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Preface
Dear Reader,
We present you with the 33rd edition of the”Journal of Management and Financial Sciences”.
This edition contains important and current issues affecting the development of transport
both in Poland and in the European Union.We hope that its content will make a valid contribution to the development of economic thought and contribute to a deeper understanding
of complex issues discussed in it.
The objective of the first paper by Przemysław Borkowski and Monika Bąk is to assess
short and long-term consequences of the new regulatory framework in the European Union
road haulage market as proposed by the European Commission in the “Mobility package”.
The aim of the next paper by Tomasz Bieliński and Agnieszka Ważna is to identify major
advantages and challenges resulting from the implementation of Chinese solutions in Europe
or expansion of bike-sharing companies to Europe.
Marzenna Dębowska-Mróz, Ewa Ferensztajn-Galardos, Renata Krajewska, Andrzej
Rogowski in their article present the results of a survey conducted among drivers of public
transport buses. These tests included information on filling and passenger exchange in the
means of transport of individual bus lines in Radom.
The next article by Elżbieta Macioszek and Damian Lach presents the concept of establishing a fast agglomeration railway as a complement to the existing transport systems in the
Upper Silesian Agglomeration.
Barbara Pawłowska and Michał Suchanek present in their paper the results of the research
which show the impact of various identified tools on the achievement of the three priorities
of the climate policy. The multivariate analysis of variance (MANOVA) was used, in which
the dependent variables were: the GHG emission levels, the use of renewable energy and the
energy intensity of transport. The results were calculated based on the data from the 28 Member States and the model was verified.
Martin Smoliner, Stefan Walter and Stefan Marschnig in their paper are trying to identify
how open access traffic can be integrated in an ITF-system according to the EU-legislation.
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Advantages and disadvantages are discussed and finally the optimal procedure in terms of
a sustainable network development is recommended.
Paweł Sobczak in his article analyses the structure of network connections of a railway
carrier operating in the Małopolska region (Koleje Małopolskie sp. z o.o.) in Poland. The aim
of the analysis was to obtain information about the current condition and parameters of the
network offered by the carrier.
In the last paper, Paweł Zagrajek and Adam Hoszman review the existing and potential impact of airline handling on air traffic volatility from the point of view of airlines and
ground operations.
We wish you a pleasant reading.
Ryszard Bartkowiak,
Chairman of the Scientific Council and Dean of the Faculty
Michał Matusewicz,
Vice-Chairman of the Scientific Council and Vice-Dean of the Faculty

JMFS

Volume XI
•
Issue 33 (September 2018)
pp. 9–23
Warsaw School of Economics
Collegium of Management and Finance

Journal of Management
and Financial Sciences

Przemysław Borkowski, Monika Bąk
Chair of Transport Economics
Faculty of Economics
University of Gdansk

Short and Long-Term Consequences
of Further Regulation of the European Union
Road Haulage Market
A bstract
The objective of this paper is to assess short and long-term consequences of the new regulatory
framework in the European Union road haulage market as proposed by the European Commission
in the “Mobility package”. The initiative comprises a number of regulations aimed at technical and
social aspects of the road haulage market. This study is based on qualitative research and takes into
consideration different perspectives of expert knowledge. On the basis of their own methodological
background (the evaluation framework and assessment criteria) the authors compare the expected
impacts of the regulations on large and small transport enterprises. The assessment is based on
a focused group study within Polish and Hungarian transport companies and several external experts’
views (the list of the consulted experts is given in the acknowledgments section) and finalises with
conclusions for different EU regions: the central and peripheral EU countries. The aim of this research
is to show different aspects of the impact of the proposed measures on different types of transport
businesses in Europe and to demonstrate diverse and sometimes opposite effects. The impacts are
assessed against different enterprise types (small vs large transport companies) and a company’s
base of operation geographical location (core vs periphery). While the Commission states that the
regulation is aimed primarily at equalizing companies’ competitive chances, this study argues that the
proposal may in fact lead to the more fragmented and less competitive internal road transport market.
Keywords: road haulage market, Mobility package, EU internal transport market, social regulations
in transport
JEL Classification Codes: R40, O30
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Introduction
On 31 May 2017 the European Commission published the “Mobility package” comprising:
Communication from the Commission, Europe on the Move, An agenda for a socially fair
transition towards clean, competitive and connected mobility for all; new regulatory initiatives
that should be adopted in the year following 31.05.2017 and which concern: charges for the
use of transport infrastructure for interoperability of charging systems, access to the road
freight haulage market and social regulations in road transport.
The basis for these changes are the challenges facing the transport sector in the EU countries and in today’s competitive global market. The proposal is rooted in the heated discussion
between various road sector actors in the EU. The proposal itself is only one of the scenarios
which were widely commented at different transport fora. One has also to stress that the
Commission proposal is one going very far towards further regulation of the EU road transport market, being in contradiction to the so far policy aimed at market liberalisation. The
new regulation of the transport market as proposed by the European Commission under the
joint name “Mobility package” focuses on the road freight transport. From all the transport
sectors EU road haulage plays a key role in economic activities within the internal market.
Road freight transport represents 75.8% of all the EU freight transport [Eurostat, 2018]. Road
transport uses most extensively the developed infrastructure network. It is also one of the
major employers in the EU with the number of employees exceeding 5 million [EC, 2015].
The main problem with the proposed measures is that their effect on road transport enterprises is not equal. The proposals will have mostly a negative impact on small companies and
specifically on those based in more peripheral countries in the EU.

1. N
 ew regulations on the European Union
road haulage market
The recent “Mobility package” was triggered by changes in the market share of hauliers
from individual countries. It could be treated as a response to an increased share of hauliers
from Central and Eastern Europe in the overall EU market who acquired a dominant position [Eurostat, 2018a]. It is also clearly a response to the introduction of unilateral restrictive
measures by certain countries that were trying to protect their internal markets. Especially
the German “Minimum Wage Act” (MiLoG) entered into force, according to which a worker
must have received € 8.5 per hour at a minimum (€ 8.84 from 1.1.2017). Its potential impact
on transport companies from peripheral countries like Poland is definitely negative [Patorska,
Laurech, 2015]. Following Germany, similar regulations were introduced in the Netherlands,
Austria, Italy and in France, where the application of minimum wages to foreign carriers under
the Law on Development, Business and Equal Opportunities (the so-called loi Macron) forces
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companies to accept € 9.76 per hour wage (the rate applicable as of 1.01.2017). The introduction of such national legislations must be considered a failure of the European Commission
to effectively protect free market principles [Paprocki, 2015]. Those national regulations
were protested by road transport companies from peripheral EU countries as going against
basic free market principles and as such caused intervention of the European Commission.
Nevertheless, it is obvious that with the size of German and French transport markets and
their importance to the EU economy it was a move by national governments to install new,
very strict regulations, which has prompted the European Commission to look for the EU
level solution.
The “Mobility package” introduces, among others, key rules impacting competitiveness
of transport enterprises. Especially of critical importance are the changes proposed in the following documents: Better access to the EU road haulage market – revision of the Regulations
on Access to the Road Haulage Market and to the occupation of road transport undertaking
(Regulations 1071/2009/EC and 1072/2009/EC 2009); Revision of the Directive 2006/1 on the
Use of Hired Goods Vehicles; Enhancement of Social legislation in Road Transport – revision
of Directive 2006/22/EC on the implementation of the social legislation + Lex specialis on
posting of workers in road transport, including specific enforcement measures; Enhancement
of Social legislation in Road Transport – revision of Regulation 2006/561/EC on driving and
rest periods and of Regulation 2016/165/EU on tachographs. From the transport enterprises
competitiveness and economic performance point of view, the crucial changes concern:
• cabotage; with the changes effectively reducing cabotage operations to 3 days;
• definition of the enterprise’s domicile aimed at elimination of letterbox companies (companies which use one country’s residence while operating from another country);
• working time and rest time of drivers; making them more elastic with allowance to extend
their driving time in order to reach final destination or manage breaks during their rest time;
• a driver’s regular weekly rest in the vehicle cabin; aimed at making resting outside the
vehicle obligatory;
• applying regulations on posting workers to the road transport sector, aimed at the application of national wage in international transport.
The preliminary assessments show that the adoption of the Commission’s proposal might
negatively impact companies from peripheral EU countries, for instance more than 70%
of companies based in Poland will be negatively affected [Bąk, Borkowski, Czuba, Koźlak,
Zamojska, 2017]. The recent regulations are a big step back from the many years of the EU
deregulation of road transport and are a reversal of the previous 30 years of increasingly liberal
transport policy [Lafontaine, Valeri, 2009]. Also the overall impact of the increased regulation on the EU economic growth is negative, with high danger of an increase in the share of
informal “gray market” in the EU road transport activities [Raczkowski, Schneider, Laroche,
2017]. The growth in the EU road transport happens regardless of the move to service-based
economy which is less dependent on transport, and which occurred in the majority of the EU
countries [Alises, Vassallo, 2016]. The decoupling of road transport from economic growth
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is only possible under the condition that road transport is competitive and efficient [Alises,
Vassallo, Guzman, 2014]. It has already been proven that deregulation of road transport has
a visible positive effect on competitiveness and reduction of transport prices [Ellison, 1985]. It
may sometimes lead to abuse of competition through outsourcing to letterbox companies and
other questionable practices [Hilal, 2008], it is nevertheless obvious that the rapid development
of road haulage adds to the GDP growth [Lakshmanan, Anderson, 2002]. This phenomenon
has also been the case of the EU [IRF, 2007]. On the macroeconomic level Krugman [1999]
demonstrates that if transport costs are high, then external trade is relatively constrained and
wages depend on the local level of competition for labour and jobs. However, if transport costs
are lower, employers have access to a larger labour market and a wider range of skill levels,
which can increase competition for employment.
Against this background it can be said that the newly proposed EU Commission’s regulatory proposals are almost uniformly hailed as overregulation by companies from peripheral
countries and as still overly liberal by representatives of the EU core countries [see for example: FTA, 2016]. Although the infringements in the existing EU road sector rules were rather
frequent [Steer et al., 2013] they alone cannot be considered the reason for more regulation. It
was the impact that hauliers from CEE countries had on the market dominating it and taking
a significant share of domestic markets from companies based in the EU core countries and
reaction of governments of those countries in a move toward protection of their own transport entities, which enticed the EU Commission to act. It is, therefore, interesting to look at
possible impacts the “Mobility package” might have on both very distinctive groups.

2. A
 ssessing the impact of the road transport regulation
on the performance of transport companies
The impacts of the new regulations are difficult to assess in a quantitative form at this
early stage of the proposal, partly due to the lack of exact and final definition of the discussed
measures, but mostly because there is a certain lack of knowledge in regard to the administrative needs that will arise from those regulations and exact technical measures that will need
to be applied by companies. Nevertheless, companies are able to position themselves against
the proposal and evaluate a potential impact those new rules might have on their businesses
in a qualitative way. This study is based on qualitative research and takes into consideration
different perspectives of expert knowledge. On the basis of their own methodological background (the evaluation framework and assessment criteria) the authors compare the expected
impacts of the regulations on large and small transport enterprises. The assessment is based
on a focused group study within Polish and Hungarian transport companies (deep interviews
with several companies) and several external experts’ views (see the acknowledgment section).
Although most of them are unable to provide exact cost estimates for adherence to the
new rules at the moment, they are able to indicate whether the change will have a significant
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or not significant impact and whether it is overall positive or negative. In order to assess the
position of the transport sector within this research, the modified Likert scales are used for
evaluation of potential impacts of the proposed new regulations ranging from –2 for strong
negative impacts to +2 for strong positive impacts. In this method –1 score is associated with
a limited negative impact, while +1 with a limited positive impact. Zero denotes no impact or
an impact of very little influence on the researched field. The areas of company activities which
were subjected to the evaluation against the Commission’s proposal are summarised in table 1.
Table 1. Road transport haulage companies areas of activities assessment criteria
Area

Assessment criteria

Change in the
number of performed
transport operations

Number of transport cargo loads transported: –2 strong decline in the number of operations (considered
to be more than 7%); – 1 decline in the number of operations (considered to be between 2 and 7 percent);
0 – no change (changes within +/- 2% boundary); 1 – increase in the number of operations (between 2
and 7 percent), strong increase in the number of operations (by more than 7%)

Change in revenues

Revenue level: –2 strong decline in revenues (by more than 5%); –1 – decline in revenues (reduction
between 2% and 7%); 0 – no change (changes within +/- 2% boundary); +1 – increase in revenues
(between 2% and 5%); +2 strong increase in revenues (increase by more than 5%)

Availability of freights

Change in demand for transport services: –2 strong negative (decrease by more than 7%), –1 – negative
(decrease between 2% and 7%); 0- no change (changes within +/- 2% boundary); 1- positive (increase
between 2% and 7%); 2- strong positive (increase by more than 7%)

Employment cost

Change in wages and other compensation related costs: –2 – strong negative (wage costs increase by
more than 30%); –1 – negative (wage costs increase between 5%–30%); 0 – no change (changes between
+/–2%); +1 – positive (wage costs decrease between 5%–30%); +2 – strong positive (wage costs
decrease by more than 30%)

Other transport costs

Change in costs other than wages: –2 – strong negative (increase in other costs by more than 10%);
–1 – negative (increase in other costs between 3% and 10%); 0 – no change (changes within +/1 3%
boundary); +1 – positive (decrease in other costs between 3% and 10%); +2 – strong positive (decrease
in other costs of more than 10%)

Price of transport
services

Change in average price of transport services: –2 – strong negative (increase of more than 5%);
–1 – negative (increase between 2% and 5%); 0 – no change (changes within +/- 2% boundary);
+1 – positive (decrease between 2% and 5%); +2 – strong positive (decrease of more than 5%)

Fleet quantitative
change

Change in the number of operational trucks: –2 – strong negative (decrease by more than 50% for small
enterprises and more than 10% by large enterprises); –1 – negative (decrease up to 50% for small
enterprises and between 5% and 10% for large enterprises); 0 – no change (no change for small enterprises
and changes ranging +/1 5% for large enterprises); +1 – positive (increase up to 50% for small
enterprises and between 5% and 10% for large enterprises); +2 – strong positive (increase by more than
505 for small enterprises and by more than 10% for large enterprises)

Employment

Change in the number of employees: –2 – strong negative (decrease in the number of employees by more
than 25%); –1 – negative (decrease in the number of employees between 5% and 25%); 0 – no change
(change within +/- 5% boundary); +1 – positive (increase in the number of employees between 5% and
25%); +2 – strong positive (increase in the number of employees by more than 25%)

Value structure of
contracts

Change in the structure of contracts: –2 – strong negative (significantly more low value and/or small
quantity cargo loads); –1 – negative (more low value and/or small quantity cargo loads); 0- no change; +1
– positive (more high value and/or large quantity cargo loads); +2 (significantly more high value and/or
large quantity cargo loads)

Number of empty
runs

Change in the number of empty runs in relation to all runs: –2 – strong negative (increase by over
7%); –1 – negative (increase between 2% and 7%); 0- no change (change within +/–2% boundary;
+1 – positive (decrease between 2% and 7%); +2 – strong positive (decrease by more than 7%)

Geographic direction

Change in geographic distribution of transport operations: –2 – strong negative (concentration of operations
outside the EU); –1 – negative (shift of activities from all over the EU to concentration of operations
in neighbouring countries only); 0 – no change; + 1 positive – increased presence in the EU markets
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Area

Assessment criteria

Profit margin

Profitability change: –2 – strong negative (risk of operating below margin, loss in economic terms);
–1 – negative (risk of operating at the margin, no profit); 0 – no change (operating at a small margin, small
profit in economic terms); +1 – positive (improved margins, more profitable than currently); +2 – strong
positive (a significantly improved margin, high profits)

Source: the authors’ own material.

The access to the representatives of transport companies from peripheral and core EU countries allows for measurement of companies’ response to the Commission’s proposal in regard
to the companies located in core countries (mainly the EU-15) and those of peripheral EU
countries. The division of countries into peripheral and core based on the distance from the
geographical centre of the EU is given in table 2.
Table 2. Core and peripheral EU countries
Core
Austria (AT)
Belgium (BE)
The Czech Republic (CZ)
Denmark (DK)
France (FR)
Germany (DE)
Italy (IT)
Luxembourg (LU)
Slovenia (SI)
The Netherlands (NL)

Peripheral
Bulgaria (BG)
Estonia (EE)
Finland (FI)
Hungary (HU)
Ireland (IE)
Latvia (LV)
Lithuania (LT)
Poland (PL)
Portugal (PT)
Romania (RO)
Slovakia (SK)
Spain (ES)
Sweden (SE)
The United Kingdom (UK)
Finland (FI)

Source: the authors’ own material.

The other important dimension is a division into small transport companies (defined here
as companies employing less than 10 people) and large transport companies. Small transport
companies are characterised mostly by operating only in a selected few markets and deploying
typically between 1–2 trucks. They are also usually family-run businesses and have limited access
to external financing. They are very elastic operationally, but cannot absorb market shocks.
The results are based on focus group interviews within transport companies from two
peripheral countries typical for this group (Poland and Hungary) conducted in Poland (in MayJune, 2018) and Hungary (May – June, 2017). Afterward, the consultation with representatives of core countries’ transport industry were conducted during a hearing on the “Mobility
package” in the European Parliament TRAN Committee (22.11.2017).
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3. E
 xpected effects of the “Mobility package”
on the EU transport market
The impacts of different regulations on EU commercial companies involved in haulage is
different in the long and short run. Concentration of negative effects will take place during the
first year or two years of the new regulations being in force. In the long run the most visible
effect will be a reduction in the number of transport companies, with many small companies
defaulting. The market will be much less competitive and negative effects from the companies’
point of view will start to diminish. This is mainly because there will be few and mostly large
companies left and thus, with the reduction of competition, they will be able to recover from
most of the initial negative effects by dictating higher haulage prices. Moreover, the analysed
effects will be much differentiated depending on the size of a transport company, its market
of operation, current fleet composition and current level of costs vs profits. Analysis proves
that the companies hit most by the new regulation will be smaller ones and predominantly
from peripheral countries.
The new regulations’ effects in regard to cabotage are summarised in table 3. All regulations
limiting cabotage produce a range of negative effects for smaller companies and for companies
from peripheral countries, mainly because of the distance factor. The need to return to the
base of operation is more damaging for companies from peripheral countries than from core
countries. This is the result of the current rather low level of prices per load offered on transport markets not allowing for economic efficiency of a single load run.
Table 3. Expected effects of the new regulations in regard to cabotage

Large-peripheral

Empty runs

Geographic
direction (change)

Efficiency
(margin)

0

Value structure of
freights

0

Employment

0

No of vehicles

2

Revenues

1

Price of transport
services

Employment cost

1

Other transport
costs

Availability of
freights

Large-core

Transport
performance

Company type/origin

No of operations

Area of impact

1

0

0

2

2

0

1

0

0

1

0

–2

0

–1

0

–1

1

–1

0

1

Small-core

–1

–1

0

0

0

–1

0

–1

0

0

1

0

–1

Small – peripheral

–2

–2

–2

1

–2

–2

–2

–2

–2

–2

–2

0

–2

Source: the authors’ own material.

The necessity to return to the operations base without sufficient time to look for return
cargo will result in increased inefficiency and a high number of returns without a load. Cabotage
operations were often used by transport companies as operations “in waiting”, whereas the
market for a cargo for a return trip was being searched. Since the number of available cargo
loads remains steady and the market is very competitive, the reduction of the timespan for
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organising a return cargo load is a significant limiting factor. In regard to employment costs,
in the short run for peripheral companies the reduction of unit employment costs might be
expected due to the reduced need to pay compensation for foreign operations because drivers will be returning home more frequently. This will not impact core countries’ companies
because they will intercept a big share of the internal core EU countries market, the loads
which are currently carried by external transport companies. In a long run, however, those
costs might also increase for companies from peripheral countries – those which would like
to maintain a strong presence on cabotage markets will introduce driver rotation systems with
drivers being transported by bus. This is a solution available to large companies only. This will
also be a measure which will impact negatively operational costs other than employment. In
general, the increase in the number of compulsory return trips will result in higher fuel costs.
This again will be visible predominantly in the case of peripheral countries-based companies
because they operate on longer distances. In regard to revenue and prices, it is not possible for
hauliers to defend revenue levels through price increases in a short term because the market is
very competitive and there exists overproduction of transport services. Thus, in a short term
there is no room for price increases. The long-term result will be the elimination of small
foreign based companies from national cabotage markets, but given very low entry barriers
there is no room for price changes, any void will be rather filled by growing large companies.
The revenues of peripheral countries’ companies will be reduced, while the market share
will be intercepted by home based – core countries companies. Only large companies from
peripheral countries will remain in core countries cabotage markets. Since all the EU national
road transport markets are going to be regulated in the same way, there is no possibility for
geographical reorientation of main transport activities. Besides, only German, French, and
Benelux markets offer cabotage opportunities on the scale required to specialize in one market.
Internal markets of CEE, for instance, are not characterized with an excessive number of loads,
thus, the negative impacts will predominantly affect companies which operate from outside
of the core EU markets. Reorienting services to non-EU markets (e.g. Russia) is not an option
due to the security and market access reasons. In regard to employment effects, in a short run
companies might try to increase employment in order to meet demands of enforced driver
rotation but in the long run, because the majority of small companies even now operates on
a very small profit margin, it is likely that they will not be able to maintain higher employment levels. The net result will be a wave of bankruptcies, especially among small transport
companies from EU peripheral countries.
Another item on the regulatory agenda is the company domicile. The expected effects of
the regulation in regard to the new definition of company residence are summarised in table 4.
The regulation of residence aims at elimination of “letterbox” companies from the market.
Because a majority of those companies are subsidiaries of large transport companies from
core countries, set up in peripheral countries in order to take advantage of lower costs and
taxation, this regulation will have a positive effect on the peripheral countries-based companies. The effect will be damaging for large companies from core countries, increasing their
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employment costs and leading to a reduction of operations and forcing them to operate on
less favourable profit margins. The effects will be also positive for small companies from core
countries due to decreased competition on their respective internal markets. Nevertheless,
the number of letterbox companies is rather small, thus, the effects will not be noticeable
in any significant way.
Table 4. Expected effects of the new regulations in regard to the company domicile
No of operations

Transport
performance

Availability of
freights

Employment cost

Other transport
costs

Price of transport
services

Revenues

No of vehicles

Employment

Value structure of
freights

Empty runs

Geographic
direction (change)

Efficiency
(margin)

Area of impact

–1

–1

–1

–1

–1

0

–1

–1

–1

0

0

–1

–1

Large-peripheral

0

0

0

0

0

0

0

0

0

0

0

0

0

Small-core

1

0

0

0

0

0

0

0

0

0

0

0

0

Small – peripheral

0

0

0

0

0

0

0

0

0

0

0

0

0

Company type/origin

Large-core

Source: the authors’ own material.

The “Mobility package” expected effects in regard to yet another field of regulation -redefinition of rest and work time are summarised in table 5.
Table 5. Expected effects of the new regulations in regard to rest and work time

No of vehicles

Employment

Value structure of
freights

Empty runs

Geographic
direction (change)

Efficiency
(margin)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Small-core

0

1

0

0

0

0

0

0

0

0

0

0

0

Small – peripheral

0

1

0

0

0

0

0

0

0

0

0

0

0

Price of transport
services

0
0

Other transport
costs

0
0

Employment cost

1
1

Availability of
freights

0
0

Transport
performance

Large-core
Large-peripheral

Company type/origin

No of operations

Revenues

Area of impact

Source: the authors’ own material

The redefinition of work and rest time conditions, which will introduce a more elastic
interpretation of the rules allowing for more short breaks instead of one long break, as well
as allowance for the extension of maximum work time in order to reach the final destination
will eliminate some of the more absurd behaviours from the road transport. However, its
impact on efficiency measures within transport companies is marginal. The negative effects
might be registered on the part of small companies if regulation enforcement is accompanied
by additional bureaucratic demands. If work and rest time are more regulated, then there will
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be some increase in operational costs due to increased reporting demands. From the large
companies’ point of view, the proposals look good but again it will only allow eliminating
some inefficient actions without a major impact on overall transport performance. The rest
and work time regulations will have the same impact on both core and peripheral as well as
small and large transport enterprises.
The newly proposed regulations aimed at the elimination of a driver’s rest in the vehicle
cabin are going to impact the performance of transport enterprises as indicated in table 6.
Table 6 Expected effects of the new regulations in regard to rest in the vehicle
No of operations

Transport
performance

Availability of
freights

Employment cost

Other transport
costs

Price of transport
services

Revenues

No of vehicles

Employment

Value structure of
freights

Empty runs

Geographic
direction (change)

Efficiency
(margin)

Area of impact

Large-core

0

0

0

–1

–1

–1

–1

0

0

0

–1

–1

–1

Large-peripheral

0

0

0

–1

–1

–1

–1

0

0

0

–1

–1

–1

Small-core

0

0

0

–1

–1

–1

–1

0

0

0

–1

–1

–2

Small – peripheral

0

0

0

–1

–1

–1

–1

0

0

0

–1

–1

–2

Company type/origin

Source: the authors’ own material

The rest in the cabin regulation is neutral to the number of operations criteria and cargo
availability, however, it impacts company efficiency and costs. For long range transport this
will have a limited negative impact on the cost of salaries. Companies already pay accommodation equivalents to their drivers. Many drivers prefer to spend the night in the cabin of the
truck because modern trucks offer sufficient facilities, but also because they treat the cash
equivalent as additional source of income. This regulation will impact all drivers. However,
large companies are more likely to arrange with hotels and motels for their employees. This
rule will be also very difficult to enforce due to a lack of sufficient roadside infrastructure.
In addition, there is an increased risk to the cargo and truck during the driver’s absence and
possibly to the driver’s safety on the transfer from the parking lot to the hotel. There will be
an increase in cost due to the need to leave the truck on the protected parking lot. Additional
costs will be associated with any paperwork required in order to document the driver’s resting time outside the truck cabin. In regard to the composition of vehicle fleets, the change
will be rather slow and the difference in truck price minimal. The additional equipment for
sleeping facilities will not be needed in trucks but its overall impact on the truck purchase
cost is minimal. Forbidding rest in the vehicle will have a minimal or no impact on value
structure of loads, and employment, but it might have, in a long run, a significant impact on
overall costs and transport prices. Given the lack of sufficient infrastructure, companies will
be forced to choose longer routes where infrastructure exists. Those suboptimal choices will be
reinforced by fear for cargo safety during the driver’s absence and the related rise in insurance
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premiums. The profit margin ratio might decrease since some of the loads will not be accepted
for operational reasons.
The final “Mobility package” regulation deals with posting of drivers. Expected effects
in regard to posting rules are probably the most taxing on the companies and most controversial. They are summarised in table 7.
Table 7. Expected effects of new regulations in regard to posting rules

Employment

Value structure of
freights

Empty runs

1

1

0

0

2

2

0

0

1

1

0

0

1

0

–1

–1

Small-core

–1

–1

0

–1

–1

–2

–2

–1

0

0

1

0

0

Small – peripheral

–2

–2

–1

–2

–1

–2

–2

–2

0

–2

–2

–2

–2

Efficiency
(margin)

No of vehicles

–1
–1

Price of transport
services

–1
–2

Other transport
costs

0
–1

Employment cost

–1
–2

Availability of
freights

–1
–1

Transport
performance

Large-core
Large-peripheral

Company type/origin

No of operations

Revenues

Geographic
direction (change)

Area of impact

Source: the authors’ own material

Posting rules applicability to foreign drivers and companies is probably the most challenging
of the new regulations. While the general average level of minimal wage in core EU countries
remains higher than in peripheral countries, the transport sector employees in peripheral
countries earn more than average salaries in their respective places of living. The wage of the
international transport driver is better than the average wage universally in all the EU peripheral countries. However, the impact of this regulation might be very damaging to peripheral
countries’ companies depending on the method adopted in order to calculate the minimal wage.
The overall compensation to the driver is built of many additional items except the basic salary.
If only the basic salary is calculated towards total, then EU peripheral countries’ companies
will experience a rapid increase in wage costs. If all other components are also included, then
the increase will be more moderate. The problem for transport companies from peripheral
countries might be reinforced by additional administrative costs. How to document the wage
level? What documents need to be ready? Should they be translated into other languages? If
the answer to all those questions is positive, then those additional operational costs will be very
significant. Moreover, the use of posting rules will force companies to reorient their transport
geographic direction. Drivers will not be willing to accept routes with lower minimal wage and
some regions will experience a lack of sufficient supply of transport services. Profit margin efficiency will decline as a result, and there is a high risk that at least for some transport companies
profit margins might become negative. Due to the still strong competition in the sector, prices
will be stable and revenues will not increase in the short run. However, in the long run, it is
almost certain that this regulation will lead to the bankruptcy of small transport companies.
Since this might take a massive scale, in the long run price increases are to be expected.
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The impacts are very unevenly distributed between core and peripheral companies. The
effects will be more damaging to peripheral companies with currently generally lower wage
levels. They will have to adjust, and given the economic surroundings in which they operate, the increase in operational costs might be too high to remain in the market. It has to be
mentioned that low labour costs are one of the competitive factors and peripheral countries
experience this advantage, which allows them to compensate for advantages experienced by
large companies like better access to cheaper capital or core countries companies’ advantage
in technical and organisational know-how. Adaptive capacity of small companies to the rapid
increase in employment and administrative costs is limited. Large companies are able to set up
additional administrative units to deal with additional bureaucratic demands and unit costs
for them might be acceptable. Small companies employing less than 10 workers would need
to hire additional personnel and the cost of this personnel cannot be covered by the revenue
from the shrinking number of transport operations. In the short run, the average prices will
remain at the same level because companies will continue to use price competition, but with
many small companies going out of business it is expected that in the long run prices in the
road transport market will increase.

Summary
The analysis of the impact that the newly proposed EU Commission’s road haulage
regulations might have on the transport market points to the conclusion that overall those
regulations will reduce competition in the sector and will have an unequal impact on small
vs large transport enterprises as well as on core vs peripheral based ones. First, the qualitative
assessment results show that the most severe consequences of the introduction of the “Mobility
package” concern micro- and small enterprises in the road sector. Second, it could be stated
that not all the regulatory changes will produce similar effects. The negative effects for enterprises will be to the greatest extent generated by the regulatory changes related to the posting
rules and secondarily, to the limiting of cabotage and imposing a ban on regular weekly rest
periods in the cabin of the vehicle. It is not possible to quantify the effects in absolute values
on the basis of the conducted evaluation, nonetheless, it is possible to estimate the scale of
the impact. The results clearly show a significantly greater impact on small enterprises. The
impacts are also differentiated by the area of transport activity. While the number of operations
or price change are sensitive to change only in the long run, several other company characteristics are immediately responsive, like for instance change in employment and operational
costs. Other indicators might change only in reaction to the increased costs – e.g. a possible
reduction in the vehicle fleet size will be induced by cost increases which cannot be covered
by revenue increases. Due to the very competitive nature of the road transport market and
overproduction of transport services, the expected result will be a higher number of bankruptcies among small enterprises and primarily among those from EU peripheral countries.
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The revival of core countries’ transport sector will be, however, limited to rather large transport companies instead of the small ones. Revenues will be most impacted by the reduction
of transport operations. But this might be as well an after effect of companies defaulting
due to too high operational costs. Additionally, revenues seem to be also responsive to the
ban on regular weekly rest periods in the cabin and the extension of regulations on posted
workers. In the area of pricing the effect will be delayed. In the short run companies will try
to maintain their competitive edge by not increasing prices, but with more and more small
enterprises going out of business a general increase in prices has to be eventually expected.
Wages and operational costs are the main drivers of negative effects in other analysed fields.
The new posting rules, enforcement of the ban on rest in the vehicle and cabotage restrictions
all add to the higher costs. Changes in both employment and fleet size are also after-effects
of what happens to the revenue-cost relation. Since most small transport enterprises already
operate on very small profit margins, any worsening of this indicator eliminates them from
the transport business. The presented results of qualitative analysis of the new regulations
should be augmented by quantitative measures. Those could be, however, only applied when
the final and precise shape of the proposal is known. Yet this analysis yields the prediction as
to the change and scale of impacts. It is clear that the proposal will have differentiated effect
for small and large transport companies and will certainly affect the internal competitiveness
of the transport market. They are much less damaging to core countries-based enterprises
than to the hauliers from peripheral member states.
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A bstract
Rising mobility of societies and the urban sprawl cause the need to shape passengers’ behaviour
accordingly. For urbanised areas, the biggest challenge is to overcome the problem of dominant
private cars usage. Bike-sharing systems are considered to be a successful tool for the popularisation
of alternative ways of travelling.
Recently Chinese companies have developed new solutions to bike-sharing systems that proved to be
successful in China and could be implemented in Europe. However, their implementation will be
associated with challenges for municipal authorities and companies conducting the business. The
aim of the paper is to identify major advantages and challenges resulting from the implementation
of the Chinese solutions in Europe or expansion of bike-sharing companies to Europe.
The scientific method used in the paper is the case study of the Chinese bike-sharing market with the
special focus on market leaders Mobike and Ofo. Despite existing obstacles, it is possible to succeed
in introducing the new generation of bike-sharing systems in Europe. As Chinese enterprises have
already entered the European market, it is crucial to make policy makers aware of the obstructions.
Keywords: sustainable transportation, urban transport, bicycles, public bikes, Ofo, Mobike, environmentally friendly transport, dockless bikes, passenger transport innovation
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Introduction
Major challenges of the EU transport policy are to a great extent linked with sustainable
development. Its basic aims concern (among others) reducing: air pollution, traffic congestion
and oil dependency of transport. A more or less conscious choice of means of transport has
an impact on the shape of urban transport systems. The role of ecological modes of transport in cities, such as bicycles, is currently particularly worth emphasizing. A tool for urban
transport policy that encourages passengers to use bicycles is not only the creation of basic
infrastructure, but also the improvement of bike-sharing systems.
European countries and municipal authorities have been developing bike-sharing systems
for decades. Although China historically had been one of the leading countries in its usage
of bicycles for transportation, it has only recently implemented bike-sharing systems. Unlike
European corporations, Chinese bike-sharing companies operate without docking stations,
using GPS systems and mobile applications instead. Moreover, Chinese companies operate
using private financing, whereas European ones are largely dependent on public funds. Interestingly, the leading players on the Chinese bike-sharing market are introducing their services
to the biggest European cities. Therefore, a valid question is which Chinese technologies and
business strategies could be implemented there.
The aim of this paper is to show advantages and challenges related to Chinese bike-sharing
schemes, and to discuss selected solutions implemented in the bike-sharing systems in China
to help improve European ones and make them prepared for the entrance of the new type
of service. The chosen methodology is the case study of the Chinese market, with a particular focus on the industry leaders, Mobike and Ofo, which have secured a combined 95% of
the Chinese bike-sharing market [T. Li, 2017]. Moreover, bankruptcies of several Chinese
bike-sharing companies raise questions about sustainability of the whole sector and business
model, which, as a consequence, has motivated the authors to analyse the problem.

