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ANALYSIS OF THE DEVELOPMENT OF LUBLIN CITY
BIKE STATIONS VERSUS THE ECONOMIC AND SPATIAL
CONDITIONS IN THAT CITY

Krzysztof Gawronski, Karol Krél, Grazyna Gawronska, Bartosz Kubicki

Summary

The analysis covered the city bike rental system in Lublin and the development of the so-called
Lublin City Bike (LRM) network. The LRM network was chosen due to its dynamic develop-
ment, because Lublin has the most city bikes per capita in Poland. LRM was launched in June
2014. Since then, the Lublin City Bike consists of 951 bikes located in 97 rental stations in Lublin
and Swidnik. The purpose of the present work is to analyse the development of city bike docking
stations in Lublin against the background of economic and spatial conditions of the city. The
analyses were performed using GIS software. The greatest interest in LRM was recorded in the
central part of the city. It has been shown that the development of cycling infrastructure does
not have a significant impact on the spatial coverage of Lublin City Bike. Developments planned
until 2022 will also not significantly affect the extension of LRM coverage, as they are focused on
increasing the density of stations. Furthermore, the location of the LRM stations is not related to
the population density in individual city districts.
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1. Introduction

When planning spatial development of cities, local government authorities are increas-
ingly paying attention to such values of space that will facilitate and promote sports
and recreational activity. To a large extent, this is due to the growing interest in an
active lifestyle [Kwon et al. 2015]. One of the manifestations of this phenomenon is
the increase in activities related to the use of bicycles, and the development of cycling
tourism. In many cities, bicycle infrastructure in the form of bicycle paths, technical
components that accompany them, and bicycle rental networks are developing dynam-
ically. Bicycle paths are marked out in rural areas, such as the Green Velo East Bicycle
Trail [Wilczynski 2018].
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According to statistics, a cycling trip can save an average of fifteen minutes. The
main reason for this is the lack of waiting time, which is typical e.g. for a bus or tram,
as well as the lack of transfers [European Commission 2000]. In addition, bicycle trans-
port is largely independent of traffic restrictions such as road congestion (so-called
“traffic jams”) or road repairs. It is worth noting that the congestion of public roads
affects the loss of Gross Domestic Product (GDP). According to the report from the
European Commission Green Paper [1996], congestion in roads causes a decline in
GDP of EU countries by up to 2%. The value of losses is estimated at EUR 120 billion,
which is four times the expenditure incurred by EU countries on public transport.
Research in London has shown that traffic jams in the city cause a loss of around 10
billion EUR a year [European Commission 2000]. Furthermore, the distances covered
by car in the city usually do not exceed 5 km. Meanwhile, by bike you can travel the
distance of 4 km in merely 15 minutes [Kopta et al. 2012].

The advantages of cycling include, among others: speed and comfort (cycling
directly from one place to another, avoiding crowded places, using shortcuts and
roads that are inaccessible to cars), relatively low maintenance costs, health and safety
benefits (traffic cycling is a minimal threat to other road users, it does not pollute the
air, does not cause noise etc.) [Wigcek and Gorczyca 2013]. It is also worth noting that
on the surface, which corresponds to one parking space for a car, about 10 bicycles can
be fitted. In addition, a person riding a bicycle takes 8 times less space than a passenger
car [Wienik and Gorczyca 2013].

According to the European Commission [2000], enterprises are increasingly will-
ing to promote the use of bicycles as a means of commuting among their employees.
Savings are obtained by abandoning the construction of parking lots, and reducing
the sickness-related absence of employees. According to CROW [1993], the substantial
impact on the development of bicycle traffic in the city involves: total coherence of
sources and goals covered by bicycle infrastructure, directness (minimizing detours,
elongation factor, and delay factor), as well as safety and comfort. The location of bicy-
cle rental facilities in the city also to some extent affects its acoustic climate and air
protection.

The purpose of the present work is a spatial analysis of the correlations observed
between the Lublin City Bike stations and the city’s cycling infrastructure versus popu-
lation density, distribution of public transport, recreational and leisure areas, as well as
areas of economic and educational importance in the city.

