015
segment comp rising of Share of respondents in employment | 46.8 | 55.8
respondents in employment
resident in Gdynia in the year Women 484 1457
2008 and 2015 (percentage) Men S16 543
Age
16-20 02 | 03
21-30 194 | 145
31-40 335 320
41-50 25.0 242
51-60 203 224
61-70 1.6 | 6.6
71-75 00 | 0.0
Car in the household 75.0 |81.8
Main car user 81.5 |80.7
Commuting to workplace 88.1 |88.1
Source: own study based on the results of the PTA
research
Table 2 Modal split for Modal split 2008 2015
respondents in employment Car 602 1619
resident in Gdynia in the :
years 2008 and 2015 Public transport | 38.8 | 36.3
Bicycle 0.7 1.3
Other 03 | 05

Source: own study based on the
results of the PTA research

The number of households with a car notably increased by 6.8%. The share of
main car users within a household and travelling to work did not change signifi-
cantly within the analysed segment of respondents in employment.

3.2 Transport Behaviour and Preferences of Respondents
in Employment

Table 2 presents the modal split for respondents in employment resident in Gdynia.

No significant changes in the modal split for respondents in employment resident
in Gdynia can be seen during the analysed 7-year period. The share of trips com-
pleted by car increased by 1.7% and that of bicycles by 0.6%. At the same time the
share of trips completed by public transport decreased by 2.5%. It can, therefore, be
assumed that the segment of respondents in employment, despite a notable increase
in the number of cars present in households, is characterised by the certain stability
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of transport behaviours (the research was not inclusive of trips completed on foot at
a distance below or equal to 0.5 km).

Table 3 presents a comparison of modal split for all respondents resident in
Gdynia. The transport behaviours of Gdynia inhabitants’ have changed significantly
in the years analysed. The share of trips completed by car in the years between 2008
and 2015 increased by 10.9% whilst the share of trips completed via public trans-
port decreased by 12.2%. This proves that the change in the transport behaviours of
respondents in employment was indeed insignificant. The comparison of modal
split between Tables 2 and 3 indicates that significant changes in transport behav-
iour of the general cross-section of respondents were triggered by other segments of
inhabitants (unemployed, students and pensioners) and the increase in the number
of those respondents in employment.

Taking into account the goals of sustainable mobility policy the aforementioned
trend has to be perceived as unfavourable since the increase in the number of respon-
dents in employment among which the number of car trips was the highest has been
coupled with the pro-car modal shift in other segments of respondents. As a result,
the number of cars present on the roads is increasing not only during the peak hours
but also during other times of the day.

It has to be added that this trend applies only to trips completed by privately
owned cars as car-sharing scheme was launched in Gdynia in 2017.

Due to the low volume of bicycles participating in trips in 2008 this mode of
transportation was not included in the close research of transport behaviours at that
time. The increase in their volume over the following years impelled the PTA to
include bicycles in their research in 2015. Table 4 presents the basic data regarding
the ways in which respondents in employment use bicycles during their commute.
The most prevalent among the reasons influencing the decision to commute to work
by bicycle were: pleasure and health reasons.

Table 5 presents the reasons behind choosing to make urban trips by car.

The reasons why respondents in employment decide to make urban trips by car
did not change significantly. It has to be stressed that a different scale was applied
in the research of 2015 as compared to the research in 2008 (more detailed reasons).
For example, no need to wait specified in 2008 by 14% of respondents corresponds
with two reasons specified in the research of 2015, namely: no need to wait and a
direct connection, which were given by 17% of respondents. Despite difficulties
with a conclusive comparison of findings between the research of 2008 and 2015, it

Table 3 Modal split for all Modal split 2008 | 2015
respondents resident in 47 7
Gdynia in the years 2008 Car . 0 1579
and 2015 Public transport | 52.2 | 40.0
Bicycle 0.4 1.8
Other 04 | 03

Source: own study based on the
results of the PTA research
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Table 4 Transport behaviour Detailed list 2015
of respondents in . Share of households with a bicycle | 63.9
employment commuting by - ;
bike (percentage) Reasons for using a bicycle:
Pleasure 52.9
Health reasons 26.8
Being eco-friendly 6.0
Cutting on travel costs 5.0
Shorter duration of travel 4.3
Enabling direct trip 4.3
Other 0.7
Source: own study based on the results of the
PTA research

