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A B S T R A C T

Bicycles are a sustainable alternative for urban mobility; however, their usage depends mainly on safety, con
venience, and infrastructure availability, which have been widely studied. However, most studies have over
looked the importance of bicycle parking facilities in the network-planning process. In this work we aim to draw 
attention to the importance of including bicycle parking (BP) facilities in a well-thought-out bicycle infra
structure planning process highlighting the detrimental effects of not doing so for transportation equity, using 
Bogotá, Colombia, as a case study, where bicycle trips have multiplied in the last few years, reaching a 6.6 % 
modal share in 2019. To this end, we present a geospatial analysis and machine learning approach to assess the 
network coverage of bicycle parking spots. Additionally, we compared the city's bicycle trip patterns and applied 
a survey to know the perception of users (n = 397). The results show that the current distribution of bicycle 
parking in the city does not favour equity, given that it is not in line with the origin and destination of bicycle 
trips. This could widen socio-territorial inequity by affecting accessibility to bicycle use for daily commutes. To 
the best of our knowledge, this study presents the first assessment of the impact of parking distribution on the 
planning of bicycle infrastructure in the Global South.

1. Introduction

Cycling has been promoted as an excellent transportation mode 
because of its several benefits to the environment, health, and decon
gestion of roads. However, concerns regarding equity in bicycle infra
structure distribution have arisen, given that most infrastructure in
vestment is still allocated to private cars, without considering or 
prioritising sustainable infrastructure modes (Arellana et al., 2020; 
Gössling, 2016).

A lack of bicycle infrastructure can deter individuals from cycling. 
Research has demonstrated a direct correlation between the availability 
of cycling infrastructure and an increase in cycling demand (Félix et al., 
2020), with cycle lane availability and design being key factors studied 
(Buehler and Pucher, 2012; Dill and Gliebe, 2008; Dill and Voros, 2007; 
Krizek et al., 2007; Moudon et al., 2005). However, cycle lanes alone 
have been found to be insufficient in encouraging bicycle use (Dill and 
Carr, 2003). Other infrastructure-related factors, such as bicycle 
parking availability (Heinen and Buehler, 2019; Wardman et al., 2007) 

should also be considered as they impact both current and potential 
cyclists, which is often overlooked in practical application.

Numerous urban planning challenges have arisen due to the in
creasing popularity of bicycles, such as the scarcity of parking spaces in 
London in 2015 and the need for commuters in the United States to 
bring their bicycles to work (Van der Spek and Scheltema, 2015). To 
address this issue, cities like Philadelphia, United States, and Ed
monton, Canada, have increased the availability of bicycle parking fa
cilities (Hunt and Abraham, 2007; Noland and Kunreuther, 1995). 
Scholars have emphasized the importance of bicycle parking avail
ability in influencing commuters' decisions to use bicycles as a mode of 
transportation (Epperson, 1994; Hull and O’Holleran, 2014; Noland and 
Kunreuther, 1995; Pucher and Buehler, 2008). Additionally, the stra
tegic placement of bicycle parks can encourage or discourage cycling by 
shaping travel patterns (Heinen and Buehler, 2019).

Providing sufficient BP is crucial to ensure accessibility for all po
pulation sectors, as inadequate transportation services can lead to in
equity and socio-economic exclusion (Blanco et al., 2014). Improving 
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accessibility for poor individuals, who often rely on transit and other 
affordable modes, should be a priority to promote transportation equity 
(Pereira et al., 2019). Enhancing bicycle parking availability can help 
achieve this goal by increasing the number of cyclists (Yuan et al., 
2017).

In the global south, there is a lack of studies on the correlation 
between BP infrastructure placement and its impact on transportation 
equity. This is noteworthy considering that the risk of damage and 
theft, stemming from inadequate or nonexistent parking infrastructure, 
is among the factors influencing bicycle commuting decisions in this 
region (Castillo-Manzano et al., 2015; Chen et al., 2018; Marqués et al., 
2015; Márquez and Soto, 2021).

Bogotá, the capital of Colombia, has earned acclaim for its sub
stantial investment in bicycle infrastructure over the past decade, re
sulting in a doubling of the bicycle modal share within five years. This 
underscores the potential significance of BP facilities in users' bicycle 
choices, particularly for those relying solely on bicycles for transpor
tation or unable to afford replacements in case of theft, which could 
impede their access to opportunities.

In this study, we evaluated the spatial distribution of BP facilities in 
Bogotá to gauge their efficacy in supporting the cycling network. 
Subsequently, we juxtaposed this assessment with origin-destination ma
trices of bicycle trips to ascertain alignment with riders' travel patterns. We 
hypothesize that there exists inequity in the BP distribution of the city. Our 
objective is to underscore the necessity of integrating BP facilities into 
comprehensive bicycle infrastructure planning while elucidating the ad
verse consequences of failing to do so for transportation equity.