2. Biking infrastructure

Socio-economic development is associated with an increase in investment, employ-
ment, and production value, as well as the development of technical and social infra-
structure. In addition, it is conditional on human capital and depends on geographical
location [Krél and Prus 2018, Prus et al. 2018].

Bicycle infrastructure includes every element related to cycling. Development of
urban biking infrastructure and organization of cyclist traffic should be based, among
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other things, on guidelines developed by the Dutch organization CROW (Centre for
Research and Contract Standardization in Civil and Traffic Engineering) [Hyly and
Kopta 2010]. These guidelines include: (1) consistency — everywhere should have bicy-
cle access, (2) directness - minimum detours and elongation factor, (3) convenience
- minimization of cyclist’s physical effort and delay factor, (4) safety - minimization
of overlap points with pedestrian, car and other traffic, (5) attractiveness - the bicycle
system should be user-friendly and meet the needs of its users [CROW 1993]. The
principle is adopted that if one of the requirements is not met, the bicycle infrastruc-
ture design should be improved. However, due to local conditions and legal regulations
currently in force in Poland, the requirements set by the CROW organization should
not be treated as absolute, but as an inspiration for bicycle infrastructure projects and
a list of good practices.

The most important legal provisions regarding cycling infrastructure in Poland
include: The Road Traffic Convention drawn up in Vienna, technical and design stand-
ards developed in city and municipal offices as part of the planning and development
of cycling infrastructure, and selected legal acts [Act 1997, Regulation 1999, Regulation
2002, Regulation 2003].

Bicycle paths are the main element of a bicycle route, and hence also of the biking
infrastructure. There are many types of bicycle paths. The so-called bicycle lanes, which
are not costly to create, are very common. A bicycle lane is a part of the road separated
by a white line (usually a continuous line), intended for one-way bicycle traffic, in line
with the general traffic direction on a given street. The bicycle lane width should be 1.5
meters [Cal 2015]. A specific variation of the bike lane is the counter-lane. Counter-
lanes for cyclists are used on one-way streets. Bicycle traffic takes place in the oppo-
site direction to the direction of other vehicles [Rowerowy Szczecin 2012]. Another
example of adapting the streets to riding bicycles against the main flow of traffic is the
counter-traffic. Bicycle counter-traffic is used on one-way streets with no entry (road-
sign type B-2). However, this restriction does not apply to bicycles, which is indicated
by the road-sign T-22 “does not apply to bicycles”. In addition, the T-22 road-sign is
used when cycling is allowed, e.g. on a pedestrian walkway.

The most commonly used type of bicycle path is a combined path for bicycles and
pedestrians, i.e. pedestrian-bicycle path. This type of path is marked with the compound
road-sign C-13 and C-16. There are two types of pedestrian-bicycle paths. The first is
marked with the compound road-sign C-13 and C-16, on which pedestrians are sepa-
rated from the bike by a horizontal line. This road-sign is applied when the volume of
pedestrian traffic is low, and there are no separate paths for bicycles and pedestrians.
When the vertical line separates the pedestrian sign from the bicycle, it is divided into
two independent lanes — one for pedestrians, and the other, for cyclists [Cal 2015]. In
turn, the C-13 sign is used on independent bicycle routes, where there is a clear separa-
tion of the bicycle route from other traffic lanes [Brzezinski et al. 2009b]. In addition,
cyclist-friendly streets and traffic calming zones can be distinguished. Traffic calm-
ing zones, i.e. bicycle-friendly streets, are residential areas typically with single-family
housing. Also, they are often encountered in historic areas [Cal 2015].
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In traffic calming zones, pedestrians, bicycles and cars may travel together at a speed
of 30 km/h. Cyclist-friendly streets are divided into two types: (1) those adapted to
the joint traffic of cyclists and motor vehicles and (2) those adapted to the common
movement of pedestrians, cyclists and motor vehicles. In both cases, various techni-
cal measures are used to ensure compliance with speed limits, while in the second
case, additional measures are used to limit car traffic [Brzezinski et al. 2009b]. The last
example of bicycle paths is the combined bus-bicycle lane. This is part of the road with
a designated bus lane, which cyclists can also use [Cal 2015].

