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Abstract

:

From a mobility perspective, walking is considered to be the most sustainable transport mode. One of the consequences of motor-oriented urban configuration on pedestrian mobility is urban fragmentation, which affects sustainability in cities. In this paper, we use a natural-based approach to landscape fragmentation and connectivity (inherited from landscape ecology) for pedestrian mobility planning. Our aim is to design a useful methodology to identify priority pedestrian corridors, and to assess the effects of implementing barrier-free pedestrian corridors in the city. For this purpose, we developed a method that integrates Geographical Information Systems (GIS) network analysis with kernel density methods, which are commonly used for designating habitat corridors. It was applied to Vitoria-Gasteiz (Spain). Pedestrian mobility was assessed by comparison of travel times between different scenarios. Results show that the implementation of pedestrian corridors reduces travel time by approximately 6%. Thus, an intervention in a small percentage of the city’s street network could considerably reduce pedestrian travel times. The proposed methodology is a useful tool for urban and transport planners to improve pedestrian mobility and manage motorised traffic.
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1. Introduction


Assessing sustainability of urban environments is of great importance because more than 66% of the global population is expected to become urban by 2050 [1]. From the mobility point of view, walking is considered to be the most sustainable way to get around. It is cheap, it does not produce greenhouse gas emissions, it provides important health benefits and it is accessible to the majority of the population, regardless of their income level [2,3]. It is also a fundamental mode in intermodal travel chains, since every trip begins and ends by walking, but it is also an important form of access by itself [4]. Walking improves physical fitness and mental health, increases the opportunities for social interaction and permits engagement with the place encountered in the move [5]. Pedestrian-friendly design characteristics in neighbourhoods are associated with higher levels of sense of community and physical activity [6,7]. Furthermore, according to Speck [8], there is an increasing demand for pedestrian-friendly communities to the detriment of car-oriented developments, and walkability can be considered an economic driver.



The promotion of walking is essential for sustainability of cities. In addition to the above-mentioned economic, social and health reasons, increasing the share of sustainable transport modes reduces motor vehicle use along with its negative impacts in terms of pollution, noise, land take, congestion, etc. [9]. In recent years, transport policies have taken sustainable modes of transport such as walking and cycling into account [10,11]. However, sustainability in many cities has been compromised by motor-oriented urban developments, and it is recognised that more resources should be invested in improving facilities for pedestrians, the elderly and passengers with reduced mobility [12].



The consequences of urban motor-oriented configuration on pedestrian mobility have been a core concern for urban planners and researchers. In the last few years, research has been focused on studying the spatial characteristics of urban environments, such as urban density and sprawl, land-use mix distribution, connectivity and spatial configuration of streets, among other aspects [12,13,14,15,16,17]. These characteristics of city configuration are related to the concept of urban fragmentation, which affects sustainability through multiple costs (economic, social and environmental) [18]. From a spatial point of view, it can be understood as “the phenomenon resulting from the act of disjointing the pre-existing forms and structures of the city and city systems” [19]. From a transport planning perspective, urban fragmentation can also be understood as a lack of connectivity of the transport system [20]. Connectivity is the permeability enabled by the directness of links and the density of connections in a transport network [21] and, in the particular case of pedestrians, it can be defined by the directness of routes and the route distance for pedestrians for each trip [22]. Pedestrian connectivity is related to path continuity, sidewalk availability and the presence of physical barriers [23]. The reduction of pedestrian connectivity affects vulnerable social collectives with restricted mobility (the elderly, children, and people without access to a personal car [24]). It constitutes not only a threat to social cohesiveness, but also compromises urban sustainability by increasing car dependence [22]. Apart from these spatial characteristics of the city, individual travel behavior in pedestrian mobility is influenced by a number of factors that include cognitive aspects [13,25,26]. For example, Foltete et al. [13] consider that pedestrian traffic in the streets is a function of accessibility and landscape preferences. Landscape is also important in the perceived distance, in areas where it is more complex for travelers to remember a greater number of elements along their route, and individuals will perceive distances as longer [25]. Nourian et al. [26] propose that pedestrians encounter two types of impedances: a physical impedance in the length of the path and the slope, and a cognitive impedance in the change of direction, or turning at each junction.



