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Abstract

:

The equitable accessibility to higher education favours social fairness in economic opportunities. This paper provides an empirical approach to the assessment of the (in)equity of accessibility from universities to sustainable transport modes: Light Rail Transit, Bus Rapid Transit, buses, and bicycle infrastructure in the Guadalajara Metropolitan Area (Mexico). In particular, the study designed and calculated an Access to Sustainable Transport from University Index by combining governmental and crowdsourced Open Access Data. It used spatial analysis techniques within a Geographic Information Systems environment, and multivariate statistical methods such as Principal Component Analysis and Cluster Analysis. The findings highlight the weakness in the accessibility to sustainable transport modes from the universities in the Metropolitan Area. Furthermore, this study revealed an unfavourable bias in the location of sustainable transport stations/stops in the vicinity of public universities. The results provide a methodology and empirical evidence for transport policy makers to reduce inequalities and therefore transport-related social exclusion in this under-represented, but socially relevant, student community.
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1. Introduction


Equitable accessibility to university facilities (UFs) guarantees social fairness in economic opportunities [1]. Students suffer transport-related social exclusion when transport services are non-existent or severely restricted [2] due, for example, to the distance to reach them [3] or the limited multi-modal transport options [4]. According to Litman [5], equity refers to the fairness with which benefits are distributed. The spatial equity of accessibility is the provision of consistent access throughout a geographic space. Since Wachs and Kumagai [6], up to the present day, the equity of accessibility has been a subject of research interest [7,8,9,10] and, more recently, public policies [11].



The literature concerning accessibility is extensive [7,8,12,13,14,15,16,17,18], along with empirical reviews worldwide [19,20,21,22,23,24,25] and in Latin America [26,27,28,29,30,31,32,33,34,35,36,37,38,39]. Nevertheless, there is no consensus on the definition of accessibility [15,40], mainly due to its relationship to the multidimensionality of transport equity. In this study, accessibility was defined as the possibility to reach a station/stop (henceforth ‘node’) of a sustainable transport mode from UFs. Three elements are included in this definition, i.e., the number of destinations around the UFs; the ease to reach them by walking or cycling within a walking-time threshold; and the quality of each node, as defined by the number of routes and bicycle lanes.



Access to sustainable transport mode (STM) infrastructure from universities is fundamental in order to reduce the social exclusion of students in the current era of the sustainable mobility paradigm [41]. The promotion of STMs in the vicinity of UFs, e.g., Light Rail Transit (LRT), Bus Rapid Transit (BRT), buses and bicycle infrastructure, greatly benefits not only the students, but the city as a whole [42]. First, students need STMs to commute to UFs, due to their limited incomes and transport choices [43,44]. Second, the promotion of STMs contributes to shifting the future travel behaviour of current students [45]. Third, the sustainable mobility paradigm promotes more equitable and livable cities [41,42,46,47].



The sharing mobility paradigm, e.g., park and ride (PR) systems or bike-sharing systems (BSS), is growing worldwide as a solution for sustainable mobility in cities as a complete system. Macioszek and Kurek [48], and Ibrahim et al. [49] analysed the use of PR in Cracow (Poland) and Putrajaya (Malaysia), respectively, as an option for the improvement of accessibility to STM. In Warsaw (Poland), the BSS is an element enhancing sustainable mobility [50]. Politis et al. [51] studied the willingness to shift to BSS in Thessaloniki (Greece). They found that the BSS promotes sustainability because they are an active mode of transport. Moreover, in the current COVID-19 pandemic, BSS is a safe mobility option [52]. In accordance with these global trends, the individual transport systems—e.g., assisted bicycles, segways, and scooters—have been integrated into public policies in the Guadalajara Metropolitan Area (GMA), and they must operate in the city under the principles of accessibility, equity, and security [53,54]. University students’ transport-related inequities have been studied in developed countries [43,45,55,56,57,58,59,60,61,62,63]. Some authors have tackled the conceptual frame [5,6,8,14,16,17], while others have improved the concepts through empirical studies worldwide [4,60,64,65,66,67] and in Latin America [34,68]. Little scholarly research was found to have been published regarding this subject in developing countries [69,70,71,72], and very little scientific evidence was found with regard to the (in)equity of accessibility to sustainable transport means from UFs in Latin American cities. In particular, few quantitative studies have explored university students’ travel needs in the Guadalajara Metropolitan Area (GMA) [73], in which the urban transport system clearly generates social inequities [74] in one of the largest metropolitan areas in Latin America [75].