Table 5 Reasons of respondents in employment, resident in Gdynia in the years 2008 and 2015,
for choosing to commute by car (percentage)

Reason 2008 2015
Safety—no threat of aggressive behaviour of other 3.7 2.1

passengers

No need to travel to and from a bus stop 11.4 6.8

No need to wait 14.2 9.5

Direct connection - 7.3

No tiresome company of other passengers - 2.9
Shorter duration of travel 28.2 22.8

Lower costs 2.1 33
Travelling with kids - 4.7
Transporting goods or groceries - 9.4
Better comfort 28.5 223
Car as a work tool 8.8 6.8
Poor health - 0.9
Other 3.1 1.2

Source: own study based on the results of the PTA research

can be stated that the main reasons behind the decision to travel by car, made by
respondents in employment, are better comfort (inclusive of the flexibility that
travel by car provides) and the shorter duration of travel. A comparison of the dura-
tion of work commute by car shows that an average duration of work commute by
this mode of transport was shorter in comparison to work commute via public trans-
port by 52% in 2008 and 51% in 2015.

Table 6 presents the reasons for choosing public transport for urban trips given
by respondents who owned a car.

It has to be stressed that when analysing results a different scale was applied in
both studies. The research of 2008 did not include parking fees among the reasons
behind the decision of respondents in employment who owned a car to travel via
public transport since the fees were introduced in 2008. The research of 2015
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Table 6 Reasons for Reason 2008 2015
travelling via public transport

. Car used by someone else 222 164

on urban trips by respondents :
in employment, resident in Unfit to drive 8.5 78
Gdynia in the years 2008 and Lower cost of travel 13.8 119
2015 (percentage) Parking fees - 13.0
Trouble with parking near destination | 16.9 | 14.8
Weather - 54
Good quality of public transport 8.4 10.3
Congestion 114 |11.5
Technical issues with the car 59 6.2
Other 129 | 2.7

Source: own study based on the results of the PTA
research
Table 7 Most important Feature 2008 2015
features of public transpprt Direct connection 18.7 |17.9
defined by respondents in
employment, resident in Frequency 174 |17.4
Gdynia in the years 2008 and Accessibility 13.7 1125
2015 (percentage) Reliability 5.5 8.2
Low cost of travel 6.6 | 8.1
Speed 8.3 7.0
Punctuality 18.0 |17.8
Regularity 2.8 2.8
Exhaustive information | 0.6 | 0.9
Comfort 55 | 4.1
Other 29 | 33
Source: own study based on the results of
the PTA research

specified weather as one of the reasons to opt for travel via public transport (it was
frequently mentioned in the research of 2008 and classified as an “other” response).
The inaccessibility to the car was less frequently given as a reason to travel via
public transport. This is understandable since the number of cars per household in
Gdynia increased from 1.11 in 2008 to 1.21 in 2015.

Table 7 specifies the main features of public transport as defined by respondents.

The three most important features of public transport, as perceived by the respon-
dents, in order of importance, were: direct connection, punctuality and frequency.
Findings confirm earlier conclusions that the attractiveness of public transport for
respondents in employment is determined mostly by factors connected with the
duration of travel. It is, therefore, necessary to implement solutions that would
decrease the disproportion in duration of travel by car and via public transport. Such
solutions can be seen in bus passes and technologies which favour public transport
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on crossings with traffic lights. In 2017 Gdynia had a total of 3 km of bus passes,
whilst Warsaw 44 km and other EU cities from 100 km to as much as 250 km.

The notion of “comfort” is very broad and may be understood as the availability
of a seat, conditions of travel (comfortable temperature, space for luggage at no
additional charge, availability of transport at a required time, etc.). Table 8 presents
the comparison of comfort understood as the availability of a seat on board public
transport vehicles.

