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Abstract

:

This paper studies the effectiveness of urban cycle lanes, with cycling being one of the most common practices for promoting sustainable mobility in urban areas. Despite a growing interest, the use of cycling in Italian cities has not gained a large consensus yet. Nevertheless, the presence and the extension of cycle lanes are considered as quantitative indicators for measuring the livability of cities. Actually, the lack in assessing the global quality of cycle networks asks for a major attention in the definition of these indicators. Starting from these considerations, the present study tries to propose a different approach to assess the real effectiveness of an urban cycle network. By defining some typological clusters of anomalies (dyscrasias) that can impede a safe and comfortable use of bicycles, the study achieves the definition of a method to evaluate the real effectiveness of an urban cycle lane. The case study of Naples represents a first trial both to check the method and to assess the state of the existing urban lane in order to verify its effectiveness.
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1. Introduction


Sustainable mobility is one of the main objectives of transport policy at all territorial levels: local, regional, national, and European. The fight against climate change, for example, is one of the headlights of European transport policy [1], and air pollution, with particular reference to the concentration of particulate matter, is growing in serious concern. Since 2015, with the Declaration on Cycling as a climate friendly Transport Mode [2], the attention of the European policies has been focused on the importance of cycling and on specific infrastructure planning able to improve this way of moving, especially at an urban level. One of the main reasons standing behind this study is that, soft mobility being (and particularly cycling) a “climate friendly transport mode”, it improves the health of citizens too. Therefore, this study explores the opportunities linked to the spread of sustainable mobility at the urban level, stating that an adequate planning vision is primarily needed, which is able to make cycling not only a sustainable but above all a safe and enjoyable way of moving within the city for all types of users (citizens, city users and tourists).



At the municipal level, sustainable mobility is an indispensable objective for policymakers, at least in the major cities of developed countries. Among the strategies promoting sustainable mobility, the use of soft mobility (walking and cycling) is now widespread. Different approaches can be put in place for promoting cycling, from the construction of cycle paths to the use of bike-sharing systems, to incentives for the promotion.



This paper focuses on cycle lanes, addressing an often neglected issue related to their level of quality and real effectiveness. The effort of this study consists in searching a method to measure the urban lanes dedicated to cycling, considering their actual effectiveness. In fact, cycle paths in a city are usually measured only in terms of length, regardless of quality and effectiveness of the overall network. Geometrical (width, slope, etc.), construction (type of pavement), functional (reserved for bicycles or cycle-pedestrian), safety (visibility, signage, etc.), and connection (continuous network vs isolated and separated cycle lanes) characteristics significantly influence the perception of the cycle network and the propensity to use the bicycles. In this paper, we propose a methodology to "weigh" and measure a cycle network considering its characteristics; indeed, two cycle networks that have the same mileage development, even in cities that are similar in size and mobility system, can have a completely different impact on the diffusion of cycle use, according to their characteristics.



Therefore, the main objective of this study is to propose a method for measuring an equivalent length of the cycle network able to express its usefulness in urban areas. It stems from the need to investigate why the growing number of cycle paths does not lead to a proportional increase in urban cycling in Italy. In fact, despite an increase in urban cycle paths, to date the use of the bicycle is still low in comparison with many European countries (see Section 2). The authors’ opinion is that such low interest could be due to some structural deficiencies that may negatively influence users’ perceptions. These can also be thought of as some conditions that affect both the physical structure of the lane and the perception of it as not comfortable or dangerous to use. Actually, to be considered as viable and perceived as reliable, the cycle path must have at least two main features [3,4]: an uninterrupted track (continuity factor) and connections among each section of the lane and between the lane and the urban places (connectivity factor).



These conditions are often thwarted by anomalies that can be analyzed to set up a taxonomy of “irregular cases” to be avoided and gain the real effectiveness of urban cycle routes.



In this regard, this study aims at defining a method to measure the real usability of an urban cycle network. By assessing the “dyscrasias” that can arise along a cycle path, this study tries to pinpoint adequate interventions to optimize the design and the maintenance of urban cycle lanes. It can be observed that, in the context of this study, dyscrasias refer to the negative conditions that affect the quality and safety of the lane.



This study is framed in a wider research project aimed at verifying the possibilities of integration between the planning of soft mobility and the land use referring to the urban system characteristics. The theoretical and methodological approach refers to the city as a complex system composed of different subsystems connected to each other. This theoretical reference takes into account not only the physical elements needed for the planning of a safe and efficient cycle lane, but also the functional areas; thus, it is possible to refer to the lane as a “physical connector” between urban activities within the city context.



This paper is organized as follows. Section 2 examines the background of the problem. Section 3 proposes a methodology for measuring the real effectiveness of a cycle network. Section 4 focuses on a real case study, introducing a GIS-based approach. Section 5 concludes and discusses results and main research directions.




2. Background


2.1. Literature Review


The issue of urban cycle lanes can be framed in the wider context of sustainable mobility, even though it would deserve more specific attention [5], especially considering its relations with the objectives of sustainable and resilient cities [6,7,8,9,10,11,12]. The effort to focus on this relation, in fact, can be considered as one of the targets of this study.



In the last few years, scholars in mobility planning as well as planners are arguing that governments and decision makers at different levels should take cities and their planning more seriously [13].



Banister [14] already underlined the importance of sustainable mobility as an alternative paradigm within which to investigate the complexity of cities and to strengthen the links between land use and transport; especially, he introduced the concept that a city is the best place in which sustainable mobility can be encouraged. As the world’s urban population increases, sustainable mobility can only be tested in cities. This is the reason why cities are the focus point of current policies and strategies. Gabrielli et al. [15] have also underlined the importance of the social component to stimulate sustainable practices, noting that the engagement of citizens helps improving their trip behaviors in a more sustainable way.