Literature review on bike-sharing systems
Globalisation of the economy has its basics in transport infrastructure and transport services that underpin trade, giving an opportunity to link production and consumption areas
and integrate territories making them more available [Kopp et al., 2013, p. xi]. Therefore,
sustainable development of transport, just behind the elimination of poverty, is to a great
extent a major challenge for developed economies. Mobility patterns ingrained in society
are perceived as unsustainable, yet for decades important attempts have been made to make
mobility more environmentally friendly. The use of public transport and ‘green’ attitudes
which are particularly important in the pursuit of reduction of transport external costs
generated within urban areas have an important role in improving mobility trends [Holden,
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2007, p. 101, 115]. Another factor that has a significant impact on the way of achieving sustainability in transport is the development of information and communications technologies
(the ICT sector). At the same time consumer awareness, propagation of collaborative web
communities and social commerce/sharing have gained in importance within society, which
is directly conditioned by the ICT evolution. All these trends referring to modern economies are the characteristics of so called ‘sharing economy’, which describes a society aware
of threats concerning the ecological, societal and development impact on the environment
[Hamari et al., 2016, pp. 2047–2048].
Focusing on urban areas, it is crucial to underline challenges for making their development
more sustainable. The main, transport-oriented problems faced by modern cities include
the popularisation of individual car transport, infrastructure deterioration, increasing space
demand, traffic congestion, air, water and soil pollution, traffic accidents – all generating
external costs [Ważna, 2017, p. 35]. Nowadays the private passenger car is still the most popular mode of passenger transport in the world and what is crucial – about 70% of motorised
individual transport (MIT- cars and powered two-wheelers) is being used across urbanised
areas. A scale of the MIT usage smoothly leads to the issue of fuel consumption. The EU annual
energy consumption growth rate of 1.3% is mainly caused by the popularisation of private
cars. Thus, exhaust emission reduction is one of the main goals for the transport sector. The
tools enabling this direction of transport development are electrification and other innovative
driving systems, alternative energy storage and lightweight construction of vehicles. Moreover,
modern transport policy puts an emphasis on the organisation and management of transport
as equally important tool in this field. Sustainable transport policy also leans on shaping passengers’ transport behaviour by introducing solutions that encourage passengers to choose
alternatives to the Motorised Individual Transport vehicles. These alternatives are cars with
electric engines, but primarily public transport and so-called Micro-Mobility consisting of
walking, bicycles and e-bicycles [Brunner, 2018, p. 2].
The modal split of passenger transport within urbanised areas differs among countries.
Despite the fact that bicycles have a greater or lesser share in urban travel in particular cities,
the role of cycling in the development of sustainable transport systems is significant. The most
important advantages of bicycle usage are low space demand and high infrastructure capacity
as well as a positive impact on the environment (low noisiness and energy-efficiency) and
human health [Caggiani, 2017]. Bike-sharing systems are the factor influencing the increase
in the use of bicycles in urban journeys just beside the creation and improvement of infrastructure, material and financial incentives for employees traveling to work on bicycles or
education and promotion of the advantages of using a bicycle [Studium koncepcyjne, 2016,
p. 10]. Moreover, introducing bike-sharing systems gives an opportunity to organise public
transport interchanges better [Brunner, 2018, p. 4, Czech et al., 2018a, p. 104]. Shared bicycles
facilitate getting to stops and stations for those who do not own a private bike. Additionally,
bike-sharing gives more flexibility – shared bicycles users are not burdened with a threat of
stealing or an obligation to service a bicycle. As a consequence, public transport services are
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becoming more available and popular. The solutions such as bike & ride systems promoting
the usage of bicycles are considered to be an effective sustainable transport policy tool helping
to shape passengers’ behaviour [Kultura rowerowa, 2013, p. 11]. A decrease in the usage of
cars is a desirable change in the modal split in all congested urban areas. Thus, bicycles as
a means of transport, as well as a tool improving accessibility of public transport services fit
in this concept.
Analysing the role of bike-sharing systems in urban areas it is necessary to present some
basic facts concerning the history of the idea. The first concept of the public bikes system was
created in Amsterdam, the Netherlands, in the 1960s [Czech et al., 2018b, p. 162]. The White
Bikes (the Witte Fietse) programme, consisting of white painted bicycles which were delivered on
the streets of Amsterdam by municipal activists, collapsed quickly due to thefts and vandalism.
This so-called first generation of bike-sharing was bereft of payment and security mechanisms
[Fishman, 2015, p. 94]. The next generations were improved with solutions such as docking
stations, coin-deposit systems (1992–1995), smart card access and access kiosks, charges for
usage lasting longer than for thirty minutes (1998) and ultimately with electric bikes, a real
time availability and the GPS tracking (2005) [DeMaio, 2009, p. 42]. The characteristics of the
above-mentioned systems are presented in Figure 2. The newest, so-called fourth generation
of public bike, has emerged and is expanding in China since 2015. The unprecedented pace
and scale of growth of the new type of bike-sharing system encourages to analyse it.

Basic data and the main characteristics of Chinese
and European bike-sharing systems
China has the most developed bike-sharing sector in the world. According to the Ministry
of Transport of the People’s Republic of China (MoT) in the end of 2017 there were 77 companies renting bicycles in the PRC with the combined total number of 23 million bikes in more
than 200 cities and towns. The number of registered shared-bike users in the PRC amounted
to 400 m in 2017, compared with 28 m in 2016 [Bianji, 2018]. Bike-sharing business in China
witnessed an explosive growth in 2017 [Liang et al., 2017, p. 767]. According to Xinhua (the
official press agency of the People’s Republic of China) market revenues in that year reached
RMB 10.3 bn (USD 1.5 bn) and increased 736% from RMB 1.2 bn (USD 0.2 bn) in 2016
[Peng, 2017]. Operations of bike-sharing companies have effectively promoted the upstream
and downstream industries (like bicycle production and maintenance), contributing to the
total of RMB 221.3 bn of revenues, and creating 390 thousand jobs [X. Li, 2018].
Chinese bike-sharing has a significant advantage over its global competition. Dockless systems proved to be superior over traditional bike-sharing schemes. The number of bikes owned
by Chinese companies is multiple times bigger than the fleet of the rest of the world combined
(see Figure 1). Two leading companies in the market are Ofo and Mobike. In March 2018 Ofo
owned 10 m bikes, operated in more than 250 cities across China and 20 other countries with
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200 m registered users [About Ofo, 2018] and 9.65 m daily active users [Ofo Statistics and
Facts, 2018]. Mobike owned 8 m bikes in 200 cities with a similar number of registered users
and one million less daily active users than Ofo [Mobike Statistics and Facts, 2018].
Figure 1. Bike-sharing fleet size (1000 bicycles)
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China. PLoS ONE, Volume 12 (9), https://doi.org/10.1371/journal.pone.0185100, DeMaio, P., Meddin, P., 2017. The Bike-sharing Blog,
http://bike-sharing.blogspot.com/ [accessed 29.03.2017], Bianji, H., 2018. Daily bike-sharing users in China peaked at 70 million:
report, People’s Daily Online, http://en.people.cn/n3/2018/0208/c90000–9425354.html [accessed 28.04.2017].
* estimated value

The growth was connected with the emergence of the new bike-sharing scheme that
included the usage of GPS and mobile application technologies that begun in 2015. Bike-sharing consultancy firm MetroBike, LLC, reported that by the end of 2016 there were only 1.9 m
public use bicycles in China and 1 m in 2015 [DeMaio, Meddin, 2017]. Fast development of
Chinese bike-sharing companies can be attributed to consumer-friendly, dockless bike rental
and storage system which does not require leaving the bike in any officially designated location
[Rong, et al., 2018, p. 188]. The only requirement is that it should not obstruct the traffic flow
of pedestrians or vehicles. The method of bike renting developed by Chinese companies is
simple and effective and can be presented in 5 steps that users have to take:
1. Download and install the mobile application provided by an appropriate company and
create an account.
2. Pay a one-time refundable deposit (which is not required by all of the companies) and
add money to the prepaid account.
3. Check the in-app map for the closest available bike and tap on it to make a reservation
(that lasts for several minutes).
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4. Find a needed bike and unlock it using the application to its display QR code, which has
to be scanned by the device installed on the bike. The charges start once the bike has been
unlocked, and the bike is ready to use.
5. When having arrived at the destination, the user has to manually lock the bike by closing
the lever on the smart lock. Once locked, the app will automatically stop charges, and
make the bike available for other users.
The system proved to be so comfortable for users that it transformed Chinese cities. For
15 years prior to 2015 the bicycle mode share in Chinese cities had been falling [Z. Li, 2017,
p. 773]. According to the White Paper published by Mobike in April 2017, before 2015 only
5.5% of the trips in Chinese cities were bike trips, 29.8% were generated by cars, and 31.2%
by public transportation. In 2017 the structure of transport modal split changed dramatically.
Cycling represented 11.6% of the trips, cars 26.6% and public transportation 30.7%. What
is worth mentioning, 6.8% of the trips were generated by shared bikes, and 4.78% by private
bikes. This means that shared bikes proved to be more functional and convenient than private, as personally owned bike trips did formerly represent 5.5% of the trips [Mobike, 2017].
As it was already discussed, the development of bike-sharing systems took place mainly
in Europe, where the idea of the public bike was invented. European cities started implementing this solution about 50 years earlier than the Chinese [Studium koncepcyjne, 2016, p. 17],
but European bike-sharing has never been similar to the new Chinese trends. The components, main characteristics and financing schemes (analysed in the further section) of three
European generations of bike-sharing systems and the fourth recently developed in China
are presented in Figure 2.
In order to emphasize differences between the third- and the fourth-generation systems,
it is worth comparing the way bikes are rented in both of them. Using modern bike-sharing
systems with docking stations includes the following steps [Veturilo]:
1. Joining the system via the Internet and creating an account (using a smartphone application makes procedures easier and faster).
2. Paying a certain, minimum amount of money of the initial fee to get the PIN code by
email and text message, which serves as an identifier in the system.
3. Renting a bike after reaching the docking station and the terminal (instead of the terminal,
users can use a mobile application).
4. Riding the bike – usually the first 20–30 minutes of a ride are free of charge to encourage
passengers to plan shorter trips to make bikes more available.
5. Returning the bike at a chosen docking station by entering it into the electric lock. In case
of no empty space at the station there is a possibility to use a code lock and register the
return manually using the terminal or smartphone application.
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Figure 2. The evolution of bike-sharing systems

Source: the authors’ own elaboration based on: Midgley P., 2011. Bicycle-sharing schemes: enhancing sustainable mobility in urban
areas. Global Transport Knowledge Partnership, International Road Federation, United Nations Department of Economic and
Social Affairs, p. 4. and DeMaio P., 2009. Bike-sharing: History, Impacts, Models of Provision, and Future. Journal of Public Transportation, Vol. 12, No. 4, p. 46.

For hundreds of European cities that were equipped with third generation bike-sharing
systems years ago, the implementation of a new one is both an opportunity and a challenge.
The biggest Chinese companies are not only competing against each other in Europe, but also
against local players [Tchebotarev, 2017]. Mobike and Ofo have introduced their dockless
bikes in several dozen countries outside China, including 10 European (27 cities) according
to the data available in March 2018. It has to be underlined that beyond typical advantages
of a new type of bike-sharing services introduction, European cities have already faced some
negative consequences of it. In Manchester Mobike’s bicycles are being destroyed and very
often used as private bikes, which makes the system inefficient [Pidd, 2017]. In Berlin too
much space for pedestrians is occupied by shared bikes. The fleet turned out as too large for
the citizens’ needs. This oversupply is due to the fact that Germany has the biggest ownership
of private bikes in Europe. As a consequence, less demand for public ones appears. [Dobush,
2018]. Countries and cities outside China where Mobike and Ofo provide their services are
presented in Table 1.
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Table 1. Mobike and Ofo services outside China as of March 2018
Mobike
Europe
Country

Ofo
Outside Europe

City

Country

City

Europe
Country

Outside Europe
City

Country

City

France

Paris

Australia

Sidney Goad Coast Austria

Vienna

Australia

Germany

Berlin

Chile

Santiago

Czech
Republic

Prague

Hong Kong

Italy

Florence
Turin
Milan
Bergamo
Mantua
Cremona
Pesaro

Israel

Rehovot
Kiryat Bialik
Kiryat Motzkin
Kadima
Tsoran
the Dead Sea area
the Jordan Valley
Regional Council

France

Paris

India

Chennai
Pune
Ahmedabad
Bangalore
Coimbatore
Delhi

Netherlands Rotterdam

Japan

Sapporo, Fukuoka

Hungary

Budapest

Israel

Tel-Aviv
Ramat Gan

United
Kingdom

Malaysia

Cyberjaya
Shah Alam

Italy

Milan
Varese

Japan

Tokyo

Mexico

Mexico City

Netherlands

Amsterdam
Rotterdam

Kazakhstan

Almaty

Portugal

Lisbon

Malaysia

Kuala Lumpur
Putrajaya
Cyberjaya
Penang
Malacca
Bangi

London
Manchester
Newcastle
Oxford

Singapore

Adelaide Sydney

Thailand

Bangkok
Chiang Mai

Spain

Madrid
Granada

Singapore

United States

Washington DC

United
Kingdom

Cambridge
London
Norwich
Oxford
Sheffield

South Korea

Busan

Thailand

Bangkok
Phuket
Khon Kaen
others

United States

Seattle
Dallas
College Station
Washington DC
Miami
Denver
Scottsdale
Los Angeles
Charlotte
Durham
Worcester
Boston
San Diego

Source: the authors’ own elaboration based on the information shared on Facebook profiles of Mobike and Ofo: https://www.
facebook.com/Mobike/, https://www.facebook.com/ofobikesharing/ [accessed: 29.03.2018].
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Challenges of the development of dockless
bike-sharing systems
The system of bike-sharing developed by Chinese companies has some significant drawbacks. The major problem is connected with parking. As users are not obliged to dock borrowed bikes in specific locations, they can practically leave them anywhere. The problem is
that some of the clients park them in residential properties, basements, building lobbies, active
bike lanes, narrow passages or in other places that it is illegal or disturbing to other people.
Carelessly parked bikes along the streets in China have become a serious problem. Municipal
authorities, which initially were enthusiastic about the development of the bike-sharing market,
which helped to fight air pollution, congestion and other problems of Chinese transportation
systems, ordered the companies to take responsibility for removing improperly parked bikes
and to stop adding new ones. At least 13 authorities of the cities in China (including Beijing,
Shanghai, Guangzhou and Shenzhen) came to a conclusion that their streets are oversaturated
with bikes and banned the deployment of new ones [Chong, 2018]. The government issued
guidelines for local authorities to integrate bike parking with city planning requirements.
Many cities built dedicated, large parking places for bikes. More than 10 thousand bike parking locations were established across the country. Operators, municipal officials and agencies
were obliged to control a city’s bike fleet by requiring bike plate registration. Guidelines also
suggest enforcing standardised parking by using the Geo-fence technology which utilizes
a Bluetooth-based sensor to detect if bikes are parked in the proper area [Hui, 2018].
Another major problem is vandalism and theft that includes installing personal locks or
removing the seat (that allows only one person to use a bike). Chinese companies actively
counteract this type of misbehaviour. One of the most innovative strategies has recently been
developed by the Mobike company. The company’s clients earn and lose points for good and
bad behaviour [Millward, 2018]. The system splits customers into five categories automatically
charging higher fees to those riders who misbehave and discounts to customers who obey the
rules and civic-minded individuals reporting misdeeds (who are usually subsequent users).
Clients with better scores will be allowed to use some special features of the application, like
the advance booking function to reserve a bike ahead of using it or to purchase money-saving
monthly passes [Hersey, 2018].
Another problem is that the supply of bikes in downtown areas of big cities is sufficient,
but in the suburbs it is often hard to find any bike. Additionally, similar travel patterns and
daily routines of most of the users create imbalances between supply and demand in residential areas, subway stations or commercial zones. In effect, at some hours during the day
subway stations and transport interchanges are paralyzed due to the overwhelming number
of shared bikes [Ling, 2018].
Bike-sharing companies have decided to use big data analysis and artificial intelligence
(AI) to tackle the problem of rebalancing. In 2017 the Mobike company introduced the first
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AI that “is able to make accurate forecasts of supply and demand for its bike-rentals, and provide guidance to bike dispatching, scheduling and operation”, said Yin Dafei, chief scientist
at the company’s big data department [Yu, 2017]. According to Mobike’s data, allocation and
distribution efficiency increased 20% over one month after the implementation of machine
learning systems [Mobike, 2017].

Sustainability of the Chinese bike-sharing market financing
Some major differences between European and Chinese bike-sharing systems lay in the
models of funding. Financing schemes in European cities are based on several models
– governmental, transport agency (quasi-governmental), university, non-profit, for-profit
and advertising. Different generations of bike-sharing used various models of financing (see
Figure 2). Nowadays only the non-profit model is not popular mainly due to the fact that it is
often reliant on the public sector for a majority of its funding. Interestingly, only advertising
as a funding source is the solution used in both European and Chinese bike-sharing systems
[Midgley, 2011, p. 14].
Every European bike-sharing financing scheme is to some extent dependent on public
financing. Governmental as well as quasi-governmental and university models enable to manage
the bike-sharing system by the financing entity. From the municipal authorities’ perspective, it
is an opportunity to have a greater control over the system and to treat it as part of the public
transport system. However, advertising and other for-profit activities enable utilization of
private funds [DeMaio, 2009, pp. 45–48].
Unlike European bike-sharing systems, Chinese ones tend to use private sources of
financing. However, there are many doubts if their business model is sustainable. From June
to December 2017 six companies (VBike, Wukong Bike, Dingding Bike, Xiaoming, Bluegogo,
Coolqi) went bankrupt [Borak, 2017]. As a vast majority of start-ups fail [Gonzalez, 2017,
p. 189] it would not be surprising, but two of them were relatively big companies. Bluegogo
owned 830 thousand, and Coolqi 1.4 million bikes all around China. There are four major
sources of financing used by Chinese companies in this specific sector: investors’ funding,
rental fees, revenues from advertising, loans, and users’ deposits. Investors’ funding is the most
important source of financing for the existing Chinese bike-sharing companies.
The six major bike-sharing companies in China managed to raise at least USD 3.77 bn
over the last few years (Table 2). As many of the transactions were undisclosed, it was probably
much more. Most of the money was invested in the development and expansion of fleets of
bicycles. Multiple investors proved that they believe in the development of Chinese bike-sharing
business through repeatedly successful funding rounds. However, some commentators say
that the companies are burning investors’ money and the market would implode without new
rounds of financing from venture capital (VC) [Richter, 2017, Tchebotarev, 2017].
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Table 2. Major bike-sharing companies in China and the statistics on their funding sources
Company or
brand name
Mobike
Ofo

Total funding
amount* (in million
USD)

The date the
organization was
founded

Number of funding
rounds

Number of investors

Leading investor

928

2015

9

18

Tencent

2200

2014

9

24

Alibaba

Hellobike

503

2016

6

6

Youon

Bluegogo

95

2016

3

2

Didi Chuxing

Qibei

28

2016

1

2

Florin Investment

Ubike

22

2016

1

4

Jiangsu Huaxicun

* The value includes only overt transactions. There may have been other, undisclosed transactions.
Source: the authors’ own elaboration based on: Crunchbase, 2018, https://www.crunchbase.com [accessed: 30.03.2018], Richter, W.,
2017. China’s bike-sharing frenzy is collapsing. Business Insider, http://www.businessinsider.com/china-bike-sharing-frenzy-collapsing-2017-11? IR=T [accessed: 30.03.2018], Yue, P., 2017b. Florin Investment Group Leads $ 14 million Series a Round in Qibei
Tech. China Money Network, https://www.chinamoneynetwork.com/2017/01/05/florin-investment-group-leads-14‑million-seriesa-round-in-qibei-tech [accessed: 30.03.2018].

Hu Weiwei, co-founder and president of Mobike, admits that the whole sector is highly
dependable on external forms of financing, claiming that ”Profit is not the most important
goal for us for now. We are focused on market expansion.” [Yoo, 2017]. Wang Xiaofeng, the
company’s CEO, said openly that “Mobike currently does not have a clear method to monetize,
and we are relying on investors’ money” [P. Yue, 2017a].
The simplest method to raise revenue would be rental fees, but at least up to March 2018
they had been too low to cover the expenses of purchase and maintenance of bikes. The average
per hour charges oscillate around RMB 1 (USD 0.15),1 which is definitely too low to pay for
a bike that costs between RMB 250 and RMB 3000 (USD 40–450) [Chih-Hsuan, 2017]. In fact,
bike-sharing companies use dumping prices to attract customers and expand. The problem is
if the customers will be able to pay more, when there will be no room for further expansion.
The second important source of revenues could be advertising. Mobike and other companies began placing advertisements on their bikes in July 2017. They sold advertising space
on bike wheel covers and baskets for RMB 3 per day, per bike. Unfortunately, for struggling
bike-sharing sector Beijing municipal authorities banned commercial advertisement on bicycles
deployed in the city in September 2017, cutting companies off from a potentially important
source of revenues [P. Yue, 2017a].
Unlike many start-ups in the IT sector, bike-sharing companies own assets that enable
them to borrow money. Many companies pledge their bikes as collateral. One example is the
deal between Ofo and Alibaba’s affiliates. The company pledged more than four million bikes
and borrowed RMB 1.77 bn (USD 280 m) from one of its major investors. Although Ofo
invests intensively in the development of its fleet of bicycles, some commentators say that deals
like that are a proof of the escalation of financial problems of the second largest bike-sharing
company in the world [Yimian, 2018].
1

Mobike charges riders RMB 1 (US$ 0.15) per half an hour, while Ofo charges RMB 1 per hour.
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One of the important sources of financing that enabled dynamic growth of Chinese
bike-sharing companies were deposits paid by clients before the first usage of a bike. Most
bike-sharing firms allow users to access their services after paying a deposit of RMB 99
(USD 15) to RMB 299 (USD 46) [Lin, 2017]. In August 2017 the China Internet Network
Information Centre estimated that clients may have paid 10 billion yuan in deposits to use
shared bikes [Xinhua, 2017].
In May 2017 MoT and People’s Bank of China jointly issued draft regulations that would
force companies to distinguish cash flows from deposits and store them in different bank
accounts. This would prevent the use of deposits to finance ongoing operations and ensure users
could reclaim the cash if the company went bankrupt [Feng, 2017]. After the bankruptcy of
Coolqi, Bluegogo and other companies, hundreds of thousands of users failed to recover their
deposits. To prevent that from happening in Europe policymakers should apply regulations
such as China did or ban bike-sharing companies from collecting deposits.
The key to Chinese bike-sharing business model sustainability could lay in data collection,
processing and merchandising. Mobike and Ofo have already acquired precise data about
commuting habits, rental, and even credit history of tens of millions of their clients. These
tech-savvy bike-sharing application users constitute a large base of potential customers for
online business giants [W. Yue 2017]. The biggest players in the Chinese e-commerce, fintech,
social networking, and mobile applications market – Alibaba and Tencent are already major
investors in the sector (see Table 2).
Chinese companies try to overcome financial problems with innovative strategies. Ofo
is offering a new bicycle sharing scheme in which clients can contribute their own bicycle
(with a smart lock attached) in exchange for unlimited usage of other bikes [Yang, 2017]. This
strategy would allow the number of bikes to grow without a huge investment. Moreover, it
can allow bike-sharing companies to shift their operations into rural areas, where the poor
infrastructure limits market access.
At this stage of market development, it is impossible to assess if the Chinese business
model can be profitable. It is certain that European regulators should be aware of dumping
practices used by leading companies, to prevent local companies from bankruptcies. The
stake is not only monopolisation of the markets, but also destruction of bike-sharing systems
developed in European cities for decades.

Environmental impact of Chinese bike-sharing systems
According to the Ministry of Transport estimations, bike-sharing sector development led
to the reduction of 1.41 m tons of gasoline, one percent of total Chinese national consumption
[Bianji, 2018].
From the foundation of the company in 2015 to December 2017, the customers of Mobike
collectively cycled over 18.2 bn kilometres, equivalent to 4.4 m tons of carbon dioxide [Mobike,
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2018, p.19]. Ofo claims that their operations contributed to the reduction of 3.24 m tons of
CO2, and 1.55 m tons of PM2.5 emissions. Air pollution reduction is crucial for Chinese cities,
which are among the most contaminated in the world [Ofo, 2018].
Figure 3. Age structure of Mobike’s users globally
15%

18%
12–24
25–40
40–65

33%

34%

65 or more

Source: Mobike, 2018. How Cycling Changes Cities – Insights on how bike sharing supports urban development, World Resources
Institute, p. 19.

Although a majority of Mobike’s users are young, older people are not excluded from
this form of transportation (see Figure 3). In fact, 15% of the company’s customers are older
than 65. If the younger generation is accustomed to using bikes (like the older generation of
Chinese people was), there is a big chance that they will be willing to use bicycles long after
they retire, contributing to further positive environmental impact.
According to Mobike’s survey conducted in Chinese cities, the number of trips by cars
(including private cars, taxis, and car-hailing companies) among the company’s clients has fallen
by 55%. Although bikes are usually used for short distance trips, the environmental impact
of this change is still substantial. What is probably the most important about bike-sharing
in terms of environmental impact, is that it enhances connectivity of public transportation.
In Beijing 81% of trips start or end around bus stations and 44% around subway stations.
These proportions are only slightly different in Shanghai, where 90% of trips start or end
around bus stations and 51% around subway stations [Mobike, 2017, p. 10]. Another issue
that is important for the environment is that car parking uses approximately 10 times more
space than bike parking, so the cities gain space that could be intended for urban greenery.
The usage of bicycles and public transportation positively influences transport efficiency and
environmental impact in terms of the reduction in congestion, air pollution (PM2.5 emissions),
carbon dioxide emissions and parking space.
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Summary
The case study and in-depth analysis of Chinese bike-sharing schemes, companies and
solutions proved that the fourth generation of bike-sharing systems can be successfully introduced in Europe. Unprecedentedly, fast development of Mobike and Ofo and the simultaneous
implementation of a proper policy of municipal authorities across China have revealed that
most of the obstacles can be overcome.
Main advantages of the implementation of Chinese solutions into Europe are:
• Dockless bike-sharing systems are very effective, user-friendly and convenient, so they
can lead to fast popularization of this mode of transportation.
• In contrast to European systems, Chinese bike-sharing is based on private funding.
• Fast development of bike-sharing is beneficial for the natural environment.
Major challenges facing municipal authorities and bike-sharing companies are:
• The companies have not developed a clear method of monetisation, and their current way
of conducting operations in unsustainable. Moreover, their aggressive development and
pricing strategies may be harmful for the existing bike-sharing systems.
• Imbalances between supply and demand in certain areas of the cities at certain time of
the day, connected with similar daily routines of the users.
• Oversupply of bikes in several cities and careless parking have led to clogged sidewalks
and passages no longer fit for pedestrians.
• Theft, vandalism and other misdeeds.
A majority of the above-mentioned problems have already been tackled by bike-sharing
companies or city authorities. The location and density of available bikes is analysed in real
time by AI, which provides guidelines on how to dispatch the bikes. The cities have introduced
new policies that forced companies to take responsibility for improperly parked bicycles,
build designated parking places, and promote good practices of bike parking. The companies
introduced Bluetooth-based technologies of Geo-fence that detect properly parked bicycles
and encouraged their customers to park the bikes in reasonable locations. Chinese companies
are also testing user scoring systems to suppress clients that misbehave or damage bicycles.
There is still a need to develop these solutions, because oversupply, vandalism and other
mentioned problems with dockless bikes occur in selected European cities. The only problem
that has not been untangled is the profitability of the business model, however, large investors
seem to be confident in the sector’s future, as they continuously provide additional financial
resources for bike-sharing companies.
The most important conclusion of the paper is that, as Chinese enterprises already invest
heavily in Europe, it is crucial for policymakers to introduce rules that would counteract
potentially negative consequences of the introduction of a new system of bike-sharing and
support positive effects. The European preparation for a new type of bike-sharing services
should also be based on building passengers’ awareness.
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1. Introduction
Transport in urban agglomerations plays an important role and leads to an increase or
decrease in the attractiveness and development of a given region. The spread of cities, which
is common in most agglomerations, causes changes in the requirements for satisfying transportation needs of passengers [Morfoulaki, M., Tyrinopoulos, Y., Aifadopoulou, G., 2007,
Friman, M., Fellesson, M., 2009, Eboli, L., Mazzulla, G.,2009, Guirao, B., García-Pastor, A.,
López-Lambas, M. E, 2016, Wen-Tai Laia,, Ching-Fu Chen, 2011]. This causes an increase
in the need for fast, safe and efficient mobility. Meeting this trend is extremely difficult and
requires proper management and organization of urban transport [Banister D., 2008].
The experience of large urban agglomerations shows that it is important to create integrated public transport systems, both in the country and in the world (from the point of
view of adapting public transport to the requirements of passengers) [Givoni M., B
 anister D.,
2010, Hine J., 2000, Hull A., 2005, Ibrahim M. F., 2003, Preston J., 2010]. Integrated actions,
both in the spatial and functional aspects of the public transport system, will contribute
to increasing the attractiveness of urban public transport and the abandonment of individual transport
Public transport, as part of the transport sector, is subject to exactly all the laws of transport economics, despite strong public interference. Globally, the analysis of demand for public
transport services shows that they are determined by the following factors:
– the number of city residents;
– the level and structure of employment;
– the number of pupils in secondary schools;
– the demographic structure of the population: the share of the population aged under 18,
aged 18–65 and over 65;
– the size of the area covered by the public transport network;
– the spatial structure of the city;
– the place of the city in the urban agglomeration and the degree of its connection with the
suburban area;
– the level of affluence of inhabitants;
– the level of individual motorization and the degree of car use;
– the quality of public transport services;
– the level of charges for public transport services.
And also [Rudnicki, 1991]:
– the spatial and functional structure of the city, including the functions performed by the
city, its level of development, the distribution of various institutions, economic, commercial, service, scientific and cultural entities related to tourism and recreation, health
protection and their mutual placement, and also the spatial divergence between places of
residence and places of work;
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– the level of activity of the population;
– the scope and size of free time of the population.
Transport difficulties in contemporary cities are primarily the result of increased traffic
and congestion on roads. Despite prioritizing means of public transport, in practice the effects
of congestion are most felt in public transport. The desire to increase the attractiveness of
public transport and keep as many passengers as possible leads to the use of various methods
and means of privileging it in urban traffic.
Determination of the method of journey implementation and preferences of the choice of
means of transport and quality expectations reported by persons performing journeys is one
of the stages of the process of shaping transport behaviour in relation to the selected spatial
scope of the city [Starowicz, 2007].
Therefore, it is very important to study the motion of public transport and its main goals
are [Tracz, 1984]:
– assessment of traffic conditions of public transport means – including measurements
similar to measurements for means of individual transport;
– assessment of the passenger service quality – including measurements of: driving times,
punctuality, regularity, frequency and occupancy;
– assessment of the effectiveness of changes in traffic organization for the privilege of collective transport;
– obtaining data for the design of lines and stops – including measurements of passenger
flows and time of passenger exchange at stops.
The paper presents the results of research on the use of public transport in Radom,
source-destination motivation of journeys with the use of public transport, taking into account
the age and sex of travelers. The authors presented the original method of measuring the bus
occupancy based on the analysis of the opinion of bus drivers.