The aim of this empirical study was to measure the inequity of accessibility to sustainable transport as an indicator of student transport-related social exclusion in the GMA. An Access to Sustainable Transport from University Index (ASTUI) was calculated by measuring the access, in the vicinity of UFs, to ST nodes, i.e., LRT, BRT and bicycle-sharing stations, as well as high-quality and conventional bus stops. The ST nodes were weighted by means of Principal Component Analysis. Thus, the ASTUI included the two main aspects of the broader concept of accessibility, i.e., walking/cycling distance, and the number of nodes and their quality, in terms of the quantity of the number of routes at each node.



This study provides methodological and empirical contributions. On the one hand, the methodology includes advanced spatial and statistical analyses using crowdsourced Open Access Data, i.e., data which was produced and reviewed by the community. On the other hand, it also contributes to the understanding of mobility in the GMA. The findings highlight the weakness in accessibility to sustainable transport from the universities in the metropolitan area. Furthermore, this study reveals an unfavorable bias in the location of sustainable transport stations/stops in the vicinity of public universities.



This paper includes five sections. After this introduction, Section Two describes the state of the art, the study area, the methodology, and the data for the calculations of the (in)equity of the spatial accessibility from UFs to STMs. Section Three presents the findings of horizontal and vertical (in)equity by means of maps and charts. Next, Section Four includes discussions. Finally, Section Five provides conclusions, implications and recommendations for further research.




2. Materials and Methods


2.1. Study Area


The Guadalajara Metropolitan Area (GMA)—the capital of the state of Jalisco, one of 32 states of the Mexican Republic—has 4.5 million inhabitants spread over 3365 square kilometres [76] (Figure 1). The GMA is served by a multimodal transport system network. In accordance with international trends, sustainable transport means are promoted by university authorities as a way to reduce environmental impacts on cities [71]. Thus, the modes of transport considered in this study were the LRT, the BRT, high-quality buses, conventional buses, and bicycles. According to the Office of Agrarian, Territorial and Urban Development (SEDATU) [77], Jalisco is among the states with the highest federal and local public investment in sustainable mobility projects, particularly in public transport (PT) and bicycle lanes.



Figure 2, Figure 3 and Figure 4 illustrate STM in the GMA. First, the mass transport system known as SITEUR (Urban Electric Train System, from its initials in Spanish) consists of three LRT lines and one BRT line (a second BRT line is currently under construction) known as Tren Ligero and Macrobús, respectively. Second, high-quality buses, known as Sitren, and conventional buses serve the city, with 255 routes in total. Third, the bicycle-sharing system, known as MiBici, encompasses 287 docking stations and a 194-km bicycle lane network. The outer suburbs are also served by other private on-demand transport modes that are beyond the scope of this study.



In contrast with the students’ transport modal split in North American universities [71], students in other regions have to rely on public transport or bicycles for their commute to universities [72]. Few modal split studies of university students in the GMA were found. In accordance with the Jalisco Government [85], 20.5% of PT users in the GMA are students, but only 8.9% use PT for school commuting there. Most students walk between 1 and 15 min to reach their destination. Many students use their bicycles to complement their trips. Half of the students suggested improvements to schedules and frequency. García-Morales [73] studied a sample of three universities with respect to their modal split. The author stated that the modal split varies from one university to another, depending mainly on the accessibility to public transport and bicycle lanes in the vicinity of the facility, as well as on the type of administration, i.e., a public or private organisation.