In this regard, while the use of a bicycle in urban contexts has gained strength across several political levels (from the local to the national level), the design of urban cycle lanes has not yet gained the right consideration neither as a practice in urban planning, nor in technical projects, at least in Italy. This is probably mostly due to the belief that cities do not have the right conditions for cycling (topography, infrastructure, distribution of facilities and centralities, etc.) and, thus, the role of planners has been underestimated.



Bicalho et al. [16] have mapped the aptitude of population to cycling, using the Potential for Cycling Assessment Method (PCAM) [17] applied to the city of Oporto (PT). Authors showed that propensity can be depicted through a three-dimensional approach, considering three indicators: Target-Population (TP), Target-Areas (TA) and Political Commitment to Cycling (PCC). The first dimension (TP) refers to the propensity of the population to cycling, considering five parameters: Age; Population density; Car ownership; Education level and Student presence. The second dimension (TA) identifies areas in which physical characteristics facilitate the use of bikes: Accessibility to education facilities; Accessibility to city centers; Accessibility to railway stations; Occupation diversity; and Coverage area of cycling infrastructure and 30 km/h zones. The third dimension (PCC) refers to the effectiveness of the cycling policies in place. The PCAM is expected to support the development of policies for areas with diversified cycling potential, enabling the prioritizing of investments [16] (p. 100).



While very interesting for the object of this study, Bilcalho et al. [16] denoted a lack of interest in the assessment of the quality of the cycle lane that, by contrast, is the main target of this study. Despite the fact that the bicycle is increasingly recognized as a vehicle to accomplish sustainable urban development, major attention to the real usability of the cycle lanes in urban context is still needed.



Liu et al. [18] have tested the users’ point of view considering the opinion of practitioners from five European countries (the Netherlands, Belgium, Germany, United Kingdom, and Denmark) about the cycle highways. Their results show that, while practitioners are guided by infrastructural standards for cycle highways (such as width, design speed and intersection treatments), what is less clear is how these infrastructure elements fit within the surrounding environment to create desirable cycling experiences [18] (p. 2). In this regard, designers should consider a wide variety of user groups and their specific needs in the planning and design of cycle highways. Experiential elements, such as enjoyability, convenience, safety and attractiveness, are often mentioned in relation to physical design, along with concrete ideas, such as design speed, traffic separation, curves, traffic volume, and other measurable variables. The opinion showed in [18] has been very useful for the individuation of dyscrasias as defined in the following paragraphs, and the consideration of the different users’ needs can be a very interesting focus in order to integrate good design to the goal of improving the experience for urban cyclists.



The issue of cycling in cities may be examined by different points of view as this brief review has shown. This study also examines the scientific production on the topic of urban cycle lanes, for investigating the aspects connected to the assessment of their real effectiveness.



In this respect, this research examined two important scientific databases, Science Direct and Web of Science the ISI Thompson Reuters, to analyze the state of the scientific debate concerning the topic of “urban cycling”.



Science Direct (SD) is the platform of Elsevier publishing group that collects scientific articles, books and essays related to 27 scientific categories. In this database, the products have different levels of accessibility to the full text.



The Web of Science (WoS) platform is the multidisciplinary bibliographical/citation database of the Thomson Reuters publisher, which acquired the Institute for Scientific Information (ISI), and is the academic publishing service that defines the Impact Factor and other citation indexes. The repository allows the simultaneous querying of the three databases: Science Citation Index (SCI), Social Sciences Citation Index (SSCI) and Arts and Humanities Citation Index (AHCI). Therefore, it is useful for examining also those research fields that could be considered closer to the scope of the present study.



These databases were chosen for their interdisciplinary nature covering several scientific disciplines that deal with mobility and quality of life in general. The databases were consulted in September 2019 in two successive query-rounds.



In the first round, selection criteria referred to: a) the individuation of keywords in order to obtain a first selection of the products connected with the object of the research; b) check on the results; and c) selection of those products that could really represent a valid reference for our research.



In the second round, selection criteria referred to: a) language = English (diffusion); b) peer reviewed products (scientific rigor); c) research articles, book chapters, case reports (product type); d) the last 5 years of production (newness of the argument); and e) full texts access (openness and sharing).



As showed in Table 1, queries identified numerous products referring to the debate on cycling, especially if this theme is included in the larger topic concerning sustainable mobility in urban contexts. It is interesting to remark that the soft mobility subject has gained significant attention of the scientific research in recent years.



After the elimination of duplicates present in both databases, a more accurate selection has been carried out to assure that the contents fit the research. Therefore, products were excluded if: a) not accessible and not readable; b) not related to the topic of urban context; c) referring only to a review or a commentary; d) are only abstract; or e) case studies did not refer to European or Italian urban contexts.



Applying these criteria and using Mendeley and EndNote software to check for duplicates, the selected literature has been reduced to 37 papers that have been critically analyzed and then clustered into four categories according to the main topic (see Table 2):




	
assessment techniques;



	
behaviors and aptitudes;



	
planning and design;



	
policies for sustainable mobility.








The analysis of 297 keywords was performed with the software Textstat, setting the frequency range from 5 to 20.



Apart from the papers that focused on mobility and cycling and that, obviously, had the highest number of frequency, the results highlight a strong interest in the themes of “cycling in urban context” and “safety of cycle lanes”. This analysis represents a first upshot very close to the aims of this research.



Figure 1 summarizes some results of this analysis. It identifies some recurrent physical and functional conditions along an urban cycle path that may influence the quality and effectiveness of the cycle network.




2.2. National Context


Italian cities still have a long way to run for achieving sustainable mobility in urban areas [52] and high levels of urban pollution and traffic congestion are still recorded. Figure 2 shows the motorization rate in Italy over the years; it can be noted that, despite the decreasing trend in 2004 and in 2013, the number of cars per 100 inhabitants in Italy is growing up over the years.