Measurements of public transport vehicles occupancy
Passenger flow analysis can be made on the basis of the data from the bus occupancy
indicator. These measurements belong to the most frequently performed measurements. They
enable the assessment of transport efficiency of individual lines. The measurement can be
carried out in many ways, which depend on the vehicle’s capacity, its average occupancy and
the size of the passenger exchange. The methods that can be used at low vehicle occupancy
surveys are [Tracz, 1984]:
– counting passengers;
– counting free seats and subtracting the obtained number from the number of seats by
getting the occupancy rate;
– counting standing passengers and adding them to the number of seats.
In the case of greater occupancy of vehicles during rush hours, the measurement is usually carried out on the outside of vehicles using the “photographic” method. Based on the
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model photos, the occupancy of the bus is estimated. This method does not provide too much
accuracy, but it is simple to implement. The assessment of vehicle occupancy is also carried
out by assessing the visual occupancy status of buses, distinguishing according to the WBR
(Warsaw Traffic Research 2005) five basic types of buses, among others: short, medium-sized,
long, articulated etc. [AECOM, 2009], where we distinguish 5 basic bus occupancy stages.
There are also carried out surveys at bus stops, which not only have to show the buses’/trams’
occupancy, but are focused on the identification of transport behaviour of the residents and
visitors. Other methods include the estimation of bus occupancy rates based on revenue from
ticket sales or monitoring analysis.
The modes of public transport also use automatic counting of passengers. These methods
use the stereoscopic image analysis technology [Infotron], directional sensors located under
the vehicle’s door, or sensors above the doors that emit a downstream infrared beam [Pixel]
and vision detection systems [Łukasik Z., Kuśmińska-Fijałkowska A, Żurek-Mordka M., 2016,
Zakład elektroniczny Letronik]. This equipment records all passenger exits and entrances through
each of the doors of the vehicle: continuously, for each stop, throughout the period of work on
the public transport line. These systems also register all passenger exits and entrances when
the bus stops at a stop with the engine turned off. Passenger weighing systems [Mitas W. A.,
Bernaś M., Bugdol M, Ryguła A., Konior W., 2011, Ryguła A., Loga W., Brzozowski K., 2015]
are increasingly used to measure passenger flows in public transport.
The measurement of the bus occupancy is usually performed together with the measurement of the passenger exchange rate, i.e. the number of people getting on and off at stops.
Such a measurement can be carried out counting persons getting on and off at a bus stop and
registering the arrival and departure time for calculating the time of passenger exchange,
and the results obtained should be recorded in a suitably prepared form. For more lines
and passengers, and if more accuracy is required, you can use the photographic method or
frame-by-frame.
As a result of the measurement of the occupancy and the number of passengers getting
on and off a mode of transportation, you can get the values of passenger flows on a given line.
Based on the vehicle occupancy estimate (%), after taking into account the size of a bus, the
number of people traveling there is determined.
More accurate measurements of bus stop times at bus stops are required in some cases.
Then the exact times are measured:
– arrival of the bus;
– opening the door;
– end of passenger exchange;
– closing the door;
– moving off;
– joining the traffic.
The described measurements require proper preparation in such things as [Tracz, 1984]:
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– establishing the location of stops with the numbers of lines on which vehicles stop and
their frequency of running;
– establishing traffic data for a given route;
– drawing up appropriate situational plans.
In the case of analyzing the advisability and effectiveness of the introduction of priorities
for public transport, research must be expanded and should embrace all users of the public
transport system [Tracz, 1984].
The analysis of the results of the study of traffic conditions and the quality of passenger
transport services is carried out using statistical methods [Tracz, 1984].
It is worth paying attention to the fact that in the public transport services there is no clear
criteria for the classification of the quality of this service.
Analyzes of the use of public transport in Radom were made on the basis of the research
carried out by the authors as part of the project “Analysis of traffic and communication preferences in the area of ROF”, carried out as part of the project “Strategy for Urban Development
of the Radom Function Area (ROF)” co-financed from the European Union Regional Development Fund and the state budget from the Operational Programme Technical Assistance
2007–2013, Radom June-August 2014. The aim of the project was to perform diagnostic
research including: research into the traffic at selected points (over 100) in Radom, a vehicle
occupancy survey and surveys generators of movement and the execution of the survey in the
households of the inhabitants of the ROF, to determine the motivation and intensity of the
movement of the ROF citizens and within the ROF. The article uses the results of the surveys
concerning bus occupancy in public transport and the results of surveys in the households
of the inhabitants of Radom – in this case, part of the survey, the so-called “journey diary”,
in which the respondents indicated all journeys made on the weekday preceding the research
indicating, among others, their source-goal (destination) and means of transport.

2. Vehicle occupancy surveys in public transport at selected
final stops in Radom
There were 25 bus lines in Radom in 2014.1 The lines operating within the city are divided
into four categories: priority, basic, complementary and marginal lines. The priority lines
include two lines: 7 (connecting the Michałów estate located northwards with the “Południe”
estate) and 9 (running from the north-eastern Gołębiów I estate to the Prędocinek estate
located in the south), operating at peak times with a frequency of not less than 10 minutes.
These lines run through the city centre and close to the railway and bus junctions, providing
access to the four largest housing estates. The second group of the lines are basic lines (12
lines) running at their peak frequency every 15 minutes. The remaining lines are designed
1

The same number of lines operates in 2018.
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to complement the transport needs of people moving around in Radom. Their frequency at
the rush hour is more than 20 minutes. The operators used 186 buses to service the public
transport lines in Radom. Buses in the public transport in Radom transport about 40 million
passengers per year.
An analysis of the routes of individual public transport lines in Radom was carried out,
before starting the survey on selected public transport stops. The purpose of this analysis was
to indicate the end stops at which surveys will be carried out with public transport drivers
in Radom, so that each bus line will be tested in each direction of travel. 15 measurement
points were chosen (Figure 1), in which questionnaire surveys with drivers were carried out.
Figure 1. Location of measurement points for questionnaire surveys with drivers at
end stops in Radom

Source: the authors’ own study based on the scheme of the public transport network in Radom taken from the website of MZDiK
in Radom: [http://www.mzdik.radom.pl/index.php?id=193 (accessed: 06.06.2014]
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The survey research was carried out on June 4, 2014. The interviewers collected information from the drivers about inflows in the means of transport of individual bus lines at certain
times. The driver registered the occupancy of the means of transport in previously prepared
forms during the journey at each stop. The form contained information on the estimated
occupancy rating (%) of the means of transport on the line operated by a given driver during
the working day. It should be emphasized that in the literature one has not found publications
that would present a method of measuring the occupancy in means of urban transport by
conducting a survey with the drivers of these means of transport.
The results of the survey on a given route and at particular stops of a given line are presented
in Tables 1–2. The analyzed data sets for each line were the average bus occupancy and average
number of passengers on the bus on a given route (as the average at individual stops) and the
average bus occupancy and average number of passengers on the bus at the bus stop (as the
average from individual buses). Figures 2–5 present examples of the average occupancy on
a given route and the average occupancy at individual stops on two lines (numbers 7 and 11).2
The average daily vehicle occupancy indicator in the public transport in Radom, both in the
aspect of inflating on particular routes of the line (Table 1) and at individual stops (Table 2)
ranges from 19.8% to 59% and the mean is about 41% while the median is 40.3in the aspect of
inflating on particular routes of the line and 41.7 at individual stops. The remaining statistical
measures are identical (0.1 percentage point difference) and amount to: SD = 8.4, Q1 = 35.1,
Q3 = 46.8, although the occupancy at stops for individual lines shows a slightly higher variation (measured by the standard deviation and coefficient of variation) than the occupancy
on the routes of the line. Only in 4 cases (on the 47 lines considered) the occupancy exceeds
50% (7b, 12a, 18 and 24a), and in 5 it does not exceed 30% (2a, 2b, 5b, 19a, 19b).

2.1. Vehicle occupancy surveys on the routes of individual lines (Table 1)
The highest occupancy occurs on the lines No. 7b and 24a, with the median for the line 7a
being slightly (0.8 percentage points) higher than the average, and in the case of the 24a line
6 percentage points lower and 50%. For line 7b, for 75% of the rates the average occupancy is
not less than 50.6% and the maximum 86.8%; the average number of passengers is 81.6 with
a nearly 30% coefficient of variation (± 23.9 passengers). For line 24a, for 75% of the rates, the
occupancy exceeds 44.7% and the maximum 100%, which means that the whole bus took the
maximum number of passengers throughout the route. The average number of passengers is
62 with the coefficient of variation equal to 36.7% (± 22.8 passengers). The difference in the
2 The data from the tables and drawings do not allow for a full analysis, in particular of individual routes or
stops in a timely manner. For this it is necessary to analyze the occupancy at individual stops for individual routes.
However, the data for one line takes as much space as tables 1 and 2 together. Therefore, it was decided to “compress the data” from a given line/line stop to the average value, i.e. the average occupancy in the route, the average
occupancy at the stop of the given line and, respectively, the average number of passengers. For the average sets, the
basic statistical parameters given in the tables were calculated. Unfortunately, the results obtained in the aspect of
passenger exchange at stops did not allow analysing this issue.
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average number of passengers does not result from a significant difference in the occupancy
but from the average capacity of buses (139 for lines 7b and 115 for lines 24a, for this line the
largest and smallest occupancy “implemented” was a bus with a nominal capacity of 100 people). Please note that the average nominal capacity of public transport buses in Radom is 109,
minimum 86, maximum 151. The 12a line has the average occupancy of 52%, the average of
79 passengers and the average bus capacity of 151 and line 18 (a circular line) for which the
respective values are 52%, 50.8 and 99.6.
There are significant differences between lines 7a and 7b and 24a and 24b. On line 7a (following the same route but in the opposite direction of every 7b), the occupancy level was much
lower and amounted to 45.1% with the maximum of 57.9% (only 25% of the courses had the
occupancy of at least 50%), and the average number of travelers was 66.7 (± 12.5 passengers).
The average nominal capacity was 147.3. For line 24b the average occupancy was 38.5%. (minimum 23.7%, maximum 60.7%), the average number of passengers 40.7 (± 11.3 passengers)
and the average nominal capacity 107.9 (i.e. lower than for 24a). Only for these two lines we
can see such significant differences between the “there” and “back” courses, and for almost
all the measured parameters. For the remaining lines, these differences are much smaller or
insignificant and concern only some parameters (the variation coefficient for lines 14, 15,
26, minimum occupancy for lines 13, 14, 26, Q1 for lines 10 and 26, maximum occupancy
for lines 5, the coefficient of variation for the number of passengers for lines 14, 15, 26). For
11 lines (out of 47), the average occupancy range is not less than 60 pp, and for 28 the median
is larger than the mean value (in one case it is equal to the mean value).
Table 1. The vehicle occupancy indicator on the routes of individual lines*
NL
1a

P
Południe

MBC

SD

CV

Me

Min

Q1

Q3

Max

MC

SD

CV

NC

MBN

43.8

7.1

16.2

44.3

27.3

38.9

49.6

57.3

43.8

7.1

16.2

40

100.0

1b

Gołębiów

47.3

11.0

23.2

47.8

28.3

37.0

56.1

71.3

47.3

11.0

23.2

41

100.0

2a

Zamłynie

28.7

12.4

43.3

25.3

14.3

19.0

34.9

57.5

29.1

12.6

43.2

29

101.6

2b

Idalin

26.1

10.4

39.8

24.2

11.9

18.5

31.0

59.0

26.4

10.9

41.3

30

100.7

3a

Michałów

43.5

13.4

30.9

40.4

20.6

34.0

48.8

80.6

37.5

11.3

30.1

37

86.6

3b

Idalin

49.5

12.9

26.0

50.0

20.4

39.8

58.5

73.3

46.7

12.9

27.6

37

94.6

4a

Prędocinek

37.2

10.7

28.8

36.7

18.8

29.5

44.1

66.7

48.2

15.3

31.7

36

128.9

4b

Firlej Cmentarz

34.4

8.1

23.7

34.6

19.2

29.2

38.3

54.2

44.6

12.0

26.9

41

129.3

5a

Sadków/Lotnisko

33.3

13.4

40.2

32.4

13.8

22.3

39.6

83.6

31.6

12.7

40.2

42

95.0

5b

Pruszaków/Młodocin

27.8

12.6

45.4

26.7

9.6

18.9

33.5

55.9

26.4

12.0

45.4

37

95.0

6a

Prędocinek

40.8

10.1

24.7

42.1

22.9

36.8

47.1

59.3

38.7

9.5

24.7

25

95.0

6b

Milejowice

44.0

8.5

19.2

43.7

26.3

40.3

49.3

58.3

41.8

8.0

19.2

29

95.0

7a

Południe

45.1

6.4

14.2

45.2

28.6

41.3

50.0

57.9

66.7

12.5

18.8

75

147.3

7b

Michałów

58.9

13.7

23.2

59.8

23.2

50.6

67.5

86.8

81.6

23.9

29.3

66

139.1

8a

Wośniki

43.4

8.7

20.0

42.8

23.6

37.9

50.8

56.0

43.4

8.7

20.0

17

100.0

8b

Kierzków

44.1

8.5

19.3

46.9

21.5

40.6

49.6

53.5

44.1

8.5

19.3

15

100.0
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NL

MBC

SD

CV

Me

Min

Q1

Q3

Max

MC

SD

CV

NC

MBN

9a

Gołębiów

P

47.3

15.3

32.3

45.8

20.0

34.4

61.3

80.0

53.4

19.1

35.7

74

113.0

9b

Prędocinek

47.1

11.8

25.1

48.1

19.7

37.8

55.0

74.4

54.9

14.8

26.9

73

116.4

10a

Wacyn

39.6

10.3

26.0

39.0

24.5

30.7

46.0

65.5

38.5

9.9

25.6

20

97.5

10b

Gołębiów/Rodziny Ziętalów

44.5

10.9

24.5

42.5

28.8

39.6

48.3

70.0

41.8

9.6

23.0

9

94.6

11a

Idalin

36.4

13.7

37.5

33.3

14.2

24.5

46.6

63.5

35.0

12.2

34.9

36

97.2

11b

Gołębiów/Paderewskiego

35.5

11.6

32.8

33.6

19.5

26.4

42.7

61.8

34.0

11.0

32.2

33

96.5

12a

Południe

52.3

5.8

11.0

52.6

38.0

49.8

55.9

65.2

79.2

12.8

16.1

27

151.0

12b

Wincentów

49.6

3.8

7.6

50.3

40.3

47.0

52.3

54.8

73.9

10.2

13.8

29

148.8

13a

Józefów Szpital

46.5

11.8

25.4

46.0

28.4

37.5

52.2

75.6

50.7

23.2

45.8

36

107.6

13b

Wośniki Szkoła

48.1

13.0

27.0

47.6

16.7

41.2

54.2

89.6

53.4

21.6

40.5

28

110.2

14a

Sadków/Lotnisko

35.9

14.5

40.5

35.5

8.0

23.9

45.0

74.4

33.9

15.1

44.7

34

93.8

14b

Południe

39.6

8.4

21.1

41.1

20.8

34.9

45.8

56.6

38.1

9.7

25.5

34

95.3

15a

Kaptur

46.1

19.1

41.5

42.0

15.0

30.0

65.0

81.4

40.7

18.0

44.3

37

87.6

15b

Janiszpol

48.8

14.4

29.6

50.0

20.0

40.0

60.0

75.0

42.1

13.6

32.2

33

86.1

16a

Gołębiów II/Sempołowskiej

48.4

9.9

20.5

48.4

30.0

41.8

56.4

68.2

48.4

9.9

20.5

18

100.0

16b

Wośniki

46.4

8.9

19.2

42.5

34.8

40.1

54.4

62.7

46.4

8.9

19.2

14

100.0

17a

Potkanów/Salowa

43.3

15.2

35.1

43.2

10.9

34.5

51.4

71.2

63.7

26.0

40.7

41

145.5

17b

Gołębiów/Zubrzyckiego

45.8

16.7

36.5

45.2

7.5

35.2

51.4

84.3

68.6

28.7

41.8

37

148.9

18

Dworzec PKP**

52.0

12.0

23.1

54.2

20.3

44.6

61.4

70.6

50.8

11.0

21.6

28

99.6

19a

Obozisko

21.6

9.8

45.3

26.0

2.3

13.2

29.6

35.5

22.9

10.4

45.3

22

106.0

19b

Malenice

19.8

9.4

47.5

18.8

4.7

14.8

26.7

44.9

21.0

10.0

47.5

19

106.0

21a

Prędocinek

34.7

6.0

17.3

35.2

19.7

31.9

38.1

47.1

37.5

7.2

19.2

21

107.9

21b

Wólka Klwatecka

36.8

7.2

19.5

39.0

22.3

33.0

41.3

46.7

41.0

9.1

22.1

19

111.3

23a

Józefów Szpital

30.1

16.2

53.6

24.6

5.4

17.0

41.4

65.6

33.4

16.6

49.7

37

117.0

23b

Prędocinek

34.2

16.8

49.1

30.8

11.8

21.8

44.7

72.8

41.0

20.5

49.9

24

124.1

24a

Michałów

56.0

22.1

39.5

50.0

19.5

44.7

71.0 100.0

62.0

22.8

36.7

11

115.0

24b

Małęczyn Nowy

38.5

10.4

27.2

36.5

23.7

29.8

45.1

40.7

11.3

27.7

12

107.9

60.7

25a

Prędocinek

34.9

8.3

23.8

33.3

20.2

29.0

42.6

48.6

42.5

10.6

24.9

23

121.5

25b

Potkanów/Żelazna

33.8

8.4

24.8

33.2

16.5

29.1

37.4

47.6

32.0

17.9

55.9

21

122.4

26a

Myśliszewice

39.5

17.8

45.1

41.1

8.1

24.8

53.0

71.9

38.0

17.1

45.1

23

96.0

26b

Janiszew

44.1

13.1

29.6

43.4

25.6

33.4

52.9

67.8

42.4

12.5

29.6

23

96.0

31.8 109.1

Mean

41.0

11.5

29.3

40.3

19.7

33.0

48.5

65.6

44.7

13.6

31.8

Min

19.8

3.8

7.6

18.8

2.3

13.2

26.7

35.5

21.0

7.1

13.8

Max

58.9

22.1

53.6

59.8

40.3

50.6

71.0 100.0 81.6

28.7

55.9

9.0

86.1

75.0 151.0

NL – line number; P – the final bus stop (identifies the direction of bus traffic on the line); MBC – average daily vehicle occupancy
indicator [%]; SD – standard deviation [percentage point]; CV – coefficient of variation [%]; Me – median [%]; Q1 – first quartile
[%]; Q3 – third quartile [%]; MC – average daily number of passengers on the bus on each line [number of people]; NC – Number
of courses (for which the measurement data was available, for some of the courses there was no full data e.g. due to a bus failure or
refusal to complete the questionnaire by the bus driver); MBN – average nominal vehicle capacity [number of people].
* the set examined was a set of average bus occupancy (in percent) on the routesof individual lines.
** the 18 line is a line that goes in a circular manner.
Source: the authors’ own material.
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The lines number 7 and 9 are priority lines. For lines 9a and 9b, the average occupancy
is slightly higher than 47% with a range from 20% to 80%, the average number of passengers
is 53.4 and 54.9, respectively, and the capacities 113 and 116.4, respectively. The differences
between lines 9a and 9b are small, in contrast to lines 7a and 7b.
Figure 2. Average occupancy of buses on individual line routes: a – No. 7a, b – No. 7b
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Source: the authors’ own material.

Some of the smallest differences between the “there” and “back” courses are observed for
lines 19a and 19b and 2a and 2b, for which we observe the lowest average occupancy. For
line 19a 21.6% (± 9.8 pp) and for line 19b 19.8% (± 9.4 pp) with the coefficient of volatility
exceeding 45%. The average daily number of passengers on the bus was 22.9 persons for lines
19a and 21 for the 19b line with the average bus capacity 106. Also for line 2 there was a low
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level of average occupancy of 2a line – 28.7% (± 12.4 pp, CV = 43.3%), for line 2b – 26.1%
(± 10.4 pp, CV = 39.8%) with the average number of passengers 29.1 (CV = 43.2%) and 26.4,
respectively. (CV = 41.3%) and the average bus capacities of 101.6 and 100.7.
Figure 3. Average occupancy of buses on individual line routes: a – No. 11a, b – No. 11b
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Source: the authors’ own material.

Figures 2 and 3 present examples of the average bus occupancy schedules for individual
courses of lines 7 and 11. These charts show the variation of average occupancy rates at individual line courses, which together with the average occupancy of a given line at the stops give
a fuller picture of the variability of occupancy (Fig. 4 and 5).3 Line 7b has the largest average

3 Although further, due to the medium operation and the lack of information and bus capacity on the course,
they do not give a full picture of the variability of capacity during the bus’s course. They also do not provide information on the exchange of passengers, and therefore the number of passengers transported.
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occupancy of all the lines, however, compared to line 7a it has much greater variability of individual courses (the difference in stretch marks is almost 31% with the standard deviation over
7 pp (Table 1)). Particularly large variations can be observed in the morning courses. Bus line
7b is the main transport line to the railway and bus stations and the city centre for people living
in the South. Line 11 belongs to the line with a lower vehicle occupancy (below the average,
at the level of 35.5%) despite the relatively small capacity of buses serving it (about 97). It is
also a line for which there are no significant differences between the “there” and “back” rates.

2.2. Vehicle occupancy indicator at the bus stops of individual lines (Table 2)
Table 2. Bus occupancy at the bus stops of individual lines*
NL
1a

P
Południe

MBP

SD

CV

Me

Min

Q1

Q3

Max

MP

SD

CV

43.8

13.3

30.2

46.0

22.4

30.1

56.3

60.4

43.8

13.3

30.2

NS
22

MBN
100.0

1b

Gołębiów

47.3

9.6

20.2

45.9

32.8

39.4

56.9

61.1

47.3

9.5

20.1

23

100.0

2a

Zamłynie

28.7

5.9

20.7

30.7

20.3

21.8

34.1

36.6

29.1

6.0

20.5

20

101.6

2b

Idalin

26.1

5.6

21.3

28.4

13.1

22.2

30.3

33.9

26.4

5.7

21.4

21

100.7

3a

Michałów

43.0

9.8

22.9

43.5

25.3

39.8

51.4

56.1

37.2

8.4

22.7

26

86.6

3b

Idalin

49.5

15.6

31.6

52.6

18.2

48.5

63.3

65.5

46.7

14.7

31.6

24

94.6

4a

Prędocinek

37.2

17.6

47.4

38.9

10.7

25.2

56.0

61.9

48.2

22.8

47.3

24

128.9

4b

Firlej Cmentarz

34.4

17.3

50.5

33.8

9.6

17.2

49.0

59.3

44.6

22.4

50.3

24

129.3

5a

Sadków/Lotnisko

33.8

9.2

27.1

35.5

15.4

27.2

38.2

48.9

32.1

8.7

27.1

28

95.0

5b

Pruszaków/Młodocin

27.3

7.5

27.4

25.4

16.2

20.8

33.7

39.3

25.9

7.1

27.4

27

95.0

6a

Prędocinek

40.8

19.1

47.0

44.4

10.0

23.5

58.8

63.6

38.7

18.2

47.0

28

95.0

6b

Milejowice

44.0

20.1

45.8

43.8

14.0

22.8

58.5

69.3

41.8

19.1

45.8

30

95.0

7a

Południe

45.0

11.7

26.1

48.4

27.2

33.5

57.1

60.1

66.5

17.3

26.1

21

147.3

7b

Michałów

59.0

8.5

14.4

60.8

39.2

56.9

62.5

68.5

81.6

11.9

14.6

22

139.1

8a

Wośniki

43.1

14.0

32.6

41.3

27.1

28.5

60.0

64.1

43.0

14.1

32.8

25

100.0

8b

Kierzków

44.1

15.6

35.4

44.3

24.3

28.9

60.8

66.3

44.1

15.6

35.4

26

100.0

9a

Gołębiów

47.3

8.7

18.5

44.3

34.1

42.4

56.8

58.8

53.4

9.7

18.1

15

113.0

Prędocinek

47.1

11.1

23.5

45.4

32.1

38.1

57.1

61.9

54.9

12.8

23.3

16

116.4

Wacyn

39.6

8.5

21.5

40.9

22.9

34.8

46.8

50.8

38.5

8.3

21.7

22

97.5

9b
10a
10b

Gołębiów/Rodziny Ziętalów

44.5

7.2

16.1

42.2

33.3

40.0

53.3

54.4

41.8

6.8

16.4

24

94.6

11a

Idalin

36.4

10.7

29.3

40.4

23.3

23.9

45.7

51.0

35.0

10.2

29.1

24

97.2

11b

Gołębiów/Paderewskiego

35.5

9.9

28.0

39.2

21.2

25.7

43.9

47.0

34.0

9.6

28.3

22

96.5

12a

Południe

52.8

10.0

18.9

53.5

36.7

43.1

62.3

65.9

80.0

15.0

18.8

32

151.0

12b

Wincentów

50.3

11.3

22.4

54.1

29.1

39.4

60.9

64.0

74.8

16.5

22.1

32

148.8

13a

Józefów Szpital

46.4

8.2

17.7

46.5

34.5

39.0

55.6

57.4

50.4

8.9

17.6

27

107.6

13b

Wośniki Szkoła

47.8

9.9

20.8

45.6

32.7

37.4

56.1

61.1

53.3

11.1

20.9

25

110.2

14a

Sadków/Lotnisko

35.5

10.1

28.3

30.0

13.1

29.5

43.5

53.2

33.6

9.6

28.6

32

93.8

14b

Południe

37.3

7.3

19.6

36.8

24.0

33.7

43.0

48.8

35.8

7.0

19.5

32

95.3

15a

Kaptur

46.1

4.2

9.1

49.1

38.7

40.9

50.1

50.1

40.7

3.6

8.9

21

87.6
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MBP

SD

CV

Me

Min

Q1

Q3

Max

MP

SD

CV

15b

NL
Janiszpol

P

48.8

1.1

2.4

48.0

47.7

47.7

50.2

50.2

42.1

1.0

2.4

20

NS

MBN
86.1

16a

Gołębiów II/Sempołowskiej

48.4

9.6

19.8

50.0

32.2

41.1

57.2

61.7

48.4

9.6

19.8

22

100.0

16b

Wośniki

46.4

7.3

15.7

46.4

36.1

41.1

53.1

57.1

46.4

7.3

15.7

22

100.0

17a

Potkanów/Salowa

43.3

10.3

23.7

46.3

5.0

35.2

51.2

53.3

63.7

15.1

23.7

30

145.5

17b

Gołębiów/Zubrzyckiego

45.8

6.6

14.5

46.9

34.4

37.8

51.8

52.4

68.6

9.7

14.1

28

148.9

18

Dworzec PKP**

49.4

15.2

30.7

56.4

18.6

39.1

60.4

70.7

48.2

15.1

31.2

35

99.6

19a

Obozisko

21.6

5.0

23.2

21.9

10.5

20.5

25.4

29.1

22.9

5.3

23.2

15

106.0

19b

Malenice

19.8

4.5

22.9

21.6

9.1

18.2

23.2

24.5

21.0

4.9

23.3

16

106.0

21a

Prędocinek

34.7

17.6

50.9

40.5

11.9

18.2

51.4

59.0

37.5

19.1

50.8

31

107.9

21b

Wólka Klwatecka

36.8

18.2

49.5

36.3

8.9

24.1

54.2

64.2

41.0

20.3

49.6

30

111.3

23a

Józefów Szpital

30.1

8.5

28.2

31.0

17.8

22.5

37.8

41.4

33.4

9.0

26.8

25

117.0

23b

Prędocinek

34.2

7.1

20.8

37.1

17.6

30.0

40.2

41.5

41.0

8.2

19.9

25

124.1

24a

Michałów

54.9

6.1

11.1

57.0

39.0

52.9

59.1

63.2

62.1

7.6

12.2

30

115.0

24b

Małęczyn Nowy

37.0

8.1

21.8

38.3

24.3

33.3

45.0

46.7

39.3

9.0

22.8

29

107.9

25a

Prędocinek

31.6

16.5

52.1

29.6

5.0

19.3

49.8

53.7

38.4

20.0

52.2

25

121.5

25b

Potkanów/Żelazna

31.0

17.3

55.8

26.2

12.9

15.7

45.2

58.6

30.2

15.6

51.7

23

122.4

26a

Myśliszewice

39.5

11.5

29.2

43.7

25.0

28.6

49.2

56.7

38.0

11.1

29.2

27

96.0

26b

Janiszew

43.1

10.7

24.8

51.7

26.4

35.2

52.3

53.3

41.4

10.3

24.8

27

96.0

Mean

40.6

10.6

27.1

41.7

23.1

32.2

50.2

54.8

44.4

11.5

27.0

Min

19.8

1.1

2.4

21.6

5.0

15.7

23.2

24.5

21.0

1.0

2.4

Max

59.0

20.1

55.8

60.8

47.7

56.9

63.3

70.7

81.6

22.8

52.2

25.0 109.1
15.0

86.1

35.0 151.0

NL – line number; P – the final bus stop (identifies the direction of the bus traffic on the line); MBP – the average daily vehicle
occupancy indicator at the bus stop of each bus line [%]; SD – standard deviation [percentage point]; CV – coefficient of variation
[%]; Me – median [%]; Q1 – first quartile [%]; Q3 – third quartile [%]; MP – the average daily number of passengers at bus stops
on each bus line [number of people]; NS – Number of stops (it is the maximum number of line stops, for some courses it may
be smaller – shortened/extended course, exit to the base, departure from the base); MBN – the average nominal vehicle capacity
[number of people].
* the set checked was a set of the average bus occupancy (in percent) of the lines at individual bus stops.
** the 18 line is a line that goes in a circular manner.
Source: the authors’ own material.

Reference should be made to the average vehicle occupancy per line course, when we
analyse the average bus occupancy at individual bus stops of each line (Table 1). It is obvious
that the average capacity of buses in Tab. 1 and 2 are identical, also the average bus occupancy
for individual lines in these tables (MBP and MBC columns, respectively) show the differences
that can be considered insignificant (in 6 cases it exceeds 1 pp, including 4 cases 2 pp, the
biggest difference for the line 25a is 3.3 pp). This is due to the differences in the number of
stops (route length) on individual line routes. Also the differences in the average number of
passengers are not significant (columns MC and MP, the largest for lines 25a, 25b, 18, 14b–4.1,
1.8, 1.6 and 2.3, respectively). However, the differences are important in the case of position
statistics and measures of dispersion.
Among the four lines in which the occupancy exceeds 50%, three are the same lines as
in the case of the occupancy on the routes – No. 7b, 12a and 24a, additionally on line 12b
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the level of 50% has also been exceeded (in Table 1 this value is 49, 6%). For line No. 18, the
occupancy is 49.4% (in Table 2–52%). In the case of line No. 12, the differences between lines
12a and 12b are small, only the larger differences are: the minimum occupancy – 36.7% and
29.1%, respectively; Q1–43.9% and 39.4% and the number of passengers – 80 and 74.8). Similarly, as before, the differences between lines 7a and 7b and 24a and 24b are very clear and
these are basically the only lines for which significant differences are observed (only for lines
No.3 and 5 a difference of 6.5 pp of the average occupancy and 9.6 pp maximum occupancy
on the buses can be considered as significant).
The largest average occupancy of the buses at individual stops of a given line was the
highest on the route of line No. 7b and amounted to 59%. The minimum average occupancy
at stops during the day on this line was 39.2%, the median 60.8% and the maximum 68.5%
(in Table 1 it was 23.2% and 86.8%, respectively) and the coefficient of variation 14.4%. The
occupancy of the buses at stops of this line within a day differed on average by 8.5 percentage
points from the average bus occupancy at individual stops within 24 hours and 75% of buses
operated with the average occupancy of at least 56.9%. Buses transported on average 82 people
(in table 2 this value is 81.6).
A much lower level of the average occupancy at stops was on line No. 7a. The average
daily occupancy at bus stops was 45%, and the average number of people traveling on the
bus at individual stops was 67. The maximum average occupancy per day was 60.1%, and the
minimum 27.2%.
The second largest level of the average bus occupancy at individual stops was recorded
on line No. 24a equal to 54.9%, with the minimum average bus occupancy equal to 39% and
the maximum of 63.2%, and the coefficient of variation 11.1%. At least half of the buses at
individual stops of line 24a were filled in 57% and 75% at least in 52.9%. The average daily
number of passengers on the bus at the stop of this line was 62 people with the average nominal vehicle capacity of 115 people. It is significant that for line 24b (the opposite direction
to 24a) the average daily occupancy at stops was lower by as much as 17.9 pp (34.2%) and the
number of passengers by nearly 23 people (39.3).
The smallest average level of bus occupancy at individual stops was recorded on the routes
of lines 19b – 19.8% and 19a – 21.6%. Comparing the data from Tab. 2 and Tab. 1 it is noted
that a significant difference in the value of the parameters occurs for the coefficient of variation for both the occupancy and the number of passengers – for bus occupancy at stops it is
twice less than for bus occupancy for courses. The same situation occurs for lines No. 2a and
2b (only the average bus occupancy for these lines is less than 30%).
Figure 4 presents the data on the average bus occupancy at individual stops of the No. 7
line. The chart clearly shows a smaller variation in the case of line No. 7b, which is practically
on a constant level and amounts to 60%, which increases slightly for stops in the city centre
(including the railway station) and visibly falls for the three final stops at the Michałów estate
(one of the largest residential areas of Radom and having a significant number of alternative connections, including those running along the same route – from the Chrobrego/
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Mierzejewskiego stop). In the case of line 7a, the variation is very clear and the occupancy
increases significantly in the middle part of the line running through the broad centre of
Radom. It is probably important to note that the Chrobrego/Czysta stop is located at the largest
shopping centre in Radom, and the Wierzbicka/Czarnoleska stop is a “node” stop located by
the branching of the access roads to two parts of the South estate (significantly apart from
each other, more than a dozen thousand residents live in each of them).

Figure 4. Average occupancy of buses at individual bus stops: a – No. 7a, b – No. 7b
70%

60% a

50%

40%

30%

20%

10%

0%

70%

50%
b

40%

30%

20%

10%

0%

Source: the authors’ own material.

The average occupancy of public transport buses at individual stops of lines No. 11a and
11b is shown in Figure 5. As in the case of Fig. 3, it can be assumed that the distribution of
occupancy is identical.
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Figure 5. Average occupancy of buses at individual bus stops: a – No. 11a, b – No. 11b
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Source: the authors’ own material.