An example of bicycle infrastructure accompanying bicycle routes is a “lock” for
bicycles. It is a part designated along the entire width of the road or lane at the inlet of
the intersection, intended for stopping bicycles, for instance at traffic lights, in order to
change direction or give way. In addition, bicycle through-passes are a helpful element
of cycling infrastructure, i.e. a common part of a bicycle road and the road or track
crossing it, distinguished by a special marking. Bicycle through-passes are connected
with pedestrian crossings. In the case of bicycle paths, bicycle roundabouts are also
used [Hyly and Kopta 2010]. Bicycle infrastructure also includes: bicycle parking lots,
bicycle stands, “bicycle sergeant” (sign P-27), bicycle racks, traffic lights, guides and
ramps on stairs, bicycle storage rooms, and integration nodes (Bike & Ride or B&R,
park your bike and ride public transport) [Rowerowy Szczecin 2012].

System of bike docking stations

The bicycle docking station system also referred to as the public bicycle system or city
bike system can be defined as a means of transport carried out by means of bicycles
available at rental stops [Brzezinski et al. 2009]. The beginnings of the cycling system
date back to 1965, when in Amsterdam, the Netherlands, the Provos organization
implemented the White Bike Plan [Shaheen et al. 2010]. The idea of this undertaking
was to provide fifty bicycles to the city residents free of charge, which were painted
white and left throughout the city. However, they were not secured, and most of them
were stolen or destroyed. Currently, city bike systems can be found in many larger
cities, where cycling is developing dynamically and is used not only for recreational
but also transportation purposes. Shaheen et al. [2010] listed the benefits of a public
bicycle network, including health and environmental, increasing the city’s accessibility,
and strengthening the public transport network.

Public (city) bicycle rental systems can be divided into four basic types [Brzezinski
et al. 2009a]:

1) traditional - consist of a network of several rental shops served by staff, usually with
within specified, limited opening hours;

2) automated with bicycle docking points — a system of self-service bicycle stations,
equipped with a digital panel enabling the collection and return of the bike, ac-
cess to information about the system, registration in the system, and making pay-
ments;
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3) not-automated with bicycle docking points — a system of self-service bicycle sta-
tions equipped with a digital panel enabling the collection and return of a bike,
however in this case the bikes are rented and returned for a deposit;

4) automated without bicycle docking points - the bikes are equipped with a locking and
locating mechanism (GPS receiver) and can be left anywhere in a particular city zone.

There are many companies throughout the world specialized in cycling systems.
In 2015, the number of bicycles in public bicycle systems in all world was around
1,270,000 (including 1,036,400 bicycles in China). The increase recorded relative to
2014 was about 324,000 units. In 2015, there were 1005 locations (cities, municipalities,
districts) in the world with a bicycle rental system [Meddin 2016]. In 2015, there were
17 public bike systems in Poland.

3. Lublin City Bike (Lubelski Rower Miejski, LRM)

The LRM system was launched in June 2014. The cycling season in Lublin ended in 2014
on November 30. Bicycles from the LRM network in 2014 were used 128,644 times [LRM
2016]. However, this number also includes “fictitious” rentals, that is, situations where
the bike was picked up and returned to the same station after a short time, and the dura-
tion of the rental was not more than 2 minutes. It is believed that this type of loan were
simply attempts made by new system users to learn about the specifics of its operation.
The number of rentals lasting more than 2 minutes was 103,652 [Kubicki 2015].

The 2015 cycling season lasted in Lublin from March 20, 2015 to the end of
November. The number of loans was 436,965 [LRM 2016]. During this season, the City
Bike System was extended, by including 3 sponsored stations. The latter were created
at the three largest shopping malls in Lublin. In 2016, the LRM system was expanded
by another 47 stations, including 42 stations (2 intended for children over 6 years) in
Lublin itself, and 5 in the nearby city of Swidnik. Stations in both cities are integrated
with each other. It is worth mentioning that 5 stations were financed from the funds
of the citizens’ budget of the city of Lublin [LRM 2016]. The expansion of the city bike
system meant that the availability of LRM bikes for residents increased - in 2015 there
was one LRM bike per 799 inhabitants, and already in 2016, one bike per 404 inhabit-
ants. The Lublin City Bike is currently one of the rental systems in Poland with the
largest number of available bikes per inhabitant [Kubicki 2015].