The application of Geographical Information Systems (GIS) network analysis methods to urban environments has risen over the last few decades, mainly due to the increase in computational power, showing their capacity to measure a set of interesting urban singularities [27]. Street networks have been widely used to study and predict pedestrian movements throughout the city [28,29,30]. Traditionally, data on the amount of movement that a street withstands was collected with the gates method, by means of which pedestrians are counted in designated sections of streets distributed over the area of study [30,31]. Another approach used to study pedestrian frequency in streets is the compilation of complete pedestrian routes or recording regular trips of individuals participating in the study [13], or by using stalking observation methods [32].



Additionally, some authors consider urban fragmentation and connectivity as concepts inherited from landscape ecology [19,20]. In the literature, there are urban studies that incorporate spatial indicators commonly used in this discipline, for example [33,34,35]. Rotem-Mindali [19] applied least-cost modelling to study retail fragmentation and urban liveability through accessibility measurements, while other authors use spatial metrics to assess the integration of land use and transport or spatial disparities [33,36]. Ortega et al. [20] studied the effects of urban fragmentation in pedestrian connectivity using least-cost modelling in a city neighbourhood. In this regard, a widely used term in the study on landscape fragmentation is habitat corridor. These corridors are defined as “strips of suitable environment that enhance the movement of species among the habitat” [37]. Conservation of these corridors preserves target species and increases population viability by improving landscape connectivity [38]. In the last few years, several methods have been used to study habitat corridors, such as circuit theory models [39,40], graph theory models [41,42,43], and least-cost modelling [44,45,46]. Least-cost methods have also been used in combination with kernel density estimators in order to study landscape connectivity. Least-cost kernel surfaces have been combined with point sources of dispersal to create the “resistant-kernel estimator” [47]. This approach has been followed by [48] to study the connectivity of populations of African lions and the effects of implementing corridors. Teng et al. [49] studied connectivity in two stages. First, they calculated optimal routes between habitat patches by using least-cost modelling; and second, they performed a kernel density analysis on the routes obtained, with the objective of identifying potential conservation corridors.



In this paper, we aim to develop and apply a new method for assessing the effects of implementing pedestrian corridors. We consider that the ecological implications of the habitat corridor can be applied to pedestrians in their urban displacements. To this end, we will address three research questions. The first one covers the use of the natural-based approach to landscape fragmentation and connectivity to pedestrian mobility planning. The second regards the identification of priority pedestrian corridors, adapting the concept of habitat corridors from landscape ecology. The third one is related to the effects of implementing barrier-free pedestrian corridors on pedestrian mobility.



This paper is structured as follows: the following Section 2 describes the methodological approach, which combines kernel density methodologies with GIS network analysis tools to identify pedestrian corridors. In Section 3, the methodology is tested in a case study, Vitoria-Gasteiz, a medium-sized city in the north of Spain. Results are analysed in Section 4, and Section 5 contains the discussion of the results and conclusions, respectively.




2. Methodology for the Assessment of the Implementation of Pedestrian Corridors


The method proposed uses origins and destinations of commutes and study trips to obtain optimal routes in terms of pedestrian travel times, in different scenarios. It has two main stages. First, network analyses are performed to obtain optimal pedestrian routes. These routes have a double purpose: (i) the assessment of the pedestrian mobility in a particular urban area; and, (ii) to serve as input in the second stage. The second stage identifies the streets that will constitute the pedestrian corridor network. Figure 1 shows our methodological approach.



2.1. Creation of Network Analysis Database


GIS network datasets should be created for the assessment. The main attribute that must be included in the network dataset is a displacement cost for each arc in the network. Usually, this cost is the travel time. Crosswalks and pedestrian crossings regulated with traffic lights are considered as barriers that increase the pedestrians’ travel time. Impedance times in crosswalks and pedestrian crossings differ from one crossing to another and among individuals. In the case of the crosswalks, factors such as the traffic on the street, speed limit, gender or age of individuals can influence the impedance time [50]. For the pedestrian crossing regulated with traffic lights, the main drivers of the impedances are the traffic light waiting times and the delay due to the interaction of opposing movements at the green light [51]. The final impedance times assigned for each barrier are obtained through field work or municipalities’ databases. Some studies also consider slope to be a factor that influences walking speed [26,52]. In this paper, we adopt the simplification consisting of the average values of the values proposed by Ortega et al. [20]. In their work, they modelled the pedestrian network with speeds and times at crosswalks and pedestrian crossings collected in field work.




