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Abstract: The analysis of scientific research described in peer-reviewed journals demonstrates the
significance of bicycle road networks in relation to smart mobility. This research was conducted
for European Union cities that meet the criteria of having a developed bicycle route network and
are ranked among the top 100 European bicycle-friendliest cities in 2021. The study also analyzed
whether each city was on national or international lists of smart cities or had smart city initiatives.
The study indicates that a comprehensive and well-developed network of bicycle paths is a crucial
element in the development of smart mobility solutions within a modern smart city. Among EU
countries, cities in northern and central Europe, particularly in Germany, Sweden, Finland, Denmark,
and the Netherlands, have the best-developed bicycle networks. The research on the correlation
between the average temperature level in a country and the average values for smart city bike
lanes showed a statistically significant negative correlation between the two variables. The lower a
country’s average annual temperature, the more that a bicycle infrastructure is present in its smart
cities, as measured by the length of bicycle paths and the saturation of the city with bicycle paths per
square kilometer and per 1000 residents. After removing outliers (Finland, Ireland, and Luxembourg),
a significant relationship was observed between the wealth of a country and the length and density
of bicycle paths in smart cities. The linear correlation coefficient between the length of bicycle roads
and GDP per capita was found to be −0.73, which is a high coefficient value.
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1. Introduction

Today, many cities are implementing smart mobility solutions into their important
activities. Smart mobility refers to the use of technology and data to enhance the efficiency,
sustainability, and accessibility of transportation systems. It encompasses a wide range
of transportation modes, including cars, bikes, buses, trains, and more. The aim of smart
mobility solutions is to optimize the use of existing transportation infrastructure, reduce
congestion and emissions, improve safety and accessibility, and enhance the overall mobility
experience for users [1–4]. These solutions often involve the use of sensors, data analytics,
and advanced technologies such as Artificial Intelligence, the Internet of Things (IoT), and
5G networks. The ultimate goal of smart mobility is to create transportation systems that
are more efficient, sustainable, and accessible, resulting in an improved quality of life for
people in cities.

The literature reviewed indicates that the bike road system is an integral part of smart
mobility [5]. The number of bike roads can serve as a technical infrastructure indicator to
measure the potential of smart mobility. This study, which analyzes the development of
bike roads in specific provinces of Poland, contributes to the understanding of smart cities
in the realm of smart mobility [6–8].

The literature reviewed demonstrates the significance of the bicycle road network
regarding smart mobility. The extent of bicycle road infrastructure can be utilized as a
technical infrastructure metric to gauge the smart mobility system’s capacity. Hence, the
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examination of the evolution of bicycle roads in selected provinces of Poland, presented
in this study, adds to the existing knowledge base on smart mobility within the context of
smart cities.

An analysis of the Scopus and Web of scientific publications and research connected
with smart mobility smart bikes and the usage of bikes in smart cities allowed for us to
conclude that there is a research gap connected with the widespread of bike road systems
in European union smart cities. The authors point out that bike road systems and bike
sharing are important from a smart city point of view [5–11], but they did not try to analyze
the state of the bike roads on the European Union level.

Based on the identified research gap, in the presented papers, the following research
objectives were set:

• C1: To investigate what are the differences in bicycle road systems between smart
cities in European Union Countries.

• C2: To investigate the amount of bicycle roads per 1 km2 and 1000 citizens in European
Union countries’ smart cities.

• C3: To investigate whether the dissemination of smart city bicycle road systems in
European Union countries is correlated with the average temperature of the country.

• C4. To investigate whether the dissemination of smart city bicycle road systems in
European Union countries is correlated with the GPD per capita of the country.

• To realize those goals, the following scientific hypothesis were formulated:
• H1. The average length of a bicycle path in smart cities is correlated with the average

temperature of the country.
• H2. The average length of a bicycle path in smart cities per 100 inhabitants is correlated

with the average temperature of the country.
• H3. The average length of a bicycle path in smart cities per 1 km2 is correlated with

the average temperature of the country.
• H4. The average length of a bicycle path in smart cities is correlated with the GPD per

capita of the country.

The paper consists of the following chapters: literature review, methodology, results,
discussion, and conclusion. In the literature review, there is an analysis of the background
of the paper based on scientific papers from good international journals especially noted in
the Scopus database. The next chapter describes the methodological aspect of the paper; in
this chapter, there is a description of the data analyzed in the paper and the way that the
indicators are calculated in the analysis. The next chapter presents the results of the analysis:
the value of the main indicators with their description and with maps presenting indicators
among European Union countries. In the discussion chapter, there is a presentation of
scatter plots and correlation analysis between indicators, with an analysis of the results
and points of views from other papers. The last chapter—the conclusion—recapitulates all
of the results of the paper and provides information on the importance of the results and
their limitations.

2. Literature Review

A smart city can be described as a modern and efficient city that is shaped by six key
areas and is based on the active involvement of informed, independent, and decisive citi-
zens [12–14]. This concept is distinct from earlier models of sustainable development, as it
places a distinct emphasis on “mobility” as a crucial aspect that determines communication
accessibility, ICT infrastructure, and innovative and safe transportation systems [15–18].
Smart cities are developing due to the intelligent utilization of digital information in various
fields such as healthcare, mobility, energy consumption, education, knowledge transfer,
and urban management [19,20].

A smart city can be defined as a well-functioning forward-looking city created by
the above six areas and based on the active participation of informed, independent, and
decisive citizens [12,13,21]. The essential element distinguishing this concept from previous
models of sustainable development is the presence of “mobility” as a separate, important
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dimension defining communication accessibility, ICT infrastructure, and innovative and
safe transportation systems [22]. Smart cities are emerging because of the intelligent use of
digital information in areas such as health care, mobility, and energy consumption, based
on papers [23,24] with meta-analyses on smart city concepts. It can be said that although
there is no unanimous agreement on the dimensions of smart city concepts, there is a certain
level of the accord, which can include concepts such as: “community”, “governance”, and
“technologies”. Additionally, it is worth mentioning that the continuous advancement in
digital technologies has disrupted conventional business models in various sectors, allow-
ing for the creation of new products and services. However, even though the reorganization
of procedures and the development of new models aim to add value for customers, all
signs indicate that the integration of product services in networked smart cities is not
as effective as desired. This issue could even be utilized by policymakers to encourage
public investment in creating strategies for building network structures. Regarding the
sustainability of smart cities (third topic), the focus should not only be on economic growth
and territorial expansion, but rather on a sustainable development approach that seeks to
balance ecosystems and enhance the quality of life for citizens [24,25]. The literature on
the smart city concept indicates a consensus on the primary characteristics of smart cities,
which include: sustainability, advanced ICT technology, high-tech governance, citizen
participation, an innovative and highly skilled society, and a knowledge-based economy.
A smart city should cultivate a society that values innovation and has the skills needed
to develop a knowledge-based economy while utilizing advanced ICT technologies to
promote sustainability and participatory urban governance [24].

The main features of a smart city typically include [25–29]:

• The sustainable and efficient use of resources such as energy, water, and transportation;
• High-quality and accessible public services and infrastructure;
• A robust and integrated Information and Communication Technology (ICT) infrastructure;
• Active citizen engagement and participation;
• Innovative solutions for urban challenges and continuous improvement;
• A safe and secure living environment;
• Data-driven decision-making and management;
• The integration of various urban systems such as transportation, healthcare, education,

and energy.

The use of modern methods of intelligent transportation can benefit city residents
and contribute to an increase in their quality of life. The main beneficial methods of pro-
ecological transportation in a smart city can be electric cars and bikes [30]. The future
of transportation systems is a causing concern due to the scarcity, expensive cost, and
environmental damage caused by fuel-based vehicles. The implementation of electric
vehicles is seen as a possible solution to address these issues, and it could pave the way for
significant advancements in connected and automated transportation systems [31].

In particular, the widespread use of the bicycle as a means of transportation can
contribute to an increase in residents’ quality of life [32–34]. Additionally, cycling is a
form of exercise that can help improve cardiovascular health, reduce stress and anxiety,
and increase overall physical fitness. Cycling is important for air quality. It does not emit
pollutants, helping to improve air quality and reduce exposure to harmful substances,
especially in cities. Cycling can help reduce noise pollution and promote a more active,
livable, and sustainable urban environment. Cycling reduces the number of cars on the
road, leading to less congestion and improved traffic flow. Widespread bicycle use can
provide affordable transportation options for people who cannot afford cars or public
transportation, improving accessibility and mobility for all [35–37].

