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Abstract

:

Bicycling appears in the literature on urban mobility as a more sustainable transportation mode for future transportation, based on empirical evidence of the potential benefits of bicycling on the environment, society, and health. In this context, public interventions to promote and maintain bicycling as a sustainable practice and its positive effects are salient. This article reviews different cycling policies with respect to cycling facilities present in the literature and compares them with a case study in Valencia (Spain). We collected information on the public policies implemented in Valencia and the traffic intensity in bike lanes over detecting loops distributed around the city. The results show a strong increase in bicycle use accompanying the implementation of public policies that promote bicycling. The effectiveness of public policies and their impact on bicycling and sustainability are discussed.
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1. Introduction


Public policies are extremely important to achieve sustainable social interests. Public administrators promote public policies to achieve desired changes. In this sense, the public sector easily has an impact on individuals’ behavior by promoting certain specific public policies, such as taxation, land use, education, and law enforcement policies among others. There is also a wide range of policies promoted by states called” green policies” that focus on promoting healthy and sustainable lifestyles among citizens. Green policies work against environmental change and encourage individuals to improve responsible attitudes towards a strategic field. To observe the potential output of those policies, public administrators should, first, invest in public policies and, secondly, observe whether those public policies have an impact on the preferred direction.



One important element of green policies is devoted to sustainable urban transportation [1]. Urban transport is a key sector for social welfare and is increasingly demanded because of the continuous growth of urban populations [2]. Urban mobility in big cities is currently associated with a few negative externalities, such as noisy environments, crowded roads, and pollution.



A socially accepted solution for this problem is based on substituting fossil fuels with electric batteries. We are now experiencing a dramatic growth in buying electric vehicles such as e-bikes, e-scooters, and e-cars [3]. In particular, recently, there has been an increase in electric vehicles. The EV30@30 Campaign has set a collective aspirational goal to reach a 30% sales share for electric vehicles by 2030 [4].



The attention of urban mobility actors is not only on electric vehicles. Cycling appears to be a clever way to cover urban distances, since almost one third of all car trips in cities are less than three kilometers [5].



The number of bicycle users has increased among many cities. The bicycling boom in Germany [6] illustrates the dramatic increase in bicycling as a practical mode of urban travel. Indeed, in many large German cities, the frequency of bicycling has doubled or tripled. The Netherlands is the clearest example of urban cycling. The European commission [7] has reported that 36% of the population selects bicycles as their preferred mode of transport on a typical day as compared with cars (45%) and public transport (11%).



There are many advantages of bicycling as compared with other modes of transport, even electric vehicles. Overall, there is a positive impact on social welfare [8], and quality life improvements through pollution reduction, as well as reduction in economic and social cost [9] (the cost of driving represents six times the cycling cost). More importantly, there is a positive impact on health [10,11]. An increasing number of scientific studies have assessed that bicycling can reduce obesity rates, improve cardiovascular health, and morbidity [12,13,14,15,16,17,18,19,20,21,22,23,24,25,26]. All of these studies have indicated the significant health benefit of bicycling; even considering the potential health risks of traffic injuries the health benefits are still positive and even greater when bicycling levels increase [27,28,29].



There is almost no doubt about the positive associations between bicycling and health. In this line, as bicycling increases, pollution levels and traffic congestion decrease. In particular, the State Government of Victoria (Australia) has identified the health benefits of regular cycling [30] as including the following: increased cardiovascular fitness, increased muscle strength and flexibility, improved joint mobility, decreased stress levels, improved posture and coordination, strengthened bones, decreased body fat levels, and prevention or management of disease.



Over the years, the social perception of cycling has also changed and there is social consensus on the benefits of moderate physical activity, the reduction of gas emissions, and the mitigation of climate change. In addition, active commuting is socially perceived as a less risky behavior because of both the increased number of bicycle users and the better and larger facilities provided by cities.



There is a social trend showing positive perceptions of new environmentally friendly ways to move around cities. Sustainable practices in urban transportation rule the future, demanding a positive impact on the environment, cost reduction, health, and low distress levels.



This article relates public bicycling-oriented policies with larger levels of performance in terms of sustainable urban transportation.