2.2. Definition of Scenarios


Pedestrian mobility is evaluated by comparing average travel time on optimal routes in different scenarios. The first scenario (scenario 0) models the network dataset in an ideal situation, without barriers, for walking trips. In scenario 0, pedestrians can move freely through sidewalks and pedestrian streets. The second scenario (scenario A) includes real city barriers in the network (pedestrian crossings and traffic lights) that constitute impedances to walking. This is the actual city scenario, where pedestrian crossings and traffic lights reduce connectivity by increasing pedestrian travel times.



An additional scenario (scenario B) is designed for assessing pedestrian corridors. Its characteristics are explained in subsequent sections.




2.3. Calculation of Pedestrian Routes


In landscape fragmentation studies, origins and destinations are suitable habitat patches for the species under consideration. In this study, in which pedestrians in urban environments are considered, there is a wide range of possible origins and destinations for the network analyses, depending on the purpose of the trip (shopping, leisure…). In this paper, commuting and study trips are considered. Therefore, origins and destinations will be residential, work or study places. Outward and return trips are differentiated in order to study if there are any differences between them. Outward trips are those that have a home as origin, and a workplace or educational institution as destination, and return trips have a workplace or educational institution as origin, and home as destination.



Once the network datasets are created for each scenario, and origins and destinations are established, optimal routes and travel times are calculated. ArcGIS 10.2 (ESRI, Redlands, CA, USA) Network Analyst extension [53] is used to obtain minimum-cost routes between origins and destinations. This extension uses Dijkstra’s Algorithm in a vector format [54]. The ArcGIS tool used is closest facility, where origins are considered as facilities and destinations as incidents. When applying the closest facility tool in each scenario, the result is a layer with the total set of routes from all the origins to all the destinations.




2.4. Identification of Pedestrian Corridors


Pedestrian corridors are studied as a possible urban planning solution to improve pedestrian connectivity. We propose the following hypothesis: in the city, most streets support commuting and study routes, and they therefore play a role in city connectivity. However, some of these streets play a major role in pedestrian connectivity by supporting a higher number of routes. Thus, if these streets are identified, a set of actions could be implemented in order to reduce pedestrian travel times. The most straightforward action that could be performed is to remove barriers in these streets. These streets will be designated in this study as “pedestrian corridors”, as in landscape ecology “habitat corridors” are a priority for species conservation.



The routes obtained in the network analysis of scenario 0 are used to identify the travel routes in an ideal situation, in which pedestrians are not affected by pedestrian crossings and traffic lights.



In order to identify the streets that constitute pedestrian corridors, a linear kernel analysis on the set of routes is performed. The kernel density surface is calculated with the ArcGIS 10.2 kernel density tool [55]. The kernel density estimation for linear features creates a gridded continuous surface with a specified cell size that shows the density of events across a surface. A bandwidth distance is specified to determine the radius of the shifting circle in which linear events will be searched. Then, a kernel function is used to obtain the density contribution that corresponds to each cell inside the search radius for each linear event [56]. The kernel density surfaces resulting from each line are added. The result is the final kernel density surface that represents the total density of linear events across the grid [55]. The resulting raster layer contains the density of routes over the city, and is categorized into five classes, using the Jenks Natural Break method [57], to identify the streets with higher route density rates. Streets in the highest classes are identified as pedestrian corridors [49].



The ArcGIS tool output uses Euclidean distance to determine the density of events across a 2D planar space [55]. However, urban pedestrian routes are constrained to a network. Although there have been many efforts in the last few years to adjust the kernel density estimation to be used in networks, they were mainly restricted to the analysis of point events [58,59,60]. We address this lack of specific tools to analyze linear events across a network by controlling the cell size and the bandwidth according to the phenomenon studied. As the pedestrian routes used for the kernel density estimation are constrained across a network, they overlap. This leads to greater kernel values in cells on streets with a higher volume of routes.




2.5. Comparison of Scenarios


Pedestrian mobility assessment is carried out by first considering the real barriers of the city, and then by considering the implementation of pedestrian corridors.



Pedestrian mobility in the city is assessed by comparing scenarios 0 and A. The resulting average time in the set of routes calculated in scenario A are compared, in terms of relative percentage, to the average travel time of the ideal set of routes obtained in scenario 0.