It can be observed in the literature that biking is one of the factors which is connected
with quality of life in a smart city [4,38]. The rising amount of bike usage is observed in
many cities in European Union countries [39]. The smart city concept consists of six main
areas—one of them is so-called smart mobility [40–42]. For example, Namiot, in his paper,
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points out that bicycles and their usage is an important element of smart mobility system’s
implementation in the city [43,44].

The integration of bike usage as a crucial aspect in smart city models demonstrates its
significance in modern, smart cities. For instance, the authors of smart mobility indicators,
Orłowski and Romanowska [45], include biking as one of the indicators used in their
analysis. Similarly, the other authors of a smart mobility solutions analysis, view bike
usage and bike-sharing systems as key components of the smart mobility concept [46].
A report from Deloitte highlights the importance of bike commuting in smart mobility
and suggests that investing in bike infrastructure, improving smart biking systems, and
promoting bike-sharing programs are essential for enhancing smart mobility in cities.

In another paper about smart mobility in smart cities [47], the authors also use trav-
eling by bike as one of the factors of smart mobility. They also use bicycle routes as
one of the sub-indicators in technical infrastructure indicators in their concept of smart
mobility measurement.

A city without an extensive system of bike roads cannot be smart because it cannot use
new concepts of bike sharing and other smart solutions. A bike-sharing system is a service
in which bikes are available for individual users to share on a very short-term basis. In the
newfangled bike-sharing solution, there is a special smartphone application to monitor
the system. Those bike-sharing systems can be also very beneficial for cities [48]. The
extensive bike road system is the first step to building bike-sharing facilities. After there
are enough bike lanes in particular area, the local authorities can start to build a system of
bike sharing [49].

In another study on smart mobility in smart cities, the authors also consider biking
as a factor in their smart mobility analysis. They include bicycle routes as one of the
sub-indicators in their technical infrastructure indicators [6,7,50]. A city lacking a robust
bike road system cannot be considered a smart city, as it cannot implement new concepts
such as bike sharing and other smart solutions. Bike-sharing systems, where bikes can be
used for short-term sharing, can be monitored through smartphone applications. These
systems can also bring benefits to cities [8,9]. The creation of a comprehensive bike road
system is crucial for establishing bike-sharing facilities. Once there are enough bike lanes
in a particular area, local authorities can implement bike-sharing systems [10,11].

Bicycles are important in smart cities because they offer numerous benefits such
as [51–53]:

• Improved health and wellness: Biking is a great form of physical activity that can
improve health and wellness.

• Reduced traffic congestion: Biking can reduce traffic congestion, leading to smoother
and faster commutes.

• Lower carbon footprint: Biking produces no emissions, making it an environmentally
friendly mode of transportation.

• Cost savings: Biking eliminates the need for fuel and maintenance costs, making it a
cost-effective mode of transportation.

• Increased mobility: Biking provides a flexible and convenient mode of transportation,
especially in densely populated areas.

• Improved air quality: Biking reduces air pollution, leading to cleaner air and better
public health. Enhanced public safety: Biking creates a safer environment by reducing
the number of cars on the road and reducing the risk of accidents.

• Increased social interaction: Biking promotes social interaction and community en-
gagement, as it encourages people to get out and interact with others.

• Improved access to services and amenities: Biking provides improved access to
services and amenities, making it easier for people to get around and access what
they need.

• Promotes sustainability: Biking promotes sustainability by reducing carbon emissions,
conserving energy, and reducing the demand for non-renewable resources.

Overall, bicycles can play a crucial role in creating smart, sustainable, and livable cities.
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Of course, biking in smart cities can also have many problems and disadvantages.
Main important of them are [51–53]:

• A lack of infrastructure: in some cities, there may be a lack of proper bike lanes, bike
parking, and other infrastructure that is necessary for safe and convenient bike usage.

• Weather conditions: depending on the location, weather conditions such as rain, snow,
and extreme heat can make bike usage difficult and unpleasant for riders.

• Theft and security concerns: bikes are often easier to steal than cars, which can be a
concern for riders who leave their bikes parked in public places.

• Physical exertion: cycling can be physically demanding and may not be suitable for
everyone, especially those with health problems or disabilities.

• Cost: although bikes are generally less expensive than cars, they still require an initial
investment, maintenance, and replacement costs.

• Limited carrying capacity: bikes are often limited in terms of the amount of cargo they
can carry, which can be a problem for people who need to transport large items or
heavy equipment.

• Safety concerns: riding a bike on busy roads and intersections can be dangerous, and
the risk of accidents is higher for cyclists than for drivers.

• Inconvenience: cycling may be time-consuming and less convenient than driving,
especially for longer trips and errands.

The transformation of cities into smart cities with increased bike usage is driven by
environmental problems caused by overreliance on traditional modes of transportation [54,55].
Climate change and pollution are major global and European concerns, and making cities safe,
resilient, and inclusive is one of the key goals of the Agenda for Sustainable Development,
which includes mobility as a crucial aspect [56,57].

Smart mobility is an important component of modern smart cities and is necessary
for Polish cities due to high levels of air pollution, long traffic congestion, and the high
number of car accidents, which negatively affect the safety of residents [58]. A balanced
approach that incorporates innovative technology and the needs of residents is essential
for the successful implementation of smart mobility solutions. The goal is not to focus on
innovation itself, but to integrate technology, systems, infrastructure, and capabilities to
achieve maximum impact [59–62].

Cycling, scootering, and other alternative modes of transportation are crucial in
advancing the concept of smart mobility. Commuting by bike or scooter offers the benefits
of reducing traffic congestion and emissions and promoting physical fitness, as well as
reducing greenhouse gases emitted by cars [63–65].

As cycling becomes more popular, cities will adopt technology and bike-sharing
systems as part of their strategy to become smarter [66]. Many cities promote bike usage and
bike-sharing among citizens, and incorporate bike-related eco-friendly solutions [67,68].

The pro-environmental impact of smart mobility is a crucial aspect of creating sustain-
able and livable cities. Smart mobility refers to the integration of digital technology and
data analysis to optimize and improve transportation systems. It is designed to create more
efficient, accessible, and sustainable forms of mobility that reduce traffic congestion, air
pollution, and carbon emissions [69–74].

The environmental impact of traditional transportation systems, particularly cars and
trucks, is well documented. Automobiles are major contributors to air pollution, including
carbon dioxide, nitrogen oxides, and particulate matter. The emissions from cars and
trucks are a significant source of greenhouse gases, which contribute to climate change.
Additionally, cars are a major source of noise pollution, which can negatively impact public
health and the quality of life in cities [75,76].

Smart mobility solutions aim to reduce the negative environmental impact of tradi-
tional transportation systems. For example, the increased use of public transportation,
cycling, and walking can reduce the number of cars on the road, leading to less traffic
congestion, reduced air pollution, and lower carbon emissions. The use of electric vehicles
and clean fuels can also help reduce the carbon footprint of transportation systems [77,78].
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Because of the very important pro-environmental impact of smart mobility and biking,
the cities need to extend their bike road system to be better prepared for new smart
mobility solutions.

3. Methodology

The introduction of this publication outlines the primary objectives of the research,
which focuses on a specific aspect of smart mobility infrastructure—namely, biking in-
frastructure in smart cities. To analyze this infrastructure, appropriate indicators must be
utilized. In this publication, the indicators presented by Wawre et al. [20] were employed,
which categorized smart mobility indicators into various groups. Of these groups, one
was defined as an indicator of technical infrastructure. In this study, these indicators were
utilized specifically for the purpose of analyzing bicycle infrastructure, with a particular
focus on the saturation of smart cities with bicycle paths. This served as the starting point
for the discussions presented in this publication. By adapting the aforementioned concept
to the subject matter being studied, a system of indicators was developed.

This publication was based on the following findings:

• There is a lack of studies about baking infrastructure on the European Union level
which can be used to compare cities and countries according to it.

• There is a lack of analysis of statistical relations between the temperature and bike
road systems in European Union countries.

• There is a lack of statistical analysis about PKB per capita and the country’s develop-
ment of bike road infrastructure.

• There is a lack of analysis about the geographical dissemination of bike road infras-
tructure in the European Union and differences between particular countries.

The analysis presented in this publication was conducted for European Union cities
that simultaneously meet the condition of having a developed bicycle route network and
are among the top 100 European Cyclorank bicycle-friendliest cities in 2021 [79]. For each
city, it was also analyzed whether the city is on national or international lists of smart cities
or has smart city initiatives [80–89].

