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Abstract

:

Nowadays in Europe, there is a noticeable increase in the popularity of power two-wheelers (PTW). This is largely due to the increase in urban transport problems. The aim of the study was to present the changes in urban mobility in terms of the use of power two-wheelers. In relation to this process, the activities of local authorities and organisations related to PTW traffic were also presented to adapt the city infrastructure to the traffic of two-track vehicles in selected European countries. The study used numerical data analysis methods and data from an online survey of motorcyclists in Poland as well as an online search of planning materials from the authorities of selected European cities. Based on the results obtained, communication by PTW vehicles can be considered one of the possibilities for developing alternative transport in cities. Their advantage is both high mobility and economic value. PTW vehicles are also a part of an exhaust reduction policy. The best solutions to promote this mode of transport are the reduction of parking fees and the availability of public service lanes. Supporting PTW communication is included in communication policies and brings especially positive spatial results in cities such as Barcelona, London or Vienna.
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1. Introduction


The process of globalisation and, in the case of the European space, integration, which has been progressing since the middle of the 20th century, have increased the mobility of the population [1]. The modern communication infrastructure not only enables but also conditions local economic and social development. Just as during the industrial revolution at the beginning of the 20th century the rail network was the direction of economic development and progress, today, individual transport accessibility largely determines the possibility of local socio-economic development. The process of increasing mobility can be observed both globally and locally. The communication problem is particularly important in the case of large agglomerations and urbanised areas. Growing communication problems connected with a high concentration of people and an increasing need for mobility, mainly connected with commuting to work, have been growing for years. This is why since the beginning of the 21st century, there has been a growing interest in the development of alternative means of transport to cars in many European countries. It is also related to the fact that transport functions as the only sector in which reducing energy consumption and pollutant emissions proves to be extremely difficult [2].



The urgent problem associated with the worsening climate crisis has led to the increasing popularity of the idea of climate change mitigation through the pursuit of more sustainable mobility and smart-mobility services [3,4,5], which in European countries are promoted, among others, in the form of the concept of creating so-called Sustainable Urban Mobility Plans (SUMPs) and related guidelines for member states [6]. One of the objectives of these documents is “the sustainable development of all relevant modes of transport, while encouraging a shift to more sustainable modes” [7].



The development of alternative transport takes place in two strands of action. One is the development and popularisation of public transport [8] and the development of mobile services. Mobility as a Service (Maas) is the activity of developing combined mobility. This mobility is mainly public transport in combination with other transport modes, such as taxis, cars, bike and moped rentals [9] and social transport (e.g., Uber) [10]. The development of public transport often entails high costs (e.g., construction of tram networks or underground lines) and is characterised by spatial inertia [11]. In many cases of historic cities, due to their unique urban characteristics, the creation of new public transport networks is impossible to implement (e.g., dense historic buildings next to narrow communication routes). In addition, the use of public transport can have an adverse effect on psychosocial feelings (lack of self-control, lack of self-esteem and independence, and low social prestige) [10]. The COVID-19 pandemic has also had a negative impact on the perception of public transport and its future development [11,12,13,14,15].



In addition to Mobility as a Service (MaaS), another developing process today is the use of big data in transport and mobility. Big data is a paradigm that is currently attracting worldwide interest, especially in the transport industry. It is a combination of disruptive technologies and new concepts, such as smart city. In this context, big data is considered the efficient management of all the data required by the transport sector to provide safer, cleaner and more efficient means of transport, and for users to personalise their transport experience and mobility [16].



Another way to reduce car traffic in cities is to create an infrastructure dedicated to alternative forms of transport and, more precisely, to individual mobility, both private and public. Two-wheeled vehicles are among the preferred modes of transport. These are both non-motorised vehicles (e.g., bicycles) and motorised vehicles (power two- or three-wheelers, PTW), which also include three-wheelers. In urban conditions, electric vehicles are gaining popularity, as they are part of the policy to reduce exhaust emissions [17]. However, the spatial development of cities and the processes of suburbanisation have increased commuting distances [18]. Therefore, communication with electric bikes can only be limited to short distances, which is related both to the allowed speed of assisted bicycles (max. speed 25 km/h and motor power 250 W), while all electric-powered vehicles above 250 W are treated as mopeds (L1e-A) and require additional permissions and charges. Electric vehicles with speeds above 45 km/h are treated as mopeds (L1e-B moped) or motorbikes (L-class) in Europe. Despite a noticeable increase in the distance travelled by e-bikes compared to traditional bicycles, this increase is small and does not exceed 20 km [19]. In the case of electric scooters (EV), despite the fact that they can cover about 70 km on a single charge, an additional, necessary element of the infrastructure is places for charging vehicles [20]. This process is still time-consuming and takes 4–8 h, depending on the model [21]. Therefore, irrespective of the type of propulsion (electric, hybrid or diesel), PTWs are currently the main alternative to cars in suburban transport [2,22,23]. This is determined by both the technical parameters of these vehicles (speed and range) and their high availability.



An important element in the creation of PTWs is the policy of national and local authorities to reduce car traffic and adapt the existing road infrastructure, nowadays adapted mainly for car and pedestrian traffic, and the needs of cyclists [24,25,26]. The top–down policy is mainly limited to the measures to reduce emissions by introducing standards for exhaust emissions and technical parameters of vehicles (in the case of Europe, this is the so-called Euro standard) [27,28]. The introduction of new solutions for small engines (e.g., replacement of carburetor by injection) and reduction of their power resulted in a decrease of emissions by about 20% in comparison to cars. All measures taken, both top–down and local, are aimed at improving the quality of life of city dwellers. Nowadays, an increase in the number of motorcycles is observed mainly in cities. This is due to increasing urbanisation and related transport problems [25,26,29,30,31,32,33]. Additionally, the increase in population density related to urbanisation increases the costs of car use [34,35,36,37,38,39,40,41] and the efficiency of public transport [42,43,44], which in turn influences decisions to abandon car ownership in cities.



The 21st century has seen an increase in the number of motorised two-wheelers in most European countries. Although two-wheeled mobility has a long transport tradition mainly in southern Europe [45], nowadays, there is a noticeable increase in the number of single-track vehicles also in the developing countries of Central and Eastern Europe [46,47] and in the north of the continent. The increase in the number of two- and three-wheeled motor vehicles in Europe is mainly related to socio-economic conditions [48]. On the one hand, it is the result of the increase in the wealth of the society in which these vehicles are a luxury product [34,49,50,51] and determine the level of social development and car saturation [52]. On the other hand, the impact of the global financial crisis confirmed the great importance of the financial factor. The deteriorating financial situation influenced the choice of cheaper means of transport, including the abandonment of cars in favour of two-wheelers, e.g., in Spain and Greece [46].



