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Abstract: This research sets out to examine the interaction between accessibility, social inequalities
and sustainability by revisiting a well-documented case of inequalities in access in Global South cities:
Bogota. Our analysis builds on the concept of accessibility, focusing on the role of transport as an
enabler of opportunities for social interactions, healthcare and leisure, which are essential to the full
participation in society. The research applies a methodological framework for accessibility developed
and tested in the Latin American context, though it has not been previously applied to non-commuting
travel. Our paper contributes to the existing evidence base showing the relevance of non-commuting
travel to sustainable transport assessment in contexts of high inequality, which can be scaled up and
applied in other contexts with various levels of social and environmental inequalities. The empirical
analysis is based on data from Bogota’s household travel survey. Using this dataset, we measure
accessibility using a gravitational type of metric that is calibrated based on observed travel behavior.
Accessibility levels were estimated by car and public transport for every zonal planning unit in the
Bogota Region. Accessibility indices are analyzed from an equity perspective using metrics such as
the Palma ratio for differences of income and socioeconomic positions. Results show that on average,
low- and middle-income areas have higher accessibility than high-income areas by both private and
public transport. Accessibility conditions are discussed considering a framework of transitions to
sustainable urban mobility, reflecting on various drivers and consequences of barriers to access in
different areas and social groups. Our findings provide insights to support actions that redistribute
accessibility of opportunities beyond the job market, questioning the applicability of accessibility
measures to discuss equity and sustainability in cities such as Bogota.

Keywords: accessibility; capabilities; urban transport; inequality; sustainability

1. Introduction

Our paper builds on the concepts of inequality, transport accessibility and capabilities to address
inequalities in accessibility to non-commuting activities in the (unofficial) Bogota Metropolitan Region
(BMR) in Colombia and their implications for sustainability. We frame the analysis of accessibility
within concerns around sustainability, understood as the improvement in the quality of human life
within the carrying capacity of supporting ecosystems, involving an improvement of economic, social,
environmental and cultural well-being. Rapid urban expansion in the BMR compounded by informal
urbanization of the peripheries, a spatially centralized job market and differentiated provision of urban
transport infrastructure and services, often delivered through private mechanisms, has produced
marked differences in travel capacity between high- and low-income residents [1,2].

Modern urban transport planning in the Global South is faced with the twin challenges of
addressing longstanding structural deficits in basic infrastructure and the lack of capacity for
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connectivity, while attempting to reduce marked social, spatial, economic and environmental
inequalities. Such inequalities are associated with both land development models driven by strong
market forces and informal practices that attempt to respond to the needs of socially vulnerable
populations and by public—private models of infrastructure development and supply of public
transport that have enhanced connectivity in some areas while bypassing poorer and commercially
less attractive parts of cities.

This research aims at producing evidence that enables critical examination of the conceptual and
empirical links between accessibility, equity and sustainability using non-work accessibility as a core
metric. By researching the case of Bogota, we seek to produce new knowledge and evidence of how we
understand, research and respond to transport inequalities, seeking to provide tools for more inclusive
urban and transport planning in cities. The paper builds on an already well-documented case of urban
transport development from an accessibility perspective and revisits a case study and information not
previously explored from this perspective.

Understanding drivers of accessibility to opportunities other than work and education and their
social consequences has implications for policy and planning targeting sustainable urban development.
This is reflected in international debates, which increasingly focus on how to enable equitable,
inclusive and sustainable accessibility through transport policies at all levels [3]. The transport sector
has historically been one of the largest areas in national and local investment globally [4], and it is
critically important that infrastructure investment supports city development objectives.

The Sustainable Development Goals (SDGs) agreed upon by the United Nations [5] state as part
of the targets of Goal 11 (sustainable cities and communities) that transport plays an essential role in
achieving sustainable development. Such targets highlight the role of transport in bridging disparities
across social groups and socioeconomic conditions. Moreover, the New Urban Agenda highlights the
promotion of equitable access, with emphasis on low-income and peripheral urban populations to
sustainable transport that enables participation in both social and economic activities [5].