Of the top 100 cities according to the ranking in question, 83 are located within the
European Union and can be considered smart cities. The 83 cities studied are located in
24 countries of the European Union. These cities were considered in the analyses pro-rated
in the publication. Among the cities studied, 22 are located in Germany, 11 in Spain, 9 in
Poland, 6 in France, 5 in Italy, 3 in Romania, 3 in Sweden, 3 in Bulgaria, and 2 in Denmark.
The rest of the countries had one analyzed city: Austria, Belgium, Chechia, Croatia, Estonia,
Finland, Greece, Hungary, Ireland, Lithuania, Luxembourg, the Netherlands, Portugal,
Slovakia, and Slovenia. The list of the cities included in the study with the division in the
countries is presented in Table 1.

Table 1. List of the cities included in the study with division in countries.

No Country City

1 Austria Vienna

2 Belgium Brussels

3 Bulgaria Plovdiv, Varna, Sofia

4 Chechia Prague

5 Croatia Zagreb

6 Denmark Copenhagen, Aarhus

7 Estonia Tallinn

8 Finland Helsinki
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Table 1. Cont.

No Country City

9 France Nantes, Toulouse, Lyon, Paris, Nice, Marseille

10 Germany
Hannover, Munster, Bremen, Mannheim, Bonn, Dusseldorf, Munich, Nuremberg,

Frankfurt, Hamburg, Duisburg, Karlsruhe, Leipzig, Dortmund, Essen, Berlin, Bielefeld,
Bochum, Dresden, Stuttgart, Wuppertal, Cologne

11 Greece Thessaloniki

12 Netherlands Amsterdam, Hague, Antwerp, Rotterdam, Utrecht

13 Hungary Budapest

14 Ireland Dublin

15 Italy Bologna, Turin, Florence, Milan, Rome

16 Lithuania Vilnius

17 Luxembourg Luxembourg

18 Poland Wroclaw, Warsaw, Poznan, Lublin, Krakow, Bydgoszcz, Gdansk, Szczecin, Lodz,

19 Portugal Lisbon

20 Romania Timisoara, Cluj-Napoca, Iasi

21 Slovakia Bratislava

22 Slovenia Ljubljana

23 Spain Valencia, Seville, Alicante, Palma, Barcelona, Zaragoza, Cordoba, Bilbao, Madrid,
Malaga, Murcia

24 Sweden Malmo, Stockholm, Gothenburg

Source: author’s analysis.

To measure the relations between bike road systems and the temperature of the country,
data about the average temperature in European Union countries were used [90].

In the analysis, there is a hypothesis about the relations between the bike road system
and GPD per capita. The GPD per capita indicator was used because it can be seen as a
good measure of the economic development of the country [85,86]. The value of the GPD
per capita indicator was used according to World Economic Outlook Database [91].

The following indicators were used in the data analysis for each city studied:

BscpI =
Bp
I

∗ 1000 (1)

where:
BscpI—the length of bicycle paths in a smart city per 1000 inhabitants;
Bp—le;
I—the number of inhabitants in a smart city.

BscpA =
Bp
A

(2)

where:
BscpA—the length of bicycle paths per 1 km2 of an area;
Bp—the length of bicycle paths in a smart city;
A—the area of a smart city in km2.

Bscr =
Bp
I

∗ 1000 (3)

where:
Bscr—the ratio of bicycle paths to total roads in a smart city;
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Bp—the length of bicycle paths in a smart city;
I—the length of roads in a smart city.
The indicators were prepared according to the main rules which are useful about how

to develop indicators in social sciences [92,93].
The concept behind this study involves the analysis of several indicators related to

cycling, as well as one related to economic conditions and another related to weather.
Among these indicators, GDP per capita is the most suitable for basic analysis as it reflects
a country’s wealth and overall economic well-being. Countries with higher GDP per capita
generally have more resources available for investing in infrastructure, including bike road
systems. Furthermore, citizens of such countries are more likely to be able to afford to
purchase bikes and use them as an alternative mode of transportation. GDP per capita is a
comprehensive indicator that considers both individual income levels and overall economic
performance, providing a complete picture of a country’s economic well-being that directly
affects the availability of resources for infrastructure and bike road system investments.
Therefore, a higher GDP per capita generally implies a higher level of economic activity
and more resources available for infrastructure investments.

In future, it is possible to use more indicators, for example, income distribution,
education level, or the analysis of living costs and car ownership costs.

The research concept also includes the use of one indicator for weather analysis. The
“average temperature” indicator was chosen over the “number of sunny days” as it has
a more significant impact on cycling conditions. Even on sunny days, low temperatures
can make cycling uncomfortable or unsafe due to the presence of ice on roads or trails.
Similarly, high temperatures can make cycling difficult and even dangerous, especially
over long distances. This indicator provides a more accurate representation of the weather
conditions that cyclists are likely to face, making it easier to design and plan bike road
systems that are safe and comfortable to use. The speed of temperature could also be an
interesting indicator in future analyses that focus specifically on weather aspects of cycling
system building.

To analyze the collected data, the STATISTICA-13.3 software was utilized. The basic
assumptions of measurable correlations were checked to analyze the correlation between
variables. In the analysis, the linear correlation indicator was employed, and all correlation
coefficients were calculated at the α = 0.05 level of statistical significance.

• To interpret the correlations between indicators, the Guilford reliability classification
was used. According to this approach, we can differentiate the following types of
correlations [94]: 0.9 < r ≤ 1—very high,

• 0.7 < r ≤ 0.9—high;
• 0.4 < r ≤ 0.7—moderate;
• 0.2 < r ≤ 0.4—low;
• 0.00 < r ≤ 0.2—very low.

The mentioned descriptions of correlation coefficients were used in the interpretation
of data.

Figure 1 displays a brief flowchart presenting the steps of the study described in
this paper.
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4. Results

In this chapter, there will be a juxtaposition of the main results of the paper. The
presented data will be discussed in the next chapter.

In the Table 2, there are data about European Union smart cities, which are the best
bike-friendly cities, according to Cyclorank 2021. In the table, there are data about city
names, countries, bike road lengths, all road lengths, and segregated road lengths.

Table 2. Bike roads in European Union smart cities that are best adjusted for bikes.

No Country City Bike Road Length
[75]

Road Length
[75,85]

1 Austria Vienna 1300.76 16,373.93

2 Belgium Brussels 76.43 883.91

3 Bulgaria Plovdiv 94.83 2263.45

4 Bulgaria Varna 66.19 4227.75

5 Bulgaria Sofia 105.59 6559.59

6 Chechia Prague 616.48 20,785.67

7 Croatia Zagreb 282.71 9550.99

8 Denmark Copenhagen 741.25 4616.33

9 Denmark Aarhus 1198.52 10,146.21

10 Estonia Tallinn 548.38 6622.59

11 Finland Helsinki 2605.18 14,339.53

12 France Nantes 380.41 2780.18

13 France Toulouse 666.92 5297.21

14 France Lyon 275.93 2494.39
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Table 2. Cont.

No Country City Bike Road Length
[75]

Road Length
[75,85]

15 France Paris 570.13 6174.52

16 France Nice 69.97 2297.05

17 France Marseille 190.18 7685.41

18 Germany Hannover 1026.46 8361.35

19 Germany Munster 927.77 7347.75

20 Germany Bremen 1286.57 10,271.45

21 Germany Mannheim 516.43 6018.61

22 Germany Bonn 523.75 5416.14

23 Germany Dusseldorf 848.48 8323.37

24 Germany Munich 1655.97 16,984.83

25 Germany Nuremberg 677.60 7610.35

26 Germany Frankfurt 729.99 9883.29

27 Germany Hamburg 1789.60 25,557.07

28 Germany Duisburg 618.59 7576.48

29 Germany Karlsruhe 414.68 6689.29

30 Germany Leipzig 765.12 10,092.79

31 Germany Dortmund 812.07 11,626.20

32 Germany Essen 632.29 8762.29

33 Germany Berlin 2478.84 39,808.56

34 Germany Bielefeld 566.32 8597.44

35 Germany Bochum 404.68 6842.48

36 Germany Dresden 440.30 10,779.37

37 Germany Stuttgart 399.69 9192.64

38 Germany Wuppertal 111.33 2645.89

39 Greece Thessaloniki 26.88 917.16

40 Germany Cologne 1466.25 14,756.88

41 Netherlands Amsterdam 1259.29 8661.93

42 Netherlands Hague 548.46 4693.86

43 Netherlands Antwerp 906.37 5693.08

44 Netherlands Rotterdam 875.16 5962.23

45 Netherlands Utrecht 559.15 3609.50

46 Hungary Budapest 561.19 18,618.63

47 Ireland Dublin 251.86 6009.99

48 Italy Bologna 408.03 3739.61

49 Italy Turin 305.84 4815.10

50 Italy Florence 178.57 4764.17

51 Italy Milan 385.87 8008.79

52 Italy Rome 437.20 21,712.35

53 Lithuania Vilnius 396.11 11,206.06

54 Luxembourg Luxembourg 157.74 2254.80
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Table 2. Cont.

No Country City Bike Road Length
[75]