When analysing the change in the number of PTWs in Europe, it should be noted that in the case of motorbikes, i.e., vehicles with an engine capacity of over 50 cc (vehicle category L2e), no major differences are noted in their definition in individual countries. Problems occur in the case of mopeds (engine capacity below 50 cc and speed limit up to 45 km/h—vehicle category L1e). Depending on the European country, mopeds have different conditions of use. In many countries, they are not subject to registration and insurance, which makes it impossible to verify their number. For example, in Belgium, mandatory moped registration has existed since 31 March 2014; in Greece, mopeds are not registered with the Ministry of Transport but with local police stations under the Ministry of Civil Protection; in Italy, the obligation for mopeds in circulation before July 2006 to have a permanent number plate was introduced on 13 February 2012, but they are not registered with the Public Car Register; in Hungary, mopeds have been subject to registration since 2014 but you cannot carry a passenger. In addition, despite the fact that most countries belong to the European Union, there are different requirements for mopeds and light motorbikes (up to 125 cc engine capacity). Although most European countries have adopted the AM category (authorising driving a moped), the age limits for this category vary (e.g., from 13 years in Iceland). In Poland, as well as in some other countries, people over 18 can drive a moped without additional qualifications. Driving light motorbikes (engine capacity up to 125 cc) can be done in many European countries on the basis of a driving licence (category B) after fulfilling additional requirements (e.g., several years of driving experience or an additional course). In some countries, there are also vehicles with speed limit of 25 km/h (e.g., Iceland, Denmark, the Netherlands), which can be driven on cycle paths. This flexible approach to the use of mopeds and light motorbikes contributes to the popularity of these vehicles in everyday communication and their widespread use in many European countries [53].



Due to these differences in the approach to L1e vehicles, for the analysis of the change in the number of single vehicles in Europe at the beginning of the 21st century, attention should be paid to the above issues and consideration should be given to the countries for which complete fleet data were obtained.



In analysing the development of PTWs, it is important to note the fundamental differences in their use on the European continent. Climatic conditions are an important factor differentiating the popularity of two-wheelers, which is evident in the north–south arrangement. While in the south, mopeds and motorbikes are used as one of the main means of transport, in the north, they are treated more as a luxury good and used for recreational purposes [54]. Another factor influencing the different use of PTW vehicles are urban and rural areas. Traditionally, two-wheelers have been the domain of rural areas, but nowadays, two-wheelers are becoming an important element of everyday communication in cities. Additionally, in urbanised areas, the ages of PTW users and the share of women are increasing, compared to rural areas. There is a wide variation in the culture of motorbike use across Europe, which is also related to differences in the development of the automotive industry and historical economic conditions. Another important factor is the age structure of the population. Because of the age restrictions on driving cars, two-wheelers were often the only means of transport (apart from public transport) available to young people. Nowadays, due to the introduction of medical examinations for drivers over 70 in some European countries, some drivers are forced to give up their cars and choose alternative means of transport, such as mopeds [55].



Other important elements are the legal conditions relating to the possibility of using PTW and the costs of car maintenance. This is particularly important in cities where the authorities deliberately restrict car ownership. An example is the authorities of Krakow (Poland) who, in 2017, eliminated 3000 out of 21,000 parking spaces and are pursuing a policy of extending paid parking zones. This is to reduce car traffic in favour of pedestrian traffic. At the same time, a large part of the roadway has been excluded from car traffic in favour of public transport or cycling.



Mobility can be seen as a basic human activity, as it arises from the need to reach for different activities, such as work, leisure, personal management and household [56]. In the current conditions of rapid global changes, the role of transport and mobility has become particularly important [57,58]. The fast and significantly burdening natural environment development of transport that took place at the turn of the 20th and 21st century influenced the development of the concept of sustainable development also in relation to the forms and ways of the mobility of people and goods.



The constant increase in the number of motor vehicles and their use mainly results in pollutant emissions from the combustion of motor fuels in motor vehicles, which contribute to the destruction of the ecosystem and endangers human health. The inconveniences associated with daily traffic, mainly in urban areas, are important problems associated with the use of motorised transport [59]. Due to the fact that about 73% of the population in EU countries lives in cities, more and more importance is attached to the quality of life in these areas. A very important parameter for this assessment is transport [60]. City dwellers expect a high level of life quality, so a sustainable urban transport policy, aiming to change the structure of urban travel, must gain the acceptance of the inhabitants and thus can be implemented effectively [58,61]. The idea of sustainable development combines economic development, environmental protection and social justice in an effort to increase the quality of life, both for present and future generations. The general objective of the transport policy of sustainable urban transport development should be the creation of conditions for the efficient, safe and economically effective movement of people and cargo within the framework determined by the activities available for this, natural resources and possibilities of discharging pollutants into the environment [62]. As formulated in Managing Mobility for a Better Future EPOMM’s Visions and Goals for 2020 (European Platform on Mobility Management), transport mobility has both an environmental and an economic development and welfare dimension. Most of the solutions used within the framework of sustainable development revolve around the issue of reducing car traffic in cities [63]. The limitation of car traffic is realised, among others, by the development of public transport and alternative forms of individual transport.



One solution is to support and develop PTW. The main advantages of PTW are great gas mileage, taking up less parking space, fast transport in city traffic and small carbon footprints [64,65,66,67,68,69,70,71,72]. It should, therefore, be recognised that PTWs (including electrically powered vehicles) are part of sustainable urban transport. The aim of this study is to present the changes taking place in the mobility of urban residents in terms of the use of two-wheeled motor vehicles. In relation to this process, the actions of local authorities and PTW-related organisations aimed at the adaptation of the city infrastructure to the traffic of single-wheel vehicles in selected European countries are presented. Due to the fact that this topic has so far been dealt with mainly in terms of bicycle traffic, the focus will be on facilities aimed at PTW users. The presented actions of the local municipal government are complemented with the results of a survey of motorbike and moped users in Poland. The aim of this article is not to find new solutions for urban PTW but to present existing solutions applied in selected European cities. It will identify good practices in relation to suggestions from PTW users.



The aim of the research was also to find out whether urban policies related to transport infrastructure take PTW into account in the process of moving towards sustainable mobility—how this is done and what benefits it brings for PTW users. Additionally, this was verified with the expectations of PTW users on the basis of an online survey conducted in Poland.



The structure of this article is as follows. Section 2 describes the methodology used in the analysis of the change in the number of PTW vehicles in Europe. Section 3, as a kind of background for research activities, presents the examples of adaptation of street space in cities to the needs of PTW users, as well as activities carried out for their implementation, in cities where PTWs have been or are gaining more and more popularity. Their situation in the space of Polish cities is also briefly outlined. Section 4 describes the results of the research. Section 5 discusses the development and future of PTW in the context of the challenges of finding alternatives to car transport in cities. Section 6 concludes the paper.




2. Materials and Methods


The paper uses basic methods of numerical data analysis. Statistics showing the changes in the number of PTWs were obtained from the European Association of Motorcycle Manufacturers (ACEM) and national statistics. The analysis of statistical data showing the change in the number of vehicles was used in earlier studies of the topic [73,74]. Due to the lack of available European-wide data, the analysis includes data for Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Liechtenstein, Lithuania, Luxembourg, Malta, the Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland, and the United Kingdom.