3. The use of means of public transport by the inhabitants of
Radom based on the surveys in households

A survey was conducted among households in Radom as part of the project [Ciszewski T.,
et al., 2014], which was aimed at obtaining information on the mobility of the inhabitants
of Radom and the surrounding area. The respondents indicated all journeys made on the
working day preceding the day of the survey, in the so-called “travel diary”. The study involved
people over 12 years of age. The surveys were conducted in 1747 households in Radom (out
of 70 615 existing), receiving answers from 2913 respondents (1635 women and 1278 men).
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Drawing of proportional layered households (the layer was made up of households with 1, 2,
3, 4, 5+ household members). There were 186 987 people over the age of 13 (99,822 women,
87,005 men) in Radom (according to the database of the Universal Electronic System of Population Register (PESEL)). The surveyed households were inhabited by a total of 5,187 people,
of whom 46.53% were men, and 53.47% were women.
A resident of Radom most often traveled by car as a driver, on foot and by public transport. Estimated on the basis of the surveys, the average mobility of Radom’s residents over
13 years old was at the level of 2.782 trips made by one person during the day and the total
number of journeys amounted to 520.2 thousand. These values in the case of public transport
are respectively 0.659 and 123.3 thousand (Table 3).
About 25% of Radom’s residents use public transport (Table 3), with very big differences
due to the gender and age of the inhabitants. A definitely higher percentage of women use
public transport than men (a difference of over 14 pp) in each age category. A particularly
large difference occurs in the category of 45–59 years (nearly 25 pp) and 13–17 years (nearly
21 pp). While it could have been expected that there would be a high rate of travel made by
public transport among young people, the fact that only 13% of men aged 45–59 use public
transport is a surprise. The consequence of this is that the average daily number of trips by
public transport carried out by a female resident of Radom is 0.812 and by a male inhabitant
is 0.483; women make 81 thousand daily trips and men 42 thousand.4The survey included
complex journeys, i.e. carried out with at least two means of transport.5 In the case of public
transport, the percentage of composite trips amounted to 34.9%. Let us note that the highest
was in the group of people aged 45–59, both among men and women. It draws attention to the
fact that it was the lowest among women aged 13–17 years, at the same time in this group is
the highest proportion using public transport.
Table 3. The percentage of the respondents [%] traveling by public transport based
on real journeys
Women
13–17 18–44 45–59

Men
60+ Together 13–17 18–44 45–59

Women+Men
60+ Together 13–17 18–44 45–59

60+ Together

1

59.38 29.67 37.60 37.68

34.76

38.57 20.06 12.92 23.95

20.36

48.51 25.17 27.49 32.35

28.44

2

1.234 0.660 0.865 0.906

0.812

0.771 0.496 0.324 0.540

0.483

0.997 0.577 0.615 0.763

0.659

3

5969 26867 19972 28399 81207

3937 20888 6387 10837 42049

9907 47755 26358 39235 123256

4

20.25 32.48 40.41 33.60

29.63 33.83 51.14 36.62

23.98 33.07 43.01 34.43

33.92

36.79

34.90

1 – percentage of the respondents who travel by public transport based on real travel [%]; 2 – average daily number of journeys made
by public transport of an inhabitant of Radom [number of trips/person]; 3 – estimated daily number of journeys made by public
transport; 4 – percentage of journeys made by public transport as part of a combined journey (at least two means of transport).
Source: the authors’ own material.
4 It is almost twice as much, although the ratio of the average daily number of trips made respectively by women
and men is 1.68. – this is due to the fact that thre are nearly 13,000. more women than men.
5 The walk was treated as a ‘transport’. The trip is one journey in the statistics, although when determining
the number of journeys, the given means of transport was included in the journey for each of the used means of
transport.
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Travel motivations of the residents of Radom in the questionnaire studies were analysed.
Eight source/destination motivations were distinguished:
1. House: place of residence;
2. Work: place of starting work;
3. Education: schools, colleges, place of courses, training;
4. Shopping and services: to a kiosk, shop, shopping centre;
5. Recreation and entertainment: for doing sports, to the cinema and restaurants;
6. Business matters: all trips made as part of work;
7. Offices, hospitals, clinics, banks, courts: performed not as part of work;
8. Other purposes: e.g. go to collect someone, drive someone.
The tables present the average daily number of journeys by public transport according
to the source of journey (Table 4) and destination (Table 5).
Table 4. Average daily number of journeys of the inhabitants of Radom and the share of [%]
journey according to the beginning of the journey carried out by public transport
based on real journeys
B

A

Share
[%]

Women
13–17 years

V

Share
[%]

Women
18–44 years

V

Share
[%]

Women
45–59 years

V

Share
[%]

Women
60+ years

A

Share
[%]

Men
13–17 years

V

Share
[%]

Men
18–44 years

V

Share
[%]

Men
45–59 years

V

Share
[%]

Men
60+ years

1

0.625 50.63 0.312 47.33 0.401 46.31 0.428 47.20 0.386 50.00 0.229 46.11 0.151 46.59 0.270 50.00

2

0.000

0.00 0.112 17.03 0.181 20.94 0.017
9.31 0.003

0.29 0.000

1.87 0.000

3

0.250 20.25 0.061

4

0.141 11.39 0.068 10.30 0.115 13.27 0.152 16.80 0.043

0.00 0.053 10.78 0.077 23.86 0.030

0.00 0.229 29.63 0.067 13.47 0.000
5.56 0.030

5.99 0.015

0.00 0.000

5.63
0.00

4.55 0.061 11.27

5

0.109

8.86 0.038

5.74 0.026

2.95 0.027

2.93 0.100 12.96 0.046

9.28 0.011

3.41 0.019

3.52

6

0.000

0.00 0.014

2.18 0.015

1.77 0.000

0.00 0.000

0.00 0.003

0.60 0.000

0.00 0.004

0.70

2.40 0.040 12.50 0.080 14.79

7

0.016

1.27 0.021

3.17 0.064

7.37 0.138 15.20 0.000

0.00 0.012

8

0.094

7.59 0.033

4.95 0.061

7.08 0.145 16.00 0.014

1.85 0.056 11.38 0.029

9.09 0.076 14.08

1.234

100

100

100

100

100

W+M
13–17 years

0.660

W+M
18–44 years

0.865

W+M
45–59 years

0.906

100

W+M
60+ years

0.771

W13+
years

0.496

100

M 13+
years

0.324

W+M 13+
years

1

0.502 50.38 0.270 46.79 0.285 46.38 0.366 47.97 0.384 47.28 0.230 46.11 0.312 47.37

2

0.000

0.00 0.082 14.30 0.133 21.65 0.022

3

0.239 23.98 0.064 11.13 0.001

4

0.090

9.07 0.049

0.22 0.000

2.91 0.093 11.44 0.050 10.78 0.073 11.09
0.00 0.038

4.64 0.046 13.47 0.041

8.41 0.069 11.16 0.117 15.27 0.109 13.38 0.034

6.29

5.99 0.074 11.24

5

0.105 10.49 0.042

7.29 0.019

3.06 0.024

3.10 0.035

4.30 0.035

9.28 0.035

5.31

6

0.000

1.49 0.008

1.34 0.001

0.19 0.009

1.16 0.002

0.60 0.006

0.92

0.00 0.009

7

0.008

0.76 0.016

2.83 0.053

8.62 0.115 15.09 0.067

8.27 0.033

2.40 0.051

7.80

8

0.053

5.31 0.045

7.76 0.047

7.57 0.118 15.47 0.077

9.53 0.052 11.38 0.066

9.98

0.997

100

100

100

100

100

0.577

0.615

0.763

100

B – the beginning of the journey, A – average number of journeys
Source: the authors’ own material.

0.794

0.483

100

0.659

0.540

100
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A vast majority of journeys made by the residents of Radom began at their place of residence (1) – 47.37%, and over 11% from the workplace (insignificant differences between
the sexes and age groups). The significant differences between the sexes occur in the case of
returning from shopping (4) and offices and hospitals (7) – the prevalence of women, while
the large preponderance of men – from school (3) and recreation and entertainment (5).
Taking into account the age groups and gender, we notice significant differences – some of them
are natural for example: school-age people travel to school and do not go to work and do not travel
for business purposes, on the contrary to the people of working age. It is also natural to observe
a large share of people over 60 in returning from hospitals and outpatient clinics (7) and negligible business matters (6), but it is striking to have a large share in position (8) – other purposes.
On the basis of the research, it is also possible to analyse the destinations of Radom’s inhabitants in various age groups (Table 5).
Table 5. Average daily number of journeys of the inhabitants of Radom and the share of [%]
journeys according to the destination of the journey carried out by public transport
based on real journeys
D

A

Share
[%]

Women
13–17 years

V

Share
[%]

Women
18–44 years

V

Share
[%]

Women
45–59 years

V

Share
[%]

Women
60+ years

A

Share
[%]

Men
13–17 years

V

Share
[%]

Men
18–44 years

V

Share
[%]

Men
45–59 years

V

Share
[%]

Men
60+ years

1

0.594 48.10 0.288 43.56 0.395 45.72 0.418 46.13 0.386 50.00 0.229 46.11 0.154 47.73 0.236 43.66

2

0.000

0.00

0.135 20.40 0.189 21.83 0.022
0.59

0.243 31.48 0.070 14.07 0.000

0.297 24.05 0.061

0.156 12.66 0.067 10.10 0.105 12.09 0.157 17.33 0.029

5

0.094

7.59

0.039

5.94

0.036

4.13

0.029

6

0.000

0.00

0.008

1.19

0.013

1.47

0.000

7

0.016

1.27

0.026

3.96

0.066

8

0.078

6.33

0.037

5.54

0.056

1.234

100

0.660

100

0.865

0.00

0.056 11.38 0.063 19.32 0.038
0.00

0.000

3.41

0.068 12.68

3.20

0.100 12.96 0.052 10.48 0.015

4.55

0.019

3.52

0.00

0.000

0.00

0.000

0.00

0.011

3.41

0.004

0.70

7.67

0.135 14.93 0.000

0.00

0.012

2.40

0.037 11.36 0.091 16.90

6.49

0.145 16.00 0.014

1.85

0.049

9.88

0.033 10.23 0.084 15.49

100

0.906

100

0.496

100

0.324

100

W+M
60+ years

0.771

3.70

W13+
years

0.028

5.69

M 13+
years

100

W+M 13+
years

1

0.487 48.86 0.258 44.68 0.284 46.21 0.347 45.45 0.368 45.33 0.223 46.09 0.300 45.59

2

0.000

0.00

0.095 16.45 0.131 21.22 0.028

3.68

0.105 12.96 0.050 10.40 0.080 12.08

0.00

0.041

3

0.269 27.00 0.066 11.39 0.003

0.45

0.000

0.048

9.94

0.044

4

0.091

9.10

0.047

8.17

0.061

9.99

0.122 16.05 0.108 13.31 0.034

6.96

0.073 11.14

5

0.097

9.73

0.046

7.93

0.026

4.23

0.025

3.29

0.038

4.66

0.039

8.02

0.038

5.80

6

0.000

0.00

0.004

0.67

0.012

1.94

0.001

0.19

0.006

0.76

0.003

0.70

0.005

0.74

7

0.008

0.76

0.019

3.28

0.053

8.56

0.118 15.48 0.069

8.51

0.035

7.27

0.053

8.09

8

0.045

4.55

0.043

7.44

0.046

7.40

0.121 15.86 0.077

9.49

0.051 10.63 0.065

9.88

0.997

100

0.577

100

0.615

100

0.763

100

0.483

100

D – destination, A – average number of journeys
Source: the authors’ own material.

7.04

0.011

W+M
45–59 years

0.000

0.00

3

W+M
18–44 years

0.005

0.000

4

W+M
13–17 years

9.31

2.40

100

0.812

4.99

100

0.659

6.68

0.540

0.00

100
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The day before the survey, the main destination of the journey by public transport of the
inhabitants of Radom was their house – 45.59%, then it was work 12.80%. Note that these values
differ by about 2 pp from the values in Table 4 – an important destination of travel from work
is a different goal than home, also part of the journey to work does not take place from home.
Another motivation for the inhabitants of Radom to travel by bus was shopping and various
services, accounting for 11.14% of all the trips. Another destination: go to collect somebody or
drive someone (8) accounted for 9.88% of all the trips, while journeys to offices and hospitals
accounted for 8.09% of all the journeys recorded.
Table 6 contains selected destinations and their share in the number of trips by public
transport carried out by women. In the group of women aged 18–44, only for the homework trips, the average daily number of trips exceeds 0.1 and the same situation occurs if we
do not include the age. In the 13–17 age group, we have five such destinations (in total over
76% of the journeys), for 45–59 years of age – 3 destinations (50.1%) and for over 60 years
of age – six destinations (83.5%). Theoretically there were 64 relations. In the case of men,
only in the 13–17 age group there was a situation where the average daily number of trips
by public transport was not less than 0.1 trips. These were home-education, education-home
and entertainment-home destinations, accounting for 74.1% of all the journeys. Taking into
account the age groups but not distinguishing between sexes in the group of 13–18 years of
age, three destinations (house-education, education-house, shopping-house, 61.5%) meet the
condition “the average daily number of trips by public transport was not less than 0.1 trip”,
in the 45–59 age group – two destinations (house-work, work-home, 38.4%), in the age group
over 60 years of age – four destinations (56.2%).
Table 6. Average daily number of journeys by public transport and the share [%] in direct trips
carried out by women in individual age groups based on real journeys*
Relations

13–17 years

18–44 years

45–59 years

x

y

x

y

x

y

60+ years

13+ years

x

y

x

y

1–3

Home – Education

0.297

24.1%

0.059

8.9%

0.005

0.6%

0.000

0.0%

0.040

5.1%

1–4

Home – Shopping

0.141

11.4%

0.039

5.9%

0.071

8.3%

0.126

13.9%

0.073

9.2%

3–1

Education– Home

0.250

20.3%

0.047

7.1%

0.003

0.3%

0.000

0.0%

0.032

4.1%

4–1

Shopping – Home

0.141

11.4%

0.060

9.1%

0.105

12.1%

0.138

15.2%

0.094

11.8%

5–1

Recreation – Home

0.109

8.9%

0.037

5.5%

0.020

2.4%

0.027

2.9%

0.033

4.2%

1–2

Home – Work

0.000

0.0%

0.124

18.8%

0.179

20.6%

0.022

2.4%

0.106

13.4%

2–1

Work – Home

0.000

0.0%

0.094

14.3%

0.151

17.4%

0.017

1.9%

0.084

10.6%

1–7

Home – Offices/ hospitals

0.016

1.3%

0.021

3.2%

0.056

6.5%

0.118

13.1%

0.054

6.8%

1–8

Home – Otherpurposes

0.078

6.3%

0.031

4.8%

0.048

5.6%

0.138

15.2%

0.064

8.1%

7–1

Offices/hospitals – Home

0.016

1.3%

0.016

2.4%

0.056

6.5%

0.109

12.0%

0.049

6.2%

8–1

Otherpurposes – Home

0.078

6.3%

0.026

4.0%

0.048

5.6%

0.128

14.1%

0.059

7.5%

x – average daily number of journeys, y – travel share in the journeys in a given age group
* Consider only these trips in which even in one group the average daily number of trips is not less than 0.1.
Source: the authors’ own material.
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Men not only used public transport less frequently, but also the number of motivations
for traveling (source-destination) is much smaller than for women (Table 8). Please note that
among 64 motivations,6 the respondents indicated only 45 motivations – women 43, men
34; so men pointed out two motivations that did not occur among women: recreation-work,
shopping-recreation.
Table 7. Average daily number of journeys by public transport and the share [%] in the direct
trips carried out by a) men, b) men and women in individual age groups based on real
journeys*
M
13–17 years

Relations

W+M
13–17 years

Relations

W+M
45–59 years

W+M
60+ years

x

y

x

y

x

y

x

y

Home – Education

0.243

31.5%

Home – Education

0.269

27.0%

0.003

0.4%

0.000

0.0%

Education– Home

0.229

29.6%

Education– Home

0.239

24.0%

0.001

0.2%

0.000

0.0%

Receation – Home

0.100

13.0%

Shopping – Home

0.105

10.5%

0.061

10.5%

0.105

13.7%

Home – Work

0.000

0.0%

0.125

20.3%

0.025

3.3%

Work – Home

0.000

0.0%

0.112

18.1%

0.021

2.7%

Home – Otherpurposes

0.008

0.8%

0.038

6.2%

0.106

13.9%

Offices/Hospital – Home

0.008

0.8%

0.049

7.9%

0.114

14.9%

Otherpurposes – Home

0.045

4.5%

0.038

6.2%

0.105

13.7%

x – average daily number of journeys, y – travel share in the journeys in a given age group
* Consider only these trips in which, in one group (separately for men and separately for men and women), the average daily
number of trips is not less than 0.1. In the non-existent groups there were no trips that met this condition.
Source: the authors’ own material.

Table 8. Number of source-destinations in journeys by means of public transport in particular
age groups, including gender
Women
13–17 18–44 45–59
11

36

31

Men
60+

Together 13–17 18–44 45–59

19

43

8

29

16

Women + Men
60+
17

Together 13–17 18–44 45–59
34

11

42

31

60+

Together

23

45

Source: the authors’ own material.

4. Summary
An efficient transport system that requires rational separation of transport tasks is important from the point of view of efficient functioning of urban agglomerations. The most difficult
task for carriers is to change transport preferences of residents and increase the share of public
transport journeys in cities. The share of trips with the use of public transport accounts for
only 23.7% of all the journeys in Radom (even less, because only 18.2% – 94.6 thousand if we
6

In this type (x) – (x); there was no home-house or work-work trip among this type of trips.
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do not include combined journeys, when the bus was not the primary means of transport).
This percentage is very low compared to Warsaw. Only 28.4% of the travelers (real journeys)
used public transport in any form. At the same time, as much as 29% of Radom’s residents
(36.8% men and 22.2% women) declare not using public transport at all (even sporadically).
Considering these aspects, a relatively high general assessment of public transport is puzzling
(in the same studies), which on a scale of 1 to 10 is 6.24 points. However, in terms of comfort,
security, adjustment to the needs of disabled people and the functionality of transfer nodes7
is at the level of 5.5 points. One justification is the fact that more than 84% of the travelers,
when choosing a means of transport, are guided primarily by the duration of their journey.
Public transport in Radom is based exclusively on bus transport organized by MZDiK. There
is no city rail transport or private transport with minibuses in Radom. The concepts of tramway transport (promoted by Professor Michał Kelles-Krauza or now by the Radom “Bicycle
Brotherhood”) have no chance of being realized, not only for financial reasons. Based on the
same surveys, it was estimated that only 47.4% of the residents believe that tram lines would
improve the quality of public transport, but at the same time more than 70% believe that
high-priority routes for buses would improve such quality. However, it is problematic to assess
what the respondents understood through high priority routes in the latter case.
The assessment of the effectiveness of the method used to measure the occupancy of public
transport vehicles is difficult due to the lack of other (parallel) tests enabling the comparison
of the results. An unquestionable advantage is the low cost of testing and the possibility of
continuous measurement – completion of the questionnaire could be included in the scope
of the responsibilities of drivers and the process of entering data should be automated. The
disadvantage, as in many other methods, is the human factor – the subjectivity of the assessment, the significance of which will be lower and lower with the acquisition of experience by
drivers. Difficult to assess is the fact that the fear of drivers that too low occupancy will result
in the liquidation of lines and the loss of jobs (and such fears were put forward by the drivers
in the interviews with the interviewers) affect the falsification of the assessment.This method
is not effective for the assessment of the exchange of the number of passengers at bus stops.
Although it is important to know that at certain stops and routes there is a total exchange of
passengers and information on situations in which passengers who have not found a place
on the bus remain at bus stops.
Bus lines are relatively long – a vast majority have more than 20 stops in Radom (Table 2).
The vehicles’ occupation and the number of passengers at the first stops are low and significantly
increase in the middle parts of the routes – within the city centre. At the same time there are
so-called transport bundles (doubling of the lines) and almost no interchanges. Perhaps the
solution that would increase the efficiency and attractiveness of public transport would be the
creation of interchange nodes on the outskirts of the very centre and the service of peripheral
stops with buses of small capacity, and in the centre – with high capacity buses. However,
7

Accessibility assessment at the level of 6.4 points it is in some contradiction with this.
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this would have to do with the provision of time tickets with the time not less than the travel
time of the longest (in terms of travel time) lines and the price not higher than a single-ticket.
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A bstract
An indispensable element in the development of urbanized areas of individual agglomerations is
the change in the structure of transport systems in such a way as to meet their needs. Depending
on the nature of the area, the use of infrastructure is strongly related to the mobility and transport
preferences of its residents. In the case of the Upper Silesian Agglomeration, the agglomeration rail
system is not developed in a way that corresponds to its potential. The article presents the concept
of establishing a fast agglomeration railway as a complement to the existing transport systems in the
Upper Silesian Agglomeration.
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1. Introduction
The role of railway transport as a means of urban public transport in Poland is currently
minimally taken into account during the organization of transport by local governments and
other organizational units. The exception is the capital city of Warsaw, which has significantly
integrated the railway with other public transport modes, i.e. buses, trams and metro. An
example is the possibility of traveling within the city on the basis of tickets issued by the Public
Transport Authority by trains of “Szybka Kolej Miejska”, “Koleje Mazowieckie” or “Warszawska
Kolej Dojazdowa” [Zarząd Transportu Miejskiego w Warszawie]. However, in addition to the
tariff integration, there is also organizational integration. It allows improving the functioning
of the public transport network within the city and agglomeration by coordinating the routes
and timetables of individual lines on routes. This makes it possible to limit the competitiveness
of public transport, which in principle should complement each other [Dydkowski, 2009,
p. 304]. In the case of the Upper Silesian agglomeration, the regional rail system is ignored
in tariff and organizational integration. The exceptions are legal regulations and agreements
between public transport organizers enabling the use of rail and other public transport. An
example of this is the “Orange Tariff ”, which allows using transport lines organized by “MZK
Tychy” and “Koleje Śląskie”. However, in the Upper Silesian Agglomeration there is no full
integration enabling cooperation of all the public transport organizers. The creation of the
Metropolis enabled the integration of three public transport organizers. These are “KZK
GOP”, “MZKP Tarnowskie Góry” and “MZK Tychy” creating the Metropolitan Transport
Authority. However, the potential of the railway lines that have their course in the agglomeration is still missing. Rail transport is effective not only for transporting people, but also
for transporting goods [Macioszek, Staniek, Sierpiński, 2017, pp. 388–395, Macioszek, 2018,
pp. 147–154, Koźlak, 2013, pp. 172–185, Bieda, 2010, pp. 183–195, Giedryś, Raczyński, 2014,
pp. 30–32]. On the basis of the information collected from the surveys and the analysis of
the number of journeys with selected transport routes, the article presents the possibility of
using the railway in the agglomeration transport system. The aim of the article is to present
the concept of the Agglomeration Railway Systems along with routes of transport lines and
frequencies of trains.

2. A
 nalysis of transport systems in the Upper Silesian
Agglomeration
2.1. Area of the analysis
The analysis area includes cities and municipalities located in the Upper Silesian Agglomeration. In the characteristic way for this region of Poland, individual local government units
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form a single entity showing the socio-economic impact between them. Depending on the
sources, the number of cities in the agglomeration varies significantly. According to the Central
Statistical Office, 19 cities are included in the Upper Silesian Agglomeration, and the number
of inhabitants is over 2 million [Statistics Poland]. Table 1 shows the cities (together with the
population) belonging to the agglomeration.
Table 1. Cities included in the Upper Silesian Agglomeration with their population
[Statistics Poland]
No.

City

Population [thous.]

1

Katowice

301,8

2

Sosnowiec

209,3

3

Gliwice

184,4

4

Zabrze

177,2

5

Bytom

172,3

6

Ruda Śląska

141,9

7

Tychy

128,6

8

Dąbrowa Górnicza

123,3

9

Chorzów

111,2

10

Jaworzno

94,3

11

Mysłowice

75,1

12

Siemianowice Śląskie

69,6

13

Tarnowskie Góry

60,9

14

Piekary Śląskie

54,2

15

Będzin

58,4

16

Świętochłowice

52,4

17

Knurów

39,3

18

Mikołów

39,6

19

Czeladź

33,6

Σ

-

2127,4

Source: Statistics Poland.

In Katowice, which is the seat of the Silesian Voivodship and the Metropolis, there are
many offices of administrative, industrial, scientific and trade institutions. At the same time,
the city is the largest urban area in terms of population in the agglomeration. It is also the main
transport hub. All the regional railway lines start or have routes running through the main
station located in the centre of the city of Katowice, which is also the main interchange point
in the agglomeration. The population of the agglomeration cities served as one of the criteria
for the selection of survey points. The research was carried out in the cities with a population
of more than or equal to 100,000.
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2.2. Status of railway passenger connections
In the Upper Silesian Agglomeration, railway passenger connections are carried out by
“PKP Intercity”, “Przewozy Regionalne” and “Koleje Śląskie.” The last company is owned by
the local government of the Silesian Voivodeship and implements all the connections in this
area. “Przewozy Regionalne” performs inter-voivodeships connections, i.e. those whose routes
cross the border of the voivodeship. “PKP Intercity” realizes long-distance connections. Table
2 shows the existing connections running through the main stations in the agglomeration.
Table 2. Rail lines of a chosen station in the Upper Silesian Agglomeration
[PKP Polskie Linie Kolejowe]
City / Station
Katowice

Gliwice

Sosnowiec

Bytom
Tychy

Rail company

Category of rail connection

Main destination

PKP Intercity

EIP, EIC, IC, TLK

Warszawa, Kraków, Wrocław, Poznań, Gdańsk,
Bielsko-Biała

Przewozy Regionalne

REGIO

Kielce, Kraków, Rzeszów, Rybnik

Koleje Śląskie

Osobowy

Bielsko-Biała, Bytom, Częstochowa, Gliwice, Lubliniec,
Tychy

PKP Intercity

EIP, EIC, IC, TLK

Warszawa, Kraków, Wrocław, Poznań, Gdańsk

Przewozy Regionalne

REGIO

Kędzierzyn-Koźle, Nysa, Opole

Koleje Śląskie

Osobowy

Częstochowa, Katowice

PKP Intercity

EIP, EIC, IC, TLK

Warszawa, Wrocław, Poznań, Gdańsk

Przewozy Regionalne

REGIO

Kielce

Koleje Śląskie

Osobowy

Częstochowa, Gliwice, Częstochowa, Tychy

PKP Intercity

IC, TLK

Poznań, Wrocław, Katowice

Koleje Śląskie

Osobowy

Katowice, Lubliniec

PKP Intercity

EIP, EIC, IC, TLK

Warszawa, Gdańsk, Katowice, Bielsko-Biała

Koleje Śląskie

Osobowy

Bielsko-Biała, Katowice, Sosnowiec, Wisła, Zwardoń

Source: PKP Polskie Linie Kolejowe.

2.3. Public transport organizers
The organization of public transport plays an important role in the functioning of the
Upper Silesian Agglomeration area. This task was entrusted to four organizers. These are
“KZK GOP”, “MZK Tychy”, “MZKP Tarnowskie Góry” and “PKM Jaworzno”. “KZK GOP” is
the largest organizer of public transport in the agglomeration. The “KZK GOP” organization
system has been implemented in 25 communes, which are located in the central part of the
agglomeration. The union is responsible for the operation of 29 tram lines and about 300 bus
lines. “MZKP Tarnowskie Góry” is an administrative unit that organizes public collective
transport in 10 communes located in the northern part of the agglomeration. On the basis of an
agreement with “KZK GOP”, a common ticket tariff applies. “MZK Tychy” is the unit providing
the organization of public transport mainly in the city of Tychy. However, “MZK Tychy” also
operates in 16 other communes, which decided on an agreement related to the organization
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of public transport in their area. The unit also organizes connection lines to communes that
do not participate in the costs of their operation. Such communes are, for example, Katowice
or Gliwice. The last organizer is “PKM Jaworzno”. It is the only administrative unit in the
agglomeration that organizes and provides transport services at the same time. It operates
mainly in the city of Jaworzno. However, the transport system of the city of Jaworzno includes
public transport lines that run through the surrounding cities and communes. Among the
listed organizers, full tariff integration functions only between “KZK GOP” and “MZKP Tarnowskie Góry”. The organizational tasks of these units will be taken over by the Metropolitan
Transport Authority, which will associate all the communes included in the Metropolis. The
exception is the city of Jaworzno, which gave up being a part of the metropolis.

3. Analysis of the passenger flow
3.1. Forecast number of trips
The forecast numbers of trips on designated connection routes is an important element
determining the legitimacy of the building of the Fast Agglomeration Railway. The specified
forecast allowed directional orientation of the travel destinations, resulting primarily from
the central character of the city of Katowice, to which the forecast connection routes were
designated. To make the forecasts, data on the number of journeys received from individual
organizers of public transport, excluding railway companies, was used [KZK GOP, MZK
Tychy, PKM Jaworzno]. The data refers to the period from 2010 to 2016. In 2017, no vehicle
capacity tests were performed. The forecast connection routes have been selected on the basis
of the relationship between the reference points and the occurrence of the connection by the
railway line. If there is no infrastructure and railway connections between the selected reference points, forecast was not made. The point of reference is the area in which the stops and
stations form a transfer node. Table 3 shows the matrix of the connections between selected
cities for which the forecasts were made. The plus sign means the occurrence of direct connections between the cities.
Table 3. Matrix of connections between the chosen cities.
from \ to

Ruda
Śląska

Bytom

+

+

+

+

+

-

+

+

-

-
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-
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+
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+

+

-

+

-

-

+

+

-

+

+

-

-

-

+

+

-

-

-

-

+

+

-

+

-

+

+

-

+

+

+

-

+

+

+

+

-

-

-

+

-

+

-

-

Gliwice

Zabrze

Gliwice

-

Zabrze

+

Ruda Śląska

+

Bytom

+

-

Chorzów

+

+

Katowice

+

+

Tychy

-

-

Chorzów Katowice

Tychy

Sosnowiec

Dąbrowa
Górnicza

Jaworzno
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from \ to

Gliwice

Zabrze

Ruda
Śląska

Bytom
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Source: KZK GOP, MZK Tychy, PKM Jaworzno.

For all these connections, forecasts of the number of journeys were made using the moving
trend method. The method allows isolating the development trend of the forecast variable,
which in this case is the number of journeys. The example of the city of Gliwice presents
a graphical summary of the results obtained. Figure 1 shows the forecast numbers of trips
for 2018 and 2019.
Figure 1. Diagram of the forecast number of trips for Gliwice.
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Gliwice–Zabrze

14

Gliwice–Ruda Śląska

12

Number of trips [mln]

Gliwice–Bytom
10

Gliwice–Chorzów

8

Gliwice–Katowice

6

4

2

0

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Years

Source: Lach, 2017.

The chart shows that the most journeys were made in the Gliwice – Zabrze connection.
On the other hand, the smallest number of trips was recorded for the connection Gliwice
– Bytom. A large number of journeys in the connections from Gliwice to Katowice, Zabrze,
Ruda Śląska and Chorzów may indicate the necessity of establishing an integrated agglomeration system with other means of transport.
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3.2. Survey research
Another important element in the analysis of the construct of the agglomeration rail is the
survey research, which was carried out at selected points of the Upper Silesian Agglomeration.
Similarly to work [Sierpiński, 2012, pp. 93–106], the main criterion for selecting individual
measurement points was the number of inhabitants. In the survey research there were selected
cities with a population of over 100,000. The next criterion was the number of passengers using
individual public transport stops. The surveys were carried out in the spring of 2017. A total
of 668 surveys were collected. A detailed description of the research is presented in [Lach,
2017]. Table 4 presents the list of measurement points in which the tests were carried out.
Table 4. Points of the survey research.
City
Gliwice

Name of the measuring point

Date of measurement

Number of surveys

Dworzec Kolejowy (platforms)

21.03.2017 (od godziny 7:00, szczyt poranny)

42

Plac Piastów

21.03.2017 (od godziny 13:00, szczyt popołudniowy)

30

Dworzec Kolejowy

22.03.2017 (od godziny 13:00, szczyt popołudniowy)

23

Goethego (all platforms)

22.03.2017 (od godziny 13:00, szczyt popołudniowy)

30

Ruda Chebzie

24.03.2017 (od godziny 7:00, szczyt poranny)

21

Chebzie Pętla

24.03.2017 (od godziny 13:00, szczyt popołudniowy)

25

Dworzec Kolejowy

29.03.2017 (od godziny 13:00, szczyt popołudniowy)

20

Dworzec Autobusowy

29.03.2017 (od godziny 13:00, szczyt popołudniowy)

40

Plac Sikorskiego

29.03.2017 (od godziny 13:00, szczyt popołudniowy)

38

Rynek

4.04.2017 (od godziny 7:00, szczyt poranny)

32

Chorzów Batory (kolejowy,
autobusowy i tramwajowy)

4.04.2017 (od godziny 13:00, szczyt popołudniowy)

20

Rynek

31.03.2017 (od godziny 7:00, szczyt poranny)

42

Aleja Korfantego

5.04.2017 (od godziny 13:00, szczyt popołudniowy)

34

ul. Piotra Skargi

5.04.2017 (od godziny 13:00, szczyt popołudniowy)

32

Dworzec (podziemny dworzec
autobusowy)

7.04.2017 (od godziny 7:00, szczyt poranny)

33

Dworzec (perony kolejowe)

7.04.2017 (od godziny 13:00, szczyt popołudniowy)

33

Plac Wolności

12.04.2017 (od godziny 13:00, szczyt popołudniowy)

34

Dworzec Komunikacji Miejskiej 19.04.2017 (od godziny 13:00, szczyt popołudniowy)

30

Dworzec kolejowy (perony
kolejowe)

21.04.2017 (od godziny 7:00, szczyt poranny)

20

Dworzec PKP (przystanki
autobusowe i tramwajowe)

26.04.2017 (od godziny 13:00, szczyt popołudniowy)

25

Dworzec PKP (perony)

28.04.2017 (od godziny 7:00, szczyt poranny)

30

Dąbrowa Górnicza

Centrum

28.04.2017 (od godziny 13:00, szczyt popołudniowy)

-

-

Σ

Zabrze
Ruda Śląska
Bytom

Chorzów

Katowice

Tychy

Sosnowiec

Source: Lach, 2017.

34
668
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The main purpose of the survey was to collect information about the source and destination of the trip. The analysis does not include trips whose purpose was outside of the Upper
Silesian Agglomeration. There were a total of 44 such journeys. That is, 93% of the respondents
traveled within the agglomeration. Table 5 shows the number of trips in specific connections
based on the surveys.
Table 5. Matrix of the number of trips from the survey research.
Gliwice

Zabrze

Ruda
Śląska

Katowice Sosnowiec

Bytom

Chorzów

Dąbrowa
Górnicza

Jaworzno

Tychy

Gliwice

14

6

2

35

6

0

0

0

0

0

Zabrze

5

15

2

15

7

1

3

1

0

0

Ruda Śląska

5

2

10

18

5

4

0

2

0

0

Katowice

6

0

0

100

12

12

7

6

10

9

Sosnowiec

6

3

0

15

13

0

1

3

0

3

Bytom

0

6

7

21

5

25

12

0

0

0

Chorzów

8

5

0

21

4

2

7

0

0

0

Dąbrowa Górnicza

0

0

0

7

4

0

0

14

0

0

Jaworzno

0

0

0

0

0

0

0

0

0

0

Tychy

0

0

0

19

3

0

0

0

0

21

Source: Lach, 2017.

The analysis shows that a large number of trips had their destination in the city of Katowice.
This confirms the fact of the leading role of this city. The obtained results were compared with
the forecast numbers of trips. It was confirmed that the agglomeration railway lines should
be delimited in such a way that their routes pass through the city of Katowice. It should be
noted that a large part of the journeys were made within the administrative boundaries of
individual cities. Most of such trips were registered in Katowice. However, such a figure may
also be caused by a large number of measuring points located in its area.