This article is structured in five parts. In Section 2, we analyze and discuss the set of policies that, according to the literature, have a positive impact on bicycling. In addition, we analyze the mechanisms that relate specific facilities with cycling increase, and define operationally the set of cycling facilities that can be found in cities that implemented cycling promotion policies. In Section 3, we present the data sources and the methodology for measuring policy implementation and traffic intensity. In Section 4, we analyze the specific facilities present in Valencia and describe a traffic intensity analysis of bicycle traffic data using automatic counters around the city. In the last section, we review the results and conclusions, as well as consider the limitations of the study and further research.




2. Public Policies to Promote Bicycling


Taking in consideration the sustainable effects of bicycling mentioned above, society could benefit from its practice, and public managers need to promote it. Public interventions are crucial to encourage bicycling. Many cities around the world have created integrated plans including precise interventions with the main goal of promoting and maintaining bicycling levels.



Public policies account for infrastructure provision, pro-bicycle programs, car restrictions, and policies aimed at increasing bicycling [31]. Planning strategic infrastructures can become a sustainable approach to promote cycling [32,33]. There is strong evidence among many countries that strategic urban planning relies on public interventions to promote and maintain bicycling levels.



Local governments in many cities have measured the efficiency of their urban policies, for example, case studies analyzing bicycle infrastructure and programs related to trends in bicycling levels and safety, such as London, Bogota, Berlin, Paris, Amsterdam, Portland, Copenhagen, Muenster, Freiburg, Odense, Groningen, Boulder, and Davis CA [34,35,36,37], and at a country level such as New Zealand [38], USA [39], and Norway [40]. All these studies have shown an increase in bicycle trips (from 1970 to 2006, in Berlin, the number of bicycle trips quadrupled) and, especially, an improvement in bicycling safety (serious injuries in Berlin fell by 38% from 1992 to 2006).



To design better roads on which bicycling could be safer and other bike-specific infrastructure projects, public policies need to be oriented to support the route-design approach applied in many northern European countries. In order to promote cycling, these transportation infrastructures aim at reducing bicycling injury risk. In this sense, some authors have analyzed the association between bike infrastructures and injury risk reduction among cyclists [41].



The wide and quickly growing literature suggests the need to facilitate bicycling through effective and sustainable public policies. In this sense, public interventions can change the urban mobility of a city creating bicycling infrastructure (bike paths as common asset), traffic calming through car restrictions, educational and marketing programs, and law enforcements.



Desired Cycling Facilities


The existing literature about this topic reveals that some specific bicycling facilities have had a positive impact on promote bicycling [31]. In particular, this article considers 42 cycling facilities in the existing literature [31], under the following eight broad categories:




	
Infrastructure








Infrastructure facilities are the most common elements that enable bicycling traffic in cities. We describe fifteen of them according to the literature review. Among them, on-road bicycle lanes are the most common facility and are delineated using white stripes and bicycle icons on the pavement. Many studies have found a positive correlation between bike lanes and bicycling (see [42] for a comparative analysis of bicycling trends and policies). However, there are others infrastructure facilities commonly presented in cities. Contra flow bike lanes allow bicyclists to ride in the opposite direction on one-way streets. False one-way streets provide signaling or physical barriers to allow bicycles to enter the streets, but not entry by motor vehicles. Share bus/bike lanes allow cyclists to enter into exclusive bus lanes. Off street paths are physically separated from motor traffic and are designed exclusively for cyclists or shared with other users (pedestrians, rollerblades, etc.). Signed bicycle routes are “shared roadways which have been designated by signage as a preferred route for bicycle use” [43]. Bicycle boulevards are shared bicycle and motor vehicle routes which present some elements discouraging motor vehicles. Cycle tracks are very similar to bike lanes but include a physical element separating cyclists from motor traffic. Colored lanes for cyclists offer greater visibility for traffic. Share lane markings are lanes on routes shared between cyclists and motor vehicles indicating where cyclists have to ride. Bike boxes are separated areas on pavement near an intersection, where cyclists can wait during red traffic light phases without the presence of cars. Bicycle phase traffic signals consist of a special traffic light for cyclists to cross intersections without motor traffic. Maintenance of facilities is necessary to increase the quality of bicycling, and commonly includes pavement conditions and colored lanes and paths. Way finding signage includes interesting locations or spots in the city and the distance and time needed to bicycle there. Finally, techniques to shorten cyclist’s routes are an advantage for cyclists as a more direct path connection, where motor vehicles are not allowed.