In addition, the article uses data obtained from an internet survey carried out with the help of the Ścigacz.pl web portal: Motocykle, motory, skutery, ścigacze (www.scigacz.pl, accessed on 5 May 2021). An online survey was conducted among 545 motorcyclists (88% were men aged 25 to 45) in Poland in 2018–2019. In Poland, only about 6 women per 100 men have a category A driving licence entitling them to drive motorbikes; however, this proportion is still increasing. The structure of the surveyed people reflects, to a large extent, the demographic structure of PTW users in Poland. The survey consisted of both open and closed questions. It concerned the characteristics of two-wheel vehicle use in Poland: the characteristics of two-wheel motor vehicle users, the type of vehicles used and their purpose. The survey aimed to identify the main problems in moving PTW vehicles in urban spaces and the ways to improve them. Internet surveys, despite their drawbacks, are widely used in social and sociological research [75,76]. In order to demonstrate the activities undertaken by local authorities for the development of infrastructure and solutions dedicated to PTW vehicles, a query was conducted on available online planning documents of selected European cities and national recommendations or sectoral guideline publications regarding PTW communication. The cities analysed included those with the greatest availability of documents and with the highest saturation of two-wheelers but a different transport culture (Barcelona and Vienna). Barcelona, with the highest number of motorbikes and mopeds per population in Europe (and the second largest city in Europe after Rome in terms of motorbikes), is an important example of sustainable transport development efforts [46,77]. Additionally, Barcelona is one of the safest European cities in terms of traffic accidents [78]. In the case of Vienna, despite its lower number of vehicles per population, it is one of the cities in Europe with the highest efforts to reduce traffic in the central business district (CBD). Other cities include Stockholm and London. Stockholm, although located in the north of Europe where the motorbike season is relatively short, is also introducing policies to support alternative forms of transport in the city. A cordon charge in Stockholm has led to 24% fewer commuter trips by car (motorcycles and scooters are exempt), with most people switching to public transport, and Gothenburg following the same example. The U.K. started, in 2005, the Government’s Motorcycling Strategy. Motorcycles are allowed into bus lanes on most of the capital’s red routes. Other benefits include reduced motorcycle journey times and fewer carbon dioxide emissions. It also contributes to Vision Zero, working towards the elimination of road traffic deaths and serious injuries [79]. London is, therefore, an example of the implementation of a policy to support PTWs in Europe. Among the Central European countries, Poland was selected as an example of a country with one of the largest increases in mopeds and motorbikes per person in Europe in the 21st century. In the case of Poland, Krakow was chosen as an example to analyse the actions of local authorities to popularise PTWs. The city is the second largest Polish city after Warsaw. However, according to the TomTom Traffic Index report, Krakow is one of the most congested Polish cities (after Łódź) and ranks 9th in terms of time spent in traffic jams in Europe [80]. In addition, the time spent in traffic jams is increasing in this city at the fastest rate in the country. Krakow is also the first Polish city to have taken steps to popularise single-track transport. It was the first city in Poland to open a bus lane for motorbikes and mopeds. These vehicles are also exempt from payment in paid parking zones.




3. Tendencies in the Evolution of the PTW Mobility in European Countries


Communication by motorbikes and mopeds is very popular in Europe. During the period analysed (1994–2019), the number of PTWs has continuously increased from about 2.5 million to 0.4 million (Figure 1). A noticeable increase in the number of single-track vehicles occurred at the beginning of the 21st century as a consequence of the economic development of Central and Eastern European countries [81]. At the same time, as the number of vehicles increased, there was a change in their structure. The share of mopeds dropped from 54% to 32.5% during the study period. These changes also have much to do with the economic transformations taking place in the newly acceded countries of the European Union. Poland may be an example of such a country. Another important factor in the increase in the popularity of motorbikes in the old EU countries are legislative changes allowing people holding a category B driving licence (passenger cars) to drive light motorbikes. Such changes took place, among others, in Spain in 2004 [53], as can be seen in the graph (Figure 1). The transport policy and the traffic problem, mainly in big cities, influence the increase in PTW interest in European cities. Of the country cases analysed, only in the case of the United Kingdom was the increase in the number of PTWs interrupted during the financial crisis and is now remaining stable.



There are, therefore, three main types of PTWs used in Europe’s urban space. On the one hand, there are the southern countries (e.g., Italy, Spain, Greece), where the highest number of vehicles per population was recorded (more than 100 PTWs per 1000 people). The second type is the economically developed countries of Western Europe with a high level of urbanisation, e.g., Benelux, Switzerland or Austria. These countries are characterised by a high share of vehicles and a developed transport infrastructure. Another group is made up of Central and Eastern European countries, where the development of PTW only started at the beginning of the 21st century, along with the economic development and financial possibilities of the inhabitants. Examples are Poland, the Czech Republic, Slovakia, Croatia, Hungary or Estonia (Figure 1). Depending on climatic and historical conditions, the attractiveness of PTW communication within these groups varies.



According to the average number of vehicles per 1000 people in Europe, there was an increase from around 39.3 in 1994 to 67.8 in 2019. This was due to an increase in the number of vehicles in Central and Eastern European countries caused by access to the cheap, second-hand market from the EU and new vehicles from Asia. In southern European countries, on the other hand, the crisis influenced the choice of a cheaper mode of transport. An additional factor was the professional activation of women and their increased mobility. Thus, the highest increases (more than 50 vehicles per 1000 people) were recorded in countries such as Greece and Slovenia. High positions are held by the countries in the north of the continent, such as Poland and Estonia (about 40 vehicles per 1000 people) as well as Finland, Belgium, the Netherlands, Liechtenstein and Iceland, which is linked to the level of urbanisation.



On the one hand, it resulted from an increase in the wealth of the society and the demand to meet consumption needs (Eastern Europe). An example is Poland, where the financial social policy introduced in 2015 resulted in an increase in vehicle purchases. On the other hand, the development of the popularity of two-wheelers was related to the process of urbanisation and increasing traffic problems in the cities.




4. The PTWs’ Presence in Public Space Design and City Planning Strategies


The extreme popularity of motorbikes and scooters in some countries, such as Italy and Spain, among others, has led to the introduction of ad hoc solutions dedicated to them in urban areas. They usually refer to the location of parking spaces dedicated exclusively for PTWs. Much less frequently, they refer to broader and systemic measures to strengthen the safety of their use by adapting urban spaces for their needs. Although much is being done to improve the safety of car and pedestrian traffic, measures for single-track traffic still lag behind the main trend [82]. For this reason, among others, it invariably remains perceived as having a high risk of collision and injury [82,83,84]. The growing interest in this type of mobility, also in the context of the increasing popularity of e-PTW and electric vehicles, is prompting many cities to look for solutions, not only in the field of traffic engineering, but also in spatial and planning terms, which will improve not only the safety, but also the comfort of such vehicles. The period of pandemics and restrictions on travel by urban transport modes has further intensified and confirmed the need for better management of PTW traffic in urban spaces [13]. Regulations and guidelines for the organisation and design of streets for PTW traffic may appear at the national level as a kind of indication to be applied at the regional, local level as well as within the policies of municipal city authorities. Valuable studies presenting universal design standards for PTW also function as a kind of guideline at an international level and are usually the result of work and research carried out on behalf of associations, federations of motorcyclists as well as motorbike manufacturers (e.g., IMMA International Motorcycle Manufacturers’ Association).



Planning records are often dominated by regulations defining solutions primarily for cars with quantitative indicators of parking spaces per household. These vary from city to city and can also vary between developments within the same city. Sometimes, however, as in the case of the U.K., higher level documents, such as Planning Policy Guidelines, suggest that parking facilities for motorbikes and scooters should be considered. This is not mandatory, but many local authorities have taken up the idea and see it as an opportunity for positive and environmental changes in the structure of local mobility. In many countries, however, it is often at the initiative of local municipalities to test and implement innovative mobility solutions.