The Urban Ecosystem 2018 report by Legambiente [53] underlines the negative trend of Italian cities that are among the most motorized in Europe and informs that the cost of congestion due to private mobility has been of about 142 billion euros during the last 10 years. Figure 3 shows that Italy is one of the most motorized countries in Europe, since the value of its motorization rate (cars/1000 inhabitants) is significantly higher than the European average.



New possibilities for improving sustainable mobility in urban areas came from several forms of funding, which encouraged public administrations to provide cycle lanes (Figure 4), though the real fruition of these lanes often needs to be checked.



On the other side, many Italian cities promote sustainable mobility policies. The state of application of Sustainable Urban Mobility Plans (SUMPs) in Italy, for instance, is still heterogeneous in spite of the European indications and the guidelines introduced by Legislative Decree of August 2017. The observatory Endurance Italia refers to the state of the art of the SUMPs showing that (see Figure 5), thus far (February 2020), 36 cities approved a SUMP, 35 adopted it and 93 are drawing up a SUMP [55].



The number of SUMPs approved can be seen as an indicator of the aptitude towards sustainable mobility at a political and administrative level. Besides, taking into account that a SUMP has to be a participative plan, it could be also an indicator of the population propensity towards the use of sustainable mobility forms in the urban context. Cycling is surely one of these forms and the most largely used, probably also due to the present historical moment, in which people feel themselves to be part of a “revolution” needed to make a better “common future” [56].



The capability [57] to turn this change into real depends on different levels (political, social, economic) and especially on the interactions among them and their actors (decision makers, institutions, local administrators, people, residents, and so on). Cycling at urban scale in Italy suffers from this lack of interaction, and this makes it uncertain, discontinuous and sometimes degraded.



At the urban level, as concerns sustainable mobility and particularly cycling, the Biciplans are strategic plans for the planning of the cycling mobility promoted by FIAB (Italian Federation of Environment and Bicycle) in 2011, which, despite being technical and specialist tools, still remain at a conceptual level.



A great deal of attention has been paid to the attitude of Italian cities towards bike use by scholars and, even more, by associations and dedicated organizations that promote cycling and the use of soft mobility as a lifestyle. FIAB onlus [54], an association recognized by the Italian Ministry of the Environment (art. 13 L. 349/86), elaborated a report on the state of Italian cities with regard to their “suitability for cycling”. The report classifies cities according to four indicators (urban mobility, governance, cycling-tourism, promotion of policies for cycling) and gives a ranking of the spread and the state of the urban bike lanes in Italy (Figure 6). As shown in Table 3, very few cities per Italian region can be considered “suitable for cycling”; in fact, only 72 cities out of the total of 7998 are included in the ranking drawn up by FIAB. These numbers are evidence of how poor the culture of cycling in Italy is, despite a rising number of public projects both at national and regional levels that promote cycling at least as means for tourism mobility. As a matter of fact, mobility in Italy still depends greatly on the use of cars, even though some surveys [52] showed a “declared” propensity of people towards alternative transport modes for urban trips (see Table 4 and Figure 7).



In the European context, Italy holds a medium position, but it is lower with regard to frequency of bike use. Even though the rankings show the inclination to turn towards sustainable mobility, they do not give reasons about the difficulties users can meet, referring to the quality of existing paths and urban cycle lanes. They merely measure the length of existing lanes in kilometers, not taking account of their effective viability. By the state of viability of the cycle lanes, the quality of paving, the presence of efficient signage, safety conditions, and so on has been intended.



In 2018, ISFORT Report on behaviors of mobility in Italy showed the results of a survey aimed at valuating the propensity of Italians towards alternative ways for urban shifts. The question was: Which kind of transport mode do you think is alternative to the car and have to be improved by public funding?




2.3. Motivation


The literature review shows that, at our best knowledge, the real effectiveness of cycle lanes and networks had not been studied before and methods for measuring it were never proposed. Local administrators sometimes provide cycle paths and networks without a systematic approach.



For instance, in Italy the quality of life rankings consider the presence of cycle paths in the city as one of the evaluation indicators; this indicator is, however, calculated only on the basis of the length of the network, without any evaluation of its quality or effectiveness. This may lead policymakers, in order to increase this indicator, to build low quality and/or bike path sections non-organic with the rest of the network, only according to the available space and ease of realization. In some cases, this approach has led to bad practices, such as the case of a section of cycle path in Naples, on pavement with basalt, in an area with a strong commercial and pedestrian vocation and without any protection and division from pedestrian traffic.



This paper tries to overcome this problem, proposing a method for measuring the real effectiveness of a network of cycle paths that can address also the planning, design and maintenance phases.





3. Methodology


In order to assess the reliability and effectiveness of cycle networks in urban areas, a set of conditions that hinder the comfortable use of the cycle path or reduce its effectiveness was identified and classified into three types of conditions: spot, linear and global.



The first two can also be considered anomalies or dyscrasias with respect to an ideal condition.



Spot conditions refer to a specific section of a bike path where there is an anomaly with respect to the ideal condition (e.g., sudden interruption of the route).



Linear conditions refer to a section of a certain length (e.g., the width or slope of the segment).



Global conditions refer to the whole network, such as whether or not there is connection between the different sections.



Grounding on the previous literature framework and from the analysis of some examples of existing urban bikeways (Figure 8), a set of 10 dyscrasias has been classified and described in the following list.



	
DYSC. 1  lack of connection between the cycle path and the main points of the mobility transport network within the urban context (railway stations, parking, underground stations, bus stations, etc.);



	
DYSC. 2  unexpected changes in lane widths;



	
DYSC. 3  uneven surface of paving (not-smooth paved path);



	
DYSC. 4  poor maintenance of the path and lack of ancillary services;



	
DYSC. 5  ghost tracks (sections of the track whose presence is not easily recognizable);



	
DYSC. 6  unexpected disruption of the path (the path has not a starting or ending point, but it suddenly stops);



	
DYSC. 7  promiscuous or dangerous crossings;



	
DYSC. 8  presence of promiscuous sections (dangerous co-presence);



	
DYSC. 9  presence of obstacles due to a misuse of the path (parking on the track, anomalous use of the path, e.g., presence of wheelchairs, strollers, etc.);



	
DYSC. 10  lack or poor signage and services (horizontal, vertical, lighting, acoustic cycle route signs).