Road Length
[75,85]

55 Poland Wroclaw 651.56 12,543.52

56 Poland Warsaw 1384.10 27,151.26

57 Poland Poznan 498.89 11,518.12

58 Poland Lublin 322.13 7256.87

59 Poland Krakow 443.50 12,179.54

60 Poland Bydgoszcz 275.29 6983.12

61 Poland Gdansk 356.20 9093.51

62 Poland Szczecin 283.59 8112.34

63 Poland Lodz 401.84 13,668.31

64 Portugal Lisbon 228.75 4434.45

65 Romania Timisoara 106.81 2414.10

66 Romania Cluj-Napoca 76.86 2868.69

67 Romania Iasi 57.52 2127.85

68 Slovakia Bratislava 275.52 10,779.00

69 Slovenia Ljubljana 264.76 6485.76

70 Spain Valencia 511.10 4143.81

71 Spain Seville 365.77 4250.41

72 Spain Alicante 260.31 4221.62

73 Spain Palma 148.59 4050.32

74 Spain Barcelona 352.64 7881.66

75 Spain Zaragoza 267.71 10,067.73

76 Spain Cordoba 185.05 6096.96

77 Spain Bilbao 63.33 1693.15

78 Spain Madrid 652.18 19,203.75

79 Spain Malaga 187.31 7647.25

80 Spain Murcia 276.10 11,143.40

81 Sweden Malmo 926.26 4427.65

82 Sweden Stockholm 1845.44 10,363.48

83 Sweden Gothenburg 1598.82 12,253.42
Source: author’s analysis on the basis of [75,85].

According to the data in the table, we can observe that there are differences between
European countries in the number of bicycle-friendly cities. Germany has the highest
number of cities with 21 cities, followed by Spain with 11 cities and then Poland with
9 cities. Regarding France, there are 6 cities; Italy has 5 cities; the Netherlands has 5 cities;
Romania has 3 cities; Sweden has 3 cities; Bulgaria has 3 cities; and Denmark has 2 cities.

Regarding the other countries on the list, there is one city each, of which is always
the capital of the country. When analyzing the data, it is worth noting that regarding
the analyzed countries, the list of cities includes their capitals. It is in the capital where
investments related to bicycle infrastructure are concentrated—the capitals of the countries
are most involved in smart mobility. This can lead to an incongruous situation of significant
differences between the commitment to the implementation of smart mobility principles
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regarding a country’s capital and the other cities, which can exacerbate social differences
and lead to exclusion from the use of smart city tools in many cities.

Analyzing the length of bicycle paths in each of the surveyed cities, it can be noted that
the longest network of bicycle paths is characterized by cities such as Helsinki—2605.18 km,
Berlin—2478.84 km, Stockholm—1845.44 km, Hamburg—1789.6 km, Munich—1655.97 km,
Gothenburg—1598.82 km, Cologne—1466.25 km, Warsaw—1384.1 km, Vienna—1384.1 km,
and Bremen—1286.57 km. As many as five German cities, two Swedish cities, and one city
each from Finland, Poland, and Austria made it into the top ten from the point of view of
total bicycle path length.

From analyzing the data, it can be observed that by far the best-developed bicycle
networks in the European Union are found in German cities—numerous non-German cities
are on the list, and half of the cities in the top ten regarding the total length of bicycle routes
are German cities. From the point of view of the length of bicycle routes in European Union
cities, the longest total length of bicycle routes is characterized by cities in northern and
central Europe. Regarding cities from western and southern Europe, they are far behind
the leaders, with Toulouse in 24th place and Madrid in 25th place.

When analyzing the data, it should be considered that the individual cities are char-
acterized by different sizes and populations. Therefore, in order to accurately track the
differentiation of the studied cities from the point of view of the length of bicycle routes, it is
necessary to include these parameters in the analysis. In cities with large areas, there should
be more bicycle routes so that residents can reach all the places they need. Additionally, a
larger population requires more bicycle routes.

In order to take this into account, the parameters of saturation of a given city with
bicycle roads were calculated: the number of bicycle roads per 1 km2 of the city’s area and
the number of bicycle roads per 1000 residents of the city. The relevant data for individual
cities are summarized in Table 3. The table also calculates the ratio of bicycle roads to the
length of all roads in each city.

Table 3. Bike roads per area and the population in European Union smart cities that are best adjusted
for bikes.