The LRM system in 2016 consisted of 891 bicycles, including: 826 “ordinary” bicy-
cles, 4 tandems and 20 bicycles for children, located in Lublin, plus 41 bicycles located
in Swidnik. LRM also consists of 90 stations, of which 5 are located in Swidnik and 85
stations are located in Lublin [LRM 2016]. In 2019, Lublin City Bike comprises 951 bikes
located at 97 rental stations in Lublin and Swidnik. A standard LRM station consists of 15
units — places for leaving or renting a bike, and 5 units (bicycle stands) for private bikes
(Photo 1). The system assumes that there should be 10 bikes at each station. The length of
the bicycle path network in Lublin is about 125.18 km, including 105.51 km of independ-
ent bicycle paths and 19.67 km of bike lanes running along with the street.
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Photo: B. Kubicki

Photo 1. Bike docking station No. 6909 (al. Tysiaclecia, Plac Zamkowy)

4. Material and methods

Lublin is located in the eastern part of Poland in the Lublin region/voivodeship (Fig. 1).
It is located on the northern edge of the Lublin Upland, which is built of Cretaceous
formations. The city lies in the basin of the Bystrzyca river, with two other rivers feed-
ing into it: Czechéwka and Czerniejowka [Gawarecki 1976]. The Bystrzyca river divides
Lublin into two parts in terms of landscape: the left bank (varied terrain — valleys, loess
gullies) and the right bank (flat areas).

0 50 100 150 km
——

mLublin Province
M Lublin

Source: Authors’ own study

Fig. 1. Location of Lublin in Poland
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The city is the largest economic, academic and cultural centre east of the Vistula
(Wista) river. Its particular advantage is the short distance from the eastern border with
Ukraine (the nearest border crossing is about 100 km from the city limits) and Lublin
Airport, allowing access to major cities and transport hubs in Europe.
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Source: Authors’ own study

Fig. 2. Map of the existing biking infrastructure in Lublin (scale 1:90 000)
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The analysis covered city bike rental scheme in Lublin, i.e. Lublin City Bike system
(LRM). The city bike network in Lublin was chosen due to its dynamic development
- Lublin has the most city bikes per capita in Poland. In its Resolution [2011], the City
Council of Lublin defined the City Bike System as a network of self-service bike rentals
in the city, organized in a way that allows picking and returning the bike in each of
them. The Lublin City Bike was launched on September 19, 2014 and numbered 400
bikes and 40 stations (Fig. 2).

The analysis of the development of Lublins cycling infrastructure was carried out
subdivided into four time periods. The first two periods fall in 2015 and 2016, and they
relate to statistics on the current use of the Lublin City Bike. In turn, the subsequent
two periods present the development of cycling infrastructure in Lublin - until 2018
and until 2022. In addition, the study poses a number of research questions:

1. What impact does the development of the Lublin City Bike and the bicycle path
network have on the system’s coverage within the city?

2. Does the number of Lublin City Bike stations correspond to the population density
of Lublin?

3. Does the public transport network impact the popularity of the Lublin City Bike
stations?

4. Is there a spatial relationship between the recreational and leisure areas, and the
popularity of the Lublin City Bike stations?

5. What impact do areas of economic importance have on the popularity of the Lublin
City Bike?

Statistics on the use of LRM bicycles in 2014-2015 were obtained from the network
operator, i.e. the company Nextike Polska Sp. z o.0. limited company. Data collected
from the geoportal of the city of Lublin as well as formal and legal documents regarding
the development of cycling infrastructure in Lublin were also used (Table 1).