There are different sources regarding university statistics. According to the National Institute of Statistics and Geography (INEGI) [86], there are 274 UFs in the GMA (see Figure 5). Only 26% of them are publicly financed, even though public and private universities serve 163,678 and 86,738 students, respectively [87]. Both public and private universities provide services to students with financial difficulties, and most of the private universities have scholarship programmes for underprivileged students, e.g., ITESO (Technological and Higher Studies Institute of the West from its initials in Spanish) where almost half of the students receive financial aid. As shown in Figure 5, though the UFs are distributed in the central municipalities of the GMA, there is a concentration of public UFs in the central area, and private ones are located mainly in the municipalities of Guadalajara and Zapopan. The mid-south of the city is served by only a few public UFs, and the south, east and north of the GMA have few UFs.




2.2. Methodology


Transport-related (in)equity is usually measured by means of accessibility [3]. Several methods of accessibility assessment were identified in the literature. Most of the authors refer to four approaches, i.e., proximity-based [5,42], also referred to as cumulative-based [34,88]; gravity-based; user-based; and space–time approaches [2]. In addition, Sun et al. [72] refer to “competition-based” assessment at transport nodes. For further discussion of approaches to accessibility measurement, readers are referred to, among others, these authors [9,24,25,68,88,89,90,91,92,93,94].



In this study, the nodes, routes, and bicycle lanes were counted as STMs. The ASTUI was calculated by the proximity and competition-based methods. These methods not only measure the total number of transport nodes available in an area within a desirable walking or cycling time [4,5,42], but also estimate the intensity of opportunities or their attractiveness [15]. The more routes there are at a stop, the more attractive it is. Thus, the ASTUI was assessed by calculating the number of sustainable transport nodes, as well as the number of routes or bicycle lanes available in the area of influence of each UF [5,42].



Figure 6 illustrates the conceptual model of the ASTUI. First, the service areas were calculated from the 274 UFs through the street network, which is a better predictor of human behavior than the use of Euclidian distance alone [95]. Then, the accumulation of nodes and routes for each mode and service area was spatially joined through a ModelBuilder® model within a Geographic Information System. Next, these variables were examined in a Principal Component Analysis (PCA), from which principal components were proposed, interpreted and selected. This method is used by the National Council for the Evaluation of Social Development Policy [96]. Finally, the ASTUIs were calculated by means of weighted variables from the PCA.



The data required for the ASTUI calculation were the street network, the UFs, and the STM infrastructures. Table 1 lists the data used, and the Open Data produced by the government and crowdsourcing. The latter are continually verified by volunteers and improved by peer reviewers. The software used to calculate the ASTUIs was a Geographic Information System (GIS), which is well-recognised as an effective modelling technique to explore accessibility and network distances [3,95,97], particularly the Network Analyst module of ArcMap Esri®. StatGraphics® software was employed for the Principal Component Analysis and the cluster analysis. First, the service areas and the number of STM infrastructures were computed by means of Network Analysis. Then, the weightings of variables were computed with StatGraphics®. Finally, the inequities were analysed, through clusters.



The calculation of the ASTUIs required the specification of the time threshold that the students are willing to walk or cycle, and the attractiveness of each node and route. Despite the sensitivity and importance of this criterion, there is a lack of consensus on the distance that people are willing to walk to reach public transport in a complex context such as the GMA [18]. To the authors’ best knowledge, there is no standard of accessibility that is broadly accepted and used in urban and transport planning. Since the Transit Oriented Development (TOD) paradigm has already been applied in some areas of the city [102], this study used the time threshold that was defined most often by the TOD and already applied in other regions [42]. As shown in Table 2, the ASTUIs included the fulfilment of the TOD standard for the distance from universities to the STMs, i.e., fifteen minutes walking for mass transport, such as LRT and BRT; five minutes walking for high-quality and conventional buses; and two minutes cycling for MiBici stations and cycle lanes.