Particularly interesting activities for the accommodation of PTW in traffic and urban public spaces are currently being undertaken in Spanish cities, especially in Barcelona, where the willingness to undertake large-scale, systematic actions is strongly apparent.



4.1. Barcelona, the Laboratory of the 21 Century PTW Mobility


In the first decade of the 21st century, Barcelona experienced a significant increase in the number of PTW users, which ranked it among the first European cities in terms of the highest number of motorbikes per capita [46]. In Barcelona, the process of continuous adaptation, revalorisation and revitalisation of public spaces has been going on continuously for more than one hundred and fifty years. By striving to create optimal living and working conditions, Barcelona has made urban design its calling card [85]. Recent decades have also seen an intensification of efforts in Barcelona for large-scale and multifaceted transformations of urban public spaces to implement the idea of sustainable mobility. For Barcelona, the last decades of the 20th century and the beginning of the 21st century were the time of a gradual and consistent strengthening of the role of the so-called urban design culture and an era of strategic urban projects that made it a kind of urban laboratory, whose successes were already identified at the end of the last century as the so-called Barcelona model [86]. The redevelopment of existing spaces and the shaping of new public spaces, especially those related to the layout of urban streets and squares, became, some decades ago, some of the key tools for the transformation of the city, following the principle expressed by Oriol Bohigas, chief urban planner since 1980 [87], that “the city is a public space” [82] (pp. 144–145). At the same time, in the last decade, there has been a significant reduction in the amount of public transport space that was previously dedicated to individual car traffic, with 10% reduction, additional restrictions on parking, but also on keeping cars in the city, and additional lanes for public transport vehicles and bicycles. Today’s layout of Barcelona’s streets has evolved from the development pattern outlined by Ildefonso Cerda and, despite the passage of time, has proved flexible enough to allow numerous facilities for motorbikes and mopeds to appear in its streets and squares. It is not insignificant that most of today’s street grid is one-way, except for a few of the largest streets of particular importance that run through the entire city, forming, together with diagonal arterials, a clear, hierarchical street system [85]. The first parking spaces for motorbikes appeared in Barcelona in 1983 [88]. Over time, more have been added, along with a growing infrastructure dedicated to single-track vehicles, not only motorised, but also bicycles, electric scooters and, more recently, scooters. Since 2005, the public transport company Barcelona de Serveis Municipalis has been implementing a comprehensive mobility concept, including a local management plan for on-street parking zones—AREA de Barcelona—as well as forty public car parks located throughout the city—(B:SM Parking). In the AREA de Barcelona plan, in addition to indicating the types of parking zones, there are also areas intended exclusively for parking motorcycles and scooters, covering over 50 thousand public parking spaces—available 24 h a day and free of charge [89]. In the following years, a number of solutions related, among others, to the organisation of motorised single-track traffic were introduced by the Comprehensive Sustainable Mobility Policy Plan, the so-called El Pla de Mobilitat Urbana 2012–2018 (PMU), now replaced by a further version for the period 2019–2024. Both take into account the issue of motorised traffic in terms of strengthening road traffic safety, reducing the problems of transport exclusion, and promoting walking, cycling and public transport [90]. Within PMU, there also appeared an idea of so-called Superblocks, selected fragments of the city consisting of 9 quarters and streets connecting them, where a significant reduction of wheeled traffic and motorbike traffic was introduced in favour of pedestrian and bicycle traffic. The car and motorbike traffic infrastructure, also due to the assumption of lowering noise pollution within the superblocks, was moved outside their area and run only on their circumference. In 2009–2010, special design solutions for motorbike traffic, the so-called Zonas avanzadas para motocicletas—ZAM [91]—were introduced in Barcelona, not yet as widely known at the time as they are today. They are placed at junctions at traffic lights, in front of cars and also just in front of pedestrian crossings. They were intended to increase the safety of two-wheelers users and are still in use today, although studies show that their effectiveness is low, and in some cases, they may even increase the risk both within the zone itself and in the space about 30 metres ahead [91,92].



Since 2018, a program of improving and expanding the network of motorcycle parking lots has been implemented here.



As part of it, locations with particularly high motorbike traffic have been identified and the re-arrangement of existing motorbike parking zones has begun, so that in 2018, among other things, the number of available spaces was increased by 883 street stalls, locating clusters of them in the areas of low visibility for traffic users, e.g., in front of pedestrian crossings at intersections (these are often grouped with the bike parking areas of the city’s biking system).



At the same time, the number of spaces in the public underground car parks has also been increased by redesigning the existing ones and making better use of the space around the internal structural columns. Attractive parking tariffs have also been proposed within the city’s public underground car parks, in agreement with their private managers [93]. The AREA de Barcelona plan has introduced a special organisation of visual information concerning the different types of vehicles in the different parking zones—parking spaces for motorbikes are marked in the road surface with white and vertical road signs [89].



General design standards for the design of different integrated types of traffic in cities with historic and highly touristic character, including parking solutions for motorbikes, are contained in documents held by the Spanish national institution Dirección General de Tráfico. In some cities, local guidelines can be found for the design of public street spaces, including all traffic and parking arrangements. Basic guidelines for the location of motorbike parking facilities and their parking in the street space are also available in Barcelona (Figure 2). One of the studies of this kind is also the Madrid municipal document, as follows.



The city of Madrid’s municipal document “Instrucción Vía Pública del Ayuntamiento de Madrid” is such a document that includes suggestions for spatial solutions or even basic parameters for the size of parking spaces for different types of vehicles, including motorbikes [94] (Figure 3).



Single-track mobility management solutions are also part of activities in other Spanish cities. In Seville, where there is also a network of parking spaces for motorbikes, pilot projects have been prepared for the implementation of an electric scooter system, but also for the extension of the car park network for shared mobility. In order to implement this measure, an inventory of the existing network of car parks, including motorbike ones, was undertaken and the reconstruction or expansion of the latter was considered crucial in the process of promotion and implementation of the electric scooter movement, which would share parking space with PTW vehicles [95].




4.2. Road Design Guidance for PTW’s in Great Britain


In the U.K., the popularity of motorbikes had declined significantly since the 1950s (in favour of motorised traffic) before re-entering a period of growth in the 1990s and then remaining at a similar level since 2000. In 2012, there were over 1.2 million motorbikes and motor scooters, indicating a 70% increase in numbers over 1994 figures (IHE). The current figure is 1.25 million [96]. Scooters, increasingly electric, are also becoming more popular—largely among young people in the context of commuting to school, for short distances [97].