Detecting the dyscrasias listed above throughout an urban cycle path could help set up a method able to provide a synthetic expression of its inefficiency.



In further research developments, authors’ interest will be focused on the definition of different weights to be assigned to the detected dyscrasias also relating them to the territorial parameters (resident population, urbanized surface, length in km of the urban road network, etc.) according to the availability of data describing the urban context.



In the following, the proposed procedure will consider some of these anomalies.



The dyscrasias previously individuated and intended as anomalies (Table 5) can be related to the definition of typological clusters that correspond to the level of inhibitions for the use of a cycle lane in the urban context.



In this regard, a primary list of typological clusters can refer to:




	
anomalies depending on design;



	
anomalies that depend on organization;



	
anomalies that depend on intersections;



	
anomalies depending on the presence of obstacles.








The definition of a design vision inspired to a systemic approach is indispensable to create a real network of cycle lanes integrated within the urban system, in line with the needs of the city. The different rankings about the propensity of a city to be suitable for cycling have shown that the exclusive measurement of the length in km is not sufficient to assess the effectiveness of a cycle lane nor the urban livability.



In this regard, and according to the assumptions of the present study, an effective urban cycle lane should meet two main kinds of requirements:




	
suitable design of each segment of the cycle path;



	
supervision of the connections between each segment and of each segment with the network (points, nodes, lines, areas) of the existing urban mobility in the city.








The first requirement concerns the delineation of the cycle infrastructure with its single segments, taking care to assure high standards of design and safety, with particular reference to the width of the lane; the degree of separation between the bikeway and other public and private mobility flows (cars, buses, pedestrians, etc.); the quality of paving, lighting and protection of crossings (traffic lights); signals; and availability of ancillary services. Dyscrasias or irregularities could lead the cycle path far from these “ideal conditions”.



The second point concerns the connections between the cycle lane, its segments and the city form. It can be very hard to travel on a cycle lane not well integrated with the plan of the urban network of streets and places or cycle among pedestrians and motorized vehicular traffic. While travelling on a path integrated in a well-connected network of lanes and spaces can be safer and more comfortable for all cyclists.



In the context of these considerations, though in a preliminary phase, a method has been proposed to measure the real effectiveness of a cycle path resorting to the concept of “equivalent length”.



Considering a cycle path of 10 km having high structural and functional standards, its real length and its equivalent dimension coincide.



This is because the path is really usable for its total length (10 km). Conversely, if the path diverges from its optimal conditions, its equivalent length will be less than the real length. In this case, the path is not perceived as usable for its total length due to some negative conditions (dyscrasias) occurring along the way.



The concept of “equivalent length” thus refers to the real expendability of the path in optimal conditions, which means: good structural levels of usability and appropriate levels of safety.



In order to calculate the equivalent length of a cycle path, it is proposed to use the following equation:


Leq = Σj (Lj × k1 × k2 ×...× kn) × Ccon − Σm hm



(1)




where:



	
Leq is the equivalent length of the path expressed in kilometers or meters;



	
j indicates the generic segment of the route with homogeneous characteristics referring to the optimal conditions previously described;



	
Lj is the length of the homogeneous segment j in kilometers or meters;



	
k1, k2,…, kn are coefficients, whose value is less or equal to 1, which express how much the real characteristics of the track segment are far from the optimal ones (the value of these coefficients is equal to 1 in the optimal case); these coefficients refer to “continuous” dyscrasias (for instance, pavement quality or gradient);



	
hm are terms expressed in meters (or km) that have to be used for considering the effects of spot dyscrasias (for instance, unexpected disruption);



	
Ccon is a coefficient, whose value is less than 1; it measures the distance between the real condition of the path and the conditions concerning the optimal case of a fully connected network.






Coefficient k refers to the characteristics of a lane segment j and reduces the equivalent length considering the quality of the cycle lane in terms of efficiency and general quality of usability. At the present state of the research, it is possible to consider as significant the following coefficients:




	
kw width of the lane (optimal width, kw = 1);



	
ke separation from other traffic flows (exclusive and protected lane, ke = 1);



	
kp paving (optimal paving, kp = 1);



	
kl lighting (if present, kl = 1);



	
ks signals (optimal signals, ks = 1);



	
kg gradient (flat lane, kg = 1).








Term h, instead, refers to spot dyscrasias; its application reduces the total length of the network; for each dyscrasia (e.g., a non-protected crossing) some meters are subtracted from the total length (e.g., −50 meters for each non-protected crossing).



Further and more in-depth analyses are required to support the theoretical definitions through quantitative values and verify the validity of the hypothesis, though the current state of the research highlights some considerations referring to the coefficient of connection (Ccon).



Assuming the importance of an urban cycle lane to be integrated within a network that could propose itself as an urban infrastructure for sustainable mobility, it is possible to state the primary role of the coefficient Ccon, which can be expressed by the equation:


Ccon = (Σj Lj)/Lcon



(2)







In Equation (2), Lcon expresses the length of the network that can be obtained by adding some segments (as short as possible) to the current configuration of the path, in order to link the segments of the path together and thus to generate a connected network of cycling paths.



In Equation (1), the corrective coefficient “k” refers to the structural as well as functional characteristics of the cycle lane especially if it is located in an urban context. Among these coefficients, the paving has a fundamental role both for the level of safety and for the design of the cycle lane, and the issue can be more important than it seems.