This paper is structured as follows. Section 2 reviews the literature 
related to the problem under study. Section 3 presents a con
textualization for the case study. Section 4 describes the methodology 
applied. Results and discussion are presented in Section 5. Finally, 
concluding remarks are presented in Section 6.

2. Literature review

2.1. Bike parking, cycling, and equity

Cycling facilities have been proven to have a relationship with 
promoting cycling behaviours (Félix et al., 2019; Yang et al., 2019). 
Cyclists who have access to parking facilities use their bicycles more 
frequently than those without (Codina et al., 2022; Hamre and Buehler, 
2014). In terms of integration with public transportation and multi- 
stage trips including public transit services, users prefer bike parking 
facilities located near transit stations (Arbis et al., 2016). The closer the 
distance between the parking space and the station, the more desirable 
it is. Parking facilities are also a significant determinant of Bike-Shared 
Systems usage frequency (Du et al., 2019).

Furthermore, research has demonstrated that access to parking fa
cilities at educational institutions significantly contributes to the like
lihood of selecting cycling as a mode of transportation (Kamargianni, 
2015). Additionally, such facilities have been shown to encourage 
modal shifts towards cycling when travelling to commercial or leisure 
destinations, such as shopping centres (Cui et al., 2014).

The availability of amenities, such as showers and lockers, and the 
security of parking lots can impact users' preferences for bicycle parking 
spaces (Buehler, 2012; Hamre and Buehler, 2014; Heinen et al., 2013). 
Additionally, the provision of complimentary car parking and the cost 
of parking can affect usage (Molin and Maat, 2015; Van der Spek and 
Scheltema, 2015). These factors, along with the nature of the parking 
space (e.g. outdoor or indoor) (Arbis et al., 2016), are important con
siderations for decision-makers aiming to promote bicycle usage. It is 
crucial to provide strategically located and well-equipped facilities, 
with a focus on equity, to encourage more people to choose bicycles as a 
mode of transportation (Nadimi et al., 2023).

However, a noticeable disparity exists between the allocation of 
resources for bicycle planning and policies in urban centres and the 

consideration of equity issues (Cunha et al., 2023; Cunha and Silva, 
2022). According to several studies, there is a pattern worldwide sug
gesting the uneven investment in bicycle infrastructure, favouring high- 
income/wealthiest areas (Braun et al., 2019; Brezina et al., 2022; 
Cunha and Silva, 2023, 2022; Flanagan et al., 2016; Mora et al., 2021).

In communities that are disadvantaged and lack essential infra
structure, such as cycle lanes and parking facilities, the tendency for 
bicycle usage tends to decrease (Barajas and Braun, 2021; Tortosa et al., 
2021). Infrastructure resource allocation is a planning concern with 
significant governance implications (Alm and Koglin, 2022) that, if 
mistaken, may promote social barriers.

The availability and accessibility of transportation infrastructure 
strongly impact mode choice in Bogotá's bustling metropolitan area, 
with a predominant reliance on public transportation for daily com
muting. However, this reliance can exacerbate inequity, particularly 
among low-income individuals facing high mobility costs (Tiznado- 
Aitken et al., 2023), further heightened by the significant bicycle usage 
within the lowest Socio-Economic Strata (SES) (Teunissen et al., 2015).

The performance and structure of the transportation system can 
either promote or hinder social equity, contingent on the ease with 
which individuals can access opportunities (Wismadi et al., 2014). This 
accessibility ultimately shapes the capacity of citizens to unlock their 
potential and attain a state of well-being (Cohen, 1990). Therefore, 
well-planned and conveniently located bicycle parking facilities are 
crucial for promoting cycling as a viable transport option (Brezina et al., 
2022) and ensuring equitable access to transportation for all users.

To the best of our knowledge, our study is the first to assess the 
distribution of bicycle parking racks and its implication on transport 
equity in the Colombian context, and the Global South.

3. Case study

Bogotá has labelled itself "the bicycle capital of the world" because 
of infrastructure investments and public policy implementation in the 
last decade. It currently has 630 km of bicycle lanes, making it the city 
with the largest cycling infrastructure in Latin America (Ríos Flores 
et al., 2015), and is one of the ten most cyclist-friendly cities in the 
world (Mobility Secretary, 2019). Moreover, the municipality plans to 
continue expanding the cycle network. According to the Urban Devel
opment Institute (IDU) there will be an investment worth 800 billion 
Colombian pesos (approximately $160,000,000 US dollars) in cycling 
infrastructure in the following years (Bogotá gov, 2020).

However, the security issues in the city put the use of bicycles in 
danger. An average of 21 bikes are stolen daily, with Suba, Engativa, 
and Kennedy (middle to low-income areas but also with industry and 
commercial land use) accounting for 43 % of all thefts. As a result, the 
satisfaction of cyclists has decreased, falling from 85 % in 2017 to 62 % 
in 2018 (Bogotá cómo vamos, 2019). Nevertheless, according to a 
survey on the quality of Bogotá's public transportation, 50 % of re
spondents stated to be willing to use a bicycle for their first/last mile if 
there were BPs (Cámara de Comercio de Bogotá, 2009).