The significance of comfort did not largely change in the period analysed
(Table 8), however, the expectation to find an available seat always rose dramati-
cally on 100% or almost a 100% of occasions (by 8—10%). This increase is specific
to other segments of respondents and may be partially explained by the increase of
respondents in employment who were between 61 and 70 years of age (by 5%). The
reasons for the shift may also be seen in the changing conditions of urban travel in
Gdynia between the years of 2008 and 2015. In the period analysed the offer for
transport services expressed in vehicle-kilometres diminished by 2.5%. However,
thanks to the smart management of services, the experienced quality did not suffer
a slope since the rating of public transport organised and managed by the PTA, on a
scale of 2 to 5 (2 being the lowest and 5 the highest), increased from 4.13 to 4.24
(within the segment of respondents in employment from 4.12 to 4.20). At the same
time, the share of public transport in modal split decreased by 12%. Passenger vol-
ume, according to data gathered by the PTA, decreased between the years of 2008
and 2015 by 16%. This translated to an increase in the possibility to find a seat on
board of public transport vehicles which, in turn, caused a shift in satisfaction levels
regarding the expected comfort of travel. The improvement of travel conditions,
although not anticipated by some passengers and, thus, bearing no influence on
levels of their satisfaction, was accepted and became the expected standard of ser-
vices provided. This conclusion is supported by the study of the factors which least
lived up to expectations of passengers. Comfort of the second least frequently met
factor of travel via public transport in 2008, rose to the fifth position in 2015, i.e. it
was a more common factor in 2015 than in 2008. This proves that in addition to
analysing the ratings of factors the occurrence of any qualitative changes must also
be verified.

Table 8 Expected standard Level of comfort 2008 | 2015
of travel as defined by A seat always available 10.0 |20.1
respondents employed and y " i1ab] 343 |24
resident in Gdynia in the seat mostly available : :
years 2008 and 2015 No seat but relatively comfortable | 30.2 |25.5
(percentage) Acceptable when crowded 104 | 34
No opinion 15.1 8.6

Source: own study based on the results of the PTA
research
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4 Discussion and Conclusion

The analysis of transport behaviours of the respondents in employment provides
new areas for discussion.

1. The results confirm that the cross-section of the respondents should be seg-
mented according to differences typical for particular segments. It is purposeful
not only to define segments but also to analyse changes in transport behaviours
and preferences over time.

2. The increase in motorization within household members, coupled with the pre-
vailing tendency of respondents in employment to commute by car, does not
influence changes in behaviours. However, this segment may have a negative
influence on the general modal split for respondents should its volume increase.

3. Lack of significant changes in features does not mean that their internal structure
remains unchanged. The results suggest that further research into the internal
changes of the said features, which may be defined as complex, should be carried
out. Such features include:

(a) Direct connection.
(b) Accessibility.

(c) Reliability.

(d) Access to information.
(e) Comfort.

4. The period chosen for the analysis of changes in transport behaviour and prefer-
ences of respondents in employment, resident in Gdynia, did not include either
car-sharing (launched in 2017) or bike-sharing (launched in 2018). Certain
changes in modal split have to, therefore, be anticipated as discussed by Dowling
and Kent [10], Firnkorn and Muller [11], and Huwer [12]. The question of
whether the new forms of travel will bear influence on changes among employed
consumers, which are characterised by certain stability in their choices, remains
open. Taking into account the modest share of bicycles in trips completed by
employed respondents it can be concluded that Gdynia faces a seriously chal-
lenging task in the popularisation of bicycle travel, including the development of
bicycle paths [17], improvement of cyclist safety [18], and encouragement for
the employees to participate in cycle to work Schemes [19].
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The Role of Urban Environmental Sound
in the Orientation of People with Impaired
Vision
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Malgorzata Orczyk and Franciszek Tomaszewski

Abstract This chapter presents results of surveys conducted with blind people and
analysed sound signals necessary in the development of the method of teaching
spatial orientation to people with impaired vision. The survey was conducted to
identify the most important problems faced by people with impaired vision living in
a large urban agglomeration and to determine the impact, type and nature of sounds
generated in the city in terms of spatial orientation. On this basis, more than 1700
sound situations of the city that are characteristic of a large urban agglomeration
were selected for registering. The recorded sounds from characteristic places, vehi-
cles and sound events were analysed in order to create a library of sounds that will
be used to teach spatial orientation.