	
Traffic controls






Some controls are requested to reduce the number of motor vehicles, especially in some areas, limiting access in order to create a safe space. A case study in Italy [44] found a 50% decline in vehicle traffic after a conversion into a pedestrian mall; another study, in Germany, found an 8% decline in vehicle traffic [44]. The following four elements are described here: (1) Traffic calming offers a set of physical measures that reduce the negative effects of motor vehicle use, such as speed humps and chicanes, among others. Traffic calming is more pedestrian oriented rather than cyclist oriented. (2) Home zones are a form of traffic calming mainly focused on residential streets. The speed limit is around 5 Km/h. (3) Car-free zones do not allow any motor vehicles. The zones can be permanent or temporary attending to the spatial needs. (4) The complete street concept highlights the potential interest of society to partially remove cars form the public space in order to increase their use by pedestrians, transit users, and residents.



	
Bike parking






Bike parking is perceived as a pleasant facility for bicyclists and can motivate them to bicycle to work [45]. Secure parking at destination also has a statistically significant impact on bicycling [46]. This category includes four bike-parking facilities with different characteristics. Unsheltered parking offers an efficient way to facilitate destination parking in cities with no bicycle cover. Sheltered parking offers a more complex option for parking bicycles on the street by at least providing a roof of some sort. Guarded parking offers a safer option preventing vandalism and/or thefts. They are typically located in special facilities such as bike stations and outdoor parking. Bike lockers represent secure bike parking usually located at train or metro stations.



	
End-of-trip facilities






Two description facilities appear in the literature to create a more comfortable environment for bicycling. On the one hand, showers at workplaces are infrequently developed but an increasing presence should be expected due to green building codes in some cities. They provide showers, clothes storage, and change facilities combined with bike parking locations, that appear as significant facilitators for bicycling to work [45]. On the other hand, bicycle stations provide full-service facilities for cyclists, including accessories, repair stations, and information spots integrated in one hot spot location in the city.



	
Integration of bicycles with public transport






Public transports are crucial to efficiently transport individuals around cities. Furthermore, due to the presence of bicycling, a further integration of bikes into the public transport is needed. There are five elements to describe in this category. Parking at rail stations is the most important form of integration with public transport in Europe and Japan. They offer a clear facility for cyclists to combine with trains, suburban rail, and metro stations, and increases the use of public transports [47]. Parking at bus stops provides parking facilities at bus stops to facilitate integration with public transport. Bike racks on buses are frequently found in USA and Canada but rarely in Europe. Bike racks basically consist of a facility system to lock a bike inside a bus. Bike on rail cars allow bikes to enter into the suburban rails and metro by also providing a type of rack to hold a bike. They are usually effective during off-peak hours to avoid crowding. Short-term rental bikes are bicycle rental systems with rental stations around the city. This facility is well-established in the most important cities in Europe, and urban populations commonly use rental bikes.



	
Programs and legal interventions to promote bicycling






Governments invest resources into programs and legal interventions, which aim to increase bicycling. Those programs are usually based on nudge theory, creating a convenient framework to better understand the individual behavioral approach. While some studies have not found any impact of monetary incentives on bicycling [48], other studies have found a positive impact from informational campaigns on bicycling [49]. Overall, a positive impact is assumed, despite the lack of direct evidence of some governmental efforts, mainly because of difficulties with the quantification process. This category includes eight facilities.



Travel programs are employee-based programs implemented to reduce the use of motor vehicles. Programs use incentives and/or promotions to influence individual decision making to switch to a more sustainable way of urban transportation (commute transport, walking, bicycling). Individualized marketing uses incentives, implemented by coupons or transit passes, at the individual level to promote sustainable transport. Travel awareness programs are usually implemented by local governments to reduce driving and increase public transportation, bicycling, or walking. Safe routes to school provide enforcement programs to increase safety and the number of students choosing to walk or bicycle to school. Bicycling-specific programs are based on organizing events, activities, and special days or weeks to encourage people to bicycle. “Ciclovias recreativas” is a commonly used term in the literature and consists of a free mass recreational program in which streets are temporarily closed to motor traffic in order to promote walking, running, bicycling, and rollerblading. Other bicycle promotions include bicycle film festivals, bicycle “buses”, recreational bicycle events, and bicycle awareness campaigns. Finally, education and training is referred as any program to increase knowledge of desired skills when riding a bike or bicycling laws to avoid conflicts with traffic and pedestrians.