No City Population [85] Area
[85] Bike Road/Area Bike

Road/Population
Bike

Road/Road

1 Austria 2187.2 471.40 2.54 0.55 11.8%

2 Belgium 634.8 202.55 1.29 0.41 6.2%

3 Bulgaria 513.3 219.50 5.74 2.45 14.5%

4 Bulgaria 1221.8 203.70 4.45 0.74 15.9%

5 Bulgaria 886.8 38.07 9.26 0.40 4.5%

6 Chechia 821.7 101.32 24.46 3.02 6.2%

7 Croatia 506.9 116.24 4.87 1.12 6.6%

8 Denmark 354 891.14 0.07 0.18 3.7%

9 Denmark 388.4 258.83 1.56 1.04 5.9%

10 Estonia 944.3 40.62 10.04 0.43 10.9%

11 Finland 322.1 145.66 3.60 1.63 9.7%

12 France 344.2 140.67 1.96 0.80 2.6%

13 France 472.1 141.07 9.12 2.73 12.5%

14 France 333.7 367.56 0.21 0.23 8.6%

15 France 475.5 326.29 1.72 1.18 3.0%

16 France 404.5 230.23 1.20 0.68 3.9%

17 France 324.6 162.44 0.47 0.24 2.7%
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Table 3. Cont.

No City Population [85] Area
[85] Bike Road/Area Bike

Road/Population
Bike

Road/Road

18 Germany 567.6 240.38 6.10 2.58 9.9%

19 Germany 1222.6 526.15 1.41 0.61 16.1%

20 Germany 544.4 175.85 1.05 0.34 3.0%

21 Germany 354.4 181.66 4.47 2.29 7.0%

22 Germany 2873 179.16 2.46 0.15 4.1%

23 Germany 696.7 405.01 0.62 0.36 4.2%

24 Germany 587 121.88 5.08 1.05 8.2%

25 Germany 1472.3 108.95 7.79 0.58 10.2%

26 Germany 315.2 1255.41 0.50 2.01 7.2%

27 Germany 688.7 82.03 2.18 0.26 3.7%

28 Germany 313.1 280.84 2.60 2.33 7.4%

29 Germany 504.7 328.48 1.08 0.71 3.9%

30 Germany 426.5 118.62 13.48 3.75 13.0%

31 Germany 309.4 232.77 2.36 1.77 11.7%

32 Germany 587.9 217.49 8.23 3.04 7.0%

33 Germany 1309 210.38 4.88 0.78 12.3%

34 Germany 335.2 102.42 25.44 7.77 18.2%

35 Germany 579.3 248.68 0.23 0.10 2.7%

36 Germany 583.1 243.85 1.70 0.71 6.2%

37 Germany 766.7 266.95 1.66 0.58 3.6%

38 Germany 3664.1 241.00 3.17 0.21 7.6%

39 Greece 673.9 1093.63 0.21 0.34 5.2%

40 Germany 1756 98.14 2.70 0.15 4.1%

41 Netherlands 3266.1 980.29 0.41 0.12 2.9%

42 Netherlands 1860.3 204.01 1.58 0.17 4.4%

43 Netherlands 554.6 717.65 0.22 0.28 7.0%

44 Netherlands 536.1 91.49 3.02 0.51 11.1%

45 Netherlands 801.6 173.54 3.76 0.81 3.4%

46 Hungary 1620.8 326.85 0.57 0.12 2.4%

47 Ireland 1897.1 297.89 3.11 0.49 20.9%

48 Italy 314.3 86.82 5.95 1.64 8.6%

49 Italy 345.8 275.06 0.69 0.55 2.5%

50 Italy 409.7 293.26 1.32 0.94 4.8%

51 Italy 518.4 147.45 11.23 3.19 9.7%

52 Italy 319.3 51.73 17.93 2.91 12.6%

53 Lithuania 325.7 47.98 5.75 0.85 2.5%

54 Luxembourg 656.2 604.89 0.63 0.58 13.7%

55 Poland 308.8 395.70 0.18 0.23 3.0%

56 Poland 753.1 86.46 7.84 0.90 8.9%

57 Poland 544.1 144.98 1.02 0.27 3.7%
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Table 3. Cont.

No City Population [85] Area
[85] Bike Road/Area Bike

Road/Population
Bike

Road/Road

58 Poland 498.6 242.14 2.35 1.14 9.2%

59 Poland 342 181.89 0.52 0.28 4.2%

60 Poland 364.6 310.71 1.61 1.37 4.3%

61 Poland 574.7 303.30 2.03 1.07 3.0%

62 Poland 122.3 918.26 0.48 3.57 2.0%

63 Poland 806.3 65.80 13.30 1.09 14.7%

64 Portugal 619.3 118.58 3.08 0.59 8.6%

65 Romania 975.6 74.19 1.42 0.11 1.6%

66 Romania 336.4 20.53 89.91 5.49 17.8%

67 Romania 540 187.35 2.13 0.74 4.3%

68 Slovakia 279.7 160.05 1.77 1.01 3.5%

69 Slovenia 1073.1 208.73 2.63 0.51 8.3%

70 Spain 319.3 105.39 0.26 0.08 2.9%

71 Spain 623.7 112.52 0.95 0.17 4.4%

72 Spain 868.3 261.92 2.55 0.77 12.6%

73 Spain 549.2 496.27 0.62 0.56 6.4%

74 Spain 602.5 304.01 1.84 0.93 15.5%

75 Spain 343.4 1286.58 0.40 1.49 12.3%

76 Spain 447.2 128.84 0.51 0.15 1.6%

77 Spain 1841 141.29 9.21 0.71 7.9%

78 Spain 582.2 177.00 2.24 0.68 3.5%

79 Spain 1360 215.75 6.42 1.02 5.1%

80 Spain 311.2 207.32 3.14 2.09 5.2%

81 Sweden 328.6 300.55 0.37 0.34 4.2%

82 Sweden 666.9 159.46 1.77 0.42 3.0%

83 Sweden 368.4 19.29 13.88 0.73 2.7%

Source: author’s analysis.

Regarding the ratio of the number of bicycle roads per 1 km2 of area, the highest results
are characterized by: Helsinki—39.6 km/km2, Hannover—21.39 km km2, Gothenburg—
17.47 km km2, Vienna—15.05 km km2, Lisbon—11.86 km km2, Krakow—10.92 km km2,
Stockholm—10.43 km km2, Copenhagen—9.88 km km2, Amsterdam—9.67 km km2, and
Berlin—8.32 km km2. Again, as was the case with the analysis in absolute numbers, it
can be observed that the European Union cities characterized by the highest density of
bicycle paths per square km of area are located in northern and central Europe—Germany,
Finland, Austria, Sweden, Denmark, and Poland. The only exception, in this case, is
Portugal’s Lisbon.

The next parameter studied the number of bicycle paths per 1000 inhabitants; the
following European Union cities ranked first: Helsinki—7.77 km, Stockholm—5.49 km,
Gothenburg—3.75 km, Munich—3.19 km, Hamburg—3.04 km, Berlin—3.02 km, Munster—
2.91 km, Bremen—2.73 km, Cologne—2.58, and Amsterdam—2.45 km. The top ten cities
with the highest density of bicycle paths per 1000 residents include six German cities, two
Swedish cities, and one city each from the Netherlands and Finland. Again, the earlier
observations are confirmed: there is a definite advantage of cities in central and northern
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Europe and Germany in particular over the rest of the European Union countries regarding
the construction of bicycle infrastructure for smart mobility.

Regarding modern smart cities, an analysis of the literature suggests that they should
be sustainable. To be sustainable and more ecology-friendly, the city should decrease
the amount of used private cars and increase the amount of public communication and
bikes [39,52–54]. One of the parameters regarding how we can measure this is the relation
between all roads and bike roads in smart cities. The smart city which is investing in
alternative methods of communication toward smart mobility should have a better bike
road-to-road ratio.

The bike road-to-road ratio is expressed as a percentage and it indicates what percent-
age of the sum of all roads in each city are bike roads. For the cities surveyed, the highest
bike road-to-road ratios are found for the following cities: Malmo—20.9%; Helsinki—18.2%,
Stockholm—17.8%, Copenhagen—16.1%, Antwerp—15.9%, Utrecht—15.5%, Rotterdam—
14.7%, Amsterdam—14.5%, Nantes—13.7%, and Gothenburg—13%. The top ten cities with
the highest percentage of bicycle roads in relation to total roads included three cities in
Sweden; four cities in the Netherlands; and one city each in Denmark, Finland, and France.
Regarding the analyzed variable, there is a clear advantage between Scandinavian cities
(all three cities of Sweden were in this group) and cities of the Netherlands (four out of five
cities from this country were in the top ten for the variable in question).

In the next stage of the research procedure, the data for each country were aggre-
gated by calculating the average parameters for cities within the studied European Union
countries. The results of the calculations are summarized in Tables 3 and 4, respectively.

The analysis of the data in Table 4 shows that the countries in which smart cities
are characterized by the greatest length of bicycle routes are: Finland—2605.18 km/city,
Sweden—1456.6 km/city, Austria—1300.76 km/city, Denmark—969.88 km/city, and
Germany—867.85 km/city. The lowest values are found for the countries: Greece—
26.88 km/per city, Belgium—76.43 km/per city, Romania—80.4 km/per city, and Bulgaria—
88.87 km/per city. Regarding the very large differences that occur between countries, the
leading countries reach values of more than 1000 km/per city, while the worst countries do
not exceed 100 km/per city. In Figure 2, there is an illustration of the data regarding bike
road length in smart cities in European Union countries.
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Table 4. European countries—the number of analyzed smart cities and bike road lengths.

No Country Number of Cities Average Bike Road Length Average Road Length

1 Austria 1 1300.76 16,373.93

2 Belgium 1 76.43 883.91

3 Bulgaria 3 88.87 4350.26

4 Chechia 1 616.48 20,785.67

5 Croatia 1 282.71 9550.99

6 Denmark 2 969.88 7381.2

7 Estonia 1 548.38 6622.59

8 Finland 1 2605.18 14,339.53

9 France 6 358.9 4454.79

10 Germany 22 867.85 11,052.02

11 Greece 1 26.88 917.16

12 Hungary 1 559.15 3609.50

13 Ireland 1 561.19 18,618.63

14 Italy 5 343.1 8608

15 Lithuania 1 437.20 21,712.35

16 Luxembourg 1 396.11 11,206.06

17 Netherlands 5 829.68 5724.118

18 Poland 9 513.01 12,056

19 Portugal 1 228.75 4434.45

20 Romania 3 80.4 2470.21

21 Slovakia 1 275.52 10,779.00

22 Slovenia 1 264.76 6485.76

23 Spain 11 297.28 7309.1

24 Sweden 3 1456.4 9014.85

Source: author’s analysis.

Regarding the smart cities’ saturation rates of bicycle routes per km of area (Table 5),
the best results are found for the following countries: Finland—39.6 km/km2, Austria—
15.05 km/km2, Portugal—11.86 km/km2, and Sweden—10.14 km/km2. The lowest results
for the indicator in question are for Greece—0.13 km/km2, Italy—0.35 km/km2, Bulgaria—
0.43 km/km2, Slovenia—0.44 km/km2, and Estonia—0.5 km/km2. The spread of data
among countries is shown in Figure 3—bike road lengths per 1 km2 in smart cities in
European Union countries.

The next smart mobility indicator calculated was the indicator of smart city saturation
with bicycle roads per 1000 inhabitants. In this case, the highest values of the indicator are
found in countries such as Finland—7.77 km/1000 people, Sweden—3.24 km/1000 people,
Luxembourg—1.39 km/1000 people, Germany—1.59 km/1000 people, and Hungary—
1.18 km/1000 people. The smallest values of the indicator are noted for the following
countries: Greece—0.08 km/1000 people, Slovenia—0.15 km/1000 people, Romania—
0.17 km/1000 people, Bulgaria—0.18 km/1000 people, and Belgium—0.23 km/1000 people.
The data about the spread of bike road length per 1000 citizens in smart cities in European
Union countries are shown in Figure 4.
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Table 5. European countries—bike path saturation in the surveyed smart cities.