An urban environment that necessitates physical movement as a precondition for benefitting from
most opportunities limits people’s access to goods and services and the ability to travel to activities that
are relevant for a full participation in society [6-8]. These conditions are often reinforced by poverty
and a low quality of public transport services, especially in peripheral neighborhoods with low access
to private motorized vehicle use. Cities in the Global South tend to be more spatially and socially
segregated than those in wealthy nations, partly as a consequence of land-use patterns developed
through a succession of narrowly conceived urban plans that strictly segregate land uses using social
and functional criteria.

It is in this context that the Capability Approach (CA) can be potentially useful in understanding
and addressing the challenge of achieving sustainable mobility and accessibility in Global South cities.
Capabilities are understood as the freedoms people have to secure opportunities that they consider
valuable, which can be linked with material, relational and subjective well-being [9]. The approach to
transport from a capabilities perspective incorporates the strategies (or “choices”) that people develop
to pursue well-being aspirations, the skills and capacities (“abilities”) to materialize such strategies,
and the structural elements that condition the availability of strategies and skills (“opportunities”).
In the capability language, the links between transport and society are understood in terms of freedoms
and opportunities available for choices and actions, which are the combined result of personal abilities,
and the political, social and physical environments in which individuals operate [10]. Nussbaum [11]
argues that there are ten core capabilities or rights that should be supported by all democracies.
Such rights encompass life and health, emotions, practical reason and control over one’s environment.
Mobility and accessibility are a fundamental precondition for realizing most of these rights [12],
which adds relevance to the examination of accessibility to different opportunities across seemly
unequal environments such as Bogota.

This paper is based on the recognition that transport can allow or restrict access to material
assets, social connections and opportunities that help build human and social capital beyond work
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and education. These different capitals contribute directly to social mobility and inclusive economic
development. In this sense, access to opportunities, services and goods can also be framed by modern
concerns in transport planning, such as health, universal mobility (disabilities) and the quality of
the environment.

One of the main objectives of urban policy regarding accessibility is equal access to activities in
the city that ensure enhanced quality of life in a sustainable local and global environment. Evidence in
this paper informs reflections on the implications of sustainable mobility in relation to the ability of
citizens to exercise freedom of movement without social control or under restrictions imposed by their
surrounding natural and built environment. By linking accessibility with capabilities and inequality,
we provide a critical examination of the distribution of material benefits and burdens of urban mobility
in a context of sustainable urban mobility.

2. Accessibility, Capabilities and Equity in a Context of Sustainability: Making the Links

We approach urban mobility as a cross-cutting issue in exercising the Right to the City [13],
a driver of large-scale and resource-intensive infrastructure and urban transformation processes,
a large contributor to carbon pollution, and ultimately a determinant of the capacity of individuals to
live a life that they have a reason to value [4,14]. In most urban contexts, deficits in urban mobility are
positively correlated with lower income, reduced social participation, higher risk of non-transmittable
diseases and exposure and vulnerability to environmental risks and traffic fatalities, which makes it
a driver of urban inequalities mediated by the intersection of different social identities marked by
differences in race, gender, age, ethnicity and physical and cognitive disabilities [15-21].

Urban mobility is also transversal to different definitions of wellbeing, becoming an interesting area
for testing the applicability of different frameworks and methodologies for measurement. An example
of the many understandings of wellbeing in the academic literature is the Capability Approach (CA),
which draws from the work of Amartya Sen [22-24] and Martha Nussbaum [10,25,26]. Initially rooted
in welfare economics, the CA addresses the different scales of structures that influence how people
interact and make decisions in relation to their own interpretations of well-being [27]. The capability
framework has permeated policy via the Sustainable Livelihoods Framework [28], which describes
how capabilities, which are embedded in evolving contexts and built on widely diverse personal and
collective resources, are converted to valued wellbeing outcomes [29]. Consequently, this framework
can be potentially useful in the analysis of the well-being outcomes in the transport field as it enabled
transport options or “choices” to be differentiated and to be linked with desirable well-being dimensions.