A high awareness of the need to take into account the specifics and needs of motorcycle traffic in urban space and, more generally, in the organisation of the communication space of non-urban roads and motorways, is, however, evident in many publicly available documents—both planning documents and project guidelines [97,98,99,100,101]. Nationally, the British Parking Association (BPA) and the Institute of Highway Engineers (IHE) motorbike bays design guidelines combine certain statutory parameters with research-based guidelines to identify optimal design solutions. One of the most important and broadest studies to which numerous planning documents at the regional or local level refer are the Guidelines for Motorcycling, which in this strict context, include issues related to the following, among others: street design, their equipment, signage, parking lots and traffic engineering, and also topics related to the maintenance of road infrastructure and education. The document provides a number of very detailed indications, such as turning radii, street surface gradients, street cross-section design, organisation of roundabouts, visibility of motorcyclists, quality and uniformity of pavement materials, location and parameters of warning signs, guardrails, furnishing of space along the road and street strip, kerb parameters, parking areas and even protection of PTW vehicles against theft from public places—all this in urban and non-urban conditions, etc. The document also refers to the issue of traffic organisation, including, for example, the thread of the possibility of allowing motorbikes in bus lanes [102]. This solution has been tested in the U.K. in several cities since 1995, and the research and tests carried out on the subject were so satisfactory that in 2012 in London, the full possibility of using bus lanes was granted, although it may involve time limitations. Although a commonly used solution in the U.K. are the so-called Advanced Stop Lines—i.e., the so-called cycle locks at intersections, dedicated exclusively to cyclists—it has not yet been decided to allow their use also by motorbikes [103]. There are no specific standards for motorbike parking in the U.K. transport planning documents (Planning Policy Guidelines) although PPG13: Transport encourages consideration of including standards for motorbike parking in the preparation of local planning documents, but some local level documents do present them. The reference here are the studies by organisations such as The Motorcycle Industry Association or the British Motorcyclists’ Federation (BMF). For the precise parking guidelines developed by the FMO, the brochure “Parking for Motocycles and Scooters. A Resource Guide” even refers to the previously discussed Guidelines for Motorcycling by IHE [104].



In the scope of designing parking bays proposed by BPA, they should be marked with appropriate horizontal signs. The suggested sizes of a single parking space are larger compared to the Spanish parameters, especially in the case of extra-urban traffic. This is due to the size of large tourist motorcycles [105]. Regardless of urban or non-urban locations, larger bays and dedicated motorbike parking lanes most often do not actually have dedicated individual parking spaces. The IHE guidelines for the location and design of motorbike parking indicate the main principle that “effective motorbike parking is >>near, clear, secure and safe to use<<” [102] (Figure 4).




4.3. Sweden and Stockholm


Motorbike traffic is quite popular in Sweden—it has tripled since the 1990s [106] (p. 3). In 1997, the national strategy document “Together for Vision Zero” was produced in Sweden, calling for intensified efforts to reduce road traffic casualties by 2020. Over the past 20 years, the strategy has brought a significant decrease in fatalities, but the topic of motorcycle traffic safety has not been recognised by the satisfactory environment associated with it. In 2014, only one out of 290 Swedish municipalities local planning documents dealt with motorcycles and scooters [106] (p. 13). In 2016, the Swedish government announced the update and continuation of the Vision Zero concept with the perspective of the so-called “Renewed Commitment to Vision Zero. Intensified efforts for transport safety in Sweden”. However, the most vigorous activity for improving the safety of motorcycle and scooter users and introducing provisions regulating issues related to motorcycle traffic into legislative documents has been carried out since 1963 by the Sveriger Motor Cyklister association. On the occasion of the 2008 OECD International Forum on Motorcycle Safety in Lillehammer, the association published “The Motorcycle Vision 1.0”, and in 2014, an updated study called “The Motorcycle Vision 2.0” was produced, which directly addressed various aspects of motorbike accident prevention issues. In addition to issues of safety and driving culture, and analysis of the main causes of accidents, a separate chapter was devoted to a more motorcycle-friendly transport system space.



There is a problem of the typology of protective barriers in the collision by which many motorcyclists die, as well as slippery, uneven or poorly maintained surfaces and gravel on roads, which are also factors that contribute to high accident rates. In 2019, SMC published a guide for shaping roads that are safe for motorcyclists. It was only in 2016 that a study published by The Swedish Transport Administration entitled “Increased Safety on Motorcycles and Mopeds Combined strategy version 3.0 for the years 2016-2020” appeared. “Increased Safety on Motorcycles and Mopeds Combined strategy version 3.0 for the years 2016-2020” recognised the issue of increasing interest in the use of motorised and electric scooters as well as mopeds, the definition of which was first included in the traffic legislation in the same year [107]. In 2018, in turn, the so-called “Stra-tegy for Livable cities” appeared to support the trend of the increasing popularity of motorbikes, scooters and electric mopeds [108].



In addition, the so-called “Stockholm Declaration”, drawn up on the occasion of the Third World Road Safety Conference, emerged in February 2020. It also included provisions for developing regulations and measures for improving the safety of motorised and electric single-track vehicles [109]. Among Swedish cities, Stockholm has for years been regarded as a unicycle-friendly city. It was also the first city in the world to allow PTW vehicles to drive in bus lanes. On the city’s streets, you will find numerous, specially marked parking areas for motorbikes and scooters (Figure 5).



In 2017, the city government increased parking fees for motorcyclists but with the onset of the pandemic, the decision was made to allow motorbike designated parking spaces to be used without charge [110].




4.4. PTW’s Presence City Planning Strategies and the Case of Vienna


More and more cities are including motorbike traffic in their mobility policy and in their thinking about the development of public spaces related to road infrastructure. In the case of Vienna, the city focuses primarily on the development of the public transport infrastructure and a network of cycle paths as well as alternative means of individual transport—electric scooters, scooters, segways, etc. As part of a broader city development strategy called Stadtentwicklungsplan—STEP 2025, the Mobility Plan for Vienna—emphasises the aim of reducing private combustion vehicle traffic from the current 28% to 15% by 2030. At the same time, however, the plan also mentions a new mobility culture and multimodalism as goals, as well as the effects of extending Vienna’s public transport system with other, innovative methods of travel. The movement of two-wheelers—scooters and motorbikes—is also included in the strategy. The mobility plan provides for the creation of, among other things, parking and rental points for bicycles, scooters, etc. [105]. According to the plan, there were 46.7 motorbikes per 1000 inhabitants in Vienna in 2014 [111] (p. 26). Their popularity has grown over the years and there are now an estimated 70,000 of these types of vehicles moving around the city. Consequently, they are also appreciated here as an alternative to cars, due to their lower fuel consumption, faster commuting and less occupation of public space by dedicated parking spaces [112]. Currently on the map of Vienna, motorbikes can be parked in specially designated parking bays (Figure 6), the locations of which can be found on interactive maps, on official city websites as well as via the city’s mobile applications (Figure 7). According to the plan, a network of parking spaces for scooters and bicycles is to be expanded in the city—the role of the former has been emphasised in the context of the safety of school commuting of children and young people, as well as the concept of creating parking and rental zones, the so-called mobility points for scooters and motorbikes [73] (p. 65). In recent years, motorbike traffic has also been allowed on selected sections of bus lanes within the city [113].



An interesting case is also Brussels, where the city authorities signed the “Mobility adapted to motorized two-wheelers” charter (French: Mobilité adaptée aux deux-roues motorisés), which includes a declaration of taking action to strengthen the safety of motorcycle and scooter users. The city undertakes therein, in the event of the modernisation or construction of new street spaces, e.g., parking lots for PTW vehicles are located there, appropriate pavement materials and road markings will be used, and all obstacles and objects obstructing visibility will be limited [114]. Motorbikes and scooters can park on pavements provided that sufficient space is left for pedestrians. In addition, there are few car parks in the city centre designated exclusively for motorcyclists.