4. The concept of the Agglomeration Railway System
in the Upper Silesian Conurbation
The concept of constructing of the Agglomeration Railway System in the Upper Silesian
Conurbation was preceded by surveys verifying the transport preferences of its inhabitants.
Based on the results of this research and the inventory of the existing Public Transport connections, individual connection lines of the agglomeration rail with the frequency of running
trains have been prepared. Figure 2 presents the proposed scheme of connections of the
agglomeration railway of the Upper Silesia conurbation.
The figure shows that the concept contains the idea of creating three connectionlines
marked successively S1, S4 and S8. The line designations come from the previous numbering
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of regional trains of the Koleje Śląskie company running on given routes. Table 6 presents
proposals for frequency of running trains on individual lines.
Figure 2. Network of the Agglomeration Railway System.

Source: Lach, 2017.

Table 6. Frequencies of the Agglomeration Railway System trains.
Name of line

Connection

Frequency of trains during
rush hours

Frequency of trains without
rush hours
30 min

S1

Gliwice – Sosnowiec

30 min

Sosnowiec – Dąbrowa Górnicza

30 min

60 min

S4

Tychy Lodowisko – Katowice

30 min

60 min

Katowice – Jaworzno Szczakowa

60 min

60 min

S8

Katowice – Bytom

15 min

30 min

Source: Lach, 2017.

In connection with the possible introduction of trains from the Agglomeration Railway
System, the routes of some regional trains of the Koleje Śląskie company must be changed or
included in the said system.

5. Summary
The following conclusions were drawn on the basis of the analyses:
• the potential of the regional rail is not sufficiently used in the Upper Silesian Agglomeration;
• the tariff integration system should take into account all the public transport organizers;
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• the forecast number of trips shows that there is a tendency of an increase in the number
of passengers using public transport;
• to meet the growing number of passengers, the agglomeration rail system should be
integrated with other organizers;
• the agglomeration railway should become the core of the agglomeration transport system;
• the agglomeration rail system may be a huge competition for individual transport, which
in turn may lead to a reduction in the number of passenger cars in the agglomeration’s
road network;
• the results of the surveys carried out confirm the superior character of the city of Katowice
throughout the Upper Silesian Agglomeration;
• in the further analysis there should be obtained more information about passenger journeys;
• continuous research of passenger flows in public transport vehicles help in immediate
response to changes occurring in transport preferences of the residents;
• the proposed concept assumes the introduction of three main lines: S1 from Gliwice
to Dąbrowa Górnicza with the frequency of 30 min, S4 from Tychy Lodowisko to Jaworzno
Szczakowa with the frequency of 30 min, S8 from Katowice to Bytom with the frequency
of 15 min. The given frequencies of operations apply only for rush hours.
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of the EU Goals to Combat Climate Changes
and to Reduce Greenhouse Gases Emissions
A bstract
One of the priorities of the “Europe 2020” strategy is to combat climate change and to reduce greenhouse gases (GHG) emissions. The key elements for the climate policy framework for the European
Commission for 2020 are as follows: (1) reducing GHG emissions by 40% in comparison to the level
in 1990; (2) increasing the share of renewable energy in the use of final energy to 27%; (3) increasing
the energetic efficiency by 27%. Those are ambitious goals which will require the Member States
to increase their efforts in all the sectors of the economy. In 2015 the GHG emissions in the EU
fell by 23.7% in comparison to the level in 1990. All the sectors, apart from the transport sector
contributed to the emission reduction in the years 1990–2015. The transport emission increased
by 13.3% in that period in comparison to the year 1990, which is particularly worrisome. This is
important because the fuels use in the transport sector contributed to approximately 20% of all
the GHG emissions in the EU in 2015. The article presents the factors and the tools which significantly affect the achievement of the goals set in the Green Paper: a 2030 framework for energy and
climate policies, which concern the transport sector and the indicated guidelines and instruments
supporting them. The road transport will be extensively analysed as it is the transport mode which
shows an extraordinary growth tendency and it is a vital barrier in the achievement of the goals
set in the area of “Climate change and GHG emission reduction”. The article presents the results
of the research, which show the impact of various identified tools on the achievement of the three
priorities of the climate policy. The multivariate analysis of variance (MANOVA) was used, in which
the dependent variables were: the GHG emission levels, the use of renewable energy and the energy
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intensity of transport. The results were calculated based on the data from 28 Member States and
the model was verified.
Keywords: transport, sustainable development, transport policy, GHGs, energy efficiency, alternative fuels.
JEL Classification Codes: Q28, Q58, R41

1. Introduction
Climate change is one of the greatest challenges facing the worldwide economy [OJ L
282/2016].The stake is the future of social welfare. This fact was recognized by the international
community in Paris in December 2015, where an agreement on climate change was reached
[EC, 2015]. The agreement sets out a global action plan to put the world on track to avoid
dangerous climate change. Governments agreed on a long-term goal of keeping the increase
in the global average temperature to well below 2°C above pre-industrial levels. The Paris
Agreement showed that moving to a modern and low-carbon society is not just indispensable,
but also now possible and individual countries as well as their unions should undertake the
actions in all sectors to receive these goals.
The transport sector makes a huge contribution to the economy, to employment and
to the mobility of citizens. In the case of the European Union (EU) the transport and storage
sector employ more than 11 million people in the EU, more than 5% of the total employment
and generates almost 5% of the EU’s GDP. It accounts for about 20% of exports to the EU’s
main trading partners [EC, 2017]. It should also have in mind that transport activity causes
significant external costs.
According to the International Transport Forum (ITF) report [OECD/ITF, 2017] current
and foreseeable policies to mitigate carbon-dioxide (CO2) emissions from global transport
activity will not suffice to achieve the international community’s climate ambitions. A key
factor for the difficulty in reducing transport CO2 emissions over the long run is shifting global
trade patterns. As trade moves to the regions with a lack of rail or waterway infrastructure,
greenhouse gas emissions from road freight will almost double. Another challenge is urban
mobility. According to the ITF’s analysis, the private car use in cities is set to double by 2050,
as fast-growing emerging economies meet mobility demand. As stated in the ITF’s baseline
scenario, emissions form transport activities will increase by 60% by 2050 [OECD/ITF, 2017].
Emissions from freight transport will increase most and represent half of all emissions in 2050.
This alarming evolution takes place despite the large expected gains in energy efficiency. Indeed,
the average CO2 intensity of transport will decrease significantly between 2015 and 2050. In
the baseline scenario, passenger travel will emit 60 g of CO2 per passenger-kilometre in 2050
on average, compared to 100 g in 2015. Similar improvements occur for the freight sector.
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However, because of the expected strong growth in transport demand, this is far from sufficient
to stop the growth in emissions, let alone reversing the trend [EEA, 2018]. CO2 emissions are
growing in almost all sectors but in the road transport sector, both freight and passenger, the
situation is worse. The growth of more than 70% between 2015 and 2050 is predicted.
According to the EEA’s report [EEA, 2017] in 2015, the transport sector contributed
25.8% of the total EU-28 greenhouse gas emissions (GHGs). This figure decreases to 21%
if international aviation and maritime emissions are excluded. Emissions from transport
in 2015 were 23% above the 1990 levels despite a decline between 2008 and 2013. Emissions
increased by almost 2% compared with 2014. International aviation experienced the largest
percentage increase in greenhouse gas emissions over the 1990 levels (+105%), followed by
international shipping (+22%) and road transport (+19%). Road transport contributes about
one-fifth of the EU’s total emissions of carbon dioxide (CO2), the main greenhouse gas. While
these emissions fell by 3.3% in 2012, they are still 20.5% higher than in 1990.
Emissions need to fall by around two thirds by 2050, compared with the 1990 levels,
in order to meet the long-term 60% greenhouse gas emission reduction target as set out in the
Transport White Paper [2011].
The goal of the article is to assess the trend of the changes in the aforementioned indicators and also to determine whether the use of various instruments have had an effect on the
dynamics of these changes.

2. The European Union’s Climate and Energy Policy Framework
for 2030 and 2050
The European Union has established a clear framework for the policy regarding the energy
and climate by 2020. This framework integrates various political goals, such as a decrease
in the greenhouse gas emissions, securing the energy supplies and promoting growth and
competitiveness of the EU. In 2010, the European Commission proposed the Europe 2020
Strategy which was launched as the EU’s strategy for smart, sustainable and inclusive growth
[EC, 2010].
This strategy has begun a new chapter in the history of the EU. It has substituted the Lisbon
strategy which was applied since 2010, but which proved to be inappropriate for the challenges
of modern Europe [Pawłowska, 2013]. The 2007 crisis showed the structural weaknesses of the
European economy and, in many areas, cancelled the results of many years of effort towards
economic and social growth.
The main aim of the Europe 2020 Strategy was to improve the EU’s competitiveness while
maintaining its social market economy model and improving significantly its resource efficiency.
As an effect of the Strategy a new economy should arise. An economy based on knowledge,
low-emission, promoting environmentally friendly technologies, resource efficient, creating
a new “green” working environment while also caring about social integrity [Pawłowska, 2015].
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The three priorities set in the strategy focus on intelligent, sustainable and socially inclusive
growth. These goals are related and create a coherent picture of the European social economy
in the 21st century. Seven main initiatives were attributed to the priorities. They are shown
in Figure 1.
Figure 1. Key initiatives in relation to the Europe 2020 priorities
Innovation Union
Smart growth

Youth on the move

Digital agenda for Europe
Resource efﬁcient Europe
Sustainable growth
An industrial policy for the
globalisation era

An agenda for new skills and jobs
Inclusive growth
European platform against
poverty
Source: Koźlak et al., 2013.

The analysis of the priorities and key initiatives lead to a conclusion that the activities helpful
in the achievement of the first pillar goals are: ‘Digital agenda for Europe’, ‘Innovation Union’
and ‘Youth on the move’. Macroeconomic studies which have been carried out for years show
that in the developed countries, 80% of the economic growth can be attributed to innovations.
Rational resource use is one of the next crucial goals regarding the environment protection
and economic growth. An efficient use of resources increases the competitiveness and allows
creating new jobs while protecting natural resources. Therefore, it strongly correlates with
the EU’s climate and energy policy. Currently, the use of energy has a significant effect on
the competitiveness of the European economy. A transition into a more efficient resource
use and a low-emission economy are the keys to the fulfilment of the second pillar goals. The
third pillar focuses on combating poverty and promoting initiatives for new jobs creation
and unemployment decrease.
A transition into a low-emission, resource-efficient economy requires vast changes in the
areas of: technology, energy sources, management strategies, finances and social behaviour.
The Paris climate agreement leads to possibilities of economic transformation and growth,
an increase in employment and fulfilment of the sustainable growth goals. [OJ L 282/2016].
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The main EU goals regarding the climate and energy have been declared in the climate-energy package by 2020 [EC, 2008] and also in the climate-energy policy by 2030 [Green Paper,
2013].These goals are meant to determine the directions of the EU economic transformation
by 2050 according to the plan of transitioning into a low-emission economy. The 2020 package
is a set of binding legislation to ensure the EU meets its climate and energy targets for the year
2020. The package sets three key targets:
• 20% cut in greenhouse gas emissions (from the 1990 levels);
• 20% of the EU’s energy from renewables;
• 20% improvement in energy efficiency.
The European Commission presented the policy framework for the climate and energy
by 2030 in the Green Paper [2013].The new goals and instruments for increasing the competitiveness and security are presented in the document. They are also supposed to balance
the Union’s economy and energy system. These goals include a reduction in greenhouse gas
emissions and a higher consumption of energy from renewable sources. New management
systems and new efficiency indicators are presented as well.
The EU needs a radical change to outline a credible, long-term vision for the future of
renewable energy, based on the existing instruments. Europe has two main goals in terms of
energy technologies: reducing the cost of clean energy and achieving a leading position by
the European industry in the fast-growing low-carbon technology sector. The Union has set
energy and climate targets that should be met by 2020, 2030 and 2050. Table 1 presents these
goals by 2050.
Table 1. EU targets for achieving low carbon economy by 2050
Targets
Reducing GHGs emissions

By 2020

By 2030

By 2050

by at least 20%
compared to 1990

by 40%

80–95%

–20%

27%

by 20%

by 27–30%

Share of renewable energy in overall consumption
Improving the energy efficiency
The amount of energy in interconnections – i.e. the percentage
of electricity generated in the EU and sent to other EU countries

15%

Source: the authors’ own study based on the EU’s strategic documents.

The framework for 2030 must be sufficiently ambitious to ensure that the EU is on track
to meet the longer-term climate objectives in 2050. It should take into account the changes
which have happened in all areas of economic and social life and it must identify how best
to maximise synergies and deal with trade-offs between the objectives of competitiveness,
security of energy supply and sustainability.
The framework should also take into account the longer-term perspective which the
Commission laid out in 2011 in the Roadmap for moving to a competitive low carbon economy in 2050 [EC, 2011a], the Energy Roadmap 2050 [EC, 2011b], and the Transport White
Paper [2011]. The 2013 EU strategy on adaptation to climate change aims at making Europe
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more climate resilient [EC, 2013]. It promotes adaptation actions across the EU, ensuring
that adaptation considerations are addressed in all the relevant EU policies (mainstreaming),
promoting greater coordination, coherence and information-sharing. The main elements of
the Strategy concerning transport activity are:
• increasing the efficiency of the transport system by making the most of digital technologies;
• smart pricing and further encouraging the shift to lower emission transport modes;
• speeding up the deployment of low-emission alternative energy for transport, such as
advanced biofuels, renewable electricity and renewable synthetic fuels and removing
obstacles to the electrification of transport;
• moving towards zero-emission vehicles; while further improvements to the internal combustion engine will be needed, Europe needs to accelerate the transition towards low- and
zero-emission vehicles.
The document presented, among others:
• an obligation to further reduce the greenhouse gas emissions (lowering them by 40%
in comparison to the 1990 level by 2030);
• a goal stating that at least 27% of the used energy should come from renewable sources;
the Member States will be allowed to set their individual goals;
• a tendency to improve the energetic efficiency due to potential changes in the directive
on energetic efficiency;
• a reform of the Union’s emission certificates trade system, so that it includes the market
stability reserve;
• key indicators (regarding the energy prices, the energy source diversification, the intersystem connections between the Member States and the technology development), which
allow measuring the advancements in creating a more competitive, secure and sustainable
energy system;
• a new framework for the reporting system used by the Member States based on the national
plans, which are coordinated and reviewed at the level of the EU.

3. Review of the EU’s climate policy activities’ effects
The analysis of the three aforementioned areas: the transport GHG emissions, the consumption of the final energy in the transport sector and the share of alternative fuels in the
transport sectors leads to a number of conclusions. Transportation is responsible for nearly
a fourth of all the GHG emissions in Europe and is the main cause for the decline in the air
quality in the cities, which is a severe public health danger. The road transport itself is responsible for nearly a fifth of all the pollution in the EU.
In 2015, road transport was responsible for 72.9% of total greenhouse gas emissions from
transport (including aviation and international shipping). Of these emissions, 44.5% were contributed by passenger cars, while 18.9% came from heavy-duty vehicles and buses (Figure 2).
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Figure 2. Share of transport GHG emissions in 2015

Source: EEA, 2018.

The attention should be put on fact that as a result of a significant rise in passenger-kilometre and tonne-kilometre demand, greenhouse gas emissions from international aviation
more than doubled from the 1990 levels (105%), followed by international shipping (22%)
and road transport (19%). Emissions from transport (including aviation but excluding international shipping) in 2015 were 23% above the 1990 levels despite a decline between 2008
and 2013. Emissions increased by almost 2% compared with 2014 [TERM002/EEA, 2018].
To gain the EU’s target, emissions need to fall by around two thirds by 2050, compared
with the 1990 levels, in order to meet the long-term 60% greenhouse gas emission reduction
target as set out in the 2011 Transport White Paper. Figure 3presents the changes observed
in the Member Statesin the period 1990–2015.
The transport GHG emissions vary significantly across different EU countries. The highest
increase in emissions (an increase of over 100%) happened in the Czech Republic, Ireland,
Poland and Slovenia. In five Member States the situation has improved, including a nearly
a 14% drop in emissions in Lithuania and a 0.25% drop in Finland. This tendency shows the
need for a stronger support for the technology and driving changes in the road transport.
In the area of the share of alternative fuels in the energy consumption the EU Member
States have national targets detailing how they propose to comply with the overall target
of a 10% share of renewable energy supply in the transport sector by 2020. In this point it
should be pointed out that only biofuels complying with the sustainability criteria under the
EU Renewable Energy Directive [2009/28/EC] are to be counted towards this target. The
most recent data shows that in 2016, 7.1% of the energy consumed in transport is renewable,
compared with 6.6% the year before and 1.4% in 2004, if only those biofuels that met the
sustainability criteria are included.
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Figure 3. Changes in the total greenhouse gas emissions from transport in the 1990–2015
period in individual EU countries

Source: EEA, 2018.

The EU Member States are required to achieve a 10% share in renewable energy by 2020,
for all transport options. At the EU level, the share of energy from renewable sources in transport stood at 7.1% in 2016, Figure 4presents the share of renewable energy in transport in the
Member States in the period 2013–2016.
As it can be noticed in 2016, Sweden (30.3%) and Austria (10.6%) were the only two
Member States to reach the target of using 10% of renewable fuel energy for transport. While
France (8.9%) and Finland (8.4%) were relatively close to achieving the target, most of the
other EU member states were around the half-way point to meeting the 2020 objective. With
a use of less than 3% of energy from renewables in transport, Estonia (0.4%), Croatia (1.3%),
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Greece (1.4%) and Slovenia (1.6%), followed by Cyprus (2.7%) and Latvia (2.8%) were the
furthest from the 10% target.
Figure 4. The share of renewable energy in transport in the EU Member States in 2013–2016

Source: EUROSTAT, 2018.

It is worth underlining that Sweden and Spain had the largest increases in their share of
transport fuel from renewable energy sources between 2015 and 2016, while the use of this
type of energy fell significantly in Finland. Summing up, in general the proportion of renewable
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energy used by the transport sector is growing but remains small. Several reasons lie behind
the slow uptake of renewable fuels across the EU, including: (1) market uncertainty caused
by delays in limiting the risk of greenhouse gas emissions due to indirect land use change; (2)
relatively high abatement costs related to biofuels; and (3) slow progress in the deployment
of second-generation biofuels.
The advancements in the fulfilment of the Union energetic efficiency goals in transport will
be presented based on the report from 2017. The results have been published in the Communication [2017] and it includes information on the progress made by 2015 in order to reach
the 20% goal. This analysis is based on the official European statistics on energy, which is sent
by the Member States to the Eurostat, the analyses conducted by the Joint Research Centre
(JRC) and works within the Odyssee-Mure project..
The goal for the 2020 is to reduce the final energy consumption in the EU to a level below
1 086 Mtoe and the primary energy consumption to a level below 1 483 Mtoe. According
to the data, after a steady energy use decrease in the years 2007–2014, an increase occurred
in 2015, resulting partially from a colder winter and partially from lower fuel prices. The
prime energy consumption decreased significantly after the recession (2009–2015) in almost
all of the Member States which shows that the economic growth can be achieved without an
increased demand for energy. The weather changes are pointed out as the main causes for the
energy use changes in the years 2014–2015. Figure 5shows the data on the energy consumption
in comparison to the GDP.
Figure 5. Trends in final energy consumption compared to EU GDP over the period 1995–2015

* The weather correction factor was calculated as a proportion of heating degree days (HDD) in a given year over the average HDD
in the period 1990–2015. This correction factor was applied to the energy consumption used for space heating of the residential sector.
Source: Odyssee-Mure, 2018.
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If the declining trend observed since 2005 continues in the coming years, the EU should
still be on track to achieve the 2020 target both for primary and final energy consumption.
There is a need to note that the average rate of the decrease in primary energy consumption/
final energy consumption in the 2005–2015 period is higher than the rate of the linear decrease
from 2005 to the 2020 target.
An increase in the economic activity usually leads to an increase in energy consumption.
This was counteracted by energy savings, which in 2015 and 2016 were not high enough
to balance out the effects of an increased economic activity.
In the transport sector the use of final energy in the EU decreased by 3%, from 369 Mtoe
in 2005 to 359 Mtoe in 2015. In 2015, 15 Member States increased their energy consumption
in the sector in comparison to the 2005 level.1 The consupmtion increased significantly (by
over 20% since 2005) in Malta, Poland, Romania, Lithuania and Slovenia. Decreases occurred
in Greece (of 20%) and Spain (of 16%). The use of final energy in the transport sector in the
EU increased by 2% in the years 2014–2015 in all the Member States except four (Germany,
Italy, Luxembourg, Slovenia). The highest increases in the consumption occurred in Bulgaria
(10%), Hungary (8%), Lithuania and Poland (both 5%). This was mostly caused by: the increase
in road transport carriage in 2015, both in the passenger transport (2.2% increase in the
passengerkm) and in the cargo transport (2.8% increase in the tonnekm), a further decrease
in the prices of oil products and a demand increase in the air transport.
The impact of the economic activity on the use of energy is also shown in the analysis
performed in the Odyssee-Mure project: this factor2 ttributed to a growth of 9 Mtoe in 2015,
while the energy saving decreased the consumption by 2 Mtoe and the impact of the modal
switch was negligible (Figure 6, where energy savings are presented according to the Oddysee-Mure project).
The data presented in Figure 6shows an energy efficiency improvement of 1%/year between
2000 and 2015, as measured by the ODEX, which combines the energy efficiency trends of the
different modes of transport. Greater energy efficiency progress was achieved for both cars
and airplanes than in the rest of the sector. A slowdown for trucks and light vehicles has been
visible since 2005, with no more efficiency progress since 2007 because of the economic crisis.
In 2015, energy savings in transport according to the Odyssey database reached around 50
Mtoe at the EU level: without energy efficiency improvement, the energy consumption would
have been higher by 50 Mtoe. A slowdown in energy savings after 2007 is noticed, mainly due
to no more progress for goods transport because of the economic recession.

1 There is a need to exercise caution when comparing data for different Member States, as final energy consumption is calculated on the basis of the amount of fuel sold, not on the basis of the amount of fuel used on the
national territory. In this context, other factors than energy efficiency are involved, for example, the degree to which
a Member State is a transit country for road transport or an air hub.
2 As a result of economic activity, there are changes in the flow of passengers, including air traffic and freight
transport.
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Figure 6. Energy efficiency index by mode (EU)

Source: Sectoral Profile: Transport, [Odyssee-Mure, 2018].

4. The effect of the transport sector activity on the
achievement of the EU’s climate and energy policy goals
The goal of the research on the achievement of the EU’s climate and energy policy goals
is to assess whether the effort which the countries undertake by introducing various pro-ecological instruments is effective. First, the instruments for climate change were identified and
divided into two categories: the instruments used to promote non-conventionally fuelled
vehicles and the instruments used to reduce the transport demand. Then, the authors analysed
how many instruments were introduced by every EU Member State in both categories. Based
on the collected data on the number of instruments of the promotion of non-conventionally
fuelled vehicles and on the number of instruments of the reduction of the transport demand
[Odyssee-Mure, 2018], two dummy variables were constructed:
• prom_ven_Syn1 – representing the total number of instruments introduced in order
to promote non-conventionally fuelled vehicles;
• red_dem_Syn2 – representing the total number of instruments introduced in order
to reduce the transport demand.
Then, a cluster analysis was performed to identify the groups of countries based on their
pro-ecological effort. Cases were grouped into two clusters based on the values of the two
dummy variables (Figure 7). The first cluster groups the countries which generated a higher
pro-ecological effort in terms of both groups of instruments. The differences in the number
of the promotion of non-conventionally fuelled vehicles is not that high (on average 9 for the
first cluster, 3 for the other cluster), but the difference in the number of instruments introduced
in order to reduce the transport demand is significant (on average 59 for the first cluster and
only 13 for the other cluster).
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Figure 7. Results of the cluster analysis – pro-ecological effort
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Source: the authors’ own estimation.

Then, a multivariate analysis of variance was performed to verify if a higher pro-ecological effort of a group of countries provided better results. These results were represented by
three variables:
• SH_AV_DYN (representing the average dynamics of the share of renewable energy in the
use of final energy dynamics of a given country in the analysed period);
• FEC_AV_DYN (representing the average dynamics of energetic efficiency dynamics of
a given country in the analysed period);
• GHG_AV_DYN (representing the average dynamics of the greenhouse gas emissions
dynamics of a given country in the analysed period).
The factor which was taken into account as the basis of the MANOVA was the GROUP
variable which represented to which group the country belonged, based on the results of the
cluster analysis (Figure 8).
The Wilks Lambda parameter resulting from the MANOVA has a level of significance
p = 0.556, which means that none of the analysed variables had a statistically significantly
different average value across the analysed groups. This result is confirmed by the analysis of
the multivariate parameters of the MANOVA (Table 2).
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Figure 8. Results of the multivariate analysis of variance
GROUP; Expected means
Lambda Wilks =.91857, F(3, 24) =.70919, p =.55598
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Source: the authors’ own estimation.

Table 2. Multivariate significance tests for the MANOVA
Multivariate significance tests
Effect
GROUP

Test
Wilks

Value

F

Effect
df

Error
df

p

0.91857

0.70919

3

24

0.555982

Pillai

0.08143

0.70919

3

24

0.555982

Hotelln.

0.08865

0.70919

3

24

0.555982

Roy

0.08865

0.70919

3

24

0.555982

Source: the authors’ own estimation.

These results suggest that the pro-ecological effort which the countries generate, represented by the number of instruments which they use, does not affect the dynamics of the
greenhouse gas emissions, energetic efficiency and the share of renewable energy in the use of
final energy. This could mean that the instruments which are used are ineffective or that they
have radically different effectiveness in different countries, thus, making the sheer number of
instruments used an ineffective predictor.
It is worth mentioning that all the basic conditions of the use of MANOVA are met as
represented by the Levene test results for the homogeneity of the variance (Table 3) and by
the analysis of the normal distribution.
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Table 3. Verification of the MANOVA conditions
Levene test for the homogeneity of the variance
MS Effect

MS Error

F

p

SH_AV_DYN

6.826056

4.186124

1.630639

0.212902

FEC_AV_DYN

0.007937

0.006779

1.170874

0.289156

GHG_AV_DYN

0.006556

0.003994

1.641410

0.211442

Source: the authors’ own estimation.

Regardless of the effectiveness of the particular measures, a panel data regression model was
analysed to predict the tendency of the development of the three factors: the share of renewable
energy, the greenhouse gas emissions and the energetic efficiency. First, the Breusch-Pagan
Lagrangian multiplier test for random effects was performed to determine whether the effects
are fixed or random within different countries. The results of the test (significance level lower
than 0.05) indicate that the panel regression should be constructed based on the assumption
that the dynamics of the three factors are significantly different across different countries and
should be treated as a fixed effect (Figure 9).
Figure 9. Breusch-Pagan Lagrangian multiplier test for random effects
SH[NR,t] = Xb + u[NR] + e[NR,t]
Estimated results:
SH
e
u
Test:

Var(u) = 0

Var

sd = sqrt(Var)

13.47856
4.528017
7.436543
chibar2(01) =
Prob > chibar2 =

3.671316
2.127914
2.727003
379.39
0.0000

Source: the authors’ own estimation.

Three panel regression models were generated with the assumption of the fixed effects.
The following models show the changes in, appropriately: the share of renewable energy (Figure 10), energetic efficiency (Figure 11) and greenhouse gas emissions (Figure 12).
All of the analysed models are statistically significant, proved by the F and t tests for the
significance of variables. The panel data models show the following results:
• on average, every year the share of renewable energy increases by 0.51%;
• every year the energetic efficiency increases as represented by an average decrease of
132.1 units;
• on average, every year the greenhouse gas emissions decrease by 412.91 units.
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Figure 10. Share of renewable energy panel data model
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Source: the authors’ own estimation.

Figure 11. Energetic efficiency panel data model
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Source: the authors’ own estimation

Figure 12. Greenhouse gas emissions panel data model
GHG
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Source: the authors’ own estimation

It is worth mentioning that despite the fact that the intensity of the use of various instruments promoting pro-ecological behaviour does not affect the results measured in the form
of the three analysed factors, the overall tendency is positive as all the indicators show a trend
in the direction called for by the European Union.
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5. Summary
Two separate clusters of the Member States can be identified based on a given country’s
pro-ecological effort. However, the intensity of the pro-ecological effort measured by the number of instruments used to promote non-conventionally fuelled vehicles and instruments used
to reduce the transport demand does not determine the changes in three main indicators of the
climate change. This leads to a conclusion that despite the fact that transport is one of the main
determinants of the climate change, the instruments used to promote more ecological transport
and to reduce transport demand are not effective enough. Regardless of that, the panel regression
models allow predicting that the overall changes of the climate are going in the direction indicated by the policy framework. Further research is needed into the efficiency and effectiveness
of the transport policy instruments used. It is also important to examine the mutual impact of
the instruments in various categories and their interaction with the achieved results. It should
be stressed that the usage of package-mix would allow obtaining a synergistic effect in achieving
the goals, especially if the tools of the different category of instruments are used.
As we look at Poland, according to country profile conducted within the Odyssee-Mure
project [Odyssee-Mure, 2018], we can note that final energy consumption in Poland increased
by 0.8%/year from 2000 reaching 64 Mtoe in 2015. The biggest consumer was the household
sector, whose share amounted to 32% in 2015, followed by transport with 27% share. The highest
consumption in transport was achieved by cars (representing 47% of the sector’s consumption
in 2015) followed by trucks (40% share in 2015 in comparison with 32% in 2000). The share
of air transport remained unchanged (4%). Bus transport represented 7% of the consumption
and 0.3% for motorcycles in 2015. Transport energy consumption has almost doubled since
2000 mainly driven by the effect of the growth in traffic (for passengers and goods) and the
modal shift from public vehicles to private cars and from trains to roads in the case of goods.
Energy savings (4.1 Mtoe) counterbalanced partially the effect of these two factors. Energy
efficiency in Poland improved by 2.2%/year over the period 2000–2015. Energy efficiency
of transport improved by 1.2%/per year until 2010, with an acceleration since (3.3% /year).
When analyzing the measures/instruments used in Poland supporting the climate policy objectives, it should be noted that they mainly focus on the level of national and local
authorities. They concern subsidizing solutions that increase energy efficiency (for instance:
for energy efficient vehicles or clean vehicles, as well as bio-fueled/electric/LPG/natural gas
vehicles) and fiscal instruments that make taxes dependent on the energy efficiency of vehicles. Information/education/training and infrastructure can be mentioned as other categories.
As examples of such instruments, “Development of Intelligent Transportation Systems” or
“Traffic management system and transport of goods optimization” could be mentioned. In
both cases, the programmes aim to reduce final energy consumption. Unfortunately, in the
case of Poland, single actions are taken. The lack of a systemic approach reduces the efficiency
and effectiveness of these tools.

96

Barbara Pawłowska, Michał Suchanek

References
1. EC, 2008, Communication from the Commission: 20 20 by 2020 – Europe’s climate change
opportunity, COM (2008) 30, final.
2. EC, 2010, Communication from the Commission, Europe 2020, A strategy for smart, sustainable and inclusive growth, COM (2010) 2020.
3. EC, 2011a, Communication from the Commission to the European Parliament, the Council,
the European Economic and Social Committee and the Committee of the Regions, A Roadmap
for moving to a competitive low carbon economy in 2050 COM (2011) 112 final.
4. EC, 2011b, Communication from the Commission to the European Parliament, the Council,
the European Economic and Social Committee and the Committee of the Regions, Energy
Roadmap 2050, COM (2011) 0885 final.
5. EC, 2013, Communication, An EU Strategy on Adaptation to Climate Change, COM (2013)
216, final.
6. EC, 2015, Energy Union Package, Communication from the Commission to the European
Parliament and the Council, The Paris Protocol – A blueprint for tackling global climate
change beyond 2020, COM (2015) 81 final.
7. EC, 2017, Communication from the Commission to the European Parliament, the Council, the
European Economic and Social Committee and the Committee of The Regions Delivering on
low-emission mobility. A European Union that protects the planet, empowers its consumers
and defends its industry and workers, COM/2017/0675 final.
8. EEA, 2017, Analysis of key trends and drivers in greenhouse, gas emissions in the EU between
1990 and 2015, EEA, Report No 8/2017.
9. EEA, 2018, https://www.eea.europa.eu/data-and-maps/indicators/ (accessed: 20.03.2018).
10. EUROSTAT database, 2018, http://ec.europa.eu/eurostat/web/products-eurostat-news/-/
DDN-20180312-1? inheritRedirect=true (accessed: 23.03.2018);
11. Green Paper, 2013, A 2030 framework for climate and energy, COM (2013) 169, final.
12. Koźlak et al., 2013, Koźlak A., Pawłowska B., Borkowski P., Bak M., Burnewicz J., Adamowicz E., A review of EU policy approach to improve international competitiveness in Europe,
Deliverable 4.1. I–C-EU project, Gdańsk.
13. Oddyssey-Mure project, 2018, http://www.indicators.odyssee-mure.eu/decomposition.html
(accessed:12.03.2018).
14. OECD/ITF (2017), ITF Transport Outlook 2017, OECD Publishing, Paris. http://dx.doi.
org/10.1787/9789282108000‑en (accessed: 20.03.2018).
15. OJL 282/2016, Paris Agreement, Brussels 19.10.2016.
16. Pawłowska B., (Ed.), 2016. Infrastruktura transportu a konkurencyjność regionów w Unii
Europejskiej.Gdańsk: Wyd. Uniwersytetu Gdańskiego.
17. Transport White Paper, 2011, Roadmap to a Single European Transport Area – Towards
a competitive and resource efficient transport system, COM/2011/0144 final.