Improvement through the implementation of barrier-free pedestrian corridors is assessed by considering a new scenario (scenario B). The travel times obtained using a barrier-free network dataset in the pedestrian corridors (scenario B) are compared as relative percentage difference with those obtained in scenario 0 and scenario A.




2.6. Validation Using Control Scenarios


Finally, average travel times in control scenarios are calculated in order to test the results of scenario B. Their purpose is to verify that removing barriers in pedestrian corridors is more effective than reducing barriers at random locations. Control scenarios are generated by removing a number of randomly located barriers, and calculating pedestrian travel times by using the method explained in Section 2.3.





3. Application to the Case Study


3.1. Description of the Study Area


The Vitoria-Gasteiz municipality is located in the north of Spain, in the Alava province, one of the three provinces of the Basque region. The municipality has 63 population cores, with a total population of 244,000 inhabitants in 2015. The great majority of inhabitants live in the main urban area of the namesake Vitoria-Gasteiz city.



Since Vitoria-Gasteiz is a compact city with smooth orography and a relatively temperate climate, it is very suitable to the use of active transport modes, such as walking and cycling. This fact is corroborated by the latest mobility surveys that showed that active transport modes have been consistently increasing over the past years [61]. The main driver behind this increase is the implementation of the Mobility and Public Space Plan from 2007 [62]. This Plan created the environment to support sustainable transport modes by implementing different measures. Among other actions associated with active transport modes, some of the streets on the urban centre were pedestrianised, and the implementation of “Superblocks” is planned. These are urban zones where the plan is to transfer motorized transport to the perimeter streets, thereby giving maximum preference to pedestrians in the inner streets. The main intention behind implementing Superblocks is to liberate public spaces in favour of pedestrians while increasing connectivity [63]. Figure 2 presents the location map of Vitoria-Gasteiz.




3.2. Assessment of the Implementation of Pedestrian Corridors


The following is a description of the methodology described in Section 2, applied to Vitoria-Gasteiz.



3.2.1. Creation of Network Analysis Database


In order to create the GIS network dataset, free data from OpenStreetsMap (OSM) was used [64]. Given that this study mainly focuses on pedestrian movements, sidewalks and pedestrian street layers were extracted from the GIS polyline layer. OSM data for Vitoria-Gasteiz was quality checked with the municipality CAD layers and with aerial orthophotography of Vitoria-Gasteiz from the Aerial Orthophotography National Plan (PNOA). Pedestrian crossings and traffic lights for pedestrians were digitalized from the aerial orthophotography, and by using a traffic light point layer provided by the municipality.



Origins and destinations were extracted from the Municipal Household Travel Survey (MHTS) from 2014, which studied the population trips in a typical workday. The Survey used a stratified random sampling method (by transport zones, age and gender of the individuals) in order to acquire a representative sample of the citizens’ trips. The survey consisted of a sample of 4192 persons who were interviewed by phone in order to collect information on their trips the previous working day [65]. All the types of trips were considered in the survey (commuting, shopping, leisure, etc.). From the trips contained in the survey, a total of about 10,000 were walking trips, approximately 54% of the total, of which 1400 were commuting trips.




3.2.2. Definition of Scenarios


In the assessment of pedestrian mobility of Vitoria-Gasteiz, two scenarios were considered (scenario 0 and scenario A) and, consequently, two network datasets were created with the OSM network as a basis.



The scenario 0 models the network dataset in an ideal barrier-free situation for walking trips. Vitoria-Gasteiz has a flat topography, so a single travel speed of 4 km/h (1.1 m/s) was considered for the analyses, which is consistent with literature values [66,67].



The specific impedances for scenario A were digitalized and included in the corresponding network dataset. Since there was no information available on average waiting times at pedestrian crossings or traffics lights, average times were calculated from those obtained by Ortega et al. [20] in Madrid (Spain). An average waiting time of 0.1 min was applied as impedance for pedestrian crossings, and 0.7 min was applied as impedance to crossings regulated with traffic lights. For each arc of the GIS network dataset, the pedestrian travel time was also calculated with the 1.1 m/s speed, adding the impedances times to the arcs corresponding to the barriers.



The following sections explain the definition of the additional scenario (scenario B), which was designed to assess pedestrian corridors.