Keywords Sounds of the city - People with impaired vision - Spatial orientation

1 Introduction

For people with impaired vision, the restriction of free movement is the most obvi-
ous ‘barrier’ of life. This leads to loss of self-esteem, makes it difficult to get differ-
ent kinds of experiences, makes one dependent on a guide and on the surroundings.
Despite great progress of information technology and development of hardware
technologies, teaching people with impaired vision how to move in the near and
distant areas uses old, not always effective methods. In teaching spatial orientation,
the most important sense for people with impaired vision, which is hearing, is not
sufficiently used. Currently, more and more specialised electronic equipment is
appearing on the market, which is designed to assist people with impaired vision in
spatial orientation. Not all of these devices have been accepted by the blind com-
munity, and not only because of their very high price, but also because of simple
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resistance to new technologies and technical novelties. Therefore, it is advisable to
use in the spatial orientation of people with impaired vision a natural method based
on hearing, which will contain sound events characteristic for a large urban agglom-
eration. The accessibility of public transport for people with disabilities, including
people with impaired vision, has for many years been one of the important indica-
tors of mobility of this group of people; not only of those professionally active, but
also of those who live independently, including tourists [1-3]. Problems of public
transport accessibility for people with disabilities are discussed very widely, and the
policy of governments of many countries regarding the mobility of these people
deserves special attention [3-5]. The problem of mobility of people with disabili-
ties, including those with impaired vision, requires special preparation of urban
space and transport infrastructure, as well as auditory preparation of these people
for independent living. To this end, concepts such as special orientation learning
methods [6], as well as a hearing-oriented training system for the blind using acous-
tic virtual reality (VR) based on a head-related transfer function simulation [5] are
being created. The use of an intelligent semaphore system (traffic lights) is proposed
which communicates with a mobile system carried by the blind person and allows
coherent processing of the signals sent and received between the mobile device and
the intelligent semaphore [7]. This chapter [8] presents the results of a study on the
impact of 3D sound recording and reproduction methods on the efficiency of the
location of the sound source by blind and normally sighted people. The efficiency
was assessed based on the ability to identify the direction from which the sound
comes and the direction of its propagation for the acoustic events of road traffic.
Issues related to the anatomy and physiology of hearing, to the imagination skills of
the people with impaired vision as well as to devices supporting those people were
also investigated. Based on this research, a prototype of an electronic device that
supports the orientation of the blind in the environment by means of sound signals
was developed [9]. The spectrum of issues related to facilitating the mobility of
people with disabilities, especially those visually impaired, is currently very wide.
It is impossible to present all publications in this field, therefore only selected ones
have been described, showing new trends in research aimed at increasing the mobil-
ity of people with impaired vision. In order to develop a novel method of spatial
orientation, a targeted grant was obtained, the main purpose of which was to develop
amethod of teaching spatial orientation in a large urban agglomeration using sounds
of the urban environment, designed for people with impaired vision (children and
youth). This method was developed in close cooperation with the Special School
and Education Centre for Blind Children in Owinska near Poznan. Partners actively
declaring to be involved in the project were: Polish Blind Association (District of
Wielkopolska), as well as Association for the Blind and Visually Impaired Graduates
of the Centre for the Blind ‘By¢ Potrzebnym’ in Owinska.

The proposed goal and scope of the project was the first stage of a bigger project
dedicated to the development and implementation of the concept of a city that would
be safe for people with impaired vision. The scope of the project included,
among others:

e surveys concerning the problems of people with impaired vision getting about in
urban agglomerations,
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* identification and classification of sound sources important in orientation in large
urban agglomerations and analysis of the possibility of using vibrations as a
signal supporting spatial orientation,

* study on acoustic parameters that will be the basis for the development of new
standards for traffic lights and sound signalling at pedestrian crossings,

* elaboration of a method of obtaining and reproducing environmental sounds
reflecting real acoustic situations in a city, as well as vibrations—as a supporting
signal,

» development of a library of acoustic events for selected places and situations that
are necessary for orientation in urban areas,

* amethod of teaching people with impaired vision how to spatially orient them-
selves in a city and verification of this method on the example of the Park of
Spatial Orientation in Owinska and the Transport Plan of the City of Poznan.