The quality of the road transport system is strictly related to the quality of the road pavements (an engineered system of multiple layers able to transfer vehicle loads to the ground and provide a smooth and safe rolling surface over time). In this vision, it is quite clear that the roads’ quality necessarily depends on a variety of variables that all together concur to its outline.



The use of alternative materials to replace limestone or reduce neat bitumen as a binder in road paving constructions represents an innovative process that fully meets LCA requirements (ISO 14040, ISO 4044), defined as an objective procedure for assessing energy and environmental loads connected with a process or activity that can be carried out by identifying the energy, the materials used and the waste released into the environment for a specific process called “from cradle to new cradle”.



Many researchers are focusing on cycle path construction materials to improve safety during cyclists’ journeys, especially in rainy conditions or at nighttime, in the case of inadequacy or absence of public lights; the choice of bike tracks and materials adopted for their construction is based on an environment-safety integrated approach: the materials used, above all for the pavement surface, should have accurate mechanical performance but, at the same time, they should contribute to improving the scenic beauty and reduce negative impacts on the surrounding environment.



The Federal Highway Administration (FHWA) [58] defines bicycle facilities as improvements and reasonable amenities and provisions to accommodate, enhance or encourage bicycling, including but not limited to bicycle lanes and paths, traffic control devices, parking, storage facilities, and bicycle sharing systems.



A sustainable design approach can be used to build cycle paths, above all pavements, by selecting on the one hand raw secondary materials for the mix design, reducing the amount of waste produced going to landfills, and on the other hand alternative and innovative materials such as colored pavements and transparent binders.



Bike pavement solutions that contemplate the use of innovative transparent binders instead of the traditional black bitumen, integrate seamlessly with the environment, emphasizing its natural colors in contrast to the greyness of urban settings.



Colored cycle path pavements increase users’ safety since the use of the colors green and yellow in combination with bright lateral markers can much more improve their visibility in nighttime conditions. These solutions are really useful to discourage any drivers from parking on bicycle lanes that are not physically crossed by the remaining carriageway.



The National Association of City Transportation Officials (NACTO) reports that in the United States methods for coloring bicycle facilities are evolving rapidly. These methods involve material selection, application techniques and the impact of climatic factors.



The FHWA has specified, for example, the shade of green in terms of daytime and nighttime chromaticity for bike lanes; green colored pavement may be retro-reflective.



The pigmented pavement used in Europe refers to any asphalt or concrete with pigment added to the mixture prior to the placement; compared to pavement coatings, pigmented pavements are expected to offer superior durability.



The light color of the material also leads to low heat absorption, guaranteeing moderate temperatures for surfaces that are exposed to the sun.



These characteristics enhance faster heat dissipation and a reduction of the heat island effect. Other solutions can also be adopted in connection with colored pavements, such as cold laying that is an environment-friendly operation where low emission of fumes, low risk to the safety of operators and a significant saving in energy requirements for mixing can be recognized.



This aspect is crucial for identifying the optimal paving that corresponds to a value of 1 for the related coefficient k, and for calculating the value of this coefficient for the other pavements, different from the ideal one.




4. Numerical Example and Case Study


In this section, the description of the methodology and its application to a schematic trial network, comparing an “ideal” case with a non-ideal one with the same total length, has been proposed. Figure 9a shows the example of an ideal bike network, with all ideal conditions and without spot dyscrasias. The paving quality and signal quality are indicated with an evaluation rate from A (best) to F (worst). The real length of this network is 8 km and the equivalent length is 8 km too. Figure 9b, instead, shows another network, where the conditions are different from the ideal one.



The equivalent length of the network b) is calculated as follows, using the proposed approach:


Leq = [(L1 × kw,1 × ke,1 × kp,1 × kl,1 × ks,1 + L2 × kw,2 × ke,2 × kp,2 × kl,2 × ks,2 + L3 × kw,3 × ke,3 × kp,3 × kl,3 × ks,3 + L4 × kw,4 × ke,4 × kp,4 × kl,4 × ks,4) × Ccon] − kD,1 − kD,2 − kD,3



(3)




where L1, L2, L3, and L4 are the real lengths of each cycle path.



The coefficients k are calculated or assumed as:



	
kw,1 = kw,4 = 1 (width 2.5 m is assumed as “ideal”), kw,2 = kw,3 = 0.8 (2.0/2.5);



	
ke,1 = ke,3 = ke,4 = 1 (Yes), ke,2 = 0.7 (No);



	
kp,1 = 1 (rate A), kp,2 = kp,3 = 0.9 (rate B), kp,4 = 0.8 (rate C);



	
kl,1 = kl,2 = kl,4 = 1 (yes), kl,3 = 0.7 (no);



	
ks,1 = ks,2 = ks,3 = 1 (rate A), ks,4 = 0.8 (rate C).






The term Ccon is calculated considering that it is possible to connect the network by adding 1 km of the cycle lane: Ccon = 8/9 = 0.89.



The coefficients kD refer to the spot dyscrasias and are assumed to be equal to 100 m. Under these assumptions, the equivalent length is given by:


Leq = [(3 × 1 × 1 × 1 × 1 × 1 + 1 × 0.8 × 0.7 × 0.9 × 1 × 1 + 3 × 0.8 × 1 × 0.9 × 0.7 × 1 + 1 × 1 × 1 × 0.8 × 1 × 0.8) × 0.89] − 0.1 − 0.1 − 0.1 = 4.73 km



(4)







It is clear that the numerical value corresponding to each rate from A to F and the definition of rate for each condition have to be accurately studied and defined, as well as the values of spot dyscrasia coefficients. In further steps of the research work, some specific surveys aimed at gathering the opinion of users will be devised to better define these points of the method.



Another important aspect of the proposed methodology concerns the identification of dyscrasias and the construction of the database necessary for its application.



In this part, a test of the methodological considerations has been carried out on the city of Naples as a meaningful sample both to check the visible anomalies and validate its compliance with the image of a smart and sustainable city that politicians try to propose.