3.2.3. Calculation of Pedestrian Routes


Origins and destinations of commuting and study walking trips were obtained from the MHTS. Two groups of trips were considered: the first group contains those that have a home as origin and a workplace or educational institution as destination (702 trips); the second trip group contains the return trips to home (640 trips). These numbers differ because each person could choose different methods of transportation for the outward and return trips (e.g., public transport, public bicycles...), or have a destination other than home for the return trip. In Figure 3, origins and destinations for both groups are shown.



Figure 3 shows different patterns between the two groups. For the first group (outward trips), a greater amount of origins are in the outer residential zones and the destinations are more concentrated in the city centre. As expected, the contrary occurs for the second group (return trips), where the origins are more concentrated in the inner part of the city and destinations in the residential zones.



GIS closest facility analyses were performed in scenario 0 and A for each of the two groups of origins and destinations. All the possible routes from each origin to all the destinations are computed. The origins and destinations were considered in the calculations the number of times that they were recorded as a part of a trip in MHTS. Thus, origins and destinations are weighted as a function of their frequency in the MHTS. A total of approximately 900,000 routes were generated in each of the scenarios (702 × 702 + 640 × 640) and the travel time of each one was computed.



Finally, 1342 routes (702 outward routes + 640 return routes) that connect the origins and destinations declared in the MHTS were extracted from the total in each scenario.




3.2.4. Identification of Pedestrian Corridors


A GIS kernel density analysis was performed with the 1342 routes obtained in scenario 0 (barrier-free). This density raster layer was classified into five natural breaks using the Jenks method as shown in Figure 4: in Figure 4a the optimal routes are superimposed over the city street network; Figure 4b shows the resulting kernel density surface obtained with the routes layer (using a 5 m pixel and a 10 m bandwidth); in Figure 4c, the kernel density surface raster is classified into five classes. Finally, the 4th and the 5th classes were selected as pedestrian corridors.



The resulting network of pedestrian corridors for Vitoria-Gasteiz (Figure 5) has a total of 13 km, occupying 1.5% of the total length of the city network. In general, pedestrian corridors are streets inside the city center or streets that connect the center with residential zones.



Scenario B is created by removing the barriers from the pedestrian corridors. A total of 207 barriers were removed, which suppose around 10% of total barriers in the city (Table 1). A higher proportion of pedestrian crossings with traffic lights were removed, in comparison with pedestrian crossings with crosswalks.




3.2.5. Results: Comparison of Scenarios


We calculated the relative percentage difference between the average travel times in the scenarios (scenario 0, scenario A and scenario B).



Two result sets for each scenario are considered, and each result set is divided into average travel times on outward and return routes. The first result set is composed of the routes between the origin destinations obtained from the MHTS (Table 2 and Table 3). The second result set contains every route obtained from the GIS closest facility analysis (Table 4 and Table 5). In this case, we assume that all destinations will be reached from each origin, and vice versa.



Regarding the first result set, the average travel times in scenario 0 are slightly below 18 min, while for scenario A, they are around 20 min (Table 2 and Table 3). In scenario B, with the pedestrian corridors already implemented in the network, the average travel times decrease to similar values as scenario 0. It is observed that, for the three scenarios, average times are slightly higher for the return routes than the outward routes.



In Table 2 and Table 3, average travel times are compared with the average travel times declared in the MHTS. The average times declared in the outward routes are lower than the value obtained in scenario 0. In contrast, the average time declared for the return trips is slightly higher than the value obtained for scenario 0, and much higher than average times declared for outward trips.



The second result set (average times in all the calculated routes) is shown on Table 4 and Table 5. Higher average times are observed in comparison with the first results set (Table 2 and Table 3). Average times for scenario 0 are approximately 11% lower than those obtained in scenario A, as occurs with the first result set. Results in scenario B are similar to those obtained in scenario 0 (barrier-free). This may indicate that pedestrians are closer to moving in the barrier-free city through the implementation of pedestrian corridors.



It should be noted that similar average distances for routes were obtained in the three scenarios for each result set. Average distances are higher in the second result set (as occurred with average times) (Table 2, Table 3, Table 4 and Table 5). This indicates that travel time differences between scenarios are caused by the existence of barriers, such as crosswalks and traffic lights.



It is observed (Table 4 and Table 5) that there is an increase of around 12% from scenario 0 to scenario A. With the corridor implementation (scenario B), there is an increase in average travel time of 4%–5% in comparison with scenario 0. However, the decrease in average travel time between the network with all the barriers (scenario A) to the network with the pedestrian corridors implemented (scenario B) is around 6%–7%. This is important since, in scenario B, barriers were removed in only 1.5% of the total network length.