Regarding social inequity, Bogotá ranked first in Colombia in 2012 
(Valencia, 2016) and fifth in Latin America in 2012 (Cómo vamos, 2012). 
The city's wealthiest areas have lower population density than vulnerable 
(low-income) areas, mostly located in the periphery (Guzman et al., 2017; 
Skinner, 2004). Higher population density areas have higher transporta
tion needs, demanding more mobility services and infrastructure. In this 
study, we assessed the current location of BP, keeping in mind the city's 
documented social disparity, and analysed whether their distribution 
make the bicycle a convenient mode for commuting.

In Colombia, residential properties are categorised according to SES 
into six groups or strata: low-low, low, medium-low, medium, medium- 
high, and high (DANE, 2021). This classification is not based on 
household incomes but rather on the house's physical characteristics 
and the quality of the services in the area. However, it can work as a 
proxy for household income (Cantillo-García et al., 2019).
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4. Methodology

This study employed a geographic and machine learning approach, 
utilizing geographic files of cycling infrastructure (cycle lanes/path 
network and parking lots), and supplementary information, including 
an origin-destination matrix for bicycle journeys on a typical day. 
Geographic information was utilized to discern spatial patterns in BP 
distribution, socio-economic strata, and travel patterns. A machine 
learning model was then employed to identify patterns in this dis
tribution, supported by a quantitative approach. Additionally, a per
ception survey (n = 397) covering various topics relevant to bicycle 
usage and bike parking preferences was conducted. The study con
sidered all types of BPs with official records available.

4.1. Data and spatial analysis

For our study, we used socioeconomic information, the distribution 
of the bike lane network in the city obtained from “Datos Abiertos 
Bogotá” (https://datosabiertos.bogota.gov.co/dataset), the existing bi
cycle network, and the existing BP in the city (regardless of its public or 
private nature of the latter), as well as the matrices of trip generation 
and attraction by bike provided in the 2019 Mobility Survey. The trip 
data used is from open access and was taken from the official site 
SIMUR (https://www.simur.gov.co/encuestas-de-movilidad). It be
longs to the most recent Mobility Survey from the city to which we have 
access. The data do not specify the motive of the trip, the duration, 
socioeconomic information of the users, nor the origin of the trip; it 
rather presents aggregated data on the number of trips with a duration 
larger than 15 minutes, made to each TAZ on a typical day. Although 
we do not have access to the specifications of the models used to get 
these results, we rely on the quality and veracity of the information 
provided by the district of Bogotá.

It is worth noting that, in this context, “public bike parking” means 
“on-street parking”, with no usage fee. Meanwhile, “private bike 
parking” refers to covered locations with safety (e.g., guards) with 
usage fee.

The BP are parking lots equipped with infrastructure for temporary 
bicycle parking, which can be located in off-street parking lots, 
Transmilenio system stations, meeting points managed by the Institute 
for Social Economy (IPES), libraries, and shopping centres.

On the other hand, the mobility survey provides a total of trips 
generated and attracted per day for each Transportation Analysis Zone 
(TAZ). TAZs are zoning units typically used as part of the planning 
process in a classical transportation model, where the characteristics of 
a series of blocks are grouped or aggregated to simplify the analysis 
process. For our analysis, we used matrices of trip generation and at
traction by bike for each TAZ. It is important to clarify that the 2019 
Mobility Survey conducted a study that included zones "external" to the 
city; that is, neighbouring municipalities.

Furthermore, we integrated spatial information per block for Bogotá 
with the information for TAZ. Block information includes SES, which is 
not available for TAZ due to aggregation at the block level. We com
bined the available information for each block within each TAZ and 

determined the predominant SES in each TAZ based on the area of 
blocks belonging to each SES (the SES with the largest area in each 
TAZ). Subsequently, we assigned the dominant SES for each TAZ for use 
in our calculations. We followed a similar process to estimate the length 
of bicycle lanes per SES, by merging layers of the bicycle network and 
TAZ.

4.2. K – Means algorithm

As part of our analysis, we applied an unsupervised Machine 
Learning algorithm known as the K - means. This is a clustering algo
rithm that groups the data according to the pattern recognition among 
the observations (Yu et al., 2018). The model aims to minimize the 
following objective function:
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where J is the objective function, xi refers to the i-th observation, cj is the 
center of the j-th cluster, Cj is the set of objects in the j-th cluster, and k
represents the number of clusters (Govender and Sivakumar, 2020).

It is a simple algorithm that adds a centroid to each cluster itera
tively (Likas et al., 2003) with the objective of minimizing the sum of 
the square of the Euclidean distance between the points and the centre 
of the nearest cluster (centroid) (Nie et al., 2023). In our case, the at
tributes under which we decided to group the data were the coordinates 
of each point. That is, we grouped the centroids of each TAZ and each 
BP based on their geographic location.