	
Bicycle access programs






Bicycle access programs are designed to incentivize bicycling by providing bikes, either in the form of rental bikes or promotions to facilitate bicycle access. Studies have found evidence of a significant increase in bikeshare usage [50]. Bicycle sharing programs offer short-term rental systems by which commuters can become users by purchasing a smart card and paying a monthly/yearly fee. The stations are located around the city to take and return the rental bike. Additionally, other access programs include raffles, loans, and fleet programs among others. All of them promote bicycling.



	
Legal interventions






Legal interventions are mandatory rules that governments apply to reduce vehicle traffic and to increase bicycling commuting. We highlight two legal interventions described in the literature. First, helmet laws are based on mandatory laws for bicyclists to wear helmet. They can be applied to all ages or specific ages (e.g., under 16 years old). However, the use of helmet for cycling in urban areas remains controversial since there is empirical evidence about the mandatory use of helmets and bicycling reduction. Studies in Australia found a reduction in cycling of about 36% in Melbourne, 36% in New South Wales, and 20% in Perth, due to the implementation of helmet law [51,52]. Secondly, speed limits for vehicle traffic are a common measure implemented in Europe and also abroad. This intervention promotes safety among bicyclists and pedestrians and a reduction in the negative impact of motor traffic (pollution and noise). In fact, studies concerning this issue refer to greater social benefits rather than a social cost [53].





3. Data and Methods


Next, we systematically review the actual presence or absence of the previously described cycling facilities, in Valencia. In order to assess the scope and the impact of cycling promotion policies implemented in Valencia, in this paper, we rely both on qualitative and quantitative data.



The scope of cycling promotion policies is analyzed based on qualitative data provided by Agència Municipal de la Bicicleta, a local agency from Valencia’s City Council dedicated to promoting the use of bicycles. These data are complemented with quantitative data, provided by Valencia’s City Council, on the number of kilometers of bike lanes deployed in Valencia and the municipal investment in cycling facilities.



The impact of cycling policies, in Valencia, is analyzed by means of quantitative data on traffic intensity in bike lanes and in regular streets. These primary data on bicycle traffic comes from automatic counters installed along the bike lanes in Valencia. The counter installation and maintenance are part of the strategic program to encourage bicycling by the local government.



Automatic counters consist of inductive loops installed on the pavement. Every time a metal vehicle passes over the loops (or coils), the inductance of the coil changes, and consequently changes in the resistance of the circuit are measured. Different vehicle types, such as electric scooters and bicycles, produce different electric signatures that can be classified by the means of proper machine learning techniques. Unfortunately, at the time of writing this article (October 2020), the automatic counters in Valencia city bike lanes were not able to distinguish vehicle types.



Counters are equally distributed along the different sections of the urban bike lanes (i.e., Figure 1). The number of counters has increased in recent years, from 73 in 2016 up to 118 counters in October 2020 (Table 1). The information on traffic intensity in different sections of the bike lanes is collected as the daily number of vehicles passing over every counter. The Agència Municipal de la Bicicleta publishes these data, for every counter, aggregated as monthly averages of daily passes over each counter, excluding weekends and holiday nonworking days.



In a similar manner, we also analyze motor traffic based on automatic counters that are equally distributed along different sections of the city roads and streets. The information is aggregated exactly in the same way described for bike lane counters. The total number of motor traffic counters in October 2020 was 490.




4. Analyses and Results


4.1. Public Policies and Urban Facilities in Valencia to Promote Bicycling


In recent years, from 2016 to present, the local government of Valencia has invested more than 8.4 million euro promoting bicycling and providing facilities to encourage more sustainable ways of urban transportation. In this section, we aim to systematically describe the cycling facilities deployed by Valencia City Council.



Table 2 contains a list of 42 cycling facilities grouped in eight categories [31] and provides information on their deployment (or not) in the city of Valencia. A facility is labeled as “yes”, deployed in Valencia, if there is at least one observable facility of that kind deployed.