3.2.6. Validation of Results with Control Scenarios


Travel times on optimal pedestrian routes were calculated in 35 control scenarios, in order to compare them with the results obtained with the implementation of pedestrian corridors. Thirty-five network datasets were constructed by randomly removing a similar number of barriers, as in scenario B (see Table 1), instead of removing those located in the pedestrian corridors. Once the networks were constructed, pedestrian travel times were obtained with the method explained in Section 2.3.



The aggregated results in the control scenarios are shown in Table 6. For both the outward and return trips, the mean results are higher than the average travel times obtained in scenario B, and lower than those in scenario A (Table 2 and Table 3). These results indicate that our proposed barrier-free pedestrian corridors (scenario B) are more effective in terms of travel-time reduction than randomly removing barriers across the city.






4. Discussion


This study obtains travel times from optimal routes in several networks (scenarios). We evaluate commuting and study trips. On these trips, travel time is particularly important, since individuals tend to use the more direct route on the considered trips. Nevertheless, it should be noted that this is a simplification. The duration of the route is not the only factor affecting pedestrian choices. Their preferences are also influenced by the built environment and cognitive factors [13,25,26], which could be taken into account in the model when defining impedances to walking in further research.



The results show similar average distances on routes for all scenarios in comparison with the differences in times (Table 2, Table 3, Table 4 and Table 5). In this study, pedestrian mobility is assessed by comparing travel times in different scenarios, since it can be expected that time is key factor in commuting and study trips, regardless of variations in distance. In the literature, several authors transform pedestrian distances into pedestrian walking times to study pedestrian accessibility [20,68,69]. Similar average distances accompanied by different average travel times in the scenarios indicate that the existence of barriers (such as crossings and traffic lights) have important implications in pedestrian mobility. However, pedestrian transit accessibility has also been commonly measured by maximum walkable catchments based on distances [36,70,71,72,73,74].



Results show that average declared times in MHTS (Table 2 and Table 3) are within the range of average times obtained in the GIS network analyses. The higher declared times obtained on the return trips (Table 3), in comparison with the outward trips (Table 2), could indicate that individuals took longer routes for shopping or leisure in their return trips. Also, for both result sets, the trips declared in MHTS are either considerably below (outward routes), or within the range (return routes) of those obtained with GIS using the barrier-free network, which is contrary to what would be expected. This might be explained by various factors: (i) we considered an average speed of 4 km/h in the GIS calculations; (ii) routes chosen by the individuals could be different from the optimal computed routes due to personal preferences; and (iii) the difficulty of individuals in estimating their walking trip times, as stated by [25].



The implementation of pedestrian corridors reduces pedestrian travel time, as our results show. Pedestrians are closer to moving freely across the city and their travel time is reduced. This fact could contribute to increasing the percentage of walking trips. Nevertheless, this study only takes into account the point of view of pedestrian movements. Therefore, an important factor, such as the effects that the elimination of barriers could have on motorized traffic, is not evaluated. Traffic lights and pedestrian crossings cannot be removed. However, as discussed by Noland [69], on streets with high pedestrian movements (like the proposed pedestrian corridors), traffic signals may prioritize pedestrians to reduce pedestrian delay. Further research could include practical means in the implementation of pedestrian corridors and a cost-benefit analysis.



The application of the proposed methodology to define pedestrian corridors has proven that, by influencing a small percentage of the network (1.5%), pedestrian travel times may be reduced (6%–7%). Results obtained in the control scenarios corroborate the fact that the effects of implementing barrier-free pedestrian corridors are better than those obtained by eliminating barriers at other locations in the city.



We found that pedestrian corridors are mainly located in streets surrounding the city center (Figure 5). This is because it is a pole of attraction for pedestrian routes, since it has a high number of commute and study destinations. Furthermore, some of the main streets that connect residential zones to the city center were designated as pedestrian corridors. Another important result is that most of the designated pedestrian corridors are major arterial connectors that bear high levels of motorized traffic, and are the limits of superblocks. This issue is a challenge for urban and transport planners, who should find an equilibrium between improving pedestrian mobility and managing motorized traffic.




5. Conclusions


This study responds to the research questions formulated. We have applied the natural-based approach of landscape fragmentation and habitat connectivity to pedestrian mobility planning. Specifically, we have adapted the concept of habitat corridors from landscape ecology to the identification of priority pedestrian corridors, and studied the effects of their implementation on pedestrian mobility.