There are several performance metrics to evaluate the optimal 
number of clusters in the K – means algorithm. One of them is the 
Davies-Bouldin index. This indicator allows us to determine the optimal 
number of clusters when running the algorithm (Maulik and 
Bandyopadhyay, 2002) by comparing the clusters’ similarity using 
Euclidean distance between points. The lowest value of the index in
dicates the optimal number of clusters.

4.3. Survey

A survey was conducted to evaluate user perceptions of various 
aspects related to BP in Bogotá. The questionnaire had 34 questions that 
delved into subjects such as bicycle ownership, the willingness to use 
new bike parking facilities, experiences of being a victim of bicycle 
theft (including theft of parts), and opinions on diverse criteria per
taining to bicycle parking facilities—specifically, safety, ease of 
parking, space optimization, and appearance, among other factors. 
Additionally, we inquired about commuting preferences and the will
ingness to walk from a BP location to their destination to obtain an 
overview and provide a conceptual insight on the matter. The survey 
targeted bicycle users, irrespective of their daily riding habits. Applied 
between June and July 2021, the survey was exclusively administered 
online due to the pandemic restrictions in place during that period.

Our final sample comprised 397 valid responses of which 55.2 % 
were from women and 44.8 % were from men. Table 1 presents the 
fundamental socioeconomic characteristics of the respondents.

Table 1 
Socioeconomic profile of surveyed people. 

Socioeconomic Strata

1 2 3 4 5 6
1.30 % 16.10 % 50.40 % 23.40 % 6.80 % 2 %

Occupation
Student Employee Self-employed Homemaker Retired Unemployed Other
44.80 % 33 % 10.10 % 2 % 4.50 % 3.80 % 1.80 %
Age group (years old)
14–24 25 – 34 35 – 44 45–54 55–64 65–74 75–76
50.6 % 15.1 % 10.6 % 14.6 % 8.6 % 0.3 % 0.3 %
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Most respondents (approximately 68 %) belonged to medium to low 
socio-economic strata. Regarding age distribution, half of the re
spondents fell within the 14–24 years old bracket, while 15.1 % were 
between 25 and 34 years old. Despite capturing information from 
various age groups, the sample exhibits a notable skew towards young 
adults and youths. Occupation-wise, 44.8 % were students, 33 % were 
employed, and 10.1 % were self-employed, with homemakers, retirees, 
and unemployed individuals forming a minority.

5. Results and discussion

We analysed the spatial distribution of the BP and found that they 
are mainly located in the northeast zone of the city, where medium to 
high socioeconomic strata is predominant. Beside the residential area, 
there are mixed land uses in the zone, such as commercial, educational, 
and government buildings and facilities. In the following sections we 
present the results of our spatial analysis, the machine learning ap
proach used, and the survey applied.

5.1. Spatial analysis

The distribution of SES in the city and the bicycle network is pre
sented in Fig. 1. High strata (5 and 6) neighbourhoods are located to
wards the north-east of the city, while most of the lower strata (1 and 2) 
are located in the south, west, and on the periphery of the city as can be 
seen in Fig. 1; strata 3 (medium) is the most common, a high degree of 
segregation can be observed. Segregation is an issue that hinders ac
cessibility of different population sectors, as those areas segregated by 
income are also segregated in terms of goods, public and health services 
(Andersson and Andersson, 2019; Jang and Yi, 2021; Zhang et al., 
2021).

Table 2 displays the aggregated length of bicycle networks (lanes) 
for each SES. The medium SES exhibits the highest value, approxi
mately 314.335 kilometres (km) of cycling network, followed by the 
low SES with 237.107 km, and the high SES with 72.419 km. However, 
the table also showcases the area and the rate of cycling network per 
square kilometre in each SES in order to scale the information. Low SES 
have an area of approximately 170.150 square kilometres (km2), 
leading to a rate of roughly 1.394 km of cycling lanes per each square 
kilometre. In contrast, Medium SES have a lower area (98.70 km2) and 
yet a longer cycling network, leading to a rate of cycling lanes per each 
square kilometre of 3.185, significantly larger than Low SES. Finally, 
High SES have the lower area in the city (26.84 km2) and a rate of 
roughly 2.698 kilometres of cycling lanes per square kilometre, almost 
twice as much as Low SES. This illustrates that the medium and low SES 
have significantly more extensive infrastructure available in terms of 
existing cycling network compared to the high SES, despite the smaller 
area the latter covers.

We illustrate the destination of bike trips and the location of BPs in 
Fig. 2. The city's south-western and north-western areas demonstrate a 
low density of BPs; paradoxically, both areas experience higher demand 
for bicycle trips. Conversely, the east side of the city exhibits low de
mand for bicycle trip and a high density of BP. Further, by comparing 
Fig. 1 and Fig. 2 an evident disparity in the distribution of BPs appears, 

Fig. 1. Socioeconomic strata by block. 

Table 2 
Length of bicycle network per SES. 

Low SES Medium SES High SES

Length (km) 237.107 314.335 72.419
Area (km2) 170.150 98.700 26.840
Lane (km)/Area (km2) 1.394 3.185 2.698
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they are mainly located in areas with high socio-economic strata and 
scarce in areas with low socio-economic strata.