4.2. Infrastructure


As shown in Table 2, all the infrastructure elements considered, except for bike boxes, have been deployed in Valencia. Indeed, the extension of bike lanes (Figure 2) has been constantly growing with two periods of especially intense expansion, i.e., between 2008 and 2011, under a conservative local government, and between 2016 and 2020, under a progressive government. By October 2020, Valencia has 159.1 km of bike lanes (plus 3 km in progress) and 29.5 km of bicycle boulevards. In addition, facilities such as specific bicycle traffic lights, signed routes, and colored paths have been implemented, among others. The more notable facility implemented recently in the city is a bike path circle around Valencia city center called “anell ciclista” that connects preexisting bike lanes in different city districts. According to data from Valencia City Council (Table 2), 93% of the infrastructure elements identified in the literature review are deployed in Valencia. Only one out of 15 facilities is not present; no bike boxes are signalized in front of the motor vehicle lane where cyclists can wait during red traffic light phases. Indeed, there are only two contraflow bike lanes in the city. To conclude about this package of facilities, cycling infrastructures are correctly developed in Valencia, becoming a key element to create the existing network of bike lanes evenly deployed along time (Figure 2).




4.3. Traffic Controls


Traffic measures are commonly implemented in Valencia. In August 2020, a significant portion of the Town Council Square was pedestrianized. There are car-free streets in some neighborhoods, and also areas with priority for pedestrians. We can conclude that 100% of facilities for pedestrians and cyclists presented in the literature are well developed in Valencia, and their usage will increase over the next years.




4.4. Bike Parking


Bike vandalism is present around all European cities, especially in the southern cities. To avoid thieves, Valencia unfortunately does not have a sophisticated network of sheltered parking. However, a few elements such as covered and monitored bicycle parking at hotspots of the city are present, in particular, at the main bus and train stations. Only one parking at the main train station benefits from a positive externality, having a train station guard near to the parking. Public parking facilities only offer an unsheltered system, however private facilities cover partially the demand by implementing a few private spaces at neighborhoods. In general, despite the lack of sheltered public parking spots developed by other European cities, 75% of the observed facilities in the literature are partially covered in Valencia. The city of Valencia should develop this aspect in order to complete the proper package of facilities.




4.5. End-of-Trip Facilities


No public end-of-trip facilities were observed in Valencia, such as showers at workplaces and full-service bicycle stations. Only a few companies located outside of the urban area provided these services for private use.




4.6. Integration of Bicycles with Public Transport


There is a lack of public facilities, since different private companies operate in the transport sector. Valencian public buses carry folding bicycles, but not regular bicycles as there are no bus bike racks. Valencian suburban metro only allows bicycles during the weekends, except for folding bicycles. An interesting key point, here, is the fact that most metro stations are equipped with elevators that can be easily reached by cyclists. As compared with other north European countries, there is a lack of certain facilities. There are unsheltered bike parking places near the bus stops, but there are no bike racks on buses. However, there is a well-developed network of short-term rental bikes called “Valenbisi” with a large system of designated spots around the city. In summary, 80% of the measures reported in the literature to integrate bycicles with public transport are present in Valencia. Consequently, there is room for improvement, and public interventions should support sustainable practices in this area.




4.7. Programs and Legal Interventions to Promote Bicycling


According to the legal interventions and public programs developed to promote bicycling, we highlight the mobility ordinance “Ordenanza de mobilidad”, implemented in 2019 as a legal effort to promote cycling. Those efforts are legally oriented to develop a safe and friendly climate for bicycling and include information programs, safety routes to school for pedestrians, promotion of bike days, including festivals and special events related to bicycling. Once a month there is a cyclist demonstration organized by cyclist associations and partially facilitated by the local government under a festive atmosphere (Massa Crítica València). An important device displayed in Valencia that creates a positive environment for bicycling is the public counter system, which measures daily cumulative number of passes. A total of five counters (out of 118) in selected critical points of the city are reported in real time in luminescent panels. These panels are located beside the bike lanes and can be read by the general public.



Other campaigns related to individualized marketing or bicycling-specific programs are present in the city, such as public campaigns promoting gifts to go to the opera (by biking to the opera) or promoting cycling among women (women’s day). To conclude, there is an exemplary effort from local government to establish a legal framework to facilitate bicycling. The legal facilities in Valencia account for 87.5% of the facilities identified by the literature. This percentage is explained by a lack of programs, promotions, and campaigns related to bicycling incentives as compared with bike-to-work events [54] and parking cash-out programs [55] present in USA.




4.8. Bicycle Access Programs


The reviewed literature identified two types of bicycle access programs, i.e., programs to increase bicycle access and bicycle-sharing programs. On the one hand, there is no information about the first program being present in Valencia. On the other hand, the “Valenbisi” sharing system is a successful program based on its use and extensive network. Inaugurated in 2010, today, it has 276 automatic stations including strategic spots near train stations, universities, subway entries, city beaches, and vivant neighborhoods. Those hot spots have a larger number of “Valenbisi” docking stations due the high demand of users. In summary, 50% of the facilities described in the literature are present in Valencia.