The end result of the project was a method of teaching people with impaired
vision how to spatially orient themselves in a large urban agglomeration, to be used
at various levels of the teaching process. In addition, a proposal for guidelines for
the standard for traffic lights and sound signalling at pedestrian crossings was devel-
oped. As part of the work related to the development of spatial orientation teaching
method for people with impaired vision, a survey was conducted to find out the
most important problems faced by those people living in a large urban agglomera-
tion and to determine the impact, type and nature of sounds generated in the city in
terms of spatial orientation. Next, on the basis of the conclusions resulting from the
survey, more than 1700 sound situations characteristic of a large urban agglomera-
tion were selected. The recorded sound signals were subjected to digital analysis
with particular emphasis on time-spectral analysis [6, 10, 11].

2 Survey Among People with Impaired Vision

The survey was conducted i.e. with: students of schools for blind people in Poland,
blind residents of Poznan (both members of Polish Blind Association and others),
blind university students in Poznan, and blind pupils of educational centres for peo-
ple with impaired vision. The aim of the study was to get to know the most impor-
tant problems faced by people with impaired vision who live and move around in a
large agglomeration. An important issue was also to determine the impact, type and
nature of sounds generated in the city on spatial orientation. The scope of analyses
and expectations of the survey was focused on the following issues [10]:

e defining problems related to the movement of people with impaired vision
around a city,

 defining urban environment that causes the greatest problems with normal move-
ment and orientation of people with impaired vision,

e defining to what extent sound can replace vision and facilitate movement in the
environment,
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* in which urban situations spatial orientation based on sound is the most desirable
and disturbed,

e which sounds of an urban agglomeration pose the greatest problems in spatial
orientation.

The conclusions from the conducted surveys were the basis for determining the
detailed scope of recording city sounds and for the development of a library of
acoustic events. The survey was conducted among 220 blind people. Due to the
wide scope and very subjective nature of issues, children and the elderly were asked
for opinion.

The survey covered people from the age of 10 to above 61 years. The largest
group of people surveyed were people aged between 31 and 40. They constituted
28% of the surveyed people. Another group of respondents were people aged
21-30—20% and very young people and children aged 10-20—18%. The age
group from 41-50 years was represented by 11% of the respondents and the group
51-60 years—by 18% of respondents. The age group with the smallest number of
people were people aged 61 or more. In this age group, only 5% of respondents
were in this age group.

More than half of the people participating in the survey live in cities with more
than 100,000 inhabitants. In smaller cities, in subgroups according to the number of
inhabitants (from 20,000 to 100,000), the distribution is uniform and equals on aver-
age around 10%. Most people who took part in the survey are people who work or
study. This answer was declared by 71% of respondents. Only 22% of the respon-
dents declared that they were unemployed. In addition, 7% of people did not work
at the time of the survey, but they had already worked in their lives.

In the next question of the survey people were asked how often they leave their
home on their own. A summary of the answers to this question is provided in Fig. 1.
A very large group of respondents (63%) go out on their own every day. Only 20%
of the respondents answered that they leave home a few times a week. There was a
group of 11% of the respondents who never leave their home on their own.

The answers to general questions regarding the importance of acoustic informa-
tion in spatial orientation and movement, interest in learning the ability to interpret
the surroundings with hearing and the impact of atmospheric conditions on the per-
ception of sounds of the city can be seen in Fig. 2.

The vast majority of the blind people who participated in the survey believed that
changes in the reception of sounds of the urban environment depend on atmospheric
conditions (79% of positive answers), as well as that the amount of information
about the surroundings obtained through hearing is significant (92%). In addition,
72% of respondents are interested in learning the ability to interpret the environ-
ment with use of hearing. These studies confirmed the necessity to create a method
of teaching people with impaired vision how to spatially orient themselves using the
sounds of the urban environment.

When answering the detailed questions, the surveyed people indicated sounds
supporting and hindering spatial orientation. Figure 3 presents a list of sounds that,
according to the respondents, may support spatial orientation.
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Fig. 1 Frequency of leaving home alone [10]

Do you think the information about the
environment obtained through your

hearingisi rtant?
earing is importan o

Are you interested in learning how to
interpret the environment with hearing?