In Bogotá it is normal for people to have their bikes at home. The 
origins are assumed to be the same as the residences, which is a cus
tomary practice due to security issues. Remarkably, the southern lo
cality of Usme is devoid of BP and is home to 748012 people. In con
trast, the area with higher BP density is located mainly in the middle to 
high areas with lower demand or attractor of bicycle trips. The spatial 
analysis shows that the current distribution of BP does not match the 
city’s travel patterns.

The lack of BP in these areas could hinder the accessibility of its 
inhabitants and generate socio-territorial inequalities (Blanco and 
Apaolaza, 2018; Lucas, 2012). It also promotes segregation or social 
exclusion by jeopardizing access to the cycling network (Cornut and 
Madre, 2017; Dixit and Sivakumar, 2020; Lucas, 2012).

Fig. 3 illustrates an accessibility map of Bogotá, depicting the dis
tance from each block to the closest BP facility. Distances are scaled in 
150-meter intervals. The plot reveals a clear disparity between the 
periphery and inner-city areas. Notably, compared to Fig. 2, BPs are 
farther from blocks in the eastern city sector, which experiences a 
significant daily cycling volume. Interestingly, some peripheral areas, 
particularly in the east, have existing cycling infrastructure (lanes).

To analyse SES disparities, we calculated the mean distance and 
standard deviation of blocks to the closest BP for each SES level. We 
also plotted the distance distribution between blocks and the closest BP 
(presented in Fig. 4). Despite scaling limitations (high SES has fewer 
blocks and consequently less area than medium and low SES, see 
Table 2), the figure highlights a clear SES contrast. Low SES has a mean 

distance of 1870.766 m (standard deviation 1680.018 m) to the closest 
BP, more than double that of medium SES (mean 775.948 m, standard 
deviation 428.636 m) and nearly quadruple the distance of high SES 
(mean 493.371 m, standard deviation 357.966 m).

Fig. 4 presents the distribution of block distances to the closest BP 
for each SES level. All curves exhibit leftward skewness, resembling a 
Poisson distribution. Notably, high SES shows the lowest dispersion, 
with most blocks within 1000 m and a maximum distance of 2000 m 
from the closest BP (mean distance: 493.371 m). Conversely, medium 
SES has a considerably larger and more dispersed distribution due to a 
greater number of blocks, with most blocks situated within 2000 m of a 
BP, although some outliers reach up to 9500 m. Finally, low SES dis
plays the most extensive distribution. While still left-skewed, the plot 
reveals a substantially higher number of blocks located at greater dis
tances, with some exceeding 7000 m from the nearest BP.

5.2. K – means clustering

We applied the K – means algorithm in Python using the library 
scikit-learn (Pedregosa et al., 2011) using the coordinates of each point 
(TAZ and BP) as a reference for the clustering. The algorithm requires 
the number of clusters as an input. We defined 10 clusters as a starting 
point and then evaluated the Davies-Bouldin index versus the number 
of clusters, as can be seen in Fig. 5.

After executing the algorithm, the lowest value of the Davies- 
Bouldin index was found with six clusters; therefore, the optimal 
number of clusters was six. We rerun the algorithm using this number of 
clusters. The results are presented in Fig. 6.

Fig. 2. Destination of bike-trips and BPs through the city. 
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Visually, the clusters reveal an uneven distribution of BPs across the 
city, consistent with observations from Fig. 2. To provide a deeper 
analysis, we present numerical results of the clustering process in 
Table 3 and Table 4. These tables contain pertinent features including 
the number of BPs, number of TAZ (zones served), number of bike trips 
attracted (BTA) per day, BP capacity, BP per TAZ ratio (the ratio 

between total BPs available for a cluster and the number of TAZ for that 
cluster), and the proportion of TAZ per SES in each cluster. Clusters 1 
and 6, representing higher and medium SES, boast the highest number 
of BPs (95 and 79 respectively), with the greatest BP capacity. How
ever, these clusters do not attract the highest number of bike trips. 
Conversely, Clusters 3 and 4, dominated by TAZ with low and medium 
SES, attract the highest number of bike trips per day despite having a 
lower number of assigned BPs.

Furthermore, we computed the rate of BPs per TAZ for each cluster, 
emphasizing its significance. Cluster 1, situated in a high SES area, 
exhibited the highest rate (0.709), followed by Cluster 6 (0.405) in 
another high SES region. Conversely, Clusters 2 (0.060) and 4 (0.127) 

Fig. 3. Accessibility map of mean distance to BP at block level. 

Fig. 4. Distribution of Block Proximity to Closest Bicycle Parking by 
Socioeconomic Strata.

Fig. 5. Performance metric for the K – Means algorithm. 
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had the lowest rates among all clusters, despite Cluster 4 attracting the 
highest number of bicycle trips per day. It is noteworthy that Clusters 2 
and 4 are located in peripheral areas with low SES.