No Country Average Bike
Road/Area

Average Bike
Road/Population

Average Bike
Road/Road

1 Austria 15.05 0.71 7.9%

2 Belgium 0.70 0.23 8.6%

3 Bulgaria 0.43 0.18 2.5%

4 Chechia 3.02 1.07 3.0%

5 Croatia 2.19 0.42 3.0%

6 Denmark 7.71 0.58 14.0%

7 Estonia 0.50 0.51 8.3%

8 Finland 39.60 7.77 18%

9 France 1.31 0.63 8.7%

10 Germany 4.77 1.59 8.0%

11 Greece 0.13 0.08 2.9%

12 Netherlands 2.03 0.93 15.5%

13 Hungary 2.69 1.18 3.0%

14 Ireland 1.24 0.51 5.6%

15 Italy 0.35 0.35 2.0%

16 Lithuania 1.51 0.68 3.5%

17 Luxembourg 7.76 1.39 14.4%

18 Poland 3.78 0.86 4.0%

19 Portugal 11.86 0.34 5.2%

20 Romania 0.58 0.17 3.3%

21 Slovakia 0.92 0.80 2.6%

22 Slovenia 0.44 0.15 4.1%

23 Spain 1.24 0.56 4.8%

24 Sweden 10.14 3.24 17.3%
Source: author’s analysis.

The last coefficient calculated for smart cities in the European Union countries studied
was an indicator for the percentage of bicycle roads in the total amount of roads in a city. The
indicator can be taken as an indicator suggesting a country’s commitment to sustainability
and replacing car traffic with bicycle traffic. For European Union countries, the highest
values of the indicator are for smart cities in countries such as Finland—18%, Sweden—17.3,
the Netherlands—15.5%, Luxembourg—14.4%, and Denmark—14%. The highest values
of the indicator are obtained by Scandinavian and Benelux countries. The lowest values
of the ratio are for the following countries: Italy—2%, Bulgaria—2.5%, Slovakia—2.6%,
Greece—2.9%, Chechia—3%, and Croatia—3%.
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5. Discussion

A good system of bicycle paths is an important factor in conditioning the development
of smart mobility—one of the important aspects of a modern smart city. For smart mobility
solutions to be applied in the city, e.g., bike sharing, or various types of applications
that monitor bicycle traffic, e.g., smart tires, the basis is a readily available well-prepared
network of bicycle paths in the city. Smart tires are a type of intelligent tire technology that
provides various features to enhance the performance, safety, and efficiency of vehicles.
They are equipped with sensors and communication devices that can collect and transmit
data on tire pressure, temperature, and other relevant information to the vehicle’s onboard
computer. This information can be used to alert the driver in case of low tire pressure
or any other potential problems and to optimize the performance and fuel efficiency of
the vehicle. Additionally, smart tires can communicate with other vehicles, infrastructure,
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and the cloud to provide real-time traffic updates, weather conditions, and road hazards,
helping to enhance road safety [95,96].

Without a bikeway system, more advanced solutions that focus on using data analytics
and artificial intelligence are not possible. The road network must have sufficient density to
make moving around the smart city convenient and a real alternative to traditional means
of transport.

The study shows that there are very large differences between the surveyed smart
cities in terms of a functioning bikeway system within the city. In the smart cities located
in the European Union, in particular, the best network of bicycle paths both in terms of
overall length as well as saturation with bicycle paths per 1 square kilometer of an area or
1000 inhabitants is found in cities located in northern and central Europe in particular; this
applies to German, Swedish, Finnish, Danish, or Ho-lender cities.

Among the cities surveyed, Helsinki has the longest bicycle path system (2605 km).
Helsinki is a city that is well-advanced in smart mobility implementation. The city has a
strategy—Bicycle Action Plan 2020–2025—for the further development of bicycle trans-
portation [97]. It is a continuation of the earlier strategy, which resulted in a very good
development of the bicycle road network, which is now the longest in the European
Union [98]. In Helsinki, bicycle transportation has been widely promoted, starting in 1995;
in particular, its use began to grow rapidly after 2010 [99]. All this required the creation
of an adequate infrastructure, which has been developed in recent years and the city au-
thorities plan to develop further [100]. Helsinki’s bicycle transportation system, according
to the aforementioned strategy, should meet the following criteria: safe, direct, extensive,
effortlessness, and pleasant [101].

In second place, in terms of the length of bicycle routes, was Berlin with a result of
2478.84 km. The city also has a detailed strategy for developing a bicycle system as part of
its smart city implementation [102]. The current strategy is a continuation of one that was
first developed in 2004 [103,104]. According to the Berlin documentation, cycling creates
mobility and can positively impact on quality of life in the city. Using bikes as a transport
mode is quiet, sustainable, and can lead to a decrease in air pollution in the city [105,106].

Copenhagen is also an interesting case as it is one of the first euro–European cities
to start using bicycle transportation and smart mobility on a massive scale [45]. In
Copenhagen, bicycles are used as an alternative means of transportation to traditional
transportation—private cars [46–49]. From the point of view of the length of bicycle paths,
Copenhagen is not currently in 1st place, but it is nevertheless ranked 8th in the European
Union in terms of the number of bicycle paths per square kilometer.

Since individual cities differ significantly in population, as well as in area, the indica-
tors of the length of bicycle routes per square kilometer of the city area and per thousand
inhabitants were calculated. The obtained results allow for us to draw a similar conclusion:
that the smart cities of Germany, the Netherlands, Sweden, Finland, Dania, and Austria
have the best-developed bicycle network among the EU countries; sometimes single Polish
and Portuguese cities also appear in the lead.

Regardless of the adopted coefficient, the top spot is occupied by the largest number
of smart cities in Germany. In the top ten of the total length of bicycle paths, half are
German cities. Regarding the length of bicycle paths per 1 square kilometer of surface area,
two German cities are in the top ten. The juxtaposition of the length of bicycle paths per
1000 inhabitants was dominated by German cities, of which there are six in the top ten.

As for the ratio of the number of bicycle paths per square kilometer, Hanover came in
second place behind Helsinki, with 21.39 km/km2. The wide spread of the biking system is
one of the important goals of Hanover’s smart city strategy [107]. The city is trying to keep
the bicycle infrastructure in a good state using special actions and programs to promote the
use of bikes by citizens. Hanover tries to promote bikes and electric bikes by, for example,
expanding the charging infrastructure which can be used in electric bikes [108].

Stockholm came in second place for the number of bicycle paths per thousand resi-
dents, with 5.49 km. In Stockholm, according to the urban mobility strategy, an increase
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in the use of bikes by citizens can be observed [109]. Because Stockholm would like to
be fossil-fuel-free by 2025, it needs more sustainable related activities [110,111]. One of
them is the extension of the bicycle road infrastructure which will benefit in decreasing air
pollution and better the quality of life for citizens [112,113].

As for the ratio of bicycle road length to total road length, it is highest for Swedish and
Dutch cities. This ratio suggests that a city is strongly committed to promoting sustainable
development and reducing carbon emissions. An analysis of the literature confirms this
assumption. For example, Egean, through analyzing the examples of Sweden, Denmark,
and Iceland, showed Sweden’s strong commitment to decarbonization policies and the
promotion of green energy [114]. This is confirmed by Skill’s considerations [115]. The
Netherlands, too, has a policy committed to promoting sustainable development and
green energy at the country and local levels [116]. The pursuit of green energy and a
zero-emission economy requires investment in modern smart mobility methods including
bicycle transportation [117,118].

Countries with the longest average length of bicycle paths in smart cities include
countries such as Finland, Austria, Sweden, Denmark, and Germany. These countries are
heavily involved in smart mobility including the expansion of their bicycle path system. In
the case of Austria, Smidel also notes the country’s commitment to smart mobility including
bike transport systems [119].

Regarding the length of bicycle paths concerning 1 square kilometer of city area,
the frontrunners are similar, with only Portugal in addition. For the indicator of the
saturation of smart cities with bicycle paths per 1000 inhabitants, in addition to the countries
mentioned above, Luxembourg is in the lead.

The results also confirm the previously described observation that smart cities from
southern Europe countries are much less involved in the expansion of bicycle paths com-
pared to northern and central Europe. In particular, the countries bordering the Mediter-
ranean Sea perform very poorly—Italy and Greece are in one of the last places in terms of
all the indicators studied. Additionally, regarding Spain, although the indicators are a little
higher, they still do not allow for us to conclude that smart cities in this country have a
well-developed network of bicycle routes. A poorly developed bicycle road network is also
found in the countries of the Balkan Peninsula, Bulgaria; Romania; and Slovenia. For north-
ern European countries, the exception is Estonia, which does not have a well-developed
network of bicycle paths in the smart city.