Figure 7 illustrates the numerical model for the ASTUI calculation. It includes three particularities of the study area. First, given that people are willing to walk up to 5 min to reach buses, they would also walk this distance to reach a bicycle-sharing station to complete the journey by cycling. Therefore, the MiBici stations were counted within this service area. Second, bicycles are allowed on LRT and the high-quality buses, i.e., Sitren. Consequently, these two types of stations and stops were computed for the service area of 2 min cycling. This is not the case for BRT or conventional buses. Third, there is only one route at the LRT, BRT and Sitren stations. Thus, the routes for these modes were not counted, in order to avoid biases in the PCA. In contrast, there is usually more than one route at the conventional bus stops and more than one cycle lane at the MiBici stations. Thus, the routes and cycle lanes were counted for both modes. Based on these particularities, the spatial analysis for the service areas and the number of STMs were computed by means of Network Analyst, with the ModelBuilder from Esri®.



The Principal Component Analysis (PCA) describes the correlations between the STM infrastructure variables referred to in Table 3 by creating new components that propose the weights of the original variables for the 274 UFs [91,96,103,104,105,106]. The purpose of the PCA is to obtain a small number of linear combinations of the 12 variables that account for most of the variability in the data. Each component can be interpreted as one part of the accessibility phenomenon. A negative value means that this variable negatively affects accessibility. Three components were retained, since their eigenvalues were greater than or equal to 1.0, as shown in Table 4. Together, they account for 72.4925% of the variability in the original data.



The factorability tests provide an indication of whether or not it is likely to be worthwhile to attempt to extract factors from a set of variables. The Kaiser-Meyer-Olkin (KMO) Measure of Sampling Adequacy statistic delivers an indication of how much common variance is present. For the factorisation to be worthwhile, the KMO should normally be at least 0.6. Since the KMO = 0.786828, factorisation is likely to provide meaningful information about any underlying factors.



The three components that were retained were interpreted by the variable weights shown in Table 5. They represent the relationship between the original variables and the principal components. Component 1, named the ‘Multimodal Transport System’, represents all of the modes of transport retained in the study with less importance than the BRT, as the values of its variables are smaller than the others. Component 2, named the ‘Mass Transport System’, favours mass modes of transport, i.e., the Tren Ligero and the Macrobús, and gives negative or very low values to modes linked to bicycles and buses, both Sitren and conventional. Component 3, named the ‘Bus Rapid Transit’ component, prioritises this mode, and thus it complements Component 1.



Equation (1) shows an example of the first principal component, where the values of the variables in the equation must be standardised by subtracting their means and dividing by their standard deviations.



The three components were calculated by means of Equation (2).


Component 1 = 0.318819 * F15_LRTStat + 0.225533 * F5_LRTStat + 0.288487 * B2_LRTStat + 0.135682 *

F15_BRTStat + 0.047106 * F5_BRTStat + 0.255624 * F5_HQBStop + 0.283082 * B2_HQBStop + 0.352379 *

F5_CVBStop + 0.329129 * F5_CVBRout + 0.361178 * F5_ BYKStat + 0.378923 * B2_BYKStat + 0.3027 *

B2_BYKLane



(1)






Component_n = A * WAn + B * WBn + C * WCn + D * WDn + E * WEn + F * WFn + G * WGn + H * WHn + I *

WIn + J * WJ n+ K * WKn + L * WLn



(2)




where n = the number of components from Table 4, i.e., {1, 2, 3}.



A to K = the variables listed in Table 2, standardised by subtracting their means and dividing by their standard deviations.



WAn to WLn = the weight of each variable A–L at component n, as shown in Table 4.



An average of the three components was retained for the ASTUI calculation at UF i, as shown in Equation (3).


ASTUI i = [(Eigenvalue_1 * Component_1) + (Eigenvalue_2 * Component_2) + (Eigenvalue_3 *

Component_3)]/[Eigenvalue_1 + Eigenvalue_2 + Eigenvalue_3]



(3)







Recent literature refers to statistics for the measurement ofthe (in)equity of spatial accessibility [2,34,72], particularly cluster analyses [24,96]. These computations served to identify homogeneous areas, reducing the number of the 274 UFs by the classification of 5 strata, thus simplifying the data interpretation of the (in)equity of the accessibility to STMs from UFs.