Table 4 summarizes the rates of BPs and total BTA for each SES within 
each cluster. These rates were estimated as the division between the 
number of BPs for a cluster and the number of TAZ belonging to each SES 
in that cluster. Several key findings emerge both between and within 

clusters. Firstly, in Cluster 2, predominantly low SES (89 % of its area), the 
lowest rates of BPs per TAZ in this SES were observed (0.07). Despite a 
significantly higher indicator for medium SES in this cluster (0.58), there is 
a contrast in results: low SES attracts a significantly larger number of bike 
trips (36625.54 trips) than medium SES (11167.42 trips).

Similarly, in Cluster 4, dominated by low SES (60.6 % of its TAZ) 
and medium SES (39.4 % of its TAZ), these SES attract even more bike 

Fig. 6. Results of the K – means algorithm with six clusters. 

Table 3 
Results of the clustering process. 

Cluster Number of 
BPs

Number of 
TAZ

BTA Capacity of BPs 
(number of bikes)

Rate BPs 
per TAZ

% of TAZ in 
Low SES

% of TAZ in 
Medium SES

% of TAZ in 
High SES

1 95 134 112440 6194 0.709 14.90 % 42.50 % 42.50 %
2 11 183 47793 1005 0.06 89.60 % 10.40 % 0.00 %
3 28 110 168624 3624 0.255 45.50 % 54.50 % 0.00 %
4 18 142 279545 2369 0.127 60.60 % 39.40 % 0.00 %
5 24 156 102796 3304 0.154 47.40 % 36.50 % 16.00 %
6 79 195 115837 7882 0.405 38.50 % 61.00 % 0.50 %

Table 4 
Rates of BPs per number of TAZ according to SES. 

Low SES Medium SES High SES

Cluster Number of TAZ Rate BPs per-TAZ BTA Rate BPs per-TAZ BTA Rate BPs per-TAZ BTA

1 134 4.75 9220.5 1.67 51902.77 1.67 51317.11
2 183 0.07 36625.54 0.58 11167.42 - 0
3 110 0.56 83768.43 0.47 84855.54 - 0
4 142 0.21 216218.74 0.32 63326.31 - 0
5 156 0.32 28151.5 0.42 67208.31 0.96 7436.17
6 195 1.05 33011.46 0.66 82826 79 0
Average rate per SES 1.16 67832.70 0.68 60214.39 27.21 9792.21
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trips than Cluster 1 (216218.74 trips for low SES and 63326.31 trips for 
medium SES). Nonetheless, the rates remain relatively low, suggesting 
one BP available for every five TAZs (rate of 0.21) for low SES and one 
BP available for every three TAZs (rate of 0.32) for medium SES.

Clusters 3 and 5 exhibit similar BP rates for low and medium SES. 
However, Cluster 3 attracts more bike trips (over 80000 daily trips) for 
both low and medium SES compared to Cluster 5. Additionally, Cluster 
5 includes high SES TAZ, absent in Cluster 3, where the BP rate is 
moderately higher (0.96). Interestingly, the high SES TAZ in Cluster 5 
only attract 7436.17 daily trips, significantly lower than other clusters.

In Cluster 1, high BP rates are observed for low (4.75) and medium 
(1.67) SES. This cluster is characterized by a predominance of medium 
and high SES, with a high number of bike trips for these strata (over 
50000 daily trips). Notably, there is an oversupply of BPs for low SES 
TAZ within this cluster, despite their lower number of attracted trips 
(9220.5).

Cluster 6 displays diverse patterns in BP distribution, dominated by 
medium SES TAZ (66 % of its area). The BP rate for this SES is 0.66, 
seemingly low considering the daily bike trips (82826) it attracts. 
Conversely, low SES TAZ exhibit a higher BP rate (1.05) despite at
tracting fewer bike trips (33011.46). The BP rates for high SES TAZ in 
this cluster are inflated due to the presence of only one high SES TAZ.

These results reveal an uneven allocation of facilities in the city, 
concentrating parking infrastructure according to SES patterns and not 
according to travel patterns (daily bike attracted trips).

5.3. Survey results

In this section, we present the survey results. We do not present the 
results for all the questions posed, but the more relevant for our ana
lysis. The survey was applied online using the tool Google Forms. We 
aimed to capture responses from people using the bicycle for different 
purposes, such as commuting, recreation, work, and different usage 
frequencies.

Of the total sample size, 313 respondents (78 %) claimed to own a 
bicycle. When examining the reasons for bicycle usage, the majority 
cited recreational purposes (29 %), followed by 23 % who considered it 
their primary mode of transportation, 22 % who used it for occasional 
commuting, and 20 % who employed it for sports or training. A smaller 
percentage reported using bicycles for work-related activities such as 
food or mail delivery services. Surprisingly, 58.7 % of the respondents 
indicated unawareness of the BP network in the city.