4.9. Legal Interventions


Legal interventions contain two measures analyzed in the research literature; they are the use of helmet laws and speed limits. In Valencia, there is a legal requirement for children under 16 to wear a helmet. With respect to speed limits, the city of Valencia also implemented different measures to reduce traffic speed on the streets. In 2019, the local government announced a speed limit of 30 Km/h on one-way streets, affecting up to 64% of the city, and a total of 708 street kilometers. Thus, these two elements are satisfactorily covered in Valencia.



The previously classified list of facilities of Valencia is part of a renewed effort to accommodate bicycles in the city. Education on bicyclist encourages bicycling [56]. There have been case studies on cycling trend and policies considered for six cities and three European countries. The evidence supports that a multi-faceted tactic for the provision of public facilities is the most effective way to enhance bicycling. A set of measures completing a comprehensive network of well-maintained and well-designed bike paths is the key to better promote bicycling.



As we saw in this section, Valencia has implemented a wide range of policies to support bike paths as the main infrastructure investment. As previously mentioned, those policies are related, but not limited to roadway design with separate cycling facilities, comprehensive traffic education, traffic priority for cyclists at intersections, informational events, and restrictions of car uses. However, 17% of cycling facilities (seven out of 42) are not fully adopted by the city of Valencia, as presented in Table 2.



Valencia has a fairly positive attitude towards bicycling, providing a large range of facilities and also public policies to promote it. Effective contributions to promote cycling in Valencia began in the early 1980s with the inauguration of the first bike lanes in the city. After time, different local governments of different political and ideological adscriptions enlarged the bike lane network towards peripheral neighborhoods and contributed with key cycling infrastructures. The fact that cycling policies in Valencia have been implemented by governments of different political orientation make cycling policies difficult to reverse.




4.10. Bike Traffic Intensity Analysis


In order to analyze bicycle traffic data, we selected an array of automatic measuring points that were functional throughout the period studied. Since the number of automatic counters has increased along with the expansion of the bike lane network in Valencia, and in order to make measurements fully comparable, we focused on a core of 71 automatic counters which had measurements available from May 2016 to October 2020, when our series ended. These 71 counters correspond to those available in May 2016 (see Figure 1) that remained operational until October 2020. By doing so we could study the evolution of bike traffic intensity in Valencia with a measurement that was not contaminated by the installation of new measuring points. We analyzed traffic intensities on a total of 3692 data points. Our unit of analysis was the monthly average of the number of daily passes over each of the 71 automatic counters (see Section 3).



Figure 3 shows the bicycle traffic intensity evolution for each year, for the 2016–2019 period. Data clearly shows an important variability in traffic intensity both within and between the years.



On the one hand, if we consider the within year variability, we observe a strong seasonal pattern over the four years. In this pattern, the maximum use of bicycle corresponds to two periods of the year, i.e., May–June and October. The minimum traffic in bike lanes corresponds to January and August. The historical minimum traffic intensity in the period corresponds to August 2016 with a monthly average of 523 daily passes per counter. The maximum of the period corresponds to October 2019 with an average of 1408 passes per counter.



These results are fully consistent with previous studies [57,58,59] that showed, among other factors, urban bicycle use is strongly dependent on ambient temperature, in a curvilinear manner. The higher the ambient temperature, the greater the bicycle use, up to a specific temperature point in which the relation becomes inverse.



Traffic intensity in Valencia shows a similar pattern with maximum traffic intensity in months with milder temperature and minimum traffic in months with more extreme temperatures.



On the other hand, although there is a seasonal pattern in the data, if we consider the between years variability, we observe a clear and sustained yearly increase in the intensity of bike lane traffic in Valencia. The lines in Figure 3 represent consecutive years and appear almost perfectly layered, showing relevant increases in the use of bike lanes. However, these increments in bicycle use are not constant. As shown in Figure 4, the increase is strong but stable from 2016 to 2018. Then, the intensity of traffic in bike lanes increased even more between 2018 and 2019, showing an additional expansion of bicycle use. Figure 4 also includes a second series showing the yearly expansion of bike lanes along with the variations in traffic intensity in the preexisting bike lane sectors. Both series show a positive trend and, in the case of traffic intensity, it seems to increase even more after 2018. This result is especially telling if we consider that our measure of traffic intensity is based only on the preexisting core of automatic counters active since 2016. Given that, in 2016, data points begin in May, the computation of year averages of daily passes over automatic counters, shown in Figure 4, included only data points from May to December in every year. We computed year averages in such way in order to make the 2016 averages fully comparable to the averages during the rest of the period.