Based on a mobility survey with pedestrian origin and destinations, and by combining network analysis and a kernel density analysis, a theoretical approach was applied in Vitoria-Gasteiz in order to assess the city’s pedestrian travel times and study the effects of implementing pedestrian corridors across the city. This study is an example of how the elimination of barriers to pedestrian movements could reduce commute and study travel times, and therefore increase urban connectivity.



The results show that influencing a small percentage of the city’s street network could reduce pedestrian travel times. Pedestrians are closer to moving freely across the city, and this could contribute to increasing the percentage of walking trips. However, most of the designated pedestrian corridors are major arterial connectors, and the effects that eliminating barriers might have on motorized traffic are not evaluated in this study.



Therefore, our methodology could be a useful tool for urban and transport planners to improve pedestrian mobility and manage motorized traffic. These corridors may be used to improve overall connectivity of the city by removing pedestrian barriers. It can also help to locate priority sites for traffic lights and new facilities for pedestrians. All of these measures contribute toward achieving sustainable mobility, and, therefore, greater sustainability for the city.
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Figure 1. Methodological approach. 
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Figure 2. Location map of Vitoria-Gasteiz. 
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Figure 3. Origins and destinations in the analysis: (a) outward trips; (b) return trips. 
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Figure 4. Kernel density classification: (a) optimal routes; (b) kernel density surface; (c) classified kernel density surface (Jenks method). 
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Figure 5. City network with barriers and pedestrian corridors. 
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Table 1. Comparison of barriers for scenarios A and B.
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Number of Barriers

	
Barriered Network (Scenario A)

	
Corridor Network (Scenario B)

	
Difference (No.)

	
Difference (%)






	
Crosswalks

	
1474

	
1398

	
76

	
5




	
Pedestrian crossings with traffic lights

	
656

	
525

	
131

	
20




	
Total

	
2130

	
1923

	
207

	
10
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Table 2. Average travel times for the outward routes between MHTS origins and destinations.
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Outward Routes (702)

	
Barrier-Free Network (Scenario 0)

	
Barriered Network (Scenario A)

	
Corridor Network (Scenario B)

	
Declared Time Average






	
Average distance (m)

	
1162

	
1181

	
1173

	
-




	
Average time (min)

	
17.61

	
19.69

	
18.45

	
15.10




	
Difference with scenario 0 (%)

	

	
11.85

	
4.77

	




	
Difference with scenario A (%)

	

	

	
−6.32
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Table 3. Average travel times for the return routes between MHTS origins and destinations.
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Return Routes (640)

	
Barrier-Free Network (Scenario 0)

	
Barriered Network (Scenario A)

	
Corridor Network (Scenario B)

	
Declared Time

Average






	
Average distance (m)

	
1178

	
1196

	
1188

	
-




	
Average time (min)

	
17.93

	
20.03

	
18.68

	
18.19




	
Difference with scenario 0 (%)

	

	
11.71

	
4.14

	




	
Difference with scenario A (%)

	

	

	
−6.78
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Table 4. Average travel times for the outward routes.
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Outward Routes (519, 720)

	
Barrier-Free Network (Scenario 0)

	
Barriered Network (Scenario A)

	
Corridor Network (Scenario B)






	
Average distance (m)

	
1797

	
1829

	
1817




	
Average time (min)

	
27.22

	
30.48

	
28.52




	
Difference with scenario 0 (%)

	

	
11.98

	
4.78




	
Difference with scenario A (%)

	

	

	
−6.42
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Table 5. Average travel times for the return routes.
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Return Routes (428, 829)

	
Barrier-Free Network (Scenario 0)

	
Barriered Network (Scenario A)

	
Corridor Network (Scenario B)






	
Average distance (m)

	
1826

	
1858

	
1846




	
Average time (min)

	
27.66

	
30.94

	
28.97




	
Difference with scenario 0 (%)

	

	
11.86

	
4.74




	
Difference with scenario A (%)

	

	

	
−6.37
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Table 6. Aggregated results in control scenarios.







Table 6. Aggregated results in control scenarios.







	

	
Mean Travel Time (min)

	
Coefficient of Variation (%)






	
Outward

	
19.13

	
0.25




	
Return

	
19.46

	
0.26
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