5.3.1. Satisfaction and relevant criteria for parking facilities
We present the findings of a survey encompassing five questions that 

explore user preferences and perceptions regarding topics related to 
bicycle parking. The results, detailed in Table 5, reveal an uneven sa
tisfaction level among users, with 46 % assigning a rating of "3" on a 
scale of 1–5, where 1 represents "Very Dissatisfied" and 5 corresponds to 
"Very Satisfied." In a system that exhibits optimal performance, one 
would anticipate a greater tendency towards higher satisfaction ratings. 
Regarding critical criteria for bicycle parking facilities, approximately 
57 % of respondents attributed significance to safety. Notably, as the 
relevance indicator increased, there was a corresponding increase in the 
volume of responses, indicating a positive correlation between per
ceived relevance and the importance assigned by participants.

When it comes to ease of parking, there is a discernible proneness 
among users to regard this attribute as relevant.

5.3.2. Willingness to walk
We included two questions in our survey related to the willingness 

to walk: “How far away would you be willing to walk from a PUBLIC 
bicycle parking to your destination” and “How far away would you be 
willing to walk from a PRIVATE bicycle parking to your destination?”. 
We aimed to check whether there were any differences in the will
ingness to walk depending on the type of bicycle parking facility (either Ta
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public or private) from the destinations of the respondents, irrespective 
this was their job, place to study, or anything else.

We faced a moderate disengagement in the responses for these 
questions. As a result, only 269 responses were included in this study 
for this question. Results are presented in Fig. 7 and Fig. 8. First, there is 
a trend regarding the number of blocks responders were willing to walk 
from their destination to a BP: the farther the facility, the lower the 
willingness to walk. This trend is emphasised in the case of public BPs.

In both cases (public or private), most respondents stated that they 
were willing to walk one block. However, in the case of private BP, the 
respondents seemed to be less sensitive to the distance between the 
parking facilities and their destination. The difference between being 
willing to walk three, and between four and five blocks is exiguous. 
Interestingly, 11 % of respondents replied that “the distance is not a 
relevant factor for them”.

This finding is consistent with other studies, such as that conducted 
in the Netherlands in 2010 (UE, 2010), where most people believed that 
150 m is the absolute maximum acceptable (walking) distance to 

bicycle parking lots. Our results are also consistent with those in the 
Mobility Survey of Bogotá (Mobility Secretary, 2019), which indicates a 
mean distance of 57 m before “boarding” the bike, and 86 m after 
descending from it. However, it is important to mention that the Mo
bility Survey did not specifically ask about walking distance to and from 
bicycle parking facilities.

5.4. Discussion

Evidence from empirical studies and research supports the unequal 
distribution of space and services (concentrated in the wealthiest zones 
of the city, where a minority of the population lives) (Cunha and Silva, 
2023; Guzman and Oviedo, 2018; Oviedo and Guzman, 2020; Vecchio 
et al., 2020) as well as the exclusion of captive and vulnerable users 
(such as cyclists) from planning decisions (Guzman et al., 2021). The 
district-level administrative structure in Bogotá (similar to other Latin 
American cities) impacts the uneven allocation of cycling infrastructure 
throughout the city (Tiznado-Aitken et al., 2022).

Fig. 7. Willingness to walk to public bicycle parks. 

Fig. 8. Willingness to walk to private bicycle parks. 
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Our findings reveal a significant accessibility disparity regarding BP 
proximity across socioeconomic groups (SES). Low-SES residents experi
ence lower BP accessibility (greater distances) compared to medium and 
high-SES residents. However, scaling and spatial distribution limitations 
may influence these results. Low-SES areas occupy a significantly larger 
peripheral zone, distant from the central business district (CBD) where 
jobs and universities concentrate (Guzman and Bocarejo, 2017). This in
herent spatial arrangement inherently disadvantages low-SES residents in 
accessing BP infrastructure crucial for these activity zones, considering 
that BP placement appears to prioritize zones with high job and education 
density. While seemingly logical, this approach might be problematic. The 
Bogotá Mobility Survey suggests a higher frequency of cycling trips to 
peripheral areas compared to activity zones. Bogotá's high informality rate 
(33 %) (DANE, 2024) might also influence the results. Informal jobs, often 
located peripherally, could motivate cycling trips. Additionally, cycling 
trips may be driven by factors beyond work and education.

The city's cycling network predominantly extends through areas of low 
and medium SES. Given the higher rate of car ownership among in
dividuals in high SES, it is logical for these areas to have a shorter length of 
available cycling network. However, the high concentration of BP in the 
wealthiest areas of the city at the expense of undersupplying the middle to 
low areas promotes social exclusion; moreover, if we consider that in these 
middle to high-income areas, the car ownership rates are higher (as is its 
usage) and are also well-served by public transport. In these same areas, 
more jobs and educational locations were within walking distance. Thus, 
we can say that most BPs are in areas that are not as needed as they are in 
the western zone of the city (as shown in Fig. 2 and Fig. 3), and this could 
endanger the freedom of mobility of low-income inhabitants who have 
limited transportation alternatives (e.g. no access to a car).