The clustering method was Ward’s, with the squared Euclidean distance metric and non-standardised observations. According to the StatGraphics® report, the procedure began with each observation in a separate group. It then combined the two observations that were closest together to form a new group. After recomputing the distance between the groups, the two groups that were now closest together were combined. This process was repeated until only 5 groups remained. The computations served to identify homogeneous areas, reducing the number of the 274 UFs by the classification of the limited number of strata shown in Table 6. Then, the vertical equity of the spatial accessibility was calculated by statistical comparisons of the ASTUIs at private/public universities.





3. Results and Discussion


According to Litman [5] and recent literature [2,47,107], transport equity can be horizontal or vertical. Horizontal equity assumes that everyone has the same right to access basic goods, or that the group has equal abilities and needs. Since the accessibility of UFs is recognised as a basic good [108], horizontal equity means that the STMs do not favour any UF. Every student should have equitable access to sustainable transport means from their UF in the current era of the Sustainable Development Goals.



Figure 8 shows the ASTUI spatial pattern for the analysis of horizontal (in)equity. Even though the public UFs seem to be ‘near’ SITEUR, this study ascertained that the vicinity is not within the standards recommended in the ASTUI. The figure also shows that almost half of the UFs have Low and Very Low accessibility, while less than 10% of the UFs meet the standard of the Transport Oriented Development paradigm. This is empirical evidence of the transport-related social exclusion of university students, who have traditionally been under-represented in public transport policies.



Vertical equity refers to social and/or income class [5,91]. It suggests that the distribution of STMs should favour a specific group of students. The ASTUIs were compared across the public and private UFs. An egalitarian accessibility policy should ensure that the location of the STMs does not negatively impact students attending universities with public funds. Other factors, such as the number of students and their gender, are relevant to transport equity analyses. However, only funding sources were financial factors were computed in this project, given the data availability.



According to the calculation of the ASTUIs and their classification by clusters, most of the university infrastructure has low and very low ASTUI values, i.e., 62.0% and 42.3% for public and private infrastructure, respectively. Nevertheless, as shown in Figure 9, there is no spatial pattern of inequity between public and private infrastructure. Although more private infrastructure is observed in the three most disadvantaged strata, the relative difference between them is small, i.e., 5%, 8%, and 3% for ‘Very Low’, ‘Low’ and ‘Medium’, respectively. There are 14 percentage points of difference in the ‘High’ stratum that favours public infrastructure. In the ‘Very High’ stratum, private infrastructure is favoured over the public infrastructure by 9 percentage points.



According to Guthrie et al. [4], the results highlight that university students in the GMA are under-represented in transport planning. In spite of the investments in the SITEUR and the governmental subsidies for students to use public transport [77] and MiBici, this study revealed that transport-related social exclusion persists within this disadvantaged group. Several reasons were identified that discourage the use of sustainable transport by university students. First, despite the extensive area served by conventional buses, they offer a low-quality service [109]. Second, most of the UFs are further away than a 2-min bicycle ride from the MiBici stations and bicycle lanes. Third, notwithstanding the high-quality service offered by SITEUR [38], the LRT, BRT and Sitren cover only a small proportion of the GMA.



The public transport system is considered to be a promoter of social inclusion. This is more relevant in areas that are traditionally characterised by high levels of structural inequalities, such as the GMA. This research identified low access levels for the university student population, which means that the study detected transport-related social exclusion [110]. The authors propose general actions to enhance the equity of opportunities not just for university students but also for other groups with transport-related disadvantages. Guaranteeing the quality of the conventional buses and building a safe, interconnected, and larger bicycle lane network will reduce the transport disadvantages of university students. The researchers also propose the incorporation of university students and authorities into the decision-making process for transport planning and policies, in order to reduce the accessibility disparities experienced by this under-represented, but socially relevant [111], community.




4. Conclusions


According to this research, the promotion of sustainable transport modes in the vicinity of UFs is not supported by the GMA’s public transport policies, nor is the intention to modify the future travel behaviour of current students. Indeed, the GMA is very far from the paradigm of a more equitable and livable city when it comes to sustainable mobility in the vicinity of UF. As expected, university students in the GMA suffer transport-related social exclusion when they access LRT, BRT, buses, and bicycles. It affects all students, since the ASTUI is similar in the public and private UI, except for the average values of the index, where the public UI is favoured.