Figure 5 contains data on traffic intensity in bike lanes in Valencia, including data from the year 2020. It shows that in January and February 2020 the bike lane traffic intensity continued to steadily increase, maintaining the positive overall tendency seen up to that time. Suddenly, in March 2020, traffic intensity declined reaching its historical minimum due to the impact of the lockdown decreed in Spain because of SARS-CoV-2. Then, parallel to the progressive de-escalation of lockdown, traffic intensity in bike lanes recovered the values observed previously in August 2019 and began a slight increase after that time.



Finally, Figure 6 compares the evolution of bicycle lane traffic intensity and motor vehicle traffic intensity in Valencia. Data for motor traffic intensity was processed exactly in the same way as for bike traffic intensity. Data come from the core of motor traffic automatic sensors that remained operational throughout the period, and do not include measurements from January to March in order to maximize comparability with bike lane traffic data.



Except for 2020, both transportation modes show opposite trends, i.e., while cycling intensity systematically increases, motor traffic shows a slight decrease throughout the period. In 2020, due to the special circumstances associated with SARS-CoV-2 March and April lockdown, both average traffic intensities decreased. That decrease was especially acute in the case of motor vehicles since, once the lockdown was over, it never recovered its previous level [60].





5. Discussion


In this paper, we aimed to provide new evidence to support the existing literature on bicycling sustainable urban mobility policy. Public interventions have been crucial for achieving a greater level of cycling, reaching high usage levels, and promoting sustainable practices.



Valencia stands in a satisfactory position to attract an increased number of bicycle users, since its bike lanes are extensive and well connected.



Taking into consideration that the social interest of bicycling appeared decades ago, we assume that public policies to promote bicycling were implemented in order to satisfy this preexisting demand. There exists a historical demand from the habitants of Valencia to provide a safer environment for bicycling. Demonstrations lobbying the local government to increase investment in bicycling facilities have been a constant in Valencia, supported by grassroots movements such as València en Bici or Massa Crítica.



Infrastructure interventions in the city are correctly established, and traffic controls are frequently present in the city, providing a safer environment for cycling. Indeed, the potential social benefits transformed to health outcomes are also very important to justify the development of bicycle infrastructure [10,11].



There is a lack of resources for three main elements, i.e., bicycle parking, end-of-trip facilities, and integration of bicycles with public transport. The local government should cover those three disadvantages that could discourage potential cycling. Bike parking has a positive effect on cycling to work. Indoor secure parking positively affects the demand, and even more so with end-of-trip facilities [45]. Bicycle access programs are also missing in Valencia.



A positive practice in Valencia is the bicycle-sharing program “Valenbisi”. “Valenbisi” started in 2010 reaching more than 120,000 attached users. Many citizens from Valencia discovered the advantages of bicycling thanks to “Valenbisi”, which motivated many to decide to buy a bicycle. This circumstance, together with the proliferation of private rental companies, has caused the number of users to stabilize in recent years at around 45,000 subscribers. Another relevant facility deployed in Valencia is the automatic bicycle counter network around the city, which is crucial to measure the evolution of bicycle usage. Monitoring and measuring the final output gives public administrators the opportunity to make decision based on observed data. Furthermore, the discussion extends to a positive impact on bicycling, since the show-up effect of counters can create a friendly environment for bicycling.



The consequence of the social demand for cycling facilities accompanied by the constant development of the bike lane network by different local governments has been a steady increase in bicycle users in Valencia throughout the period studied.



We can conclude that bicycling has to be safe, convenient, and attractive. In particular, despite the good results in Valencia, bicycling still needs to increase its competitiveness with respect to other transportation modes. Public administrators should provide the key elements to achieve such goal. By providing the correct cycling facilities with the correct intensity, the machinery works and greater number of cyclists are also attracted.