The existing bikeway of Naples has been analyzed referring to the metropolitan municipality ordinance concerning sustainable mobility (2012) [59] that declares the creation of a cycling path connecting the city from Bagnoli (west side) to Piazza Garibaldi (east side), covering a total length of 20 kilometers.



The main characteristics of the path are illustrated in Table 6 according to the description in the municipal ordinance [59]; the last two columns refer to Legambiente criteria assigned to the bikeway of Naples. In a second phase, a direct analysis was developed to verify the conformity between the path as described in the municipal ordinance and the real condition of its usability, in its present configuration (October 2019). In particular, in the Urban Ecosystem report, elaborated by Legambiente [53], different sections composing a cycle path in the urban context are classified as follows: 0.5 points if the path has a reserved lane; 0.3 points if the path has mixed sections (bicycle/pedestrian); 0.2 points if the path is within a Zone 30.



Data coming from direct investigations have been compared with the 10 typologies of dyscrasias before mentioned, in order to individuate the weaknesses of the path and the points or segments that need priority interventions.



Table 7 shows the relation between the composition of the cycle path and the dyscrasia occurrences computed in the percentage of the total length of the path.



In its present configuration, the urban cycle path of Naples presents dyscrasias mainly connected to the lack of adequate signage: 35% of the path is not well marked especially in mixed sections (bicycle/pedestrian) characterized by a huge density of urban activities (e.g., along the commercial area of via Toledo and via Chiaia). Fifteen percent of the existing path is characterized by dangerous intersections between vehicular traffic and the cycle path; in fact, in some parts, bikes must be walked (e.g., close to Galleria Laziale).



Some segments of the path have not reserved lanes yet and might therefore be dangerous as cyclists are not protected from vehicular traffic. At the current state, the results of the field test have not yet considered the weight that each dyscrasia can assume in the global evaluation of the effectiveness of the path; however, some considerations can be equally elaborated, based on the analysis of the characteristics of the path.



Dyscrasia related to the lack of a systemic vision in the design of the path can be considered incoherent with the idea of an urban cycle lane that aspires to be a compelling alternative to improve sustainable urban mobility. Dyscrasia linked to the dangers that arise especially in the mixed sections can be clustered as conditions of shortcomings that denote a lack of dependability of the path.



In the following part of the study, some reflections have been elaborated considering the characteristics that mark the typologies of dyscrasias individuated.



The specific target of Equation (1) is the individuation of the segments of the lane that can be considered “homogenous”, having good structural and functional conditions as their main features and, thus, reliable segments of the whole path. In fact, as stated above, the equivalent length is the sum of the segments that have optimal conditions. In many cases, these segments are interrupted when a dyscrasia occurs along the path.



Is it possible to individuate the points in which dyscrasias occur? The authors’ intention, in this part of the research, has been focused on answering this question by using the GIS technology, specially referring to the network analysis. To better explain the target of this part, a technical procedure has been drawn up.



The procedure has been tested on the existing cycle lane of Naples both to check its compliance with the real conditions of viability and to have a direct control of the feedback coming from the application of the procedure itself.



The first phase has been focused on the drawing of the urban cycle lane of Naples. Using Google Earth (GE) as a virtual exploration, it has been possible to depict the whole path and, at the same time, to individualize the single point in which a dyscrasia occurs.



Google Earth allows for the development of successive elaborations in GIS. The drawing file elaborated in GE, thus, has been imported in QGIS, whose utilities allow for the creation of a geo-referenced database containing all the information about the structural characteristics of the cycle lane, the localization of the points and the lines where dyscrasias arise, the typology of dyscrasia occurring, and the type of segment of the cycle lane, individuated according to the Italian Ministerial Decree n. 557/1999. Querying the database, it is possible to identify all the dyscrasias and, thus, the segments of the cycle lane that have problems, or on the contrary, those with the best performances (Figure 10, Figure 11 and Figure 12). The decree indicates the typologies of the urban cycle lane, in order of their safety level: a) own cycle paths; b) cycle tracks on reserved lanes obtained from the sidewalk; c) cycle tracks on reserved lanes obtained from the roadway; d) promiscuous pedestrian and cycle paths; e) promiscuous cycle and vehicular routes.



The outputs of the procedure and the queries consist in the measure and the simultaneous visualization on the map of the segments of the cycle lane that can be really travelled in optimal conditions. The real-time control points out the anomalies and the segments of the cycle lanes where to assess priority intervention. This could be very useful for the administrative office in charge of the design and the maintenance of the cycle lane.




5. Discussion and Conclusions


This study dealt with the urban cycle lanes intended as the infrastructure that can improve sustainable ways of moving in the cities. In the framework of the European policies, cycling has been recently considered a “climate friendly transport mode” as it concerns both sustainability and people health. According to the thesis of this study, beyond these unconfutable requirements, the improvements of cycling in the urban context must also be a safe way of moving and enjoying the city. This last condition requires integration between mobility infrastructure planning and land use planning in order to guarantee high effectiveness of the urban infrastructure for sustainable mobility. The effort has been aimed to point out a methodology able to evaluate the real effectiveness of the cycling infrastructure that is sometimes much less usable than what administrations proclaim to get the label of sustainable or smart city.



Actually, the increasing attention towards cycling as a means for improving sustainability is not enough supported by an effective use nor by a propensity of citizens for cycling rather than for car use, even in urban contexts and especially in Italy. The issue is even more interesting if referred to several rankings about the cities’ livability that consider exclusively the density of cycle lanes calculated as their extension with respect to the municipal area. This indicator, however, does not consider the different types of segments that make the whole cycle lane, which can be very different from each other, both in terms of quality and structural characteristics. The indicator elaborated by Legambiente [53] in its annual Urban Ecosystem report differs from the others because it considers the equivalent meters related to 100 inhabitants, but it does not give reason of the quality of the cycle lane; hence, it is still a quantitative parameter giving information about the length. Moreover, the anomalies that can be found along the path are never considered, so that also the equivalent meters considered by Legambiente are limited to the typological classification of cycle lanes as reported in legislation.