Our research findings align with prior studies conducted by Rosas- 
Satizábal et al. (2020), which highlight the disparity in access to op
portunities, particularly in relation to job and education, among in
dividuals from different socioeconomic backgrounds. Our results can 
assist municipalities in allocating public transport resources by utilizing 
origin-destination matrices and user preferences, while also considering 
other factors such as design and capacity, which have an impact on BP 
selection (Heinen and Buehler, 2019). Incorporating user perspectives 
into transportation planning can facilitate accessibility-focused proce
dures (Lucas, 2006; Wang et al., 2020).

Sound planning of the cyclists’ infrastructure distribution in Bogotá 
should consider information that allows decision–makers to identify 
zones with exiguous (or none) coverage and establish priorities to make 
effective interventions, following a vertical equity approach. As stated 
before, the provision of a cycle network based on lanes alone is a 
myopic perspective to promote bicycles and encourage modal shifts if 
an essential trip-end infrastructure, such as parking lots, is not given.

We acknowledge that our work has several limitations; the main 
ones do not consider the BP characteristics (i.e. capacity, design, price, 
etc.) and that the methodology applied in the survey was not ex
haustive, given that we did not account for factors affecting pre
ferences, which will surely vary among age and socioeconomic groups, 
or that we did not provide a profound definition of topics susceptible to 
misunderstanding, such as the concepts of safety and innovation/ 
technology (meaning cutting-edge parking facilities or app develop
ment for parking availability), however, the Mobility Secretary is cur
rently working on the latter.

The information used regarding the total number of trips attracted 
in the city zones is limited in terms of its accuracy, as the Mobility 
Survey did not count the total bicycle trips made in Bogotá between 
each TAZ, but rather gathered information and made typical assump
tions of large-scale planning studies. That is, a sample was taken, and 
generation and attraction models were created based on that sample. 
The validation of these models is beyond the scope of the present study.

Another limitation of our analysis lies in the lack of information on 
the BP occupancy rates (inventory studies). Additionally, information 
regarding the trips attracted is available per typical day and not at a 

granularity level that allows for a temporal analysis (for example, trips 
attracted per hour).

Regarding the survey, we acknowledge some limitations. First, the 
sample was slightly skewed to young adults, and we faced disengage
ment in the responses to key questions. Besides, because of the ap
proach used to apply the survey (online), there is a possibility of sta
tistical bias because of personality traits, sample selection (Greenacre, 
2016; Valentino et al., 2020). Therefore, the insights from the responses 
may not be representative of the whole population.

Furthermore, one of the questions in our survey explicitly asked if 
respondents were willing to walk if they left their bicycle in a public or 
private parking lot. We acknowledge that this is a limitation of our study 
because determining willingness to walk (WTW) can be more accurately 
estimated through surveys of stated preferences as part of the choice ex
periments. These results can be used to propose discrete choice models 
that provide more robust estimates and avoid the potential ambiguities 
generated by the wording of the questions in our survey. The inclusion of 
these models was beyond the scope of this study.

6. Conclusions

We conducted a geospatial and machine learning analysis of BP 
locations in Bogotá, correlating them with bicycle travel patterns. Our 
findings indicate a mismatch between the current distribution and the 
city's demand for bicycle trip destinations, potentially impeding bicycle 
usage and exacerbating social exclusion. Similar to trends observed in 
other global cities, investment in sustainable transport infrastructure 
appears skewed towards middle-to-high-income areas, undermining 
transport equity. In our case study, the issue extended beyond location; 
it pertained to actual travel patterns. K – means algorithm proved to be 
a useful tool for this kind of analysis, being practical and providing 
stable results in short-time. We confirmed our hypothesis that there 
exists inequity in the BP distribution of the city.

Failure to provide or consider BP in cycling network planning could 
result in a perpetuation of inadequate infrastructure or compel users to 
resort to leaving their bikes in unsafe or restricted areas, discouraging 
bicycle usage due to perceived inaccessibility of destinations. Additionally, 
user awareness of BP locations is critical; our survey revealed that 57 % of 
respondents were unaware of the city's BP network or its whereabouts.

It is important to continue fostering integration of the cycle network 
with the public transportation system. According to Oviedo and 
Sabogal-Cardona (2022), there is room for growth in the city's cycling 
population, and new trends such as bike-sharing may significantly im
prove accessibility for low-income residents. In a situation where bi
cycles "operate together" with public transportation, the location of 
bicycle parking facilities is critical. If such integration is adequately 
achieved, bikes may become more attractive and competitive with cars 
(Fazio et al., 2021). We hope that our results will help decision-makers 
make informed decisions regarding investments, policies, and practices 
towards implementing bicycle parking facilities.

Future studies may assess BP characteristics depending on the type 
of user (Fazio et al., 2021), as well as user preferences for using bicycle 
parking, which may impact the predicted demand (La Paix et al., 2021). 
Assessing how different BP types could influence their choice may also 
be an interesting study that could help support the decision on which 
BP to implement depending on the environment, demand, type of user, 
and security of the area.
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