To verify the research hypotheses, in the next stage of the research, we decided to
examine the correlation between the average temperature level in a country and the average
values for smart city bike lanes in each country. The result shows that there are statistically
significant (at the α = 0.05 level of statistical significance) negative correlations between
the variables:

• Between the length of bicycle paths and the average temperature of the country,
the linear correlation coefficient is −0.74 (a very high coefficient value according to
Guilford’s classification).

• Between the ratio of the length of bicycle paths per square kilometer of surface area
and the average temperature of the country, the linear correlation coefficient is −0.51
(a high coefficient value according to Guilford’s classification).

• Between the rate of bicycle path length per 1000 residents and the country’s aver-
age temperature, the linear correlation coefficient is −0.66 (a high coefficient value
according to Guilford’s classification).

The correlation coefficient between the length of bicycle paths and the density of
bicycle paths per 1000 square meters of area and the country’s average temperature is at
an average level, while the remaining correlation coefficient is at an average level. The
coefficients have a negative value. The results imply that the lower a country’s average
annual temperature, the more that a bicycle infrastructure, as measured by the length of
bicycle paths and the saturation of the city with bicycle paths per square kilometer as well
as per 1000 inhabitants, is present in smart cities within that country.
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The results are counterintuitive. It might seem that the higher the average temperature
in a country, the better the conditions for cycling, and therefore, the more bicycle paths
there will be in countries’ smart cities and the higher the saturation level of cities with
bicycle paths. However, the results already presented earlier suggested that the level of
bicycle path saturation is higher in cities in central and northern Europe. Correlational
analyses confirm this observation. It turns out that the lower the average temperature in a
country, the more bicycle paths are built and the higher the saturation of smart cities with
bicycle paths both per square kilometer of the area and per thousand residents. The results
support hypothesis H1 as follows: the average length of bicycle paths in smart cities is
correlated with the average temperature of the country.

The analysis of the data shows that in the European Union, it is mainly the northern
countries that are intensively developing the bicycle path system in their smart cities.

Figures 5–7 contain scatter plots of the average temperature of the country and vari-
ables such as Figure 1—the average bike road length, Figure 2—the average bike road
length/area, and Figure 3—the average bike road/population, respectively.

Based on the collected data, the relationship between average bike road length in a smart
city area in a country and average temperature can be expressed by the following formula:

The average bike road length in a smart city = 1849,24 − 130,634 ∗ average temperature
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lanes per 1000 residents in the smart cities. Source: author’s analysis. 
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The scatter plot (Figure 5) shows that most countries fall within the range of 0.95
in terms of the relationship between the country’s average temperature and the average
length of bicycle routes in smart cities. When analyzing the data, it is worth noting the
following groups of countries:

• Finland—the country with the highest average length of bicycle paths in smart cities.
• Estonia, Italy, Slovenia, Lithuania, Luxembourg, Belgium, and Romania—a group of

countries that are below the confidence interval. This means that the length of bicycle
paths in these countries in smart cities is shorter than their average temperature would
suggest. These countries are investing less in bicycle infrastructure than neighboring
countries with similar climate conditions.

• Germany, Denmark, the Netherlands, Austria, and Portugal—a group of countries
above the confidence interval. These countries are characterized by a greater length
of bicycle routes in smart cities compared to neighboring countries characterized by
similar climatic conditions.

The relationship between the average bike road length in the smart city per 1 square
kilometer of an area in a country and the average temperature can be expressed by the
following formula:

The average bike road length in a smart city per 1 km2 = 17.98 − 1.31 ∗ average temperature

The results support hypothesis H2 as follows: the average length of a bicycle path in
smart cities per 100 inhabitants is correlated with the average temperature of the country.

The scatter plot in Figure 6 shows that most of the European Union countries studied
are within the confidence interval of 0.95 between the variables, average bicycle road length
in a smart city per 1 square kilometer and average temperature. By analyzing the chart, we
considered that three groups of countries are worth noting:

• Outlier point Finland—the country characterized by the lowest average temperature
of people of the surveyed countries and the highest bike road length in smart cities
per 1 square kilometer.

• Portugal, Austria, and the Netherlands—the countries characterized by a higher
saturation of bicycle paths in smart cities per 1 square kilometer of area compared to
neighboring countries with similar climatic conditions.

• Estonia, Italy, Slovakia, Slovenia, and Lithuania—a group of countries characterized
by a lower density of bicycle paths in smart cities compared to neighboring countries
with similar climatic conditions.

The last relationship studied was the relationship between the length of bicycle paths
in a country’s smart cities per 1000 residents and the average temperature. Based on
statistical analyses, a linear model between the variables was calculated, expressed by the
following formula:

The average bike road length in a smart city per 1000 citizens = 4.19 − 0.322 ∗ average temperature

The presented considerations support hypothesis H3 as follows: the average length
of a bicycle path in smart cities per 1 km2 is correlated with the average temperature of
the country.

Again, as can be seen from the scatter plot in Figure 7, most of the investigated
countries are within the confidence interval of 0.95 between the average bicycle road length
in smart cities and average temperature. For countries that are outside the confidence
intervals, the following groups are worth noting:

• Finland—again, an outlier with the highest bike road length per 1000 inhabitants in
smart cities and the lowest temperature among the EU countries surveyed.

• Portugal, Spain, and the Netherlands—the countries characterized by a higher density
of bikeways in smart cities as measured by the ratio of bikeway length per 1000 inhab-
itants compared to countries with similar climates.
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• Estonia, Italy, Austria, Denmark, Luxembourg, and Slovenia—the countries charac-
terized by a lower density of bicycle routes in smart cities compared to neighboring
countries with similar climate conditions.

Regarding the correlation analysis between the indicators of bicycle paths in smart
cities (the total length of bicycle paths, the length of bicycle paths per square kilometer,
and the number of bicycle paths per capita) and the wealth of residents as measured by
GDP per capita at purchasing power parity, there is no correlation for any variables, as the
corresponding correlation coefficients are not statistically significant at the α = 0.95 level.

A detailed analysis of the scatter plots between the variables (Figures 8–10, rest: the
scatter plot between GDP per capita and the average length of bicycle routes in smart cities)
allows for us to conclude that the lack of correlation is due to the fact that there are clear
outlier points in each case, which distort the results of the analysis:

For all three charts, the outlier points are Ireland and Luxembourg due to their very
high GDP per capita that is clearly higher than in other countries, and Finland due to its
very high rate of average bicycle path length in smart cities that is much higher than in the
other European Union countries studied.

The study shows that there is no correlation between the GDP of individual countries
and the length and density of the bicycle network in smart cities at the level of the European
Union countries for all countries studied. However, due to the existence of clear three
outliers which can distort the results of the analysis, it is worth conducting a correlation
analysis for 21 EU countries (excluding Finland, Ireland, and Luxembourg).

• The statistical analysis shows that in this case, they are statistically significant (at the
level of statistical significance of α = 0.05) between the variables. Between the length
of bicycle roads and the wealth of the country, measured by the coefficient of GDP per
capita at purchasing power parity, the linear correlation coefficient is −0.73 (a very
high coefficient value according to Guilford’s classification).

• Between the ratio of the length of bicycle paths per square kilometer of land area and
the wealth of the country as measured by the ratio of GDP per capita by purchasing
power parity, the linear correlation coefficient is −0.49 (an average coefficient value
according to Guilford’s classification).

• Between the indicator of the length of bicycle paths per 1000 residents and the country’s
wealth as measured by the GDP per capita ratio according to purchasing power
parity, the linear correlation coefficient is −0.52 (a high coefficient value according to
Guilford’s classification).

Regarding the analysis of the 17 countries of the European Union conducted without
the 3 countries that are significant outliers in terms of GDP per capita and the length and
density of bicycle paths from the rest, a relationship was observed, showing that the wealth
of a country affects the length of bicycle paths and saturation (both per 1 square kilometer
and per 1000 inhabitants) with them of smart cities. Wealthier countries have the financial
resources to build new bicycle paths.

The discussion shows that the results for all 24 countries studied do not support
hypothesis H4 as follows: the average length of a bicycle path in smart cities is correlated
with the GPD per capita of the country. However, after rejecting the outlier points and
performing the analysis for the remaining 21 countries, the results support the hypothesis.

When planning a bikeway system, the funds must be used rightfully, which requires
detailed planning of the bikeway system. For this reason, cities wishing to implement an
advanced smart mobility system should develop an appropriate strategy for this purpose,
the implementation of which will allow for them to reduce car traffic and expand the
bikeway system with smart mobility [31,40,59].
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Figure 8. Scatter plot between GDP per capita and the average length of bicycle routes in smart cities.
Source: author’s analysis.
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Figure 9. Scatter plot between GDP per capita and the average length of bikeways per square
kilometer of area in smart cities. Source: author’s analysis.
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Figure 10. Scatter plot between GDP per capita and average length of bikeways per 1000 residents 
in smart cities. Source: author’s analysis. 
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smart cities. Source: author’s analysis.