The effort of the present study consists in proposing a different way of assessing the urban cycle lane. It investigates the possibility of calculating an “equivalent length” of an urban cycle network that corresponds to its effective usability. Considering that soft mobility represents one of the main drivers towards the sustainability and the smartness of an urban system, this method can be a quick way to evaluate the real contribution of the urban cycle lanes to this main objective. In other words, the effective contribution of an urban cycle path to the general sustainability of the city must be assessed in relation to the characteristics of the route that allow its continuous and plain fruition. We are now going further on the study trying to identify a threshold of effectiveness (in terms of plain fruition of the cycle network) and taking into account what are the origins and destination of the path, by defining an urban penetration factor. The use of the GIS environment helped demonstrate that it is possible to implement methods and tools to manage the state of the infrastructure that can have a strategic role in improving the sustainability of present cities. Aware that more in-depth analyses are needed to strengthen the thesis of the whole work, it could be appreciated the interdisciplinary nature of the research team engaged in this study, as it shows that the town planning and mobility system can match trying to define integrated solutions to improve urban livability.



The proposed methodology, which is original on the basis of the literature analyzed, can guide decision-makers and technicians to build more effective cycle paths for the community. Political decision-makers, only for electoral reasons, sometimes promote the construction of a km of cycle paths without an organic project of the network, since the overall length of the paths is the only parameter of evaluation. If, on the other hand, the cycle network is evaluated according to the proposed methodology, political decision-makers would be directed to the promotion of interventions aimed at maximizing the real effectiveness of the overall network rather than, simply, its length.



At present, the limitations of this study, which will be overcome in the next steps of the research, concern the values of the coefficients to be used in the procedure. Indeed, the definition of these values is necessary for the application of the procedure to real cases.



Future research will be aimed at specifying the values of the coefficients to be used in Equation (1), and also through specific surveys of the population and cyclists, its numerical application to several real cases, both to verify its possible application and the real differences between the different bike networks. Furthermore, authors believe that the work should be further extended and improved, also considering as a parameter of evaluation of the cycle network its integration with other collective transport systems (connections with railway stations and bus stations) and the ability to serve the urban places in which the demand for mobility concentrates (schools, offices, museums, etc.). Finally, integration with bike-sharing systems, present or to be designed, may be a further point in the development of the procedure.
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Figure 1. Physical and functional conditions that can or cannot make a cycle lane appropriate. 
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Figure 2. Motorization rate in Italy [52]. 






Figure 2. Motorization rate in Italy [52].



[image: Sustainability 12 02321 g002]







[image: Sustainability 12 02321 g003 550] 





Figure 3. Motorization rate (cars/1000 inhabitants) in Europe [52]. 






Figure 3. Motorization rate (cars/1000 inhabitants) in Europe [52].



[image: Sustainability 12 02321 g003]







[image: Sustainability 12 02321 g004 550] 





Figure 4. Density of cycle lanes (meters/inhabitants) in Italy [54]. 
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Figure 5. The state of the art of the SUMPs in Italian regions [55]. 
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Figure 6. The ranking of Italian cities elaborated by FIAB in 2019 [54]. The color scale indicates the best positions in green and the worst in red. The size of the dots refers to the role of the city (region capital or not). The Regions are in blue; the region capitals in uppercase; round fonts indicate the cities classified as cycling cities; the Provinces are indicated in brackets. 
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Figure 7. Frequency of the use of bicycle in the European Countries in 2016 [54] 
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Figure 8. Examples of dyscrasias on urban cycle lanes: in frame (a), a mixed bike and pedestrian path (8), adjacent to the carriageway (7), whose track sharply deviates towards a dangerous road-crossing not properly flagged (10). In frame (b), a misuse of the path (9). 
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Figure 9. Example of networks under different conditions. The explanation for (a) and (b) is given in the main text. 






Figure 9. Example of networks under different conditions. The explanation for (a) and (b) is given in the main text.



[image: Sustainability 12 02321 g009]







[image: Sustainability 12 02321 g010 550] 





Figure 10. The urban cycle lane in Naples (red line) and the dyscrasia points indicated as intersections (in blue) that subdivide the lane in different segments. 
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Figure 11. The output window of the query in QGIS to automatically individuate the typology of dyscrasia occurring along the segments. By using the intersect function available in QGIS, it is possible to choose the linear path of the cycle lane as the input vector and the dyscrasias as the intersect vector. 
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Figure 12. The geo-localized design of the output of the query. The yellow points (dyscrasias) are associated with both the information about the structural characteristics of the lane and the type of anomaly registered. Furthermore, all the cycle lanes are subdivided in a number of segments by considering the dyscrasias as start nodes and end nodes of each segment. In this way, it is quickly possible to evaluate how many segments have subdivided the path and the effective contribution to urban soft mobility. 
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Table 1. Results of the first round of queries.
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	Keyword
	SD
	WoS
	Total





	Urban cycle paths
	3
	20
	23



	Urban sustainable mobility
	17
	10
	27



	Soft Mobility
	56
	18
	74



	Cycling Indicator
	4
	6
	10



	Design of cycle lanes
	5
	58
	63



	TOTAL
	85
	112
	197
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Table 2. Selected papers composing the literature database. Columns “Thematic Cluster” and “Affinity Level” respectively refer to the typology of paper according to its content and to the affinity with the topic of this study.
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	Ref
	Year
	Thematic Cluster
	Affinity Level
	Ref
	Year
	Thematic Cluster
	Affinity Level