JMFS

Volume XI
•
Issue 33 (September 2018)
pp. 97–115
Warsaw School of Economics
Collegium of Management and Finance

Journal of Management
and Financial Sciences

Martin Smoliner

Institute for Railway Engineering and Transport Economy
Graz University of Technology

Stefan Walter

Department of Transport and Structures
Province of Styria

Stefan Marschnig

Institute for Railway Engineering and Transport Economy
Graz University of Technology

Optimal Coordination of Timetable
and Infrastructure Development
in a Liberalised Railway Market
A bstract
The gradual liberalisation of the European railway market has so far mainly been assessed regarding
its effect on the grade of competition and market access. However, one major impact has not received
much attention yet: the effects of the liberalisation on the joint development of timetables and infrastructure. This is especially crucial for countries that align their railway network according to the
requirements of the Integrated Timetable (ITF). The implementation of the ITF requires a longterm planning process and network-wide cost-intensive infrastructure measures. Contrary to that,
open access traffic can neither be planned in the long-term, nor is it coherent with the ITF. Recent
conflicts show that the assignment of train paths for open access traffic considerably affects the
system of the ITF, calling for significant timetable and/or infrastructure adaptions. For an efficient
and sustainable railway system, a holistic approach is needed allowing for a combination of open
access and the requirements of the ITF.
To derive a suitable methodology the status quo of the ITF-implementation and open access traffic
is analysed in Austria, the Czech Republic and the Netherlands. Based on these findings, three
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options are identified on how open access can be integrated in an ITF-system according to the EU
legislation. Advantages and disadvantages are discussed and finally the optimal procedure in terms
of a sustainable network development is recommended.
Keywords: integrated timetable, long-term infrastructure development, fourth railway package,
liberalisation, public service obligations, open access, self-sustaining operators
JEL–Classification Codes: R; R4; R42; R48

1. Introduction
The liberalisation of the European railway market has already been investigated several
times. Nevertheless, effects on long-term infrastructure development are usually not covered
by the existing studies. This paper presents an evaluation of a sustainable coordination of
timetable and infrastructure development with a focus on passenger transport. In countries
which are implementing the ITF slot allocation for passenger trains is facing tight constraints
due to their strict timetable requirements. The analysis of the European railway market liberalisation [Boston Consulting Group, 2015; IBM Business Consulting Group, 2011, p. 71]
usually covers market entrance conditions. According to the directive 34/2012/EWG, a single
European market should be established, enabling a non-discriminatory train slot allocation
across all railway undertakings. In the long run, this is to create an attractive transport system
for both passenger and freight trains. This study analyses whether the goals of the EU-legislation have already been met. The aim is to present a holistic approach to investigate the joint
development of both timetable and infrastructure in the long-term perspective.

1.1. Problem statement
Figure 1 shows the rail market structure and depicts in which countries (i) tendered or
(ii) directly awarded public service obligations (PSO) or (iii) commercial open access services
are offered. However, the ratio of tendered PSO or open access services to directly awarded
services does not give any information about the crucial topic of timetable and long-term
infrastructure development.
Nevertheless, these aspects are of special interest to policy-makers, as infrastructure development costs billions of taxpayers’ money, especially in countries which align their railway
network according to the requirements of the Integrated Timetable (ITF).
The ITF is perfectly suited for the needs of medium-sized countries that lack the potential
for high-speed trains, but it requires a soundly designed network service. The ITF is based
upon a strict schedule that consists of clearly defined hubs, which are connected by railway
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lines with systematic target riding times. A nationwide implementation of the ITF is a cost-intensive long-term investment and its implementation can take several decades.
Figure 1. Railway market structure 2012

Source: European Parliament, 2016, p. 13.

For example, in Austria all infrastructure measurements are aligned with the principles
of the ITF and the requirements of the target timetable 2025+. The investment volume for
this undertaking amounts to € 40 billion. Ongoing research is evaluating the costs of infrastructure investments in Austria directly dedicated to the ITF. Experts estimate a ratio from
5% up to 25% of the total investment costs.
Not only do infrastructure investments, such as tunnels last for about 150 years, but also
tracks have service lives of more than 30 years. Yet, the length of a PSO contract does usually
not exceed ten years. Moreover, train paths of railway services, especially notable for open
access services, are stable for only one year. Therefore, there is a significant gap between planning horizons of infrastructure design and open access train services. As the latter cannot be
planned in the long-term, there is no possibility for coherent infrastructure development and
measures can only be taken in the short-term perspective. This is placing the risk of inefficiencies and stranded investments on the one hand, or investment backlogs and bottlenecks
on the other hand.

1.2. Objectives
An optimal timetable is given if there is a coherent coordination of the ITF requirements
and long-term timetable and infrastructure development. This study has a different focus than
merely evaluating the status of liberalisation in the investigated countries. This approach covers
the entire railway system and not only the segment of commercial train services. Approaches
to handle the antagonism of the ITF and open access traffic according to the current EU legislation are to be analysed in order to derive a model that fits best the boundary conditions
of the EU legislation, long-term infrastructure development and the ITF.
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1.3. Methodology
This paper is on the one hand based on literature research and on the other hand on
expert interviews. The literature research mainly analyses legal documents like European and
national law, network statements of infrastructure managers and the latest relevant scientific
publications. In addition, timetables, network plans and infrastructure development plans of
the respective infrastructure managers have been investigated. Furthermore, transportation
scientists and traffic consultants in Austria, the Czech Republic and the Netherlands have
been consulted. These expert interviews were based on the five dimensions described below.
The aim of this process is to derive experiences and procedures from the countries inspected
on how to optimise the coordination of timetable and long-term infrastructure development
given both the ITF and commercial open access train services. Consequently, five dimensions
were developed to answer the objectives.

a) How is the railway infrastructure funded?
Railway infrastructure in a liberalised railway market can be considered state funded, since
track access charges by definition only cover marginal costs [Directive 2012/34/EU]. Markups are the first exception to allow for minor additions that may only be charged in market
segments with self-sustaining services. Any form of public service obligations indicates that
there is no market and hence that infrastructure needs to be state-funded.
When transport services are not offered by commercial companies, but must be ordered
by public authorities, there is no market. If there is no market, there cannot be any competition and infrastructure must be developed by the state. According to Directive 34/2012/EU,
the Infrastructure Manager (IM) should allocate network capacity as economically efficient
as possible.
In addition, it should be guaranteed that the allocation of self-sustaining services that
benefit from an open market can be aligned with PSO-services.
Therefore, the first dimension is to evaluate whether the state is (i) bearing the cost for
infrastructure investments and (ii) taking over the long-term service offer design.

b) Which railway undertakings are competing against each other?
While self-sustaining open access freight transport is widely spread across Europe,
self-sustaining passenger transport is of minor relevance. In contrast, the share of private
railway undertakings running PSO-contracts is higher by far. However, PSO-services and
self-sustaining traffic pose completely different challenges to infrastructure development.
RUs running under PSO-contracts usually have quite strict specifications regarding their
timetables. Railway lines with both self-sustaining services and PSO-services challenge
both infrastructure development and management. The situation is easier on lines without
self-sustaining traffic, where the development and management of infrastructure only need
to be coordinated with the public authority.
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This dimension is to define the competitors and whether this competition has an impact
on infrastructure development.

c) What does the conflict resolution process look like?
The allocation of infrastructure capacity inevitably leads to conflicts of identical or overlapping train path requests. Infrastructure managers are obligated by Directive 2012/34/EU
to allocate capacity in a transparent and non-discriminatory way, while guaranteeing an efficient
use of the infrastructure. Most countries seek a consensual solution of conflicts. However,
if conflicts cannot be solved in this process, different procedures have been developed. This
dimension should clarify the criteria used and in which order slots are allocated. This raises
several issues of (i)
– treatment of self-sustaining and PSO services; (ii)
– treatment of international trains; (iii)
– hierarchy of passenger and freight trains; and (iv)
– application of priority criteria or economic algorithms in case of conflicts.

d) What triggers infrastructure measures?
Market accessibility is a matter that needs to be dealt with at the level of train path management and railway undertakings. However, neither the one nor the other is responsible for
demand modelling, the need for network extension or general transport planning [Marschnig,
2016]. Therefore, the question of market accessibility cannot cover macroeconomic issues.
Nevertheless, the question of what triggers infrastructure investments remains unsolved. We
can distinguish two main scenarios. If train paths are planned at the long-term level, longterm infrastructure development is possible. If path allocation is the result of individual path
requests, the result will be a congested infrastructure, which can be solved only by reactive
infrastructure measurements.
The first scenario implies long-term infrastructure development by public authorities. The
second scenario allows the only path allocator and infrastructure manager to plan measures
for capacity enhancements. Once measures have been derived, they need to be forwarded
to the respective authority. This process requires a close cooperation of these separate bodies.
This dimension is to illustrate how and in which form development of railway lines is triggered and how the coordination of timetable and infrastructure development is accomplished.

e) How to handle stranded investments?
The planning, adaption, and building of railway infrastructure is a long-term process on
all stages. Therefore, resources for planning and building are bound for several decades. It has
to be considered that the scope of commercial railway undertakings is limited little more than
a year, sometimes even less. Due to this discrepancy, building infrastructure needs to be done
ahead for predicted traffic, which could imply stranded investments. Contradictory to that,
there is a risk that infrastructure development cannot react upon the needs of the market
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in time. Both scenarios imply cost-intensive impacts on public funds. The sole question of
market accessibility does not cover this issue at all.
The purpose of this dimension is to describe how this difficulty is covered in the context
of a liberalised railway market.

1.4. Approach
To derive a suitable methodology for the status quo of the ITF-implementation and open
access traffic, the five dimensions named are applied to Austria, the Czech Republic and the
Netherlands. Based on the findings, options are identified on how Open Access can be integrated in an ITF system in accordance with the EU legislation. Advantages and disadvantages
are discussed and finally the optimal procedure in terms of sustainable network development
is recommended.

2. Case studies
The questions described before are applied to Austria, the Czech Republic and the Netherlands. The railway system in each of these countries is based on the ITF, while the grades
of liberalisation vary.

2.1. Austria
Ad a)
The Austrian railway infrastructure (renewal, extension, maintenance and reinvestment)
is fully financed by the railway infrastructure manager (IM) which is on most lines ÖBB-Infrastruktur AG, and some minor local IMs. Renewal and extension of the network are funded
by state guaranteed loans or direct state investments. Track operation is partly covered by
track access charges and complemented by state subsidies [Act, 2009/95/ BGBl, art. 63]. While
the IM is required to run the infrastructure on a cost-efficient basis, network alterations are
driven by political considerations.

Ad b)
Access for self-sustaining train operators in passenger services is well established in Austria. According to the liberalisation index, Austria was ranked “advanced” even before the
“Westbahn” RU entered the market [IBM, 2011, p. 50, p. 71]. The mentioned RU started
a commercial train operation on the Wien-Salzburg line in 2011. The former incumbent
ÖBB PV AG is running self-sustaining long-distance trains that serve as a backbone for the
national Integrated Timetable (ITF). Furthermore, in 2017 “RegioJet” started operating on
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the Praha-Wien line (figure 2). There is no public tendering for Public Service Obligations
(PSO) yet, all contracts are directly awarded. The planning of the service offer is done by the
seven regional authorities in cooperation with the federal ministry and its planning affiliate.

Ad c)
Track allocation is carried out by the ÖBB-Infrastruktur AG – Department Netzzugang
and the railway regulator as the highest authority. The latter had to clarify several cases in the
past, two of which are described below. The non-discriminatory allocation is done in several
stages. According to Austrian law, symmetrical integrated train paths are preferred in general,
no matter whether a line is congested or not. In case of congestion, passenger transport is
preferred during peak hours. Finally, trains are ranked according to the importance of the
service for the society. Henceforth, long-term framework agreements are considered.
Figure 2. Self-sustaining services and PSO-services in Austria

Source: the authors’ own material.

Given the infrastructure is not congested, symmetrical train paths are preferred, followed
by framework agreements and thereby international and integrated trains at the same level.
Integrated timetable passenger trains are preferred if they connect three consecutive hubs
[ÖBB-Infrastruktur AG, 2017]. This logic is setting, yet low, a barrier to commercial train
operators entering the market. Long term planning for the tendering authority and railway
undertakings (RUs) is still almost impossible, as framework agreements are of minor importance in the track allocation process.
This situation is shown by two cases:
1. The rule of prioritising connections that serve three consecutive hubs has to be executed
non-discriminatorily. Both the incumbent and Westbahn run a half-hourly interval
each between Vienna and Salzburg at almost the same timeslots, only separated by a few
minutes. As the hub spread time is not defined by a precise time but a loosely defined
frame, both operators are able to meet the requirement to serve three consecutive hubs
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while running at almost the same time. However, either RU can only serve half of the
hub (either toward or from the hub) each, but only the incumbent offers through tariffs.
The lost network connections on regional branch lines have to be replaced by additional
service orders and even some bus replacements.
2. While originally regional passenger trains were preferred on the S-Bahn trunk line
in Vienna, the latest network statement prioritises all passenger services irrespective of
their purpose. This allows Westbahn to run its half-hourly long-distance trains on the
trunk, significantly reducing capacity for regional S-Bahn services and contradicting the
regional transport planning [IBM Business Consulting Services, 2011].
These cases show that predefined prioritisation of integrated services by law, since it cannot
cover all cases a priori, does neither ensure the implementation of a nation-wide ITF nor the
planned usage of infrastructure.

Ad d)
The long-term planning horizon of the target network set by the government is defined
by the year 2025+. In addition, there are stages of infrastructure development predefined
up to 2040 [ÖBB-Infrastruktur AG, 2011, p. 83]. These plans are based on a nationwide ITF
that covers all infrastructure measures for passenger transport. This is the fundament for
infrastructure framework agreements between ÖBB-Infrastruktur AG and the government,
planning six years ahead. The government takes care of developing and updating plans for
the target network.

Ad e)
The risk of infrastructure investments is covered by the state, which also plans strategic
train paths. At the moment, there is no concept of how to deal with self-sustaining train paths
that do not fit into a nationwide ITF. This potentially (and, given the experience, presumably)
implies that there is not enough capacity for self-sustaining services outside the ITF schedule
without interfering with its long-term perspective.

2.2. The Czech Republic
Ad a)
The Czech railway infrastructure is managed by SŽDC, which owns, operates and develops the railway infrastructure with state subsidises [SŽDC, 2016] Extension, investments
and maintenance are defined in the policy paper of the Czech government [Ministerstvo
dopravy, 2013] including a long-term perspective up to the year 2050. Railway undertakings
pay comparably low track access charges. Until 2016, most stations had been owned by the
former incumbent České Dráhy (ČD), but were bought by SŽDC in 2016 with state subsidies.
Almost all recent infrastructure projects are co-financed by the EU [SŽDC, 2018].
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Ad b)
Due to low track access charges, no station service fee and high priority for long-distance
trains in the slot allocation process, the main route of the Czech railway network between
Praha and Ostrava became the busiest line in terms of open access service in Europe [Tomeš,
Kvizda, Nigrin, Seidenglanz, 2014, p. 273]. In 2018, four commercial RU operate trains on
this line: the former incumbent ČD, Leo Express, RegioJet and Arriva (Figure 3). While the
latter only runs one train per day, the other RU offer hourly services during peak hours. The
services have different destinations, including Ostrava, Kraków, Žilina, Košice, Bratislava and
Wien. Arriva operates up to two long-distance trains per day from Praha to Nitra, as well as
express trains from Praha to Benešov u Prahy. The market share of private operators on the
Praha–Ostrava line is estimated to be more than 50% [Nash, Tomeš, Jandová, 2015, p. 352].
Long distance services on other routes as well as regional train services are competitively
tendered but more often directly awarded [Tomeš et al., 2014, p. 272].
Figure 3. Self-sustaining services in the Czech Republic

Source: the authors’ own material.

Ad c)
SŽDC is the responsible body for the allocation of railway infrastructure capacity. In case
of a conflict, a four-stage process is applied. If requests of applicants cannot be satisfied within
the coordination process, the IM allocates capacity first to services ensuring transport needs
of the state or region. Then, combined transports and framework agreements are considered,
followed by international passenger and freight transport. If no solution is found, a priority
catalogue is applied: international trains and herein long-distance trains are preferred over
regional trains. Further, periodically running trains are preferred, followed by transport services applying for the higher number of train path kilometres, and finally, a better connectivity
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of timetables is considered. If there is still no agreement, a conflict resolution process led by
the rail authority is started and the relevant infrastructure has to be declared as exhausted.
The logic of the allocation causes issues regarding infrastructure development but also
affects the quality of the network-wide train operation.
The main route between Praha and Česká Třebová is declared as “overloaded”, but not congested. A high-speed line between Praha and Brno is thought to be the long-term solution
but there is no efficient short-term capacity upgrade. Furthermore, an upgraded main line
would question the economic efficiency of the high-speed line. In addition, line upgrade works
would drastically reduce the number of train paths for years. Therefore, RUs are interested
in arranging themselves within the framework of the conflict resolution process, while the
IM is able to declare the timetable to be constructible [Janoš, 2018].
Basically, PSO-services take precedence over open access products [Janos, Baudys, 2013,
p. 89]. As the slot allocation is also linked to train categories, PSO-services in certain cases are
treated like self-sustaining trains. According to the regulation, commercial long-distance trains
are then prioritised over regional trains. This causes frequent overtaking of regional trains
leading to extended travel times and less possible transfer connections of ordered services
[Tomeš et al., 2014, p. 273]. Even though prioritised, commercial trains are less relevant to be
integrated in the ITF as they usually have no continuous pattern over the years as intervals
and departure times change frequently [Janoš, Baudyš, 2013, p. 89].

Ad d)
In the post-communist era since 1995, the Czech railway network has seen heavy infrastructure investments, focussing on the main corridors and aiming for reduced travel times
between the main cities. The network timetable is based on the ITF; however, there have
hardly been any investments to increase capacity of the railway network around the main
cities, which is nowadays posing a challenge to integrate both commercial and PSO traffic
[Tomeš et al., 2014, p. 273]. Minor investments on the secondary network are based on the
concepts established between 2004–2009 and fit the requirements of the ITF but have never
been institutionalised. The measures for the next years and a long-term perspective can mainly
be found in the government’s strategy paper [Ministerstvo dopravy, 2013]. While most of the
investments fulfil the criteria of the ITF, the focus still lies on upgrading the main corridors
[Janoš, 2018, Interview].

Ad e)
Failed infrastructure investments caused by open access operation have not been the case
yet. Especially frequent short trains during peak hours cause a lack of capacity on the main
line and lead to an unstable timetable. Additionally, heterogeneity, caused by commercial
operators, lowers the capacity [Janoš, Baudyš, 2013, p. 90]. To prevent additional capacity
constraints a proof of financial equilibrium needs to be provided in case an additional RU
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would apply for slots on the main line. Furthermore, introduction of the concession principle
is currently being discussed [Janoš, 2018].

2.3. The Netherlands
Ad a)
Maintenance, renewal and extension of the railway network are done by the state-owned
IM ProRail. Station incomes and track access charges cover about one third of ProRail’s
expenses, while the rest is funded by government subsidies [Marschnig, 2018]. Track access
charges for regional services are covered by the state through regional authorities which are
responsible for regional railway services. The intercity network is operated by Nederlandse
Spoorwegen (NS) as a self-sustaining train service. Therefore, track access charges are covered
by NS itself [Kummer et al., 2013, p. 95].

Ad b)
NS is directly awarded a concession with exclusive rights by the ministry for the self-sustaining Intercity lines, representing the core of the Dutch railway network. Regional lines
are tendered by local entities granting exclusive rights [Kummer et.al, 2013, p. 94]. The only
commercial train service at the national level was operated by Lovers Rail between Amsterdam
and Haarlem between 1996 and 1999 [Finger, 2012, p. 80]. The service was discontinued after
three years, as it had not been attractive for customers nor was it financially sustainable. Since
this had represented a worst-case scenario of open access, it strengthened both the position
of NS and the government’s reluctance towards open access operation [van de Velde, 2018,
Interview].
Direct awarding with exclusive rights is supposed to guarantee efficiency and allow for
optimisation of operations in the network. Public tendering of the Intercity network would
imply a separation of the network in different lines which is seen as being inefficient and
jeopardising the economic equilibrium [van de Velde, 2018, Interview].
The situation is different for international connections, where several commercial services
are offered. Thalys runs an hourly service on the High Speed Line Zuid from Amsterdam
to Paris. Eurostar offers two connections per day on the same line between Amsterdam and
Bruxelles. Regular two-hourly Intercity services are offered between Amsterdam and Berlin
as well as two hourly ICE connections between Amsterdam and Köln. From 2009 to 2013,
a subsidiary of NS International, KLM and SNCB/NMBS, called Fyra, offered services between
Amsterdam and Bruxelles. Due to technical problems, the service was discontinued. Therefore, the Intercity Direct between Amsterdam and Breda, operated jointly by NS and SNCB/
NMBS, became the only remaining service (Figure 4).
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Figure 4: Self-sustaining services in the Netherlands

Source: the authors’ own material.

Ad c)
The allocation of train slots is done by ProRail in a two-stage pattern [ProRail, 2017]. First,
a basic hour pattern (BHP) is defined. RUs voluntarily join this process to coordinate requests
amongst each other. ProRail facilitates this process if RUs cannot solve conflicts amongst each
other. Freight train paths created in this phase are published on the website of the respective
corridor organisation for which the prearranged paths are intended.
The actual annual timetable allocation process is based on the prearranged paths for
freight corridors and the results of the BHP. RUs that took part in the BHP receive preferred
treatment. Furthermore, as many attractive cross border connections as possible should be
offered. In case of conflicts, ProRail adapts requests according to predefined operational rules.
If no satisfying solution is found a coordination process involving the applicants is started.
In case this does not result in a solution the respective section will be declared as congested
infrastructure. Consequently, priority rules are applied. Herein transport takes precedence
over traffic. Distinctive freight trains are considered, finally daily services are preferred over
irregular services.
While there are several periodisation rules for freight trains, the allocation of passenger
trains is quite vague. As NS has exclusive rights on the core-network it is relatively autonomous in setting the timetable. Regional tendered services need to adapt their timetables
in order to guarantee attractive connections to the Intercity trains [Kummer et al., 2013, p. 94].

Optimal Coordination of Timetable and Infrastructure Development in a Liberalised Railway Market

109

Commercial international services run on a different network (Thalys, Eurostar and Intercity
Direct) or are well integrated in the Intercity-scheme (IC and ICE).

Ad d)
A long-term rail agenda was decided upon in 2014, defining medium-term goals until 2028
and long-term planning until 2040. It addresses the goals of (i) capacity upgrade, (ii) increasing of maximum speed and (iii) station upgrades, but it lacks an overall joint timetable and
infrastructure development perspective [Minsterie van Infrastructuur en Milieu, 2013, p. 26].
In general, there is no notable interaction between infrastructure investments and the ITF
beside regional upgrades like the Groningen line, where the ITF posed a major factor in the
planning process. In this specific case, infrastructure was adapted to the needs of the ITF and
additional trains were ordered. However, there are plans to further expand the frequency on
the IC-connection to six trains per hour in the core Intercity network. Therefore, ProRail is
evaluating the timetable in order to derive infrastructure needs [van de Velde, 2018].

Ad e)
The risk of stranded investments is covered by the state. For example, the High Speed Link
Zuid was built as a PPP, with the state covering maintenance, operation and renewal for 25
years. The line, constructed for a maximum speed of 300 km/h, was criticised for not fitting
into the Dutch railway network. While intended to be an attractive international line, it is still
predominantly used by domestic passengers. Since a clear operational concept is missing, an
upgrade of the existing line between Amsterdam and the border to Belgium to four tracks is
widely seen to have been a more sustainable option [Van de Velde, 2018].

2.4. Findings of the case studies
While the Austrian transport policy is fundamentally reliant upon the ITF, self-sustaining
train services have a crucial impact on the network effectiveness of the ITF. As self-sustaining
services require the adaption of the system train paths, connections cannot be served anymore. Furthermore, self-sustaining long-distance services cause severe capacity constraints
on regional lines.
The situation is similar in the Czech Republic. While competition in the railway sector led
to higher frequency on the main route, service was concentrated in the peak hours, night trains
were reduced and stops in medium-sized cities were cancelled [Tomeš et al., 2014, p. 273].
While travelling on the main lines and between the major cities became more attractive, there
are negative effects on a network-wide scope [Baudyš, Janoš, 2013, p. 90]. Self-sustaining train
services caused a gradual transformation from a regular interval timetable to a demand driven
timetable with significant differences of the frequency between peak hours and non-peak
hours [Nash et al., 2015, p. 352]. Additionally, commercial services question the financial
stability of PSO-services and complicate timetable construction [Tomeš et al., 2014, p. 275].

110

Martin Smoliner, Stefan Walter, Stefan Marschnig

In contrast to the issues raised in Austria and the Czech Republic, the situation is quite
different in the Netherlands. Train services of the core network are run in a concession system with exclusive rights. Therefore, no private RU operates domestic services. International
operators run on a separated high-speed line or fit in the scheme of the ITF. Therefore, there
are hardly any conflicts in capacity allocation and the timetable is predictable.
The coordination of self-sustaining trains with the requirement of the ITF works neither
in Austria nor in the Czech Republic as strategic planning on how to implement the ITF
in a liberalised railway system does not exist. This problem is avoided in the Netherlands,
where domestic self-sustaining services are simply not allowed.
It can be deducted that short-term oriented commercial train services do not fit the ITF
based on long-term infrastructure investments. The long-term planning and investment
process of railway infrastructure is difficult if not impossible, to combine with open access
services [van de Velde, Augustin, 2014, p. 242].
Compared to aviation, the railway sector is predominantly characterised by network relations rather than by point-to-point connections. Therefore, it is crucial to devise well-thought
out strategies for “the rules of the game” and favour the realisation of network benefits [van
de Velde, 2014, p. 39]. Even the limited British experience of open access traffic shows that
commercial trains cause insufficient track capacity, a lack of integrated timetables and loss of
economics of density [Nash, Tomeš, Jandová, 2015, p. 354]. Concluding, the presented case
studies as well as further research show that the rail sector is not suitable for a completely
deregulated environment [Smoliner, Walter, Marschnig, 2018].

3. A
 pproaches for the ITF in context of a liberalised
railway system
The declared goal of the European Commission is to increase the modal split for railways
and to increase the share of private operators in the railway sector. To allow for a market accessibility coherent with the requirements of the ITF and long-term infrastructure development,
three different approaches are derived.

3.1. Concessions
The example of the Netherlands shows that an ITF system can be successfully implemented
by a concession system with exclusive rights. Furthermore, the British franchising system is
arranged similarly, leaving niche segments open for self-sustaining open access trains [Davies,
2017, Interview]. In the Czech Republic, it is discussed to implement a concession system
with exclusive rights for long-distance passenger transport [Janoš, 2018]. However, these
considerations are aligned with the Fourth Railway Package only with narrow borders as
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exclusive rights are solely permitted if the economic equilibrium of a public service contract
were compromised by an additional service [Directive 2016/2370/EU].

3.2. System train paths
System train paths force RUs to choose out of a catalogue of train paths instead of applying for individually designed train paths. System train paths need to be precisely defined
regarding travel times and hub service times to guarantee the full functionality of the ITF.
Furthermore, these system train paths should be given away only in periodic series of train
path bundles, so as to consider efficient operating schedules and prevent cherry-picking of
rush-hour paths only. However, restrictions apply to how precisely a system train path can be
described, so to prevent a predetermination on exact vehicle properties, and thus operators.
The demand for these system train paths needs to be soundly predicted to minimise the
risk of providing unused capacity. However, due to volatile self-sustaining traffic, there is still
a risk of short-term market interruptions, causing unused train paths or lost transfer connections. In addition, to guarantee a continuous ITF-timetable, additional services in off peak
hours need to be ordered by PSO-contracts, if their service is not made compulsory within
the path assignment.
This raises the question which distribution procedures are feasible and how system train
paths are guaranteed without raising conflicts in the capacity allocation process.
System train paths could be offered by the IM in a train path catalogue with staggered
cost levels according to the predicted demand. If two or more RUs apply for the same train
path in peak hours, a priority catalogue is to be established, ranking path requests according
to the amount of off-peak services offered, capacity usage, overall benefit, etc.
To prevent conflicts in the train allocation process, the IM could declare the respective lines
as congested infrastructure. Article 47 of Directive 2012/34/EU states that “priority criteria
shall take account of the importance of a service to society relative to any other service which
will consequently be excluded.” System train paths within this definition framework represent
important services as they are the backbone of an integrated network-wide service offer.
However, if the respective section has been declared congested, a capacity analysis including
upgrade plans is requested. This, in turn, could be used to clearly specify the future timetable
development as the means of capacity enhancement.
A similar approach is to charge predefined system train paths with higher track access
charges. If self-sustaining passenger trains operate on a certain line it can be assumed that
revenues are high enough to raise mark-ups. According to Directive 34/2012/EU this could
be then utilised to distinguish between system train paths and complementary train paths.
Railway undertakings interested in providing integrated services with network-wide connections would need to pay more. RUs preferring direct point-to-point services would go for the
cheaper non-system train paths. However, this system (i) would require an integrated ticket
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system for all RUs in order to guarantee an attractive network for customers, and (ii) requires
some kind of a refund system for PSO contracted railway services.
The third approach is to sell system train paths per auction, as it is known of other
infrastructure networks. As mentioned above, a set of train paths, rather than singular ones,
needs to be offered in order to prevent cherry-picking or harming competitors by acquiring
useless train paths. There is evidence that this would only work if there is a large number of
homogenous train path requests. Furthermore, market accessibility is seen to be guaranteed
best by easy and predictable structures, which is not the case with an auction-based system
[Tanner, Mitusch, 2011, p. 19].

3.3. PSO
The aforementioned approaches pose several issues regarding legal feasibility, unattractive
off-peak train paths, volatile behaviour of self-sustaining operators, predictability of auctions
or low demand. Furthermore, self-sustaining train services are not actually self-sustaining.
Full costs of infrastructure wear are not charged but covered by state subsidies [Marschnig,
2018]. Trains under PSO contracts can be defined exactly according to the requirements of the
ITF and goals of the transport policy. Furthermore, they help to reduce the risk of stranded
investments or underutilisation of cost intensive infrastructure. Nevertheless, PSO-services
need to be preferred in the process of path allocation as described above. If the network is
not tendered as a whole, periodic train path bundles should be offered.
The amended Article 11 of Directive 2012/34/EU allows for a limitation of the right of
access if the economic equilibrium of a PSO-contract were compromised. However, it can be
assumed that lines attracting self-sustaining operators are financially sustainable for more than
one operator. An extensive economic investigation would be necessary to verify this theory.
This can be applied if several RUs compete with a PSO-service like it is the case in Austria
and the Czech Republic.

3.4. Conclusion
In the consideration of the 4th railway package, the requirements of the ITF, and advantages
and disadvantages of the analysed approaches, PSO contracts fulfil the criteria of joint longterm development of timetable and infrastructure best. PSO contracts guarantee a coherent
network-wide application of the ITF as well as the highest network-wide benefits. The prerequisite
is that PSO-services are preferred against self-sustaining services in any case. This allows for an
efficient use of taxpayers’ money and for long-term timetable and infrastructure development.
Furthermore, the size and classification of train path bundles need to be evaluated on
the basis of attractive direct connections, circulation of rolling stock and other parameters.
Manageable sizes will attract private companies in the tendering process. To elaborate on this,
further research is required.
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However, PSO contracts are granted for a long period of time, compared to train path
stability, and therefore reduce the free market. If there is a centrally planned ITF that only
allows rather unattractive train paths for open access service, self-sustaining services need
to accept remaining capacity, possibly jeopardising the idea of increasing the overall service
offer quality. As private initiatives should benefit from a liberalised railway market, attractive
train paths should be provided for self-sustaining services as well. This could result in only
minor market segments to be served with open access, unlikely to be sustainably successful.
Alternatively, attractive train paths need to be figured out in extensive conciliation processes.
This calls for a hybrid regime, which combines competitive tendering and open access traffic
[van de Velde, Augustin, 2014]. In addition to public tendered PSO self-sustaining services
could cover niche products, supplementary or high-quality services or operate in separate
market segments [Janoš, Baudyš, 2013, p. 89].
Nevertheless, this means that the intention of the European Commission that self-sustaining train services will improve the railway system was wrong.