The analysis does not fully confirm the inequity between private and public UFs, and a deeper analysis must be carried out in future research, since this study has some limitations. First, the number of students at each UF was not available in Open Data sources, and thus the analysis did not distinguish according to the ‘size’ of each UF. Second, the results may be significantly different, as the service areas vary. Third, the ASTUIs did not include walking or travel impedances, such as transport fees, topography, security, or other urban quality indicators. Fourth, (in)equity is difficult to measure due to the subjective (individual) nature of accessibility. Therefore, the results of this research are plausible, but not yet completely established.



Although this paper represents a significant advancement of the prior work in the GMA, there is still room for improvement. Future tasks that could enhance this research include:




	
Considering the topography and urban environment as elements of effective mobility for the measurement of hindrances affecting the walking time to the stops/stations.



	
Computing a sensitivity analysis for different service areas.



	
Including the BRT line currently under construction. According to Jalisco [112], this line will serve more than 49,000 students.



	
Considering income, gender, physical ability, or other vulnerabilities in the student population.



	
Accounting for the impact of transport fees in the model.



	
Including data from smartcards and General Transit Feed Specifications as soon as they are available.



	
Transferring the proposed methodology to the calculation of indices for other basic goods, such as health, cultural, or basic educational infrastructure.








It is necessary to shift the mobility paradigm, taking advantage of the adaptation inertia in the post-COVID era. This study proposed a simple and powerful approach to improve the practice of transport planning and policies. It is easy to understand, interpret and replicate for policy makers in metropolitan areas similar to the GMA who seek to reduce inequality in the form of transport-related social exclusion.
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Figure 1. The Guadalajara Metropolitan Area (GMA). Source: authors, based on [78,79,80,81]. 
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Figure 2. Mass Transport System in the Guadalajara Metropolitan Area (GMA). Source: authors, based on [78,79,80,81,82]. 






Figure 2. Mass Transport System in the Guadalajara Metropolitan Area (GMA). Source: authors, based on [78,79,80,81,82].



[image: Sustainability 13 00055 g002]







[image: Sustainability 13 00055 g003 550] 





Figure 3. High-quality and conventional bus network in the Guadalajara Metropolitan Area (GMA). Source: authors, based on [78,79,80,81,82,83]. 
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Figure 4. Bicycle system network in the Guadalajara Metropolitan Area (GMA). Source: authors, based on [78,79,80,81,84]. 
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Figure 5. University facilities (UFs) in the Guadalajara Metropolitan Area (GMA). Source: authors, based on [78,79,80,81,86]. 
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Figure 6. Access to Sustainable Transport from University Index (ASTUI) Conceptual Model. Source: authors. 
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Figure 7. Access to Sustainable Transport from University Index (ASTUI) Numerical Model. Source: the authors. 
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Figure 8. Access to Sustainable Transport from University Index (ASTUI) in the Guadalajara Metropolitan Area (GMA). Source: the authors, based on [78,79,80,81]. 
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Figure 9. Inequity distribution of the Access to Sustainable Transport from University Index (ASTUI) in the Guadalajara Metropolitan Area (GMA). Source: the authors. 
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Table 1. Data sources.






Table 1. Data sources.





	Data.
	Source





	Street Network
	OpenStreetMap, October 2020 [98]



	University Facilities
	National Statistical Directory of Economic Units [86]



	Mass Transport * and High-quality Buses
	Light Rail System (SITEUR from its initials in Spanish) [99,100,101]



	Conventional Buses
	Metropolitan Planning Institute [83]



	Bicycle-sharing Stations and Lanes
	Metropolitan Planning Institute [84]







* Mass Transport data included lines, stations, stops, frequency and vehicle capacity.
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Table 2. Maximum time thresholds by mode of transport. Source: authors, adapted from [18,42].
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	Sustainable Transport

Mode
	Sustainable Transport Mode Infrastructure (STM)
	Walking or Cycling Time Threshold

(Minutes)





	LRT *
	Station
	15



	BRT *
	Station
	15



	High-quality Bus *
	Stop
	5



	Conventional Bus
	Stops and Routes **
	5



	Bicycle
	Stations and Bicycle Lanes **
	2







* SITEUR: Tren Ligero, Macrobús and Sitren. ** The conventional buses and the bicycle sharing stations are the only modes with more than one route/lane at the stations/stops.
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Table 3. Input variables of the service area and the Principal Component Analysis. Source: the authors.