	[19]
	2019
	4
	Low
	[20]
	2019
	4
	Medium



	[21]
	2019
	3
	Medium
	[16]
	2019
	2
	High



	[22]
	2019
	2
	Medium
	[23]
	2019
	2
	Medium



	[24]
	2018
	3
	High
	[25]
	2018
	3
	Medium



	[26]
	2018
	2
	High
	[27]
	2018
	2
	High



	[28]
	2018
	2
	Low
	[29]
	2018
	2
	Low



	[30]
	2018
	2
	Medium
	[31]
	2018
	1
	Low



	[32]
	2018
	1
	Medium
	[33]
	2018
	1
	Medium



	[34]
	2018
	1
	Medium
	[35]
	2018
	1
	Medium



	[36]
	2017
	3
	Low
	[37]
	2017
	1
	High



	[38]
	2017
	1
	Medium
	[39]
	2017
	1
	Medium



	[40]
	2016
	2
	Medium
	[41]
	2016
	1
	High



	[42]
	2016
	1
	High
	[43]
	2015
	3
	Medium



	[44]
	2015
	2
	Medium
	[45]
	2014
	3
	High



	[46]
	2014
	2
	High
	[47]
	2014
	1
	Medium



	[48]
	2013
	3
	Medium
	[49]
	2013
	3
	Medium



	[50]
	2012
	1
	High
	[51]
	2010
	1
	Low
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Table 3. Number of cities considered as “suitable for cycling” according to FIAB 2018 [54].
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	Regions
	Residents
	Area (Km2)
	Population Density (Ab/km2)
	Number of Cities
	Number of Metropolitan Districts
	Number of Cities Suitable for Cycling
	%(*)





	Abruzzo
	1,322,247
	10,795
	122.5
	305
	4
	10
	3



	Basilicata
	570,365
	9995
	57.1
	131
	2
	0
	0



	Calabria
	1,965,128
	15,081
	130.3
	409
	5
	1
	0



	Campania
	5,839,084
	13,590
	429.7
	550
	5
	2
	0



	Emilia-Romagna
	4,448,841
	22,456
	198.1
	334
	9
	7
	2



	Friuli Venezia Giulia
	1,217,872
	7855
	155
	216
	4
	6
	3



	Lazio
	5,898,124
	17,208
	342.8
	378
	5
	0
	0



	Liguria
	1,565,307
	5421
	288.8
	235
	4
	2
	1



	Lumbardy
	10,018,806
	23,863
	419.8
	1.527
	12
	7
	0



	Marche
	1,538,055
	9366
	164.2
	236
	5
	4
	2



	Molise
	310,449
	4433
	70
	136
	2
	0
	0



	Piedmont
	4,392,526
	25,402
	172.9
	1.202
	8
	4
	0



	Puglia
	4,063,888
	19,371
	209.8
	258
	6
	9
	3



	Sardinia
	1,653,135
	24,089
	68.6
	377
	8
	1
	0



	Sicily
	5,056,641
	25,703
	196.7
	390
	9
	1
	0



	Tuscany
	3,742,437
	22,990
	162.8
	279
	10
	4
	1



	Trentino Alto Adige
	1,062,860
	13,607
	78.1
	293
	2
	1
	0



	Umbria
	888,908
	8456
	105.1
	92
	2
	2
	2



	Valle d’Aosta
	126,883
	3263
	38.9
	74
	1
	0
	0



	Veneto
	4,907,529
	18,391
	266.8
	576
	7
	8
	1







(*) It shows the percentage of cities suitable for cycling per region calculated on the total number of cities considered in the survey.
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Table 4. Survey elaborated by ISFORT [52], in 2018.
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	Mode
	2018
	2016
	% 2018–2016





	Public Transport
	85
	84
	1



	Bike
	76
	77
	−1



	Bike sharing
	61
	53
	8



	Car sharing
	57
	42
	15



	Car pooling
	55
	37
	18



	Taxi
	81
	26
	55
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Table 5. Relations between dyscrasias and clusters of anomalies.
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	DYSC. 1
	DYSC. 2
	DYSC. 3
	DYSC. 4
	DYSC. 5
	DYSC. 6
	DYSC. 7
	DYSC. 8
	DYSC. 9
	DYSC. 10





	anomalies depending on design
	■
	■
	■
	
	■
	■
	■
	■
	■
	



	anomalies that depend on organization
	
	
	
	■
	
	■
	■
	■
	■
	■



	anomalies that depend on intersections
	
	
	
	
	■
	■
	■
	■
	
	■



	anomalies depending on the presence of obstacles
	
	
	
	
	
	
	
	
	■
	■
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Table 6. Characteristics, per section, of the cycle path in Naples.
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	Composition of the Path
	N° of Sections
	% of Tot km
	Total Length of Sections km
	Legambiente Multiplier
	Total Points





	Mixed pedestrian-bicycle sections
	16
	15
	3
	0.3
	4.8



	Sections obtained from the sidewalk
	4
	30
	6
	0.2
	0.8



	Sections in reserved lane on the vehicular streets
	6
	10
	2
	0.5
	3



	Cycle crossings
	10
	10
	2
	0.3
	3



	Mixed cycle/pedestrian crossings
	3
	3
	0.6
	0.3
	0.9



	Sections where to get off the bike and walk it
	2
	1
	0.2
	0.3
	0.6



	Reserved lanes
	3
	30
	6
	0.2
	0.6



	Zone 30
	2
	1
	0.2
	0.2
	0.4
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Table 7. The relation between the composition of the cycle lane in Naples and dyscrasias defined above.
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	DYSC 1
	DYSC 2
	DYSC 3
	DYSC 4
	DYSC 5
	DYSC 6
	DYSC 7
	DYSC 8
	DYSC 9
	DYSC 10





	Naples’ bikeway (% of tot length)
	0
	7
	15
	1
	3
	5
	15
	10
	9
	35







In the cells, the values refer to the percentage number of segments along which dyscrasias occur.
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