Table 1. Data sources

Statistical data
Data source Information obtained
Nextbike Polska Sp. z 0.0. (limited Data od the number of rentals and returns in Lublin in
company) the period of September through November

Information on the number of docking stations, number
Lublin City Bike website of bikes and their types, as well as statistical data from the
years 2014-2015

Demographics (including population/number of
inhabitants), economic data (including number of
businesses), city area

Demographics yearbook 2015, Lublin.
eu website

Spatial Information System of the

Municipal Transport Authority in Lublin Information on Lublin’s public transport
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Resolution Nr 553/XXI11/2012 of Lublin

City Council of 6 September 2012 Data on population numbers in various districts of Lublin

Spatial data
Data made available via the WES service: city boundaries,
City Geoportal - Spatial Information district borders, land use, buildings, water reservoirs,
System of Lublin city paid parking zones, business zones, streets, rivers, bicycle

lanes/paths, LRM stations, bus stops

‘Map of biking infrastructure of Lublin | Data obtained via vectorization - polylines of the existing
and surroundings’ website and planned segments of bike paths

Strategy for the implementation
of bike path system in Lublin with
environmental impact assessment

Data obtained via vectorization of the annexes to the
report

Source: Authors’ own study

Geoinformation plays an increasingly important role in the sales of tourist products
[Krdl 2015a, Krdl 2015b, Krol and Bedla 2016]. Spatial analyses and visualizations of
the results were made with the help of GIS software applications, including: ArcGIS
10.4, ArcMap 10.4, ArcCatalog 10.4, QGIS Desktop 2.14.0 and MapViewer 7. The
results of the analyses were presented on maps on a scale of 1:90,000, made in the
coordinate system 2000 (zone 8).

5. Results and inferences

In order to determine the coverage of the Lublin City Bike stations, a network analysis
was used, i.e. a coverage analysis. It was assumed that LRM stations have the coverage
in the range of 625 m, 1250 m, 1875 m and 2500 m, which corresponds to the coverage
expressed in a unit of time, i.e. 5, 10, 15 and 20 minutes. In 2016, the range of the Lublin
City Bike station covered 55% of the city’s area. Detailed data on the area within the
LRM coverage is presented in Table 2.

Table 2. Coverage of the Lublin City Back system docking stations in 2015-2022

Coverage of the LRM stations according to access time
rear up to 5 minutes 5-10 min 10-15 min 15-20 min Total
2015 11% 19% 13% 9% 52%
2016 21% 20% 8% 7% 56%
2018 21% 20% 8% 7% 56%
2022 22% 22% 9% 8% 61%

Source: Authors’ own study
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The greatest impact on the coverage of municipal bike stations is the increase in
their number within the city. The density of the LRM station would reduce the travel

time “from station to station” down to 5 minutes (Fig.

3). The development of the bicy-

cle infrastructure has no significant impact on the coverage of the Lublin City Bike. It
only affects the comfort of riding, and creating bicycle paths in places inaccessible to

cars.
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Source: Authors’ own study

Fig. 3. Coverage of the Lublin City Bike system in 2016 (scale 1:90 000)
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By 2022, investments are planned in new LRM stations and the development of

the bicycle path network (Fig. 4). However, these investments will not significantly
increase the spatial coverage of the LRM, as they are focused on increasing the density
of the docking stations. The effect of the investment will therefore be a reduction in
travel time between stations, which may lead to an increased use of the LRM. At the
same time, however, by 2022, few new areas will also be covered by the LRM system.
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Fig. 4. Projected coverage of the Lublin City Bike by 2022 (scale 1:90 000)
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Analyses conducted with the use of the SQL language allowed us to answer the ques-
tion whether the number of Lublin City Bike stations corresponds to the population
density of Lublin. This was made possible by assigning to respective areas (districts) the
number of inhabitants and the number of city bike docking stations. Dorling’s amor-
phous cartodiagram was used to present the results [Faliszewska and Korycka-Skorupa
2010]. In the Dorling cartogram, the number of bicycle stations per district is shown
by the size of the basic fields (circles), while the colour intensity reflects the population
density (Fig. 5).
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2. Stawin

3. Czechéw Potudniowy
4. Polikwoda

5. Szerokie
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10. Weglin Pétnocny
11. Konstantynéw

12. Rury

13. Za Cukrownig
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18. Weglin Potudniowy
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24. Zemborzyce

Fig. 5. Dorling anamorphic cartogram for the year 2016

Based on the analyses, it can be concluded that the location of the Lublin City Bike
stations is not related to the population density in individual city districts. The largest
number of stations was recorded in the Srédmiescie district, despite the fact that the
population density is not the highest there, remaining in the range from 4501 to 7500
people per km% The new LRM stations commissioned in 2016 covered three addi-
tional districts — Ponikwoda, Szerokie, and Slawinek. This investment also increased
the number of stations in districts with a large population (ranging from 7501 to 12107
people per km?).