Table 3. Input variables of the service area and the Principal Component Analysis. Source: the authors.





	
STM id

[STid]

	
Sustainable Transport Mode Infrastructures

	
t = 15

[Walking Minutes]

	
t = 5

[Walking Minutes]

	
t = 2

[Cycling Minutes]






	
A

	
Number of LRT Stations in Service Area t (Tren Ligero)

	
F15_LRT

	

	




	
B

	

	
F5_LRT

	




	
C

	

	

	
B2_LRT




	
D

	
Number of BRT Stations in Service Area t (Macrobús)

	
F15_BRT

	

	




	
E

	

	
F5_BRT

	




	
F

	
Number of High-quality Bus Stops in Service Area t (Sitren)

	

	
F5_HQB

	




	
G

	

	

	
B2_HQB




	
H

	
Number of Conventional Bus Stops in Service Area t

	

	
F5_CNBs

	




	
I

	
Number of Conventional Bus Routes in Service Area t

	

	
F5_CNBr

	




	
J

	
Number of MiBici Stations in Service Area t

	

	
F5_ BYKs

	




	
K

	

	

	
B2_ BYKs




	
L

	
Number of Bicycle Lanes in Service Area t

	

	

	
B2_BYKl
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Table 4. Principal Component Analysis Components. Source: the authors.






Table 4. Principal Component Analysis Components. Source: the authors.





	Component.

Number
	Eigenvalue
	Variance

[%]
	Cumulative

Variance

[%]





	1
	5.19051
	43.254
	43.254



	2
	2.21364
	18.447
	61.701



	3
	1.29495
	10.791
	72.493



	4
	0.966089
	8.051
	80.543



	5
	0.7064
	5.887
	86.430



	6
	0.404834
	3.374
	89.804



	7
	0.319993
	2.667
	92.470



	8
	0.288061
	2.401
	94.871



	9
	0.240288
	2.002
	96.873



	10
	0.218669
	1.822
	98.695



	11
	0.0839818
	0.700
	99.395



	12
	0.072579
	0.605
	100.000
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Table 5. Component Weights. Source: the authors.






Table 5. Component Weights. Source: the authors.





	Component Weight ID

[id]
	Variable
	Component_1
	Component_2
	Component_3





	WA
	F15_LRT
	0.318819
	0.296047
	−0.197854



	WB
	F5_LRT
	0.225533
	0.302996
	−0.383931



	WC
	B2_LRT
	0.288487
	0.224921
	−0.386717



	WD
	F15_BRT
	0.135682
	0.443007
	0.488484



	WE
	F5_BRT
	0.047106
	0.311531
	0.576449



	WF
	F5_HQB
	0.255624
	−0.380555
	0.174918



	WG
	B2_HQB
	0.283082
	−0.378544
	0.155742



	WH
	F5_CNBS
	0.352379
	0.0976065
	0.0679395



	WI
	F5_CNBR
	0.329129
	0.225656
	0.00105742



	WJ
	F5_ BYKS
	0.361178
	−0.140043
	0.106823



	WK
	B2_BYKS
	0.378923
	−0.207403
	0.116437



	WL
	B2_BYKL
	0.3027
	−0.255853
	−0.0924796
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Table 6. Cluster analysis results. Source: the authors.






Table 6. Cluster analysis results. Source: the authors.





	Strata
	Centroid of ASTUI
	Cluster
	Members
	Percent [%]





	Very Low
	−1.26353
	2
	105
	38.32



	Low
	−0.349644
	4
	62
	22.63



	Medium
	0.686179
	3
	60
	21.90



	High
	1.54135
	1
	25
	9.12



	Very High
	3.39289
	5
	22
	8.03
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