3. Summary
The ITF requests long-term and cost-intensive infrastructure development based upon
strategic long-term timetable development. The case studies in Austria and the Czech Republic
provide evidence that self-sustaining services without regulation are not compatible with the
ITF and pose severe challenges to ITF timetables and the predictability of long-term infrastructure development. Consequently, strategies according to the current EU legislation have
been analysed in order to derive a sustainable and sufficient solution. Finally, publicly tendered
PSO contracts for system train paths are recommended to provide the optimal timetable.
To optimise network-wide benefits and provide efficient services, operational parameters of
PSO-bundles need to be covered in further research.
This approach allows for long-term strategic infrastructure development and efficient
ITF-timetabling. Furthermore, public tendered PSO-contracts will be open for all RUs and
self-sustaining traffic is guaranteed, however regulated.
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A bstract
Public transport is one of the most important elements of the economy and social space development
in which it is located. Issues related to its proper organisation are very often the responsibility of
transport companies, which must operate and carry out their activities within the principles of the
economy, that is, the principles of managing a service company. An important element of an efficient
and effective functioning of a transport company is the quality of the provided services. An element
significantly affecting the quality of the services offered is, inter alia, an appropriately organised
network of connections offered by the carrier. This network in an efficient and interference-resistant
manner must facilitate transport in a given area. In the article, using the graph theory and the simulation method, the structure of network connections of a railway carrier operating in the Małopolska
region (Koleje Małopolskie sp. z o.o.) in Poland was analysed. The aim of the analysis was to obtain
information about the current condition and parameters of the network offered by the carrier. The
conducted analysis made it possible to assess the current state as well as within the conducted research
and it proposed to modify the existing network of connections in order to improve its parameters.
The carrier’s network is used, inter alia, to co-create public transport in the region, and the structure of the connections network and its appropriate planning can have a significant impact on the
functioning of the company.
Keywords: public transport, rail transport, transport networks, Koleje Małopolskie sp. z o.o., railway
network
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Introduction
Sustainable transport is now one of the European Union’s priorities in the area of its current
activities. The current transport situation in Poland and Europe connected with a very large
use of individual transport for the implementation of everyday displacements and related
negative effects in the form of, among others, environmental pollution, noise, smog and the
effects of road accidents (e.g. accidents and related injuries, death, etc.) cause the European
Union, as part of its transport policy, to try to limit the share of car transport (including the
individual one) to other modes of transport.
The above activities are particularly important in large cities or agglomerations such as
Kraków. In Kraków, actions have been taken for many years to overcome the negative effects
of transport (mainly individual) on the environment and cultural heritage (including monuments), which the city is famous for. These activities include: designing bus corridors, charges
for parking the car in the city centre (which also aims to discourage the use of individual
transport), separation of corridors for trams, etc. Obivously, these activities have the effect
of reducing the share of individual transport in public transport, but these are not sufficient
actions. In connection with the above, the city authorities and voivodships undertake further
actions in the field of promoting public transport for individual transport.
In addition, for several years in Poland, based on global trends, measures have been taken
to diversify the modes of transport that implement public transport (both in the agglomeration and the region), by including in the public transport organization the so-called urban or
regional rail transport. This is to increase transport accessibility in Poland.
Activities of this type were also undertaken in the Małopolska region by appointing the
railway carrier – Koleje Małopolskie sp. z o.o. Based on the existing railway infrastructure,
this carrier has created a network of connections in which it provides transport services. The
layout of this network and its structure are a very important element affecting the level and
quality of services provided, therefore, it is important and recommended to analyse its structure using currently used methods of network analysis – this analysis is the main goal of the
article. The analysis was carried out using the so-called graph theory. The article, which is an
introductory article on the analysis of the transport network of the Koleje Małopolskie sp z o.o.
carrier, focused on the analysis of the connection network developed by the carrier and also
after that analysis it proposed modifications the implementation of which may contribute
to the improvement of network parameters and thus, the performance of the company, such
as increasing the number of travelers.
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Koleje Małopolskie
Koleje Małopolskie is a company that was established by the Authorities of the Małopolskie
Voivodship in December 2013 to provide public services in the field of public transport by
ensuring the effective organization and operation of passenger rail traffic in the Małopolskie
Voivodship [Koleje Małopolskie, on-line, 28/03/2018]. In order to carry out its activities
in June 2014, the company obtained a license to perform rail transport of persons No. WPO
/ 236/2014 [Koleje Małopolskie, on-line, 28/03/2018], in August 2014 obtained a European
security certificate and in October 2014, a national safety certificate [Koleje Małopolskie,
on-line, 28/03/2018].
As part of its activities, Koleje Małopolskie is tasked with providing transport services
in the Małopolskie voivodship, but what is important, these services must also be provided
in accordance with the principles of the free market economy. This situation causes the
company, while undertaking its activities, to be forced to function as any enterprise whose
primary goal is to develop and improve the quality of services provided, but also to obtain
an economic benefit from the services provided. Thanks to these activities, the company will
be able to provide services at a competitive level in relation to other carriers (operating, for
example, in other branches, such as cars) and increase its market share.
Currently, the company has had only a few years of activity, but in this period has made
its intensive development and at the moment already has a significant number of transported
passengers and began to increase its transport performance. The detailed data on the number
of transported passengers and transport performance is presented in Table 1 and graphically
in Figures 1 and 2.
Table 1. The number of transported passengers and transport performance made by Koleje
Małopolskie in years 2014–2017
Year
2014

2015

2016

2017

Number of transported passengers [m]

0.026136

1.801765

4.788024

5.730428

Transport performance [m pass. km]

0.517178

28.399650

87.086964

168.350904

Source: Statistical data received electronically from the Office of Rail Transport on January 16, 2018.

As shown in Table 1 and in Figures 1 and 2, Koleje Małopolskie since the beginning of
its activity has shown an almost linear increase in the number of passengers and transport
performance. This proves that the carrier is very well received by the passengers, which is
certainly influenced by a lot of factors (including the effect of a new “player” on the market,
greater flexibility of travel by increasing the choice of transport modes, the modern fleet used
by the carrier, etc.).
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Figure 1. The number of passengers transported by Koleje Małopolskie in the years 2014–2017
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Source: the author’s own elaboration based on Table 1.

Figure 2. The transport performance made by Koleje Małopolskie in the years 2014–2017
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Source: the author’s own elaboration based on Table 1.

However, in order to maintain a very good trend of increasing the number of passengers
carried and the share in the local transport services market, further measures are necessary.
One of such activities may be activities related to matching the offered network of connections
with the needs and requirements of travelers as well as technical capabilities of the existing
railway infrastructure managed by PKP PLK S.A., in whose infrastructure services are provided by the analysed carrier. On the absis of the above-mentioned railway network and in the
voivodship, other rail carriers also provide their services, and what is more important, their
services are also provided by carriers from other modes of transport. In connection with the
above, the network of connections offered by the carrier should enable it to provide services
both at a high level of reliability as well as at a high organisational level. For this purpose, the
carrier’s network should be analysed for some possible modifications to improve it. Undoubtedly, the structure of the connection network is not the only element that affects the quality
and level of services provided. Many factors influence it, including nature of the area around
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the given node (whether the existing facilities there may be generators of increased passenger
traffic, e.g. hospitals, schools, universities, etc.), what is the capacity between the given node
and neighboring ones, what is the travel speed as well as what is the technical level and layout
of competitive transport branches in the local area. These are very important factors affecting
the traffic flows generated and the choice of means of transport by the traveler, however, taking
into account all these factors is a difficult and complicated issue, and sometimes even impossible
to tackle due to, for example, a lack of access to the required reliable technical and statistical
data (e.g. due to the so-called “business secret”). Taking into account the above-mentioned
factors, the article focuses on the analysis of the carrier’s transport network of connections,
which is presented in Figure 3.
Figure 3 The carrier’s current network of connections

Source: the author’s own elaboration based on the railway infrastructure map in Poland and information placed on the website of
the Małopolska Railways on April 5, 2018.

As shown in Figure 3, the connection network of Koleje Małopolskie was divided into 4
lines (depicted by 4 connection colours: blue, violet, orange and yellow).
The analysis of the above network will provide information about its individual parameters
and enable to obtain information which nodes (stations) play a key role in the network and
what kind of possible changes or modifications can be made to the network in order to improve
it for better performance, which in the future may be translated into a further increase in the
number of passengers travelling by this carrier.
The carrier’s network of connections to obtain the above information may be analysed,
among others using the graph theory.
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Graph theory in the analysis of transport networks
The graph theory is used to analyse various types of networks, mainly social networks
[Amaral L. et al., 2000, Newman M. et al., 2002, Arenas A. et al., 2003], but it is also used
to analyse neural networks [Sporns O., 2002; Stam C. et al., 2007; Bullmore E. et al., 2009], and
biological ones [Rual JF. Et al., 2005]. The analysis possibilities using the graph theory of the
previously mentioned networks are also presented in [Newman M., 2010]. The graph theory
is also used to analyse computer networks [Valverde S. et al., 2003] and transport networks
[Newman M., 2010; Wilkinson S. et al., 2012; Li H. et al., 2014; Ouyang M. and others, 2015;
Tarapata Z., 2015; Dunn, Wilkinson 2017].
The information on the role of individual nodes in the network obtained from the analysis
allow initially estimating which of the points are particularly sensitive to potential threats or
attacks [Newman M., 2010, Tarapata Z., 2015]. Most of the measures and calculations used
also allow obtaining information which of the nodes of the network plays the main role or
are a specific centre of the analysed network. According to the information contained in the
literature [Tarapata Z., 2015], each network can be described as a set of nodes and links
between them:
G = V, E

(1)

where:
V – set of nodes;
E – set of connections between nodes.
Obviously, for every analysed network there is a dependence that:
V = N, E = M

(2)

where:
N – number of nodes in the network;
M – number of edges (connections) in the network.
The most frequently used indicators include those described in the literature [for example:
Newman M., 2010, Tarapata Z., 2015], are:
1) Normalized degree dci i-th network node:
dci =

ki
N −1

(3)

where:
ki – the degree of the i-th node in the network (the number of network node connections
with other nodes);
N – number of nodes in the network.
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The greater the value of the dci index for the i-th node, the node is more important in the
network or closer to its centre.
2) Eccentricity eci i-th network node.
eci = max dij
j∈V

(4)

where:
dij – the number of links between nodes that occurs on the shortest path between node
i and j.
The lower the value of the eci index for the i-th node, the node is more important in the
network or closer to its centre.
3) Radius rci i-th network node:
rci =

1
1
=
max dij eci

(5)

j∈V

where:
dij – the number of links between nodes that occurs on the shortest path between node
i and j;
eci – Eccentricity for the i-th network node.
The greater the value of the rci index for the i-th node, the node is more important in the
network or closer to its centre.
4) Closeness cci:
cci =

N −1
∑ j∈Vdij

(6)

where:
N – number of nodes in the network;
dij – the number of links between nodes that occurs on the shortest path between node
i and j.
5) Beetweeness bci i-th network node:
bci = ∑ ∑

l∈V k≠l∈V

pl , i , k
pl ,k

(7)

where:
pl,i,k- number of connections with the shortest number of constraints between nodes l
and k (containing node i);
pl,k – number of connections with the shortest number of constraints between nodes l
and k (not including node i).
The greater the value of the bci index for the i-th node, the node is more important in the
network or closer to its centre.
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6) Clusterization gci i-th network node:
gci =

2Ei
, ki >1
ki ( ki −1)

(8)

where:
Ei – the number of bonds between the nodes that are closest to (neighbors) of the
i-th node;
ki – degree of the i-th node in the network (number of network node connections with
other nodes).
The greater the value of the gci index for the i-th node, the node is more important in the
network or closer to its centre.
Formulas (2)–(8) describe the parameters of individual network nodes, but in addition
to them, coefficients are often used to determine the parameters of the entire analysed network.
These are [Newman M., 2010, Tarapata Z., 2015]:
7) Average shortest paths length L:
L=

1
∑ dij
N ( N −1) i≠ j∈V

(9)

where:
N – number of nodes in the network;
dij – the number of links between nodes that occurs on the shortest path between node
i and j.
The shorter the average shortest paths length is, the better the analysed network is.
8) Clusterization coefficent C:
C=

1
∑gci
N i∈V

(10)

where:
N – number of nodes in the network;
gci – clusterization.
The higher the Clusterization coefficent value, the better the analysed network is.
9) Diameter D:
D = max eci
i∈V

(11)

where:
eci – Eccentricity for the i-th network node.
The smaller the network diameter, the better the network.
10) Radius of a network R:
R = min eci
i∈V

(12)
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where:
eci – Eccentricity for the i-th network node.
The smaller the Radius of a network, the better the network.
11) Average nodes degree k :
k=

1
∑ki
N i∈V

(13)

where:
N – number of nodes in the network;
ki – degree of the i-th node in the network (number of network node connections with
other nodes).
The calculation of the values of the above indicators makes it possible to assess the dependencies between individual network nodes as well as to determine what type of network we
are dealing with and which network or which nodes in the network play an important role.
In networks, there are practically no situations in which all network nodes have the same
degree of “importance”.
Each network has key nodes that are more than others responsible for the proper functioning
of the entire network or are important in it for providing services in a key area. Determining
these nodes and their locations allows drawing conclusions about the current state of the
network and its resistance to possible interference. This information also allows entering or
proposing improvements to the analysed network.

Analysis of the Koleje Małopolskie network
The network of connections of Koleje Małopolskie was analysed using the graph theory.
The Freeware Gephi software was used to perform the calculation and visualization of the
network.
For the connection network shown in Figure 3, the parameters of individual nodes (stations) were calculated and presented in Table 2.
Table 2. Parameters of individual network nodes (stations) for the analysed network of
connections of Koleje Małopolskie
Normalized
degree

Eccentricity

Kraków Lotnisko

0.00952381

65

0.015384615 0.033903778 0

0

0.007164535

Kraków Zakliki

0.019047619

63

0.015873016 0.036319613 0.037728938

0

0.017865051

Kraków Olszanica

0.019047619

64

0.015625

0.035081858 0.019047619

0

0.012933559

Kraków Młynówka

0.019047619

62

0.016129032 0.037620924 0.056043956

0

0.035020425

Kraków Łobzów

0.019047619

61

0.016393443 0.038989974 0.073992674

0

0.137585316

Kraków Główny

0.057142857

60

0.016666667 0.040431267 0.35

0

0.736025324

Kraków Płaszów

0.057142857

58

0.017241379 0.042151746 0.412087912

0

0.899403844

City (Node)

Radius

Closeness
centrality

Betweeness
centrality

Clustering Eigencentrality
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Normalized
degree

Eccentricity

Radius

Kraków Prokocim

0.057142857

57

0.01754386

0

0.742916948

Kraków Bieżanów

0.057142857

56

0.017857143 0.043659044 0.478388278

0

0.518118741

Kraków Bieżanów
Drożdżownia

0.019047619

57

0.01754386

0.056043956

0

0.104727468

Wieliczka Bogucice

0.019047619

58

0.017241379 0.040338071 0.037728938

0

0.029752948

Wieliczka Park

0.019047619

59

0.016949153 0.038817006 0.019047619

0

0.014729164

Wieliczka Rynek Kopalnia

0.00952381

60

0.016666667 0.03737985

0

0.007395471

Kraków Zabłocie

0.076190476

59

0.016949153 0.041387466 0.428937729

0

1

Skawina

0.00952381

65

0.015384615 0.033535612 0

0

0.007134922

Kraków Sidzina

0.019047619

64

0.015625

0.019047619

0

0.012656507

Kraków Swoszowice

0.019047619

63

0.015873016 0.035897436 0.037728938

0

0.0156532

Kraków Sanktuarium

0.019047619

62

0.016129032 0.037168142 0.056043956

0

0.019669449

Kraków Łagiewniki

0.019047619

61

0.016393443 0.03850385

0.073992674

0

0.042262614

Kraków Podgórze

0.019047619

60

0.016666667 0.03990878

0.091575092

0

0.182326965

Kraków Batowice

0.019047619

61

0.016393443 0.039340577 0.260805861

0

0.13761766

Zastów

0.019047619

62

0.016129032 0.038279256 0.247252747

0

0.035227552

Baranówka

0.019047619

63

0.015873016 0.037247251 0.233333333

0

0.018872085

Łuczyce

0.019047619

64

0.015625

0.036244391 0.219047619

0

0.016535259

Goszcza

0.019047619

65

0.015384615 0.035270406 0.204395604

0

0.016244752

Niedźwiedź

0.019047619

66

0.015151515 0.034324943 0.189377289

0

0.016213672

Słomniki Miasto

0.019047619

67

0.014925373 0.033407572 0.173992674

0

0.016210811

Słomniki

0.019047619

68

0.014705882 0.032517807 0.158241758

0

0.016210583

Smroków

0.019047619

69

0.014492754 0.03165511

0.142124542

0

0.016210564

Szczepanowice

0.019047619

70

0.014285714 0.030818902 0.125641026

0

0.016210529

Kamieńczyce

0.019047619

71

0.014084507 0.030008574 0.108791209

0

0.016210138

Miechów

0.019047619

72

0.013888889 0.02922349

0.091575092

0

0.016206433

Dziadówki

0.019047619

73

0.01369863

0.028462998 0.073992674

0

0.016177795

Tunel

0.019047619

74

0.013513514 0.027726433 0.056043956

0

0.016003402

Kozłów

0.019047619

75

0.013333333 0.027013121 0.037728938

0

0.015203531

Klimontów

0.019047619

76

0.013157895 0.026322387 0.019047619

0

0.012608882

Sędziszów

0.00952381

77

0.012987013 0.025653555 0

0

0.007130594

Kokotów

0.038095238

55

0.018181818 0.044247788 0.460805861

0

0.270312021

Węgrzyce Wielkie

0.038095238

54

0.018518519 0.044814341 0.466300366

0

0.1809432

Podłęże

0.038095238

53

0.018867925 0.045356371 0.471428571

0

0.151554099

Staniątki

0.038095238

52

0.019230769 0.04587156

0.476190476

0

0.143026726

Szarów

0.038095238

51

0.019607843 0.046357616 0.480586081

0

0.140887727

Kłaj

0.038095238

50

0.02

0.046812305 0.484615385

0

0.140427242

Stanisławice

0.038095238

49

0.020408163 0.047233468 0.488278388

0

0.140342028

Cikowice

0.038095238

48

0.020833333 0.047619048 0.491575092

0

0.140328287

Bochnia

0.038095238

47

0.021276596 0.047967108 0.494505495

0

0.140325494

Rzezawa

0.038095238

46

0.02173913

0

0.140318981

City (Node)

Closeness
centrality

Betweeness
centrality

0.042909685 0.42014652

0.04194966

0.03468781

0

0.048275862 0.497069597

Clustering Eigencentrality
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Normalized
degree

Eccentricity

Jasień Brzeski

0.038095238

45

0.022222222 0.048543689 0.499267399

0

0.140280827

Brzesko Okocim

0.038095238

44

0.022727273 0.048769159 0.501098901

0

0.140083543

Sterkowiec

0.038095238

43

0.023255814 0.048951049 0.502564103

0

0.139226646

Biadoliny

0.038095238

42

0.023809524 0.049088359 0.503663004

0

0.136154115

Bogumiłowice

0.038095238

41

0.024390244 0.049180328 0.504395604

0

0.127220392

Tarnów Mościce

0.038095238

40

0.025

0.049226442 0.504761905

0

0.106507052

Tarnów

0.028571429

39

0.025641026 0.049226442 0.504761905

0

0.068657598

Kłokowa

0.019047619

39

0.025641026 0.049180328 0.504395604

0

0.028652789

Łowczówek Pleśna

0.019047619

40

0.025

0.049088359 0.503663004

0

0.018706376

Łowczów

0.019047619

41

0.024390244 0.048951049 0.502564103

0

0.016624195

Tuchów

0.019047619

42

0.023809524 0.048769159 0.501098901

0

0.016267124

Lubaszowa

0.019047619

43

0.023255814 0.048543689 0.499267399

0

0.016217005

Siedliska k, Tuchowa

0.019047619

44

0.022727273 0.048275862 0.497069597

0

0.016211187

Chojnik

0.019047619

45

0.022222222 0.047967108 0.494505495

0

0.016210654

Gromnik

0.019047619

46

0.02173913

0.047619048 0.491575092

0

0.016211002

Bogoniowice Ciężkowice

0.019047619

47

0.021276596 0.047233468 0.488278388

0

0.016214774

Pławna

0.019047619

48

0.020833333 0.046812305 0.484615385

0

0.016244203

Bobowa

0.019047619

49

0.020408163 0.046357616 0.480586081

0

0.016426145

Bobowa Miasto

0.019047619

50

0.02

0.476190476

0

0.017284875

Jankowa

0.019047619

51

0.019607843 0.045356371 0.471428571

0

0.020243408

Wilczyska

0.028571429

52

0.019230769 0.044814341 0.525824176

0

0.027439155

Polna Szalowa

0.019047619

53

0.018867925 0.043334709 0.204395604

0

0.020243408

Wola Łużańska

0.019047619

54

0.018518519 0.041916168 0.189377289

0

0.017284875

Moszczenica

0.019047619

55

0.018181818 0.040556199 0.173992674

0

0.016426145

Małopolska

0.019047619

56

0.017857143 0.039252336 0.158241758

0

0.016244202

Gorlice

0.019047619

57

0.01754386

0.038002172 0.142124542

0

0.016214771

Zagórzany

0.019047619

58

0.017241379 0.036803365 0.125641026

0

0.016210962

Libusza

0.019047619

59

0.016949153 0.03565365

0.108791209

0

0.016210176

Biecz

0.019047619

60

0.016666667 0.034550839 0.091575092

0

0.016206436

Siepietnica

0.019047619

61

0.016393443 0.033492823 0.073992674

0

0.016177795

Skołoszyn

0.019047619

62

0.016129032 0.032477575 0.056043956

0

0.016003402

Przysieki

0.019047619

63

0.015873016 0.03150315

0.037728938

0

0.015203531

Jasło Niegłowice

0.019047619

64

0.015625

0.030567686 0.019047619

0

0.012608882

Jasło

0.00952381

65

0.015384615 0.029669398 0

0

0.007130594

Stróże

0.019047619

53

0.018867925 0.043768237 0.356043956

0

0.020243408

Grybów

0.019047619

54

0.018518519 0.042735043 0.345421245

0

0.017284875

Ptaszkowa

0.019047619

55

0.018181818 0.041716329 0.334432234

0

0.016426145

Mszalnica

0.019047619

56

0.017857143 0.040713455 0.323076923

0

0.016244203

Kamionka Wielka

0.019047619

57

0.01754386

0

0.016214774

Nowy Sącz Jamnica

0.019047619

58

0.017241379 0.03875969

0

0.016210999

City (Node)

Radius

Closeness
centrality

0.04587156

Betweeness
centrality

0.039727582 0.311355311
0.299267399

Clustering Eigencentrality
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Normalized
degree

Eccentricity

Nowy Sącz

0.019047619

59

0.016949153 0.037810587 0.286813187

0

0.016210603

Nowy Sącz Biegonice

0.019047619

60

0.016666667 0.036880927 0.273992674

0

0.016210569

Stary Sącz

0.019047619

61

0.016393443 0.035971223 0.260805861

0

0.016210566

Barcice

0.019047619

62

0.016129032 0.035081858 0.247252747

0

0.016210566

Rytro

0.019047619

63

0.015873016 0.034213099 0.233333333

0

0.016210566

Młodów

0.019047619

64

0.015625

0.219047619

0

0.016210566

Piwniczna Zdrój

0.019047619

65

0.015384615 0.032537961 0.204395604

0

0.016210566

Piwniczna

0.019047619

66

0.015151515 0.031731641 0.189377289

0

0.016210566

Łomnica Zdrój

0.019047619

67

0.014925373 0.030946065 0.173992674

0

0.016210566

Wierchomla Wielka

0.019047619

68

0.014705882 0.030181087 0.158241758

0

0.016210566

Zubrzyk

0.019047619

69

0.014492754 0.029436501 0.142124542

0

0.016210563

Żegiestów

0.019047619

70

0.014285714 0.028712059 0.125641026

0

0.016210529

Żegiestów Zdrój

0.019047619

71

0.014084507 0.028007469 0.108791209

0

0.016210138

Andrzejówka

0.019047619

72

0.013888889 0.027322404 0.091575092

0

0.016206433

Milik

0.019047619

73

0.01369863

0.026656512 0.073992674

0

0.016177795

Muszyna

0.019047619

74

0.013513514 0.026009413 0.056043956

0

0.016003402

Muszyna Zdrój

0.019047619

75

0.013333333 0.025380711 0.037728938

0

0.015203531

Powroźnik

0.019047619

76

0.013157895 0.024769993 0.019047619

0

0.012608882

Krynica Zdrój

0.00952381

77

0.012987013 0.024176836 0

0

0.007130594

City (Node)

Radius

Closeness
centrality

0.03336511

Betweeness
centrality

Clustering Eigencentrality

Source: Own elaboration using Gephi software.

The figures show the distribution of sample parameters of individual network nodes. The
larger the node size and the darker the colour, the larger the parameter value for the node is.
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Source: the author’s own study using the Gephi software.

Figure 4. Eigencentrality for the analysed network
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Source: the author’s own study using the Gephi software.

Figure 5. Degree for the analysed network
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For the analysed network, its parameters as a whole were also calculated and presented
in Table 3.
Table 3. Parameters of the analyzed network as a whole
Average Clustering Coefficent

Average path length

Diameter

Radius of a network

Average nodes degree

0

27.01437556

77

39

2.471698113

Source: the author’s own elaboration based on table 2.

As presented in tables 2 and 3 and in Figures 4 and 5, the Kraków Główny, Kraków Zabłocie
and Kraków Płaszów stations are the main and most important nodes in the analysed network.

Modification of the connection network of Koleje Małopolskie
Next, it was proposed to modify the network to improve its parameters. As part of the
analyses, 2 modifications were proposed:
a) modification 1: added connections between Kraków Batowice and Węgrzyce Wielkie
nodes, intermediate stations between them were also added (Dłubnia, Kraków Sambud,
Kraków Lubocza, Kraków Nowa Huta, Kraków Nowa Huta Północ, Kraków Kościelniki,
Przylasek Rusiecki, Podgrabie Wisła, Podgrabie Rudzice);
b) modification 2: connections between Kraków Łobzów and Kraków Zabłocie nodes have
been added (with intermediate stations Kraków Olsza and Kraków Dąbie);
The proposed modifications are feasible because the railway infrastructure currently has
a proper infrastructure which is managed by PKP PLK S. A.
Table 4 presents the results of the calculations for the connection network with the introduced modification 1.
Table 4. The parameters of individual network nodes (stations) for the analysed network
connections of Koleje Małopolskie after the 1 modification.
Normalized
degree

Eccentricity

Radius

Kraków Lotnisko

0.008695652

65

0.01538462

0.035870243 0

0

0.00713439

Kraków Zakliki

0.017391304

63

0.01587302

0.038590604 0.034477498

0

0.017808284

Kraków Olszanica

0.017391304

64

0.015625

0.037192755 0.017391304

0

0.012880837

Kraków Młynówka

0.017391304

62

0.01612903

0.040069686 0.051258581

0

0.035043374

Kraków Łobzów

0.017391304

61

0.01639344

0.041636495 0.067734554

0

0.138132514

Kraków Główny

0.052173913

60

0.01666667

0.043298193 0.336668748

0

0.739029869

Kraków Płaszów

0.052173913

58

0.01724138

0.044992175 0.380488144

0

0.897166719

Kraków Prokocim

0.052173913

57

0.01754386

0.045780255 0.387200577

0

0.742016395

Kraków Bieżanów

0.052173913

56

0.01785714

0.046596434 0.439592426

0

0.521818157

City (Node)

Closeness
centrality

Betweeness
centrality

Clustering Eigencentrality
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Normalized
degree

Eccentricity

Radius

Kraków Bieżanów
Drożdżownia

0.017391304

57

0.01754386

0.044642857 0.051258581

0

0.105111128

Wieliczka Bogucice

0.017391304

58

0.01724138

0.042814594 0.034477498

0

0.029711683

Wieliczka Park

0.017391304

59

0.01694915

0.041100786 0.017391304

0

0.014671765

Wieliczka Rynek Kopalnia

0.008695652

60

0.01666667

0.039491758 0

0

0.007363903

Kraków Zabłocie

0.069565217

59

0.01694915

0.044230769 0.400244055

0

1

Skawina

0.008695652

65

0.01538462

0.035341119 0

0

0.007104748

Kraków Sidzina

0.017391304

64

0.015625

0.036624204 0.017391304

0

0.012602706

Kraków Swoszowice

0.017391304

63

0.01587302

0.037978864 0.034477498

0

0.015582509

Kraków Sanktuarium

0.017391304

62

0.01612903

0.039410555 0.051258581

0

0.019575033

Kraków Łagiewniki

0.017391304

61

0.01639344

0.040925267 0.067734554

0

0.042095676

Kraków Podgórze

0.017391304

60

0.01666667

0.042529586 0.083905416

0

0.18201309

Kraków Batowice

0.026086957

61

0.01639344

0.042248347 0.280383945

0

0.150939079

Zastów

0.017391304

62

0.01612903

0.040983607 0.228832952

0

0.039367297

Baranówka

0.017391304

63

0.01587302

0.039764869 0.215713196

0

0.019875052

Łuczyce

0.017391304

64

0.015625

0.038590604 0.20228833

0

0.016674272

Goszcza

0.017391304

65

0.01538462

0.037459283 0.188558352

0

0.016203739

Niedźwiedź

0.017391304

66

0.01515152

0.036369386 0.174523265

0

0.016143731

Słomniki Miasto

0.017391304

67

0.01492537

0.03531941

0.160183066

0

0.016137172

Słomniki

0.017391304

68

0.01470588

0.034307876 0.145537757

0

0.016136558

Smroków

0.017391304

69

0.01449275

0.033333333 0.130587338

0

0.016136506

Szczepanowice

0.017391304

70

0.01428571

0.032394366 0.115331808

0

0.016136468

Kamieńczyce

0.017391304

71

0.01408451

0.031489595 0.099771167

0

0.016136084

Miechów

0.017391304

72

0.01388889

0.030617678 0.083905416

0

0.016132426

Dziadówki

0.017391304

73

0.01369863

0.029777317 0.067734554

0

0.016104092

Tunel

0.017391304

74

0.01351351

0.028967254 0.051258581

0

0.015931199

Kozłów

0.017391304

75

0.01333333

0.028186275 0.034477498

0

0.015136737

Klimontów

0.017391304

76

0.01315789

0.027433206 0.017391304

0

0.012555618

Sędziszów

0.008695652

77

0.01298701

0.026706921 0

0

0.007100479

Kokotów

0.034782609

55

0.01818182

0.047286184 0.42299254

0

0.283343853

Węgrzyce Wielkie

0.043478261

54

0.01851852

0.047996661 0.510126975

0

0.206924503

Podłęże

0.034782609

53

0.01886792

0.048359966 0.493363844

0

0.165449498

Staniątki

0.034782609

52

0.01923077

0.048687553 0.495804729

0

0.148665856

Szarów

0.034782609

51

0.01960784

0.048977853 0.497940503

0

0.142231994

Kłaj

0.034782609

50

0.02

0.049229452 0.499771167

0

0.140071171

Stanisławice

0.034782609

49

0.02040816

0.049441101 0.50129672

0

0.139459953

Cikowice

0.034782609

48

0.02083333

0.049611734 0.502517162

0

0.139315411

Bochnia

0.034782609

47

0.0212766

0.049740484 0.503432494

0

0.139285836

Rzezawa

0.034782609

46

0.02173913

0.04982669

0.504042715

0

0.139274821

Jasień Brzeski

0.034782609

45

0.02222222

0.049869905 0.504347826

0

0.139236603

Brzesko Okocim

0.034782609

44

0.02272727

0.049869905 0.504347826

0

0.139042042

City (Node)

Closeness
centrality

Betweeness
centrality

Clustering Eigencentrality
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Normalized
degree

Eccentricity

Radius

Closeness
centrality

Betweeness
centrality

Sterkowiec

0.034782609

43

0.02325581

0.04982669

0.504042715

0

0.138195769

Biadoliny

0.034782609

42

0.02380952

0.049740484 0.503432494

0

0.13515627

Bogumiłowice

0.034782609

41

0.02439024

0.049611734 0.502517162

0

0.126305838

Tarnów Mościce

0.034782609

40

0.025

0.049441101 0.50129672

0

0.105762186

Tarnów

0.026086957

39

0.02564103

0.049229452 0.499771167

0

0.068193054

Kłokowa

0.017391304

39

0.02564103

0.048977853 0.497940503

0

0.02847844

Łowczówek Pleśna

0.017391304

40

0.025

0.048687553 0.495804729

0

0.018609605

Łowczów

0.017391304

41

0.02439024

0.048359966 0.493363844

0

0.016545792

Tuchów

0.017391304

42

0.02380952

0.047996661 0.490617849

0

0.016192375

Lubaszowa

0.017391304

43

0.02325581

0.047599338 0.487566743

0

0.016142854

Siedliska k, Tuchowa

0.017391304

44

0.02272727

0.047169811 0.484210526

0

0.016137116

Chojnik

0.017391304

45

0.02222222

0.046709992 0.480549199

0

0.016136591

Gromnik

0.017391304

46

0.02173913

0.046221865 0.476582761

0

0.016136935

Bogoniowice Ciężkowice

0.017391304

47

0.0212766

0.045707472 0.472311213

0

0.016140658

Pławna

0.017391304

48

0.02083333

0.045168892 0.467734554

0

0.016169771

Bobowa

0.017391304

49

0.02040816

0.044608223 0.462852784

0

0.016350116

Bobowa Miasto

0.017391304

50

0.02

0.044027565 0.457665904

0

0.017202804

Jankowa

0.017391304

51

0.01960784

0.043429003 0.452173913

0

0.020144613

Wilczyska

0.026086957

52

0.01923077

0.042814594 0.495957285

0

0.027305129

Polna Szalowa

0.017391304

53

0.01886792

0.041426513 0.188558352

0

0.020144613

Wola Łużańska

0.017391304

54

0.01851852

0.040097629 0.174523265

0

0.017202804

Moszczenica

0.017391304

55

0.01818182

0.038825118 0.160183066

0

0.016350116

Małopolska

0.017391304

56

0.01785714

0.037606279 0.145537757

0

0.01616977

Gorlice

0.017391304

57

0.01754386

0.03643853

0.130587338

0

0.016140655

Zagórzany

0.017391304

58

0.01724138

0.03531941

0.115331808

0

0.016136895

Libusza

0.017391304

59

0.01694915

0.034246575 0.099771167

0

0.01613612

Biecz

0.017391304

60

0.01666667

0.033217793 0.083905416

0

0.016132428

Siepietnica

0.017391304

61

0.01639344

0.032230942 0.067734554

0

0.016104092

Skołoszyn

0.017391304

62

0.01612903

0.031284004 0.051258581

0

0.015931199

Przysieki

0.017391304

63

0.01587302

0.030375066 0.034477498

0

0.015136737

Jasło Niegłowice

0.017391304

64

0.015625

0.029502309 0.017391304

0

0.012555618

Jasło

0.008695652

65

0.01538462

0.028664008 0

0

0.007100479

Stróże

0.017391304

53

0.01886792

0.041787791 0.333180778

0

0.020144613

Grybów

0.017391304

54

0.01851852

0.040780142 0.322807018

0

0.017202804

Ptaszkowa

0.017391304

55

0.01818182

0.039792388 0.312128146

0

0.016350116

Mszalnica

0.017391304

56

0.01785714

0.038825118 0.301144165

0

0.016169771

Kamionka Wielka

0.017391304

57

0.01754386

0.037878788 0.289855072

0

0.016140657

Nowy Sącz Jamnica

0.017391304

58

0.01724138

0.036953728 0.27826087

0

0.016136931

Nowy Sącz

0.017391304

59

0.01694915

0.036050157 0.266361556

0

0.016136541

Nowy Sącz Biegonice

0.017391304

60

0.01666667

0.035168196 0.254157132

0

0.016136507

City (Node)

Clustering Eigencentrality
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Normalized
degree

Eccentricity

Radius

Stary Sącz

0.017391304

61

0.01639344

0.034307876 0.241647597

0

0.016136505

Barcice

0.017391304

62

0.01612903

0.03346915

0.228832952

0

0.016136505

Rytro

0.017391304

63

0.01587302

0.032651902 0.215713196

0

0.016136505

Młodów

0.017391304

64

0.015625

0.031855956 0.20228833

0

0.016136505

Piwniczna Zdrój

0.017391304

65

0.01538462

0.031081081 0.188558352

0

0.016136505

Piwniczna

0.017391304

66

0.01515152

0.030327004 0.174523265

0

0.016136505

Łomnica Zdrój

0.017391304

67

0.01492537

0.029593412 0.160183066

0

0.016136505

Wierchomla Wielka

0.017391304

68

0.01470588

0.02887996

0.145537757

0

0.016136505

Zubrzyk

0.017391304

69

0.01449275

0.028186275 0.130587338

0

0.016136502

Żegiestów

0.017391304

70

0.01428571

0.027511962 0.115331808

0

0.016136468

Żegiestów Zdrój

0.017391304

71

0.01408451

0.026856609 0.099771167

0

0.016136084

Andrzejówka

0.017391304

72

0.01388889

0.02621979

0.083905416

0

0.016132426

Milik

0.017391304

73

0.01369863

0.025601069 0.067734554

0

0.016104092

Muszyna

0.017391304

74

0.01351351

0.025

0.051258581

0

0.015931199

Muszyna Zdrój

0.017391304

75

0.01333333

0.024416136 0.034477498

0

0.015136737

Powroźnik

0.017391304

76

0.01315789

0.023849025 0.017391304

0

0.012555618

Krynica Zdrój

0.008695652

77

0.01298701

0.023298217 0

0

0.007100479

Rudzice

0.017391304

55

0.01818182

0.046110666 0.086200102

0

0.055746749

Podgrabie

0.017391304

56

0.01785714

0.044367284 0.071103469

0

0.023521969

Podgrabie Wisła

0.017391304

57

0.01754386

0.043265613 0.058449483

0

0.017317161

Przylasek Rusiecki

0.017391304

58

0.01724138

0.042372881 0.049031307

0

0.016295364

Kraków Kościelniki

0.017391304

59

0.01694915

0.041696882 0.041327264

0

0.016155131

Kraków Nowa Huta
Północ

0.017391304

60

0.01666667

0.041042113 0.034614831

0

0.016145452

Kraków Nowa Huta

0.017391304

61

0.01639344

0.04040759

0.028599793

0

0.01620388

Kraków Lubocza

0.017391304

62

0.01612903

0.039902845 0.023231716

0

0.016674282

Kraków Sambud

0.017391304

63

0.01587302

0.039410555 0.028088128

0

0.019875053

Dłubnia

0.017391304

62

0.01612903

0.040780142 0.043166793

0

0.039367297

City (Node)

Closeness
centrality

Betweeness
centrality

Clustering Eigencentrality

Source: the author’s own elaboration using the Gephi software.