5.1. Limitations


Our research, as many others, has limitations. The listed facilities are not uniform around the cities; each city needs different facilities for different purposes. Indeed, the provision of cycling facilities in the city is not homogeneous; it depends on the number of facilities implemented, and also on the intensity in which measures are implemented. A lot of public facilities are considered to be public infrastructure. As with other public goods, market failures could appear, such as provision failures and spatial limitations, among others. Automatic bike counters cannot discriminate the vehicle type, but neither gender nor other socio-demographic characteristics of users. This fact reduces the analytical power of our investigation. Finally, the lack of public information (e.g., bike traffic intensity and investment) before 2016 limits the study.




5.2. Further Research


Further research is needed to create a more detailed picture of preferences over sustainable modes of transportation. Future studies based on individual level survey data should shed light over socio-demographic characteristics and preferences on modes of transportation to better understand the mechanism linking them. Additionally, comparative studies of public policies and bicycle use across similar territories are needed to better understand successful models.



Other potential studies could also take in consideration a cost benefit analysis and an estimation of environmental and health outcomes.
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Figure 1. Average number of daily passes over counters in bike lanes in Valencia, May 2016. Source: Agència Municipal de la Bicicleta. Ajuntament de València. 
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Figure 2. Bike lane extension in Valencia, by year, 1995–2020. Source: Agència Municipal de la Bicicleta. Ajuntament de València. 
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Figure 3. Traffic intensity in bike lanes in Valencia city, 2016–2019 (average daily passes over 71 automatic counters). Source: Agència Municipal de la Bicicleta. Ajuntament de València. 
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Figure 4. Bike lane extension and bicycle traffic intensity in Valencia, by year, 2016–2019. Source: Agència Municipal de la Bicicleta. Ajuntament de València. 
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Figure 5. Traffic intensity in bike lanes in Valencia city, 2016–2020 (average daily passes over 71 automatic counters). Source: Agència Municipal de la Bicicleta. Ajuntament de València. 
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Figure 6. Bike lane and motor vehicles traffic intensity in Valencia, 2016–2020. Source: Ajuntament de València. 
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Table 1. Number of traffic counters in bike lanes in Valencia, by year.
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	Year
	Number of Counters





	2016
	73



	2017
	91



	2018
	91



	2019
	116



	2020
	118







Source: Agència Municipal de la Bicicleta. Ajuntament de València.
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Table 2. Cycling facilities in urban areas, and its implementation in Valencia from 2016 to 2020.
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	Category
	Facility Name
	Deployed in Valencia





	Infrastructure
	
	



	
	On-road bicycle lanes
	Yes



	
	Contraflow bike lanes
	Yes



	
	False one-way streets
	Yes



	
	Shared bus/bike lanes
	Yes



	
	Off street paths
	Yes



	
	Signed bicycle routes
	Yes



	
	Bicycle boulevards
	Yes



	
	Cycle tracks
	Yes



	
	Colored lanes
	Yes



	
	Shared lane markings
	Yes



	
	Bike boxes
	No



	
	Bicycle phases—traffic signals
	Yes



	
	Maintenance of facilities
	Yes



	
	Way finding signage
	Yes



	
	Techniques to shorten cyclist’s routes
	Yes



	Traffic controls
	
	



	
	Traffic calming
	Yes



	
	Home zones
	Yes



	
	Car-free zones
	Yes



	
	Complete streets
	Yes



	Bike parking
	
	



	
	Unsheltered
	Yes



	
	Sheltered
	No



	
	Guarded
	Yes



	
	Bike lockers
	Yes



	End-of-trip facilities
	
	



	
	Showers at workplaces
	No



	
	Bicycle stations
	No



	Integration of bicycles with public transport
	
	



	
	Parking at rail stations
	Yes



	
	Parking at bus stops
	Yes



	
	Bike racks on buses
	No



	
	Bikes on rail cars
	Yes



	
	Short-term rental bikes
	Yes



	Programs and legal interventions to promote bicycling
	
	



	
	Travel programs
	No



	
	Individualized marketing
	Yes



	
	Travel awareness programs
	Yes



	
	Safe routes to school
	Yes



	
	Bicycling-specific programs
	Yes



	
	“Ciclovias-recreativas”
	Yes



	
	Other bicycle promotions
	Yes



	
	Education/training
	Yes



	Bicycle access programs
	
	



	
	Bicycle sharing programs
	Yes



	
	Other access programs
	No



	Legal interventions
	
	



	
	Helmet laws
	Yes



	
	Speed limits
	Yes







Source: Agència Municipal de la Bicicleta. Ajuntament de València.
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