This is all the more important because an analysis of the literature on the subject
shows that the construction of new bikeways is not cheap and requires significant financial
resources [62–65]. Numerous studies conducted in the European Union [64] and the
US [57] have shown that the construction of bicycle infrastructure requires significant
financial outlays at the initial stage. In this case, wealthier countries can make a much
greater commitment to developing infrastructure under smart mobility. The results are also
consistent with research conducted for Poland [120,121], which suggested the existence of
such a relationship for that country between individual provinces [122,123].

It is worth noting that, except for the special cases of Finland, Ireland, and Luxembourg,
the length and saturation of a country are significantly dependent on wealth as measured
by GDP per capita. The results also help explain the apparent paradox that smart cities
in countries with colder climates have longer and denser bicycle networks compared to
countries with warmer climates. To some extent, this is due to the greater affluence of
countries located in central and northern Europe. However, not everything can be explained
by wealth, as evidenced by the case of Finland. This is because the construction of bicycle
paths is also influenced by cultural factors, or factors such as habits of the residents, the
promotion of smart mobility, etc.

Based on the study, the relationship between the length of bicycle paths in smart cities
and GDP per capita for the surveyed 17 European Union countries can be expressed by the
following linear model:

The average bike road length in a smart city = −745.13 + 0.03 ∗ PKB per capita

Figure 11 shows a scatter plot between GDP per capita and the average length of
bicycle routes in smart cities for 17 countries. In particular, two groups of countries are
worth noting in the graph:
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• Sweden, Austria, Poland, Hungry—countries whose smart cities are characterized by
a greater length of bicycle roads than their wealth would suggest.

Smart Cities 2022, 5, FOR PEER REVIEW  27 
 

Austria

Belgium

Chechia

Croatia

Danemark

Estonia

France

Germany

Greece

Italy
Lithuania

Netherlands

Poland

Portugal SloveniaSpain

Sweden

25,000 30,000 35,000 40,000 45,000 50,000 55,000 60,000

PKB per capita

-200

0

200

400

600

800

1000

1200

1400

1600

B
ik

e 
ro

ad
 le

ng
ht

Bulgaria

Hungary

Romania

Slovakia
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Belgium, Slovenia, Italy, and France—the countries whose smart cities are character-
ized by a smaller length of bicycle paths than their wealth would suggest. The development
of bicycle transportation should have a positive impact on the lives of residents and various
related indicators. For example, it can be noted that the implementation of smart mobility
including smart biking should have a positive impact on the health of urban residents as
well as the environment [42].

6. Conclusions
6.1. Main Results of the Paper

A well-prepared bike road system is a crucial factor in the development of smart
mobility, which is one of the important aspects of a modern smart city. The availability
of a bike road network is necessary for the implementation of advanced smart mobility
solutions, such as bike sharing, or monitoring applications using smart tires. The bike road
network must be dense enough to provide a convenient alternative to traditional modes
of transportation. Research shows that there are significant differences between the bike
road systems of different smart cities, with cities in northern and central Europe having
the best networks. Helsinki has the longest bike road network, 2605 km, due to its Bicycle
Action Plan 2020–2025 and its long history of promoting bike transportation. Berlin is in
second place with 2478.84 km of bike roads and a well-defined development strategy for
bike transportation.
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The study indicates that a comprehensive and well-developed network of bicycle
paths is a crucial element in the development of smart mobility solutions within a modern
smart city. The cities in northern and central Europe, particularly in Germany, Sweden,
Finland, Denmark, and the Netherlands, are found to have the best-developed bicycle
network among the EU countries. Helsinki and Berlin are found to have the longest bicycle
path system and a comprehensive strategy for the development of bicycle transportation as
part of their smart cities implementation. Additionally, cities such as Copenhagen, Hanover,
and Stockholm are notable for promoting the use of bicycles as an alternative means of
transportation. The results of the study, based on the length of bicycle paths per square
kilometer of the city area and per thousand inhabitants, highlight the dominance of German
cities in terms of the best-developed bicycle network. Thus, the study underscores the
importance of investing in a comprehensive network of bicycle paths for the development
of smart mobility solutions in a modern smart city.

The cities that have the best bicycle network per square kilometer of an area or
1000 inhabitants are also dominated by cities in northern and central Europe. These cities
have prioritized the development of their bicycle path systems as part of their smart city
strategies, which has positively impacted the quality of life of their citizens and reduced
air pollution. A good system of bicycle paths is critical in promoting the use of bikes as a
sustainable and alternative mode of transportation in smart cities.

The results of the research on the correlation between the average temperature level
in a country and the average values for smart city bike lanes showed that there is a statis-
tically significant negative correlation between the two variables. The lower a country’s
average annual temperature, the more bicycle infrastructure is present in its smart cities,
as measured by the length of bicycle paths and the saturation of the city with bicycle
paths per square kilometer and 1000 residents. The results are counterintuitive. The result
also supports hypothesis H1—that the average length of a bicycle path in smart cities is
correlated with the average temperature of the country. The analysis also showed that in
the European Union, it is mainly the northern countries that are intensively developing
the bicycle path system in their smart cities. The scatter plots support these findings and
show the relationship between average temperature and the average length of bicycle paths
in smart cities. The results support hypothesis H2 as well—that the average length of
bicycle paths in smart cities per 1 square kilometer and 1000 residents is correlated with
the average temperature of the country.

The results of the linear model calculation between the length of bicycle paths per
1000 residents in smart cities and average temperature support hypothesis H3, which
states that the average length of bicycle paths in smart cities is correlated with the average
temperature of the country. The scatter plot analysis showed that most of the countries
are within the confidence interval of 0.95, while some countries such as Finland, Portugal,
Spain, and the Netherlands had a higher density of bikeways in smart cities compared to
countries with similar climates.

On the other hand, the study showed no correlation between the length and density
of bicycle paths in smart cities and the wealth of residents, measured by GDP per capita.
However, after removing the outliers (Finland, Ireland, and Luxembourg), a significant
relationship was observed between the wealth of a country and the length and density of
bicycle paths in smart cities. The linear correlation coefficient between the length of bicycle
roads and GDP per capita was found to be −0.73, which is a high coefficient value.

Compared to other literature positions about the biking system in European Union
countries, the main value is the broadness of the analysis. There was not an analysis
of all European Union countries about relations between GDP per capita and bike road
systems. Some local analysis—for example, an analysis of Polish provinces [121]—suggests
that a relation between variables could exist but the research was only in one country.
Additionally, there are some international rapports about building cycling paths. Generally,
the conclusion of the rapports [124–127] is similar to this research—the higher the GDP
of the country/city, the more possibility there is to build more cycling passes. However,
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in those rapports, there is no extensive analysis—only some case studies and examples of
particular cities. Some analyzed papers also suggested the positive relationship between
GDP and bike ownership [128].

Regarding weather, some previous research suggested that people use bikes more in
hotter days of the year [129–133]. On this basis, it could be presumed that hotter climate
cities will have more bike paths, but the results of the presented study were different—in
European Union countries, cities from northern countries with colder weather have more
bike paths compared to the rest of European Union countries.

The main difference between the presented paper and other analyses is the wide range
of analyses which included all European Union countries, taking into account temperature
factors that were not analyzed in this context.

6.2. Limitations of the Study

The main limitation of the study relates to the data in the analysis—the sample of
cities was prepared on the basis of the Cyclorank Index [106], but there are other lists of
cities that are best adjusted to bike activities. The main important cities are the same on all
lists but in lower places—other lists can differ and can affect the results. Additionally, the
analysis is static; for data from 2022, it is possible in future to conduct an analysis for the
data in, for example, a two-year period, to achieve a dynamic view of the phenomena.

6.3. Future Research

In this paper, only selected indicators were used—one for economic aspects and one
for weather aspects. Of course, it is possible to analyze more important factors and it
could be an interesting starting point for future research. For example, it can be possible
to analyze factors such as the minimum and maximum temperature, the spread of tem-
perature, the number of sunny days, income distribution, education level, and the impact
of living costs on car ownership. Additionally, in future, it is worth conducting a broader
analysis of selected countries in the European Union, especially of those countries with
the most extensive advancements in bike road system development; this could provide
an opportunity to analyze more cities from those countries. Additionally, in future, it is
possible to use more advanced statistical methods and/or approaches based on machine
learning [134–137].
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