The greatest interest in LRM was recorded in the central part of the city, in particu-
lar in the Wieniawa and Srédmiescie districts (Fig. 6). In Srédmieécie and Czechoéw
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Poludniowy, the decline in popularity of city bikes has been observed, which may be
due to the lower density of stations in these districts. The increase in popularity of LRM
is also noticeable in the Za Cukrownig district. The least interest in a city bike in 2015
was recorded in the Stawin, Felin and Zemborzyce districts. These areas are the furthest
in relation to the central part of the city, which can cause such low popularity of the
LRM there. The expansion of the network, which was carried out in 2016, covered
primarily the central part of the city.
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Fig. 6. Popularity of the LRM versus public transport (scale 1:90 000)
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Only 6 stations increased the total coverage of the city bike system in the north and
east-south directions. Many stations were created in-between the existing ones, thus
compacting the network and increasing its complexity. LRM stations have also been
very popular in areas where there are a large number of bus lines. To some extent, this
is due to the location of new stations in these places.
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Fig. 7. Development of biking infrastructure in 2016-2022 (scale 1:90 000)
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Areas with the highest recreational and leisure attractiveness are found in the
central part of the city, where the greatest interest in city bike has been recorded. At the
same time, only one station was recorded in the Zemborzyce district, where one of the
largest recreation and leisure facilities in the city is located, i.e. the Zalew Zemborzycki
(Zemborzyce Lagoon). Few LRM stations were also recorded within the Bystrzyca
River area (Za Cukrownig and Kalinowszczyzna districts), which is not conducive to
using a city bike for recreational, leisure or tourism purposes.

The largest concentration of areas of economic importance in Lublin is found in
the Felin, Stare Miasto and Srédmie$cie districts. There is a Special Economic Zone in
the Felin district. Two LRM stations are located in that area. There was no significant
correlation between this location and the popularity of city bikes. Within the Old Town
(Stare Miasto), there is a paid parking zone as well as numerous office buildings and
shopping facilities, including one of the largest shopping malls in the city. Therefore, it
is justified to locate new LRM stations in this area.

In the years 2018-2022, a significant development of Lublin’s cycling infrastruc-
ture is foreseen (Fig. 7). There are plans to build about 150 km of new bicycle routes,
which is a 100% increase compared to the existing condition in 2016. There are plans to
expand the independent bicycle path network by about 50% compared to 2018, and to
create almost twice as many new bicycle lanes. The forecast is that the increased length
of the bicycle network in Lublin will also increase the coverage of the city with the LRM
system from 0.8 km/km? to 2.4 km/km?.

6. Conclusions

The development of cycling infrastructure should be associated with the develop-
ment of the Lublin City Bike system and vice versa. The increase in the number of
bicycle stations in the city did not significantly increase the coverage, i.e. the area
of the city served by the LRM. It only shortened the travel time between individual
stations. City bike stations should be located near public transport with high levels of
journeys. For bus stops — they should be located near those stops where there are the
largest number of bus and tram lines converge, and not near bus terminals, as before.
The city bike system should be located in the immediate vicinity of the recreational
and leisure areas, in particular the Zemborzyce Lagoon and along the Bystrzyca river.
The creation of additional LRM stations at the ends of the reservoir would enable
touring around it on a city bike, which would increase the tourist attractiveness of
the reservoir.

The city bike system is increasingly used by working people, therefore, it would
be advisable to expand it in areas with high density of service and industrial facilities,
where there are large numbers of jobs and at the same time a limited number of parking
spaces. It is also advisable to locate urban system stations in areas of cultural and educa-
tional significance, e.g. near scientific centres or university campuses. In addition, it
is recommended to increase the number of stations in districts with high population
density.
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