Figures 6 and 7 present the distribution of exemplary parameters of individual network
nodes for the network after the 1 modification. As in the previous drawings, the larger the
node size and the darker the colour, the parameter value for a given node is larger.

Source: the author’s own study using the Gephi software.

Figure 6. Eigencentrality for the analysed network after modification 1
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Source: the author’s own study using the Gephi software.

Figure 7. Degree for the analysed network after modification 1
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Then indicators for the entire network were calculated. Their values are presented in Table 5.
Table 5. Parameters of the analyzed network after 1 modification as a whole
Average Clustering Coefficent

Average path length

Diameter

Radius of a network

Average nodes degree

0

26.6347826

77

39

2.448276

Source: the author’s own elaboration based on table 4.

As shown in Tables 4 and 5 and Figures 6 and 7 in the network after the modification, the
Kraków Główny, Kraków Zabłocie and Kraków Płaszów stations still play the main role but
the average path length has improved, which is a good result of the proposed modification,
but unfortunately the average degree of the network node has deteriorated.
Next, the parameters for the network were calculated after the addition of modification 2,
the results of the calculations of individual node parameters are presented in Table 6.
Table 6. Parameters of individual network nodes (stations) for the analysed network of Koleje
Małopolskie connections after modification 2.
Normalized
degree

Eccentricity

Radius

Kraków Lotnisko

0.008547009

65

0.01538462

0.036369288 0

0

0.006813712

Kraków Zakliki

0.017094017

63

0.01587302

0.039169736 0.03389331

0

0.017925986

Kraków Olszanica

0.017094017

64

0.015625

0.037729765 0.017094017

0

0.012442416

Kraków Młynówka

0.017094017

62

0.01612903

0.040695652 0.050397878

0

0.037877347

Kraków Łobzów

0.025641026

61

0.01639344

0.042314647 0.070291777

0

0.150873621

Kraków Główny

0.051282051

60

0.01666667

0.043984962 0.332139604

0

0.734037724

Kraków Płaszów

0.051282051

58

0.01724138

0.045685279 0.390666677

0

0.862267729

Kraków Prokocim

0.051282051

57

0.01754386

0.046447003 0.39685589

0

0.693278835

Kraków Bieżanów

0.051282051

56

0.01785714

0.047234558 0.447169561

0

0.479516346

Kraków Bieżanów
Drożdżownia

0.017094017

57

0.01754386

0.045226131 0.050397878

0

0.095942883

Wieliczka Bogucice

0.017094017

58

0.01724138

0.043349389 0.03389331

0

0.027398187

Wieliczka Park

0.017094017

59

0.01694915

0.041592606 0.017094017

0

0.013808996

Wieliczka Rynek Kopalnia

0.008547009

60

0.01666667

0.039945374 0

0

0.006982181

Kraków Zabłocie

0.076923077

59

0.01694915

0.044948137 0.415355111

0

1

Skawina

0.008547009

65

0.01538462

0.035790762 0

0

0.006757824

Kraków Sidzina

0.017094017

64

0.015625

0.037107517 0.017094017

0

0.011989969

Kraków Swoszowice

0.017094017

63

0.01587302

0.038499506 0.03389331

0

0.01479442

Kraków Sanktuarium

0.017094017

62

0.01612903

0.039972668 0.050397878

0

0.018640885

Kraków Łagiewniki

0.017094017

61

0.01639344

0.041533546 0.066607722

0

0.040792232

Kraków Podgórze

0.017094017

60

0.01666667

0.043189369 0.082522841

0

0.179788481

Kraków Batowice

0.025641026

61

0.01639344

0.042888563 0.27747605

0

0.147357028

Zastów

0.017094017

62

0.01612903

0.041577825 0.225464191

0

0.03763224

Baranówka

0.017094017

63

0.01587302

0.040317023 0.212496316

0

0.018795096

City (Node)

Closeness
centrality

Betweeness
centrality

Clustering Eigencentrality
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Normalized
degree

Eccentricity

Łuczyce

0.017094017

64

0.015625

0.039104278 0.199233716

0

0.015772479

Goszcza

0.017094017

65

0.01538462

0.037937743 0.185676393

0

0.015339375

Niedźwiedź

0.017094017

66

0.01515152

0.036815607 0.171824344

0

0.015285532

Słomniki Miasto

0.017094017

67

0.01492537

0.035736103 0.157677571

0

0.015279787

Słomniki

0.017094017

68

0.01470588

0.034697509 0.143236074

0

0.015279261

Smroków

0.017094017

69

0.01449275

0.033698157 0.128499853

0

0.015279217

Szczepanowice

0.017094017

70

0.01428571

0.03273643

0.113468907

0

0.015279186

Kamieńczyce

0.017094017

71

0.01408451

0.031810767 0.098143236

0

0.015278861

Miechów

0.017094017

72

0.01388889

0.030919662 0.082522841

0

0.015275703

Dziadówki

0.017094017

73

0.01369863

0.030061665 0.066607722

0

0.01525075

Tunel

0.017094017

74

0.01351351

0.029235382 0.050397878

0

0.015095255

Kozłów

0.017094017

75

0.01333333

0.028439475 0.03389331

0

0.014365306

Klimontów

0.017094017

76

0.01315789

0.027672658 0.017094017

0

0.011945164

Sędziszów

0.008547009

77

0.01298701

0.026933702 0

0

0.00675381

Kokotów

0.034188034

55

0.01818182

0.047891936 0.429661124

0

0.25792823

Węgrzyce Wielkie

0.042735043

54

0.01851852

0.04856787

0

0.188232396

Podłęże

0.034188034

53

0.01886792

0.048892603 0.49602122

0

0.150760597

Staniątki

0.034188034

52

0.01923077

0.049180328 0.498084291

0

0.135684846

Szarów

0.034188034

51

0.01960784

0.049429658 0.499852638

0

0.129948551

Kłaj

0.034188034

50

0.02

0.049639372 0.50132626

0

0.128044081

Stanisławice

0.034188034

49

0.02040816

0.049808429 0.502505158

0

0.127513165

Cikowice

0.034188034

48

0.02083333

0.04993598

0

0.127389626

Bochnia

0.034188034

47

0.0212766

0.050021377 0.50397878

0

0.127364792

Rzezawa

0.034188034

46

0.02173913

0.050064185 0.504273504

0

0.127355702

Jasień Brzeski

0.034188034

45

0.02222222

0.050064185 0.504273504

0

0.127323694

Brzesko Okocim

0.034188034

44

0.02272727

0.050021377 0.50397878

0

0.1271579

Sterkowiec

0.034188034

43

0.02325581

0.04993598

0.503389331

0

0.126424528

Biadoliny

0.034188034

42

0.02380952

0.049808429 0.502505158

0

0.123747152

Bogumiłowice

0.034188034

41

0.02439024

0.049639372 0.50132626

0

0.115831956

Tarnów Mościce

0.034188034

40

0.025

0.049429658 0.499852638

0

0.09721996

Tarnów

0.025641026

39

0.02564103

0.049180328 0.498084291

0

0.062859123

Kłokowa

0.017094017

39

0.02564103

0.048892603 0.49602122

0

0.026473535

Łowczówek Pleśna

0.017094017

40

0.025

0.04856787

0.493663425

0

0.017495364

Łowczów

0.017094017

41

0.02439024

0.048207664 0.491010905

0

0.015640511

Tuchów

0.017094017

42

0.02380952

0.047813649 0.48806366

0

0.015327728

Lubaszowa

0.017094017

43

0.02325581

0.047387606 0.484821692

0

0.015284636

Siedliska k, Tuchowa

0.017094017

44

0.02272727

0.046931408 0.481284999

0

0.015279729

Chojnik

0.017094017

45

0.02222222

0.046447003 0.477453581

0

0.015279288

Gromnik

0.017094017

46

0.02173913

0.045936396 0.473327439

0

0.015279579

Bogoniowice Ciężkowice

0.017094017

47

0.0212766

0.04540163

0

0.015282791

City (Node)

Radius

Closeness
centrality

Betweeness
centrality

0.513534719

0.503389331

0.468906572

Clustering Eigencentrality
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Normalized
degree

Eccentricity

Radius

Pławna

0.017094017

48

0.02083333

0.044844768 0.464190981

0

0.015308403

Bobowa

0.017094017

49

0.02040816

0.044267877 0.459180666

0

0.015470326

Bobowa Miasto

0.017094017

50

0.02

0.043673012 0.453875626

0

0.0162515

Jankowa

0.017094017

51

0.01960784

0.043062201 0.448275862

0

0.018995489

Wilczyska

0.025641026

52

0.01923077

0.042437432 0.490274094

0

0.02574919

Polna Szalowa

0.017094017

53

0.01886792

0.041067041 0.185676393

0

0.018995489

Wola Łużańska

0.017094017

54

0.01851852

0.039755352 0.171824344

0

0.0162515

Moszczenica

0.017094017

55

0.01818182

0.038499506 0.157677571

0

0.015470326

Małopolska

0.017094017

56

0.01785714

0.03729678

0.143236074

0

0.015308403

Gorlice

0.017094017

57

0.01754386

0.036144578 0.128499853

0

0.015282788

Zagórzany

0.017094017

58

0.01724138

0.035040431 0.113468907

0

0.015279546

Libusza

0.017094017

59

0.01694915

0.033981992 0.098143236

0

0.015278891

Biecz

0.017094017

60

0.01666667

0.032967033 0.082522841

0

0.015275706

Siepietnica

0.017094017

61

0.01639344

0.031993437 0.066607722

0

0.01525075

Skołoszyn

0.017094017

62

0.01612903

0.031059198 0.050397878

0

0.015095255

Przysieki

0.017094017

63

0.01587302

0.030162413 0.03389331

0

0.014365306

Jasło Niegłowice

0.017094017

64

0.015625

0.029301277 0.017094017

0

0.011945164

Jasło

0.008547009

65

0.01538462

0.028474081 0

0

0.00675381

Stróże

0.017094017

53

0.01886792

0.041415929 0.328912467

0

0.018995489

Grybów

0.017094017

54

0.01851852

0.040414508 0.318597112

0

0.0162515

Ptaszkowa

0.017094017

55

0.01818182

0.039433771 0.307987032

0

0.015470326

Mszalnica

0.017094017

56

0.01785714

0.038474186 0.297082228

0

0.015308403

Kamionka Wielka

0.017094017

57

0.01754386

0.037536092 0.2858827

0

0.01528279

Nowy Sącz Jamnica

0.017094017

58

0.01724138

0.036619718 0.274388447

0

0.015279577

Nowy Sącz

0.017094017

59

0.01694915

0.035725191 0.262599469

0

0.015279247

Nowy Sącz Biegonice

0.017094017

60

0.01666667

0.034852547 0.250515768

0

0.015279219

Stary Sącz

0.017094017

61

0.01639344

0.034001744 0.238137342

0

0.015279216

Barcice

0.017094017

62

0.01612903

0.033172668 0.225464191

0

0.015279216

Rytro

0.017094017

63

0.01587302

0.032365145 0.212496316

0

0.015279216

Młodów

0.017094017

64

0.015625

0.031578947 0.199233716

0

0.015279216

Piwniczna Zdrój

0.017094017

65

0.01538462

0.0308138

0.185676393

0

0.015279216

Piwniczna

0.017094017

66

0.01515152

0.030069391 0.171824344

0

0.015279216

Łomnica Zdrój

0.017094017

67

0.01492537

0.029345372 0.157677571

0

0.015279216

Wierchomla Wielka

0.017094017

68

0.01470588

0.028641371 0.143236074

0

0.015279216

Zubrzyk

0.017094017

69

0.01449275

0.027956989 0.128499853

0

0.015279214

Żegiestów

0.017094017

70

0.01428571

0.027291812 0.113468907

0

0.015279186

Żegiestów Zdrój

0.017094017

71

0.01408451

0.026645411 0.098143236

0

0.015278861

Andrzejówka

0.017094017

72

0.01388889

0.026017345 0.082522841

0

0.015275703

Milik

0.017094017

73

0.01369863

0.025407166 0.066607722

0

0.01525075

Muszyna

0.017094017

74

0.01351351

0.024814422 0.050397878

0

0.015095255

City (Node)

Closeness
centrality

Betweeness
centrality

Clustering Eigencentrality
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Normalized
degree

Eccentricity

Radius

Muszyna Zdrój

0.017094017

75

0.01333333

0.024238658 0.03389331

0

0.014365306

Powroźnik

0.017094017

76

0.01315789

0.023679417 0.017094017

0

0.011945164

Krynica Zdrój

0.008547009

77

0.01298701

0.023136247 0

0

0.00675381

Rudzice

0.017094017

55

0.01818182

0.046632124 0.083997341

0

0.050984687

Podgrabie

0.017094017

56

0.01785714

0.044844768 0.069119883

0

0.021872706

Podgrabie Wisła

0.017094017

57

0.01754386

0.043705641 0.056601922

0

0.016319424

Przylasek Rusiecki

0.017094017

58

0.01724138

0.04279444

0.047362248

0

0.015417038

Kraków Kościelniki

0.017094017

59

0.01694915

0.042146974 0.040073082

0

0.015295114

Kraków Nowa Huta
Północ

0.017094017

60

0.01666667

0.041518808 0.033883868

0

0.015286975

Kraków Nowa Huta

0.017094017

61

0.01639344

0.040909091 0.028368311

0

0.015339492

Kraków Lubocza

0.017094017

62

0.01612903

0.040428473 0.023477691

0

0.015772487

Kraków Sambud

0.017094017

63

0.01587302

0.039959016 0.028463512

0

0.018795096

Dłubnia

0.017094017

62

0.01612903

0.041371994 0.043323614

0

0.03763224

Kraków Olsza

0.017094017

61

0.01639344

0.04189044

0

0.063163892

Kraków Dąbie

0.017094017

60

0.01666667

0.043141593 0.012673151

0

0.183247331

City (Node)

Closeness
centrality

Betweeness
centrality

7.37E-04

Clustering Eigencentrality

Source: the author’s own elaboration using the Gephi software.

The figures show the distribution of the exemplary parameters of individual network nodes
for the network after the 2nd modification. As in the previous drawings, the larger the node
size and the darker the colour, the parameter value for the given node is greater.

Source: the author’s own study using the Gephi software.

Figure 8. Eigencentrality for the analysed network after modification 2
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Source: the author’s own study using the Gephi software.

Figure 9. Degree for the analysed network after modification 2
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Then the indicators for the entire network were calculated. Their values are presented
in Table 7.
Table 7. Parameters of the analyzed network after modification 2 as a whole
Average Clustering Coefficent

Average path length

Diameter

Radius of a network

Average nodes degree

0

26.53310155

77

39

2.457627119

Source: the author’s own elaboration based on table 6.

As shown in Tables 6 and 7 and Figures 8 and 9, the introduced modification did not change
the validity of individual network nodes but contributed to a slight improvement in the average path length.
In order to better illustrate the effect of the proposed changes in the network parameters,
table 8 presents the parameters of the original network and networks with the proposed
modifications.
Table 8. Comparison of the parameters of the analyzed network before
and after the modifications
Average Clustering
Coefficent

Average path
length

Diameter

Radius of
a network

Average nodes
degree

Original network

0

27.01437556

77

39

2.471698113

Network after modification 1

0

26.6347826

77

39

2.448276

Network after modification 2

0

26.53310155

77

39

2.457627119

No parameter
changes

Improvement of
the parameter

No parameter
changes

No parameter
changes

Deterioration of
the parameter

The effect of modification

Source: the author’s own elaboration based on tables 3, 5 and 7.

As shown in Table 8, the modifications had a positive impact on the change in the average
path length, so the implementation of the proposed modification to a small extent contributes
to the improvement of its parameters, which in the future could translate into an increase
in the number of travelers and consequently have a positive impact on the financial results
of the company. The introduced modifications also increase the transport accessibility of the
carrier’s transport network, which is important in terms of providing a better level of customer
service, and this is one of the most important elements of managing a service enterprise
[Witkowski 1995].

Summary
The analysed network of connections of Koleje Małopolskie is intended to enable the
implementation of efficient and useful connections in the area of the Kraków agglomeration
and the entire voivodship. The analyses carried out using the graph theory showed that the
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network enables communication on the main relations in the voivodship (especially within
the Kraków agglomeration). The proposed modifications do not significantly affect the
improvement of network parameters, but they also include proposals for connections via
highly urbanized and populated areas of Kraków (including Nowa Huta).
The introduction of these connections may contribute to improving the carrier’s offer, which
may translate into changing the transport habits of at least some residents (change of means
of transport from an individual vehicle to public transport) and what will be very important
is the availability of transport in the analysed area. It may contribute to very important and
necessary changes related to, among others, reduced congestion in the city and the emission
of harmful substances. An important element of such a process will also increase the importance of the carrier on the local market of public transport services and it will probably cause
a further increase in the number of travelers, which should also translate into the company’s
financial results and strengthening its market position.
The above proposal to add new nodes to the existing connection network may contribute
to the competitiveness of the carrier, as well as the entire network of its connections will then
improve (which has been demonstrated as part of the analyses and simulations and the results
obtained, among others, a slight improvement of the average path length).
According to the author, the Koleje Małopolskie railway carrier should consider the implementation of the analyses into its activities related to investments or development of the network, e.g. using the graphs used in the article. This will allow obtaining additional information
about the parameters of the proposed network (or its modification), which information may
contribute to reducing the risk of introducing negative changes in the network of connections.
Undoubtedly, the conducted and proposed analysis of connection networks using the
graph theory does not exhaust the issue and the factors necessary to be taken into account
while managing the company when making key decisions. The afore-mentioned series of
factors (including technical parameters of individual connection sections between nodes) are
not taken into account, however, they were not the purpose of the article. As it was shown, the
aim of the article was to analyse the carrier’s connection network and propose this analysis as
another element that is part of the process of making key decisions in the company.
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A bstract
Ground handling services constitute an important element of airline operations and significantly affect
traffic stability and punctuality. In this article, the existing and potential impact of airline handling on
air traffic volatility is reviewed from the point of view of airlines and ground operations. The issues
of airline expectations towards ground handling agents (including handling rates, turnaround time,
passenger services, and ramp services) are explored. In addition, the impact of an airline’s schedule
and the volatility of its operations on the performance and operational requirements of handling
agents is discussed, including actions required by handling agents in response to the above challenges. The mechanism of how the volatility of an airline’s schedule and its operations may impact
the volatility of ground operations (directly and indirectly) is considered. The statistics of airline
delays caused by ground operations are presented and discussed. The issue of the correctness of air
traffic delays reporting by airlines is investigated.
Furthermore, this article investigates internal factors of ground handling agents and their impact on
air traffic volatility. The existing and potential considerations discussed include staff management
issues (in particular, employee rotation resulting in staff shortages and service quality, including
punctuality), resources management, the ground service support equipment (including new developments aiming at limiting ground safety incidents), and their impact on performance.
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Introduction
Delays in aircraft operations have been a more and more pending problem recently. As
ground handling operations is one of the factors that may induce delays in aircraft operations, it is discussed and analyzed thoroughly in this paper [Zamkova, Prokop, Stolín, 2017,
pp. 1799–1807]. The increase in the number of average delays observed especially at big airports
proves that congestion has become a real problem at large international hubs. Research shows
that at such airports delays associated with hubbing are almost entirely induced by hub airlines
themselves [Mayer, Sinai, 2003, pp. 1194–1215], which makes it even more important to limit
other delay factors, including ground handling. Containing primary delay factors will reduce
reactionary delays. Considering that the latter constitute almost half of all delays in terms of
total delay time in Europe, limiting primary delay causes may hamper propagation and help
decrease overall delays [Wu, Wu, Feng, Zhang, Qiu, 2018].

Ground handling on-time performance
Ground handling services and operations represent both airside and landside operations
aimed at servicing parked aircraft between two subsequent flights as well as processing passengers, their luggage and cargo. More specifically, passenger handling comprises many processes
both before departure or upon arrival including: check-in services, baggage tags and screening processing, passenger transportation, PRM assistance, lost and found, baggage sorting,
transportation and delivery, departure/gate service, unaccompanied minors, VIP services.
Cargo handling and warehousing services may include special cargo, cargo transportation,
de/consolidation, labelling, etc. Ramp services may comprise loading and unloading aircraft,
push back, load control and flight coordination, water and toilet services, fueling, catering
provision, cleaning, maintenance. The scope of services provided may vary depending on an
airline and an airport it operates to/from.
Ground handling tasks may be carried out by various companies and parties, often involved
in the activities taking place at the same time. Apart from activities of different companies,
aircraft handling may be influenced or even interrupted by various parties including airport
authorities, security service provider, board control or an airline itself. Apart from the on-time
activity of different stakeholders, airport operational, security and safety procedures may also
significantly impact ground handling operations. The infrastructure itself has also a great
impact on ground handling performance. It comprises airport layout, airside and landside
capacity, ramp configuration, baggage system, warehouse size, etc. The infrastructure issue
may also include handling specific problems, for example the GSE equipment parking position, distance to resting rooms, etc.
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Most of ground handling tasks require specialized equipment called the Ground Support
Equipment (GSE). This may include the usage of passenger steps or bridge, dollies, baggage
carts, tractors, conveyor belts, toilet trucks, lavatory trucks, GPU, ASU, ACU, high loaders,
ambulift, de-icing truck. This equipment must be available and reliable during the turnaround
operations.
Each turnaround must also be serviced by an appropriate number of trained staff.
Moreover, each turnaround is a subject of rigid airline procedures regulated in the Ground
Operations Manual (GOM) as well as other documents and procedures. Turnaround performance is also subject to strict timeframes and operating levels, often agreed and regulated
in standard level agreements (SLAs).
The complexity of ground handling services as well as the environment of handling activities
make ground handling operations vulnerable to operations disruptions and delays. Moreover, these operations are further exposed to disruptions due to operational circumstances at
strategic, tactical and operating levels.
At the strategic level, an airline may negotiate a standard level agreement that requires
performance which is difficult to be met in the future. This may contribute to occasional or
permanent problems with schedule performance. Future ground handling operations may be
also influenced by strategic airport decisions on airport infrastructure like the airside layout
or GSE parking space.
Two elements may influence future ground operations performance at the tactical level:
Firstly, ground operations may be adversely impacted by schedule amendments. It is
especially evident in the case of charter carriers. If such a change leads to a shift of operations
from peak to off-peak hours or does not require extra resources to be provided, it may have
a neutral or even positive effect on ground operations. However, if such a change makes it
necessary to provide extra resources (staff or GSE equipment) it may lead to a situation that
ground handling provider is not able to adhere to the new operational requirements in the
required time. The more frequent the amendments or the closer to flight departure they are
introduced, the more difficult it is for a ground handler to adapt to the new schedule. Consequently, the probability of temporary disturbances rises. Generally, it can be noticed that this
proneness to schedule changes is strongly dependent on airlines’ business models.
The amendment or development of the airport’s or other stakeholders’ operating procedures
may further adversely impact ground handling operations. An example of such amendments
are the regulations preventing passengers from queuing in the jet bridge.
The operational level brings another set of possible causes of delays. A delayed arrival of
an aircraft from the previous flight may severely impede the ability of the ground handler
to provide the staff and equipment to service the given aircraft. It may also adversely impact
services of other aircraft.
The delay may be also caused by another service provider (e.g. catering, fuel, cargo transport from the warehouse) or subcontractor (e.g. cleaning). It should be emphasized that
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service provision by various provides may also lead to dilution of responsibility for on-time
performance and consequently decrease the service quality, including on-time performance.
Ground handling delays may also be initiated by a decision of an airport’s authority. For
example, this may includethe gate/stand assignment as well as control and inspection activities.
It may also be a consequence of an airline’s decision. For example,the crew may decide
to remove some items of carry-on baggage and put it into the aircraft hold. If initiated at the
late stage of turnaround, it may cause an overall delay.
Finally, a delay may be caused by the ground handling provider’s internal problem. This
may include a lack of staff or a human error, a lack of equipment or a system error.
Turnaround may also be adversely affected by extreme weather conditions. For example,
aircraft position can be covered with snow, which would severely impact operations of the
ground handler. The wind may limit the unloading process (under certain circumstances the
hold cannot be opened).
As already explained,a delay caused by handling operations may be generated at various
stages of passengers and aircraft service. Referring to IATA codes, it may comprise passenger and
baggage processes (IATA delay code 11–13, 15–19), including a late check-in, a check-in error,
boarding (discrepancies and paging, a missing checked-in passenger), a catering order (if
placed by the handling operator), baggage processing (e.g. sorting), boarding/deboarding of
passengers with reduced mobility.
Cargo and mail (codes 21–24, 26 and 27–29 applicable only to mail), including documentation problems, late positioning, late acceptance, inadequate packing, late preparation
in the warehouse.
Aircraft and ramp handling (codes 31–39), including aircraft documentation problems
(weight and balance, general declaration, pax manifest, etc.), loading/unloading (a lack of
loading equipment, a lack of staff, an inappropriate process), cleaning, fueling, catering, ULD (if
made unserviceable by the ground operator), other services (incl. water, toilet, push-back, etc.)
A delay may also be a result of aircraft damage by the ground operator (IATA code 52)
including loading/off-loading damage, contamination, towing, etc.
Currently, the ground handling business faces several trends which may impact ground
handlers’ ability to meet on-time performance goals. The most evident trend is the dynamic
evolution of airline business models followed by a requirement for the shortest possible turnaround time, the dynamic change in products and constant cost pressure on handling companies.
Contrary to the situation in the past when only low-cost carriers pressed for shortening
turnaround times, currently airlines representing all business models tend to demand from
ground service providers the shortest possible turnaround times. Consequently, ground times
are planned according to most favorable conditions. The margin for an atypical situation
is limited. In the case of longer deboarding, a difficult load, etc. these times are difficult or
impossible to be met.
Cost pressure forces ground handlers to cut salaries, which in turn results in higher employees’ rotation and possible shortages in staff. This situation is further worsened if there is an
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unfavorable situation on the job market ant it is difficult to find employees, which is currently
the case on the Polish market. This situation may contribute to delays caused by a lack of staff
or human errors. Moreover, cost constraints may prevent from modernization and purchases
of new GSE equipment, which may lead to its lower reliability and contribute to delays.
Dynamic changes of products, for example a new baggage allowance policy, may also lead
to significant operations disruptions, and consequently lead to delays. The most prominent
example of such a situation are changes to airlines baggage policies.
Moreover, the ability of a ground handling company to provide on-time operations may
be adversely affected by the continued increase inthe average aircraft capacity, especially when
bigger aircraft are assigned the same gate as the smaller ones.
Ground handling on-time performance is also impeded by the increasing congestion of
airports.
Several issues should be taken into consideration to respond to the current problems and
future challenges in terms of on-time performance of ground handling operations. Firstly,
there is a need for efficient dialogue between all parties involved.
As delays pose a more and more pending problem for all the parties active in the air transport sector, measures are taken in order to reduce delays and limit their impact on everyone
concerned. One of such initiatives is Airport Collaborative Decision Making (A-CDM), which
facilitates making decisions together by partners who want to improve their operational efficiency. This is done through information sharing by key actors involved in aircraft operations,
i.e. airport operators, aircraft operators, ground handlers, air traffic control and the Network
Manager [ACDM Impact Assessment]. As of April 2018, A-CDM is fully implemented in 26
airports across Europe [Eurocontrol]. The implementation of A-CDM has many benefits at
both local and network scales, including:
• Increased peak departure rates at the runway;
• Improved take-off time predictabilityby 85% during adverse conditions;
• Improved ground handling resource utilization;
• Reduction in the number of late stands and gate changes;
• Improved management of and recovery from adverse conditions;
• Average taxi-out time savings between 0.25 and 3 minutes per departure;
• Average schedule adherence improvements between 0.5 and 2 minutes per flight;
• Reduction in the standard deviation of take-off accuracy from 14 to between 5 and 7
minutes [ACDM Impact Assessment].
The extension of A-CDM facility to other airports may further improve efficiency. It is
estimated that the integration of Europe’s 50 busiest airports should increase en-route capacity
by 3.5–5.5%. Moreover 40 CDM airports could yield reductions of the average ATFM delay
of 20–25% [ACDM Impact Assessment]. The increase in efficiency will be achieved not only
by including new (including smaller and non-EU) airports in the A-CDM scheme [Zanin,
Belkoura, Yanbo, 2017, pp. 491–499] but also through extending this facility to new airport
processes.
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Constant dialogue and exchange of information about operational performance between
airlines and ground handling providers at all stages of their cooperation is another crucial
factor supporting improvement in on-time performance.
Moreover, ground service providers have to consequently work on on-time and safety
performance. These issues should be taken into consideration while budgeting, planning
operations, purchasing equipment, staffing and training.

Delay causes: Eurocontrol data analysis
In order to find out to what extent ground handling operations influence delays of flights
delay statistics were analyzed. The IATA provides a system of delay cause categories,which is
also reflected in CODA delay groupings [Walker, 2016].
Delay causes are generally divided into primary and reactionary ones. With many factors
that may primarily cause delays, there is further subdivision into the following categories and
subcategories:
• Airline:
– Passenger and Baggage;
– Cargo and Mail;
– Aircraft and Ramp Handling;
– Technical and Aircraft Equipment;
– Damage to Aircraft & EDP/Automated Equipment Failure;
– Other Airline Related Causes;
• Airport:
– ATFM due to Restriction at Destination Airport;
– Airport Facilities;
– Restrictions at Airport of Destination;
– Restrictions at Airport of Departure;
• En-Route:
– ATFM due to ATC En-Route Demand / Capacity;
– ATFM due to ATC Staff / Equipment En-Route;
• Governmental:
– Security and Immigration;
• Weather:
– Weather (other than ATFM);
– ATFM due to Weather at Destination;
• Miscellaneous:
– Miscellaneous.
Reactionary delays, on the other hand, are caused by a late arrival of an aircraft, crew,
passengers or cargo.
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In this paper the emphasis is put on ground-handling-induced delays hence the “Aircraft
and Ramp Handling” subcategory will be further analyzed. Handling-induced delays are
analysed in two aspects – in terms of the average delay per flight as well as the share of a delay
relative to other causes enumerated above.Figure 1 shows the distribution of primary delay
causes (reactionary delays are excluded and their share is the complement of cumulative shares
of all the causes to unity; it is 44 to 45 per cent of total delay causes depending on the year).
All data presented in this section was provided by Eurocontrol/CODA and covers ca. 70% of
commercial flights in the ECAC region in the 2012–2017 period.
Figure 1. Share of delays (in minutes) by causes (%)
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Figure 2. Average delay per flight in minutes by causes
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When looking at the average shares of individual delay causes in the 2012–2017 period,
aircraft and ramp handling is the fourth most common cause of delayed flights. On the other
hand, the share of this category of delays has been declining since 2015 and in 2017 it was
the sixth most common cause of delays. It should also be noted that the share of this category
is relatively stable over time, with only two other categories being less variable (as indicated
bythe standard deviation).
In terms of the absolute average delay, this downward trend in delays caused by ground
handling operations is less visible, which should be attributed to a sharp increase in the total
average delay in 2016. This skews the overall picture, depending on whether absolute or relative numbers are analysed. In relative terms, it can be concluded, however, that ground-handling-induced delays were somewhat contained over time when compared to other causes,
which proves that in general other factors have higher potential of causing delays.

Summary
Ground handling operations are one of the key factors responsible for air traffic volatility,
causing delays and disruptions to regular traffic patterns. However, data analysis showed that
the share of ground-handling-induced delays was around 5 per cent in the 2012–2017 period
and in recent years this share has been decreasing, while some other factors have been on
the rise causing more and more delays. Despite this fact, ground handling is still responsible for a fair share of delays, making it a challenge to ground handlers, airlines and airports
to cooperate in order to improve on-time performance. This cooperation must beparticularly
intense as some current trends may adversely impact efforts to improve on-time performance.
Ground handling service providers must also pay special attention to on-time performance
at all stages of their operations.
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