Do you think that changes in the reception
of the sounds of the urban environment
depend on the weather conditions?

0% 20% 40% 60% 80% 100%

mDifficultto say mNo =Yes

Fig. 2 Significance of acoustic information in the spatial orientation of people with impaired
vision [10]

Among the sounds that support spatial orientation, the surveyed people first
mentioned pedestrian crossings with sound signals; 69% respondents gave this
answer. About 30% was the score of responses related to the means of transport and
their infrastructure, i.e. trains, cars and trucks, trams, buses and their stops as well
as construction machines. The sounds that support spatial orientation may also
include ringing bells in churches, as 26% of respondents said.
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Fig. 3 Sounds supporting spatial orientation [10]

3 Characteristic Places for Acquiring Sounds

Respondents also indicated sounds that impede their spatial orientation in the city
and pointed out that it is necessary to register sounds (external and internal) of sin-
gle passing by of vehicles coming from different directions, standing with the
engine running, opening and closing doors, accelerating and braking, sounds in
different positions in relation to the stop shelters, sounds generated by behaviour of
other passengers and messages from loudspeakers. The respondents named as sig-
nificant the urban infrastructure sounds related to:

e pedestrian crossings with varying degrees of complexity (with special marking
of without it),

e underground tunnels,

e crossing the street outside marked crossing,

e bridges,

» footbridges,

* intersections of various types and sizes on single and multilane streets with and
without buildings, with or without a tramway.

From the analysis of questionnaire surveys carried out among people with
impaired vision, a number of conclusions were formulated, which were taken into
account during recording of acoustic signals in the urban environment. Due to the
different age and, as a consequence, the height of people with impaired vision, the
acquisition of acoustic signals should take place at two heights according to the
height on which the person’s ears are located. It was assumed that these were at
0.9 m and 1.60 m from the ground level.
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The measurements of sound sources covered also the following means of trans-
port as the main source of noise in the city: passenger cars, buses, trams, passenger
and freight trains, motorcycles, heavy vehicles and emergency vehicles (ambu-
lances, fire brigade) as well as situations and events occurring in characteristic
places of the city: intersections, roundabouts, etc.

The development of a spatial orientation method for people with impaired vision
required obtaining a large number of sound signals (about 1700) that can be found
in large urban agglomerations, recorded together with the city background noise.
Due to the significant dynamics of acoustic signals occurring in the city and the
specificity of the target audience, the recording of acoustic signals was carried out
with the use of measuring equipment guaranteeing lossless recording of highly non-
stationary phenomena in the full acoustic band. All acoustic signals necessary for
the identification and classification of the phenomena for the needs of registration
and the method of their application in the ‘library—sound bank’ were recorded with
a single microphone, in real conditions in the city, i.e. with urban background noise.

4 Sound Identification of Selected Objects and Events

In accordance with the adopted assumptions of the target method of presenting
recorded signals, the recordings were made simultaneously at two heights: 0.90 m
and 1.60 m from the ground level. Measurements at a height of 1.60 m were carried
out using a 4100D Head And Torso Simulator from Briiel & Kjar. The second mea-
surement set for recording acoustic signals at a height of 0.90 m in the binaural
system were the B&K 4101 in-ear microphones from Briiel & Kjar. Due to the need
to teach people with impaired vision to move parallel and perpendicular to the com-
munication routes, it was decided that the recording of sounds will be carried out in
two directions: perpendicular and parallel to the sources of the acoustic signal.
Figure 4 shows the view of the measuring torso used for the measurements.

After the analysis of the obtained material, objective identification and classifica-
tion of acoustic phenomena useful in teaching people with impaired vision how to
spatially orientate was carried out. The basis for the identification and classification
of the phenomena were time-spectral analyses and audition by people with impaired
vision—in the role of ‘experts’ assessing the possibility of identifying individual
sources of sounds registered in the urban agglomeration. ‘Experts’ were people with
impaired vision moving around the city on their own. These people represented dif-
ferent groups and different levels of experience according to age, education, place
of work and place of residence. Research involving blind experts consisted of repro-
ducing mono audio files, and additionally recorded using in-ear microphones, stereo
files with soundtracks, and selected acoustic events of the urban environment.