4.5. PTWs in Poland and the Case of Kraków


The Polish Act on Road Traffic takes into account the movement of motorbikes, mopeds, bicycles and bicycle trolleys among the various types of vehicles, and yet the definition of a car park, contained in the regulation on technical conditions to which buildings and their location should conform, refers only to cars. It is worth mentioning that the very definition of parking, in the statutory provisions, appeared only in 2018.



Thus, under Polish conditions, both PTW parking and design guidelines for separating parking spaces or creating dedicated solutions for them in street space are not formalised issues. As a consequence, motorcyclists and users of scooters or mopeds park in car parking spaces or leave their vehicles on pavements. Individual initiatives for the adaptation of spaces for PTWs have so far mostly been the initiative of private land or property managers, often in large shopping centres. However, the idea of multimodality is gaining more and more interest, gradually also from municipal authorities. Special parking zones for motorbikes and scooters have appeared in recent years in Warsaw, Płock, Łódź and Wrocław. These are, however, single locations with a small number of parking spaces in total and can only be described as the embryo of a wider system. In one of Warsaw’s shopping centres, designated parking spaces for motorbikes were equipped with storage lockers of the Italian MotoParking® system—designed specifically for use in shopping centres and used in many of them in many European countries. Although parking facilities for motorbikes are still rare in the public space of Polish cities, a certain convenience and encouragement for local authorities to use them is certainly the fact that in most cities, motorcyclists in the areas of paid parking zones can park for free but only within the existing parking spaces. After research and tests conducted since 2014, Krakow was the first city in Poland to allow motorbike traffic on designated bus lanes on a stretch of several streets (Figure 8). Similar measures were then taken in other cities, such as Bydgoszcz, Łódź, Gdańsk, Szczecin, Rzeszów, Warsaw, Wrocław (only classic bus lanes, without tracks), Poznań and Kielce. Work on extending this possibility to other selected sections is in progress.





5. Results of the Research


The described examples of developments for PTW users and problems related to the use of these vehicles can be found in all European cities (Figure 9). By analysing the examples of the transformation of public spaces in selected cities as well as their planning records, it is possible to illuminate the effects of translating statistics into real action in order to incorporate the potential of PTWs into inclusive and sustainable mobility policies (Table 1). The particularly interesting example of Barcelona, which is a kind of urban laboratory, shows that the inclusion of infrastructure elements for PTWs can turn the phenomenon of PTWs’ extreme popularity into actions to increase the quality, attractiveness, accessibility and safety of urban spaces. At the same time, the developed infrastructure of PTW solutions may serve the constantly growing traffic of electric scooters and motorbikes. Thus, the research carried out allows us to confirm that PTW communication (including electric vehicles), next to the development of public transport, is one of the most effective methods of solving communication problems in cities [69,115]. Mopeds and motorcycles constitute a flexible and economic alternative for commuters and are widely used in urban areas where traffic density is high [116] This also applies to the centres located in the climate sphere with cold and snowy winters. Unlike rural areas, cities maintain the road passability to a greater extent, even during snowfall, which significantly impedes movement by two-wheelers. According to the research carried out by the authors in Poland, where both temperatures below zero degrees Celsius and snowfall occur, about 5% of daily mobility during winter in cities is carried out mainly by mopeds [117]. This result is comparable with the share of bicycle transport during winter in cities, while in rural areas, it falls below 2%. Technological developments and the observed climate warming [118] may influence the further popularisation of two-wheeler motorcycles in the temperate, cool climate sphere.



Considering the positive impact of PTW development in cities, two main factors should be noted. The first of these is travel time. Surveys carried out in Poland show that travel time by PTW in large cities is half that of cars (results from an online survey conducted by the authors). This applies mainly to city centres and peak traffic hours. This is supported by a study conducted in Belgium by Transport & Mobility Leuven, which showed that if 10 per cent of all private cars are replaced by motorbikes, the total time loss for all vehicles would decrease by 40 per cent and total emissions would drop by 6 per cent. Based on these studies, a 25 per cent shift from cars to motorbikes was considered to completely eliminate traffic congestion [119].



The following factors influence the fact that it is faster to travel by motorcycle or moped than by car. First of all, users of two-wheelers in many countries can use so-called lane splitting with other vehicles [120]. Lane splitting is legal in most European countries. In some countries, such as France, the Netherlands, Spain and Italy, motorcyclists are expected to split lanes both in urban traffic and on roads outside the city, while in Germany, lane splitting is only expected when traffic is stopped or moving very, very slowly. According to surveyed single-track users in Poland, PTWs do not stand in traffic jams. An additional factor is the possibility for PTW users to use dedicated roadway zones for public transport. Such a solution is used in ten of the largest Polish cities (e.g., Kraków, Warsaw, Poznań, and Gdańsk). The possibility of driving a light vehicle through pedestrian crossings or traffic routes for pedestrians, in many cases, shortens the travel time.



Another factor is the possibility of using partially closed traffic zones. Low emission zones produced throughout Europe limit road traffic. In most cases, the restrictions do not apply to electric vehicles, mainly two-wheelers. At the same time, fees related to the use of PTW vehicles in these zones are usually lower or zero. This is related to the space taken up by mopeds and light motorbikes, which occupy on average 1/4 of the space needed for car parking. Related to this is another factor influencing the greater mobility of PTWs. This is the ease of parking. In Krakow (Poland), car drivers during rush hours spend about 30 minutes parking their car, while in the case of two-wheelers, this problem is negligible. The problem of parking spaces is also visible in the case of a place of residence. The maladjustment of the spatial layout of residential estates built in the mid-20th century and modern guidelines for developers, who usually provide 1.5 parking spaces per apartment in Poland, has resulted in the residents seeking alternative solutions.



The advantage of PTWs over cars can also be seen in the speed of joining traffic. This can be seen when starting from traffic lights, especially in the case of scooters equipped with an automatic transmission. Due to their lower weight than cars and their small size, lightweight mopeds and scooters are characterised by high driving dynamics, which affect their speed and traffic flow in cities.



It can, therefore, be concluded that PTW vehicles in mixed traffic follow the “fugue” model. In road traffic, these vehicles fill free spaces, which are unsuitable for cars due to their size [121]. In Asian cities, two-lane, one-way traffic is carried out thanks to two-lane two-wheelers, with three somewhat informal two-lane lanes. Additionally, the ability to maneuver two-wheelers between vehicles ensures smooth traffic flow.



Along with high fluidity and no stoppages in traffic jams, PTW vehicles reduce exhaust emissions. An Italian comparison of the exhaust gas emissions of the Euro 4 gasoline passenger car and the Euro 3 scooter across Europe showed an advantage of the two-wheeler in terms of both fuel consumption and emissions [122]. However, these values are different when there are more than two people traveling by car, which, however, is not common. Regardless of the results, mixed transport improves transport and reduces exhaust gas [123].



Nowadays, a lot of emphasis is placed on the popularisation of electric vehicles. However, in addition to the lack of emissions from the exhaust pipe, battery-powered cars emit PM25 from tire and brake wear and contribute to slowing down road traffic. We also have to remember that the carbon footprint associated with the production of a motorcycle is a fraction of that of any car. In addition, an important element is the source of obtaining electricity. In the case of Poland, where energy obtained from solid fuel combustion is dominant, the introduction of electric vehicles will not contribute to the overall reduction of exhaust emissions [124]. For these reasons, local authorities should take measures to promote mixed transport in order to improve the quality of life of city dwellers.



Confirmation of the effectiveness of the authorities’ efforts to promote two-wheelers was verified by a survey. Differences in the use of PTWs by place of residence and type of vehicle are evident in the assessment of measures taken by local authorities to develop two-wheelers movement. When asked what national and local authorities consider to be the most appropriate measures to promote PTW, respondents gave the highest rating (on a scale of 1 to 5) to the provision of bus lanes for two-wheelers (4.1) (Figure 10). Bus lanes as an important amenity were rated higher by city dwellers facing traffic problems. However, the highest rating was given to this preference by motorbike owners living in the countryside. This may be related to the issue of commuting to work in the city and the morning and afternoon traffic jams formed on access and exit roads from the city. The second place, with a score of 3.8, was the exemption from fees, e.g., for parking or entering urban toll zones. In this case, also motorcyclists from rural areas rated this initiative of local authorities highest. Motorcyclists rated this measure much lower. This solution received much lower marks among moped users. A score of 3.3 was given to the proposal to allow the seasonal registration of vehicles, which, in the case of climatic conditions prevailing in Poland, may be very important (this involves a reduction in third party liability premium charges to ½ of the amount). This proposal received more interest from moped owners, who are usually young people with limited financial means. A similar rating of about 3.2 was given to the proposal to create locks through traffic lights, which allows for more efficient traffic flow in cities (PTWs usually have a faster start than cars, especially small vehicles with automatic transmissions). This solution appealed most to motorbike drivers in the city. Car parks and a dedicated parking space for PTWs were the least popular. The lowest rating this idea had was with moped riders in rural areas where the problem of free parking spaces may be unknown to them.



Other demands for action by local or national authorities included mainly the suggestion to differentiate or exempt toll motorways (as is the case in some European countries). Another demand was for a safe road infrastructure, examples being the use of motorcyclist-friendly energy barriers (many countries in Europe replace the old dangerous barriers) and non-slip horizontal markings on the road. Another important element was the proposal to organise free but compulsory courses and training not only for motorcyclists (to improve technical driving skills), but also for car drivers (there is still a belief in Poland that roads are only for cars). Among the postulates was the introduction of real road traffic education in primary and secondary schools (possibility to pass driving exams of different categories depending on the ages of students), subsidising sports facilities for motorbike sports and driving training.



It should be noted that the study referred to the conditions in Poland, where, despite the large increase in the popularity of two-wheelers, still only about 20% of users use these vehicles mainly for everyday transport.



In a survey carried out by PTW users, the best way to promote PTW use was to make lanes dedicated to public transport available for single wheelers. Exemption from fees for parking or entering restricted zones was ranked second. Then, there were locks for two-wheelers at intersections with traffic lights. Separate parking lots for two-wheelers were the least popular. In the context of top–down actions, the possibility of seasonal vehicle registration was indicated.



As regards the main problems reported by motorcyclists, the attitude of car drivers to two-wheelers (driving culture) was indicated. Other problems included the road infrastructure, mainly the condition of the road surface and the lack of anti-slip materials for horizontal signs placed on the road.




6. Discussion


The subject of the conditions for the development of PTW in cities is highly controversial. First of all, attention should be drawn to the measures taken in many European cities to limit all traffic by combustion vehicles. However, also in this case, electric two-wheelers have an influence on the emission of environmental pollutants, even more so than cars. It should be emphasised that the complete exclusion of individual transport from cities in the experience of the COVID-19 pandemic seems very difficult; however, it requires further research. In addition, solutions dedicated to PTW vehicles can also affect the development of bicycle communication, including the increasingly popular electric bikes. Infrastructure network elements for PTW could be shared by users of other types of two-wheelers. This applies to both design solutions (e.g., parking lots for two-wheelers, shaping public spaces of streets and squares) and legal solutions (e.g., traffic filtering), or those related to road traffic organisation. In this context, Barcelona’s approach is particularly noteworthy, as it proposes an inclusive mobility model that recognises different user groups in the pursuit of sustainable mobility. The design and legal regulation of PTWs (and not only PTWs) in the street space also help to clear up the chaos in the public space, while reinforcing the priority of pedestrians (pavements free from randomly parked vehicles and comfort and safety for pedestrians using the public space). Barcelona’s concept of locating parking facilities for motorbikes, scooters and bicycles in the vicinity of intersections can increase the visibility and driving safety of all other road users.



A separate issue, however, is that PTWs (and also, electric two-wheelers), unlike bicycles, are not the most inclusive form of personal transport. They are not suitable as vehicles for children or a parent with more than one child, but on the other hand, they can support the mobility of people (including seniors) who cannot afford to cycle due to certain physical limitations.



Another issue not covered in this study is the safety of two-wheeled drivers. As shown by the latest research results in France, lane filtering poses a significant threat to two-wheeled drivers (Expérimentation de la circulation), which resulted in the ban on these practices from 1 February 2021. At the same time, their safety depends largely on other road users, which also requires separate studies.




7. Conclusions


The increase in the popularity of motorcycles and mopeds in Europe in the 21st century has its source both in the growing wealth of the society, mainly in Central and Eastern Europe, and in the development of urbanisation processes. The development of European cities causes increasing communication problems. In addition, attempts to reduce emissions in Europe are increasingly leading to measures to reduce the number of cars. The development of public transport, despite being the most optimal solution, entails high investment costs and often requires subsidies from public budgets. In addition, the experience of the COVID-19 pandemic points to major problems for many public transport operators. This has been influenced both by the lockdown introduced in many countries and by passengers’ fear of using public transport. It therefore seems reasonable to stimulate various alternative means of transport in cities. PTW vehicles are one of them. Regardless of whether the vehicle is powered by an internal combustion engine or an electric engine, its advantage is determined by its greater mobility than in the case of cars or public transport. The lack of a sufficiently developed charging infrastructure for electric vehicles in many countries will continue to affect the advantage of motorised two-wheelers for a long time to come. An additional advantage of using two-wheelers is usually lower costs than in the case of a car. However, in order to popularise PTW vehicles in cities, actions by local authorities are necessary. These activities are both legislative, e.g., exemptions from parking fees, providing lanes for public transport, permit for lane filtering, as well as investment measures, e.g., the construction of roofed car parks for two-wheelers, the implementation of a network of parking zones, guidelines for areas reserved for two-wheelers by setting barriers for cars, guidelines for locks for two-wheelers at intersections, adaptation of road marking. The survey shows that the users of PTW vehicles in cities are most expected to provide dedicated lanes for public transport and financial concessions. The problem of parking lots for two-wheelers becomes important when parking restrictions are introduced, which is usually associated with the increase in their number. It seems that the expected solutions are the most optimal and do not affect the safety of motorcycle and moped users. On the other hand, the introduction of measures for equal rights for all road users is very important. This problem is particularly evident in Eastern and Central Europe, where until now, motorised traffic has been predominant, with motorcycles in urban traffic being the exception. The experience of introduced PTW solutions from European cities should form the basis for universal solutions. This is particularly important in the process of increasing the need for mobility in society.
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Figure 1. The number of PTW vehicles in Europe and numer of PTW calculated per numer of inhabitants in selected European countries in the years 1994–2019. Author: S. Dorocki. 
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Figure 2. Basic parameters regarding the location of parking zones and parking of motorbikes and scooters in Barcelona (elaborated, based on Barcelona City Hall brochure: https://www.barcelona.cat/mobilitat/sites/default/files/Proposta%20fullet%c3%b2%20FINAL.pdf; accessed on 9 February 2021). 
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Figure 3. Motorbikes and scooters on the streets of Barcelona (a) and Madrid. (b) Source: Authors’ archives (photo W. Kilar (a), I. Jastrzębska-Dorocka (b)). 