Due to the need to develop objective criteria for identifying the orientation
object, it was decided to perform time-frequency analyses of acoustic signals
encountered in the city. Such a decision was made on the basis of conducted com-
parative research on the possibility of identification of individual objects related to
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Fig. 4 View of measurement manikin—4100 D HATS Head And Torso Simulator [2]

transport in the city, based on the spectrum of sound generated by these objects [10].
Figure 5a presents an example of the analysis of sound generated by a passenger car,
and Fig. 5b shows a passenger car with a trailer. When analysing the time-frequency
spectra, it can be seen that each of these vehicles has a different time-spectral struc-
ture, and therefore a different signature allowing them to be distinguished. These
two examples indicate that it is possible to identify the type and complexity of
vehicles (which was confirmed by the experts). The analysis of the spectrum of
signals from other vehicles confirmed the possibility of their identification in an
urban agglomeration.

Figure 6 shows an example of the analysis of the sound generated by a braking
motorcycle, and Fig. 7 by closing doors of a tram.

Figure 8 shows the sound spectrogram (time-spectrum map) generated by a pass-
ing ambulance with an acoustic siren on. This is another example of vehicle identi-
fication due to the clear audibility in urban traffic and the occurrence of
time-frequency modulation, visible in spectrograms in the form of characteristic
zigzags parallel to the time axis.

As it results from the sample spectra that identify acoustic events against the
background of the city noise, it is possible to fully identify the event and assign the
source, which is important for the orientation of the people with impaired vision in
the city.

The identification and classification of sound sources (simple and complex) was
the basis for the development of a database that was used to: develop a library of
acoustic events used in teaching spatial orientation, elaborate the characteristics of
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Fig. 8 Time-frequency spectrum of an ambulance passing by

simple and complex sounds and develop assumptions for the spatial orientation
teaching method. Thanks to this, people with impaired vision in Poland will get
enriched with knowledge and skills that will allow them to move around better and
more efficiently in large urban agglomerations, and thus better and more actively
operate in the environment of sighted people.
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5 Teaching Spatial Orientation to People with Impaired
Vision

The aim of the developed teaching method of spatial orientation was that students
should acquire skills to move independently in urban environment using the sounds
of the city, as well as become motivated to learn and self-educate. This method aims
to develop a competence to read urban sounds in a way that enables a walking per-
son to understand the surrounding environment to the maximum and to indepen-
dently create (perceive) countless routes of safe movement in the city [12]. The
general outline of the method is as follows:

5.1 First Level: Evaluation of Simple Events

1. Use of simple recordings for learning: a definition of a street (one and two-lane
streets; one and two-way streets), a definition of a road crossing (typical,
T-shaped, roundabout, etc.).

2. Determination of the type of vehicles moving in urban environment (cars, trams,
buses and emergency vehicles).

5.2 Second Level: Evaluation of Complex Events

1. Getting to know intersections (of all types), with traffic lights (including sound
signalling) and without traffic lights.

2. Finding the location of public transport stops—using reflections of sounds (shel-
ter), underground passages (roofed), kiosks at tram stops.

3. Use of complex sounds, among others, to: search for pedestrian crossings, deter-
mine the types and widths of streets, determine the location of tram tracks, loca-
tion and speed of vehicles moving with constant speed, braking, accelerating,
turning, etc.

5.3 Third Level: Evaluation and Association of Complex
Events

1. Use of recordings of streets characterised by various widths, configurations and
traffic intensity, as well as the description of large intersections with the use of
sound recording.

2. Interpretation of communication situations, infrastructure layout and layout of
the environment in case of disturbances.

3. Interpreting traffic in difficult weather conditions (wind, rain, slush, etc.).
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6 Conclusions

This chapter presents issues related to the selection and analysis of sound signals
that are important in the development of the method of spatial orientation in a large
city, designated for people with impaired vision. The need to develop such a method
resulted from the fact that a large part of visually impaired people actively partici-
pate in social life and hearing may be a substitute for their eyesight. Identification
and classification of urban agglomeration signals made on the basis of an objective
analysis of the physical features of the recorded signals confirmed the possibility of
distinguishing individual situations and acoustic events indicated by the blind in
the survey.
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