Figure 3. Motorbikes and scooters on the streets of Barcelona (a) and Madrid. (b) Source: Authors’ archives (photo W. Kilar (a), I. Jastrzębska-Dorocka (b)).



[image: Land 10 00618 g003]







[image: Land 10 00618 g004 550] 





Figure 4. Great Britain: (a) vertical and horizontal street signage for motorcycles can be often found in the cities but also on the countryside, e.g., nearby shops; (b) special motorcycles’ zone in use. Source: Authors’ archives (photo E. Burdzińska). 
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Figure 5. Examples of parking spaces for motorbikes in Stockholm. Source: Authors’ archives (photo D. Gunnarsson). 
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Figure 6. Separate parking zones for PTW bikes in Vienna. Source: Authors’ archives (photo Ł. Rygałło). 
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Figure 7. Distribution of parking zones for motorbikes within Vienna. Source: https://m.wien.gv.at/stadtplan/#base=luft&layer=motorradabstellplatz&zoom=13&lat=48.2095&lon=16.417 (accessed on 9 February 2021). 
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Figure 8. Kraków, Poland: (a) Scooter parked on a free fragment of the pavement, (b) end of the bus lane with motorbike traffic allowed. Source: Authors’ archives (photo D. Wantuch-Matla). 
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Figure 9. PTWs in use: (a) Basel, Switzerland—scooters parked in the special zone, (b) motorcycles squeezed in the popular area of Sorrento, Italy, (c) Budapest, Hungary—scooter parked freely on the side of the pavement. Source: Authors’ archives (photos: A. Jenner (a); V. Somma (b); I. Jastrzębska-Dorocka (c)). 
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Figure 10. Respondents’ evaluation of possible PTW promotion activities. 
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Table 1. Matrix presenting a comparative summary of the main elements of the analysis of the PTW situation in selected European cities. Author: D. Wantuch-Matla.
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	Barcelona (Spain)
	London (United Kingdom)
	Vienna (Austria)
	Stockholm (Sweden)
	Kraków(Poland)





	Popularity of PTWs (quantitative data)
	484,300 (2019)/(183 per 1000 pop.)
	1,168,500 (2019)/(130 per 1000 pop.)
	91,400 (2020)/(49 per 1000 pop.)
	65,400 (2020)/(67 per 1000 pop.)
	32,300 (2019) /(49 per 1000 pop. )



	Visibility of spatial solutions for PTWs in the public space ●●● high/●● moderate/● low
	●●●
	●●
	●●
	●●
	●



	PTW theme in the local planning and/or strategic documents
	 [image: Land 10 00618 i001]

(extensive strategy dedicated to policy on PTW mobility in the city)
	 [image: Land 10 00618 i001]
	 [image: Land 10 00618 i001]
	 [image: Land 10 00618 i001]
	 [image: Land 10 00618 i002]



	Basic design standards for motorcycle parking spaces, bays, etc., in the national planning documents
	 [image: Land 10 00618 i001]

(at the autonomy and also national level)
	 [image: Land 10 00618 i001]
	 [image: Land 10 00618 i001]
	 [image: Land 10 00618 i001]
	 [image: Land 10 00618 i001]



	Non-governmental associations/organisations for motorcyclists, publishing reports, guidelines, etc., relevant at the national level
	not identified
	 [image: Land 10 00618 i001]
	not identified
	 [image: Land 10 00618 i001]
	 [image: Land 10 00618 i002]



	Separate city publications, e.g., guidelines on the provision of parking spaces/parking facilities for motorcycles in public space
	 [image: Land 10 00618 i001]
	 [image: Land 10 00618 i002]
	not identified
	not identified
	 [image: Land 10 00618 i002]



	Network of on-street public parking spaces dedicated for motorcycles ●●● well developed/●● medium developed/● poorly developed
	●●●
	●●
	●●
	●●
	 [image: Land 10 00618 i002]



	City apps with motorcycle parking location map (A)/City website with with motorcycle parking location map (W)
	W
	A
	W
	W
	 [image: Land 10 00618 i002]



	PTW allowed on bus lanes
	 [image: Land 10 00618 i002]
	partly, on selected sections of bus lanes
	partly, on selected sections of bus lanes
	partly, on selected sections of bus lanes
	partly, on selected sections of bus lanes
















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg





media/file4.png
min. 6m
of clear space

BUS

! 2m |
H
|
|






media/file18.png
LM
al’ ___t_sﬁ






media/file3.jpg
W e space

BUS

45

Fosn

ke





media/file22.png





media/file19.jpg





media/file7.jpg





media/file23.png





media/file10.png
~

“._ X

AT
- .'Ard.-.r?.fft )

; =
v S EmE— FE—F )

~— = =]
£~ F— £E=]}
F~—f F—\ =]
7= | =






media/file14.png





media/file11.jpg





media/file6.png





media/file15.jpg





nav.xhtml


  land-10-00618


  
    		
      land-10-00618
    


  




  





media/file16.png
Rate!
l Medyczned®






media/file2.png
number of PTW per 1000 person (line chart - right axis (R))

120
0

{80
0
0
0

~©- Sweden(R)

—— Spain (R)
—— Austria (R)
—8- Poland (R)
—— UK (R)

B motocycle (L)

" moped (L)
= Europe (R)

4,5E7
4E7
3,5E7 }
3E7
2,5E7 |
2E7
1,5E7
1E7
5E6

((7) sixe ys| - Yeyod Jeq) M1d Jo Jaquinu

1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

years





media/file20.png
bus lane use by PTW
4,3

arkin
exemption from ?or p'ni:
fees for entering vehicles

the zone, car park, etc.

== City / motorcycle

=== cOUNtryside / motorcycle

s City / moped

s cOUNtryside / moped

\/\/\(/

area reserved
for motorcycles
next to traffic lights

seasonal
registration






media/file5.jpg





media/file1.jpg
number of PTW per 1000 person (line chart - right axis (R))
8 8 ] 8 s |

5 Poland (R)
-0 Sweden(R)
- UK(R)

~—Span ®)
motocyde () -

1 moped (L) broesiad )

= Europe (R)

4567
&
3sE7
a7
2
1587
I
ses

(1) sixe Yol - Wewd 1ea) MLd 4o Jequinu

1994 1996 1995 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

years





media/file12.png
pl

.__.. I
. ;
-N.l_ i e — .l-.nf
==k
il
i b |
.._. W )

-~






media/file9.jpg





media/file0.png





media/file8.png
motorcycles
Only






media/file17.jpg