Different social groups and individuals experience variable levels of aspiration and capacity to
travel and carry out health-related, leisure and social activities, and these are determined by differences
of spatial location, social identity, socioeconomic conditions, levels of participation and agency and
availability of transport modes. The CA acknowledges the role of the surrounding environment in
enhancing or restricting a person’s set of opportunities that are available to choose from. From this
perspective, a central concern is the promotion of basic capabilities. There is a connection between
these basic capabilities and the satisfaction of basic needs [26,30,31]. Research on capabilities related to
transport suggest that it is necessary not only to consider the diversity of individuals” characteristics,
but also the “societal structures and constraints affecting individuals’ capacities to convert resources
and opportunities into functionings” [28] (p. 176).

Transport is intimately connected to the way people engage with geographies and constantly
re-defines the meaning of space in our lives [32]. Transport is an enabling agent for human activities,
and the demand for it is a function of the desire and capacity of individuals to perform a given
activity, as well as the distribution of opportunities across the urban space. The availability of transport
and the conditions to make use of it are determining factors in whether an activity can or cannot
take place [33,34], which is also affected by land-use patterns and planning decisions. However,
the desire and capacity to access and therefore carry out activities are determined by the availability
of assets, opportunities and abilities for different individuals and social groups. A relevant concern
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in modern transport planning is the existence of systemic inequalities in the availability of such
assets, opportunities and abilities, framed by case-specific normative, social and political constraints,
which have negative implications for sustainability, economic development and social equity (see,
for example, [21,35,36]).

The interaction between individuals and their surrounding environment is known as “combined
capabilities” [10]. Considering that accessibility relates to the role of the land-use and transport systems
in society, which will give individuals or groups of individuals the opportunity to participate in
activities in different locations [37], the links between mobility and capabilities is expanded into an
understanding of accessibility as a combined capability [30,31]. Such interpretation is supported by
the understanding of accessibility as the “ease of reaching desired destinations given a number of
available opportunities and intrinsic impedance to the resources used to travel from the origin to the
destination” [20], recognizing that these opportunities and impedance are in a reciprocal relationship
with the social position of transport users, and the spatial structure and distribution of activities
in cities.

We argue that both capabilities and functionings are associated with the social position of
individuals, their agency and conditions for participation, their socioeconomic characteristics and the
availability of means to travel, among other factors. In this regard, different social groups (i.e., high vs.
low income) will have different aspirations and access patterns, which in turn will determine differences
in well-being. Coupled with this is the idea of “Liveable urbanism”: community-led development
within the carrying capacity of the planet, where urban dwellers “have connections to networked
infrastructures, livelihoods that make it possible to pay for services and often a sense of community
solidarity” [38]. We propose an interpretation of sustainable accessibility that draws on these principles
and those of the CA. It implies a mobility that balances out accessibility demands, needs and capacities
on the one hand, and preservation of the environment on the other whilst contributing to achieving
important sustainable development goals.

Equity and accessibility are relative and dynamic concepts that change depending on the
context and frame of reference. Accessibility reflects interactions between the transport system,
the spatial distribution of social groups and opportunities in space, individual characteristics and
time constraints [39]. Accessibility reflects the role of transport as an enabler of opportunities that are
relevant for people’s wellbeing, and therefore can encompass everything from employment to social
interactions and development of human capital (e.g., through access to education). When interpreting
capabilities and functionings as related to accessibility, it is possible to differentiate between people’s
aspirations to access to opportunities for a life people have reason to value (capabilities) and what
they can actually achieve (functionings). Such opportunities can encompass quality employment,
social networks and social capital, education, leisure and retail facilities, among others. As shown by
Robeyns [40], not all capabilities are valuable, and some capabilities are valuable to some people but not
to others. The differentiation between capabilities and functionings is fundamental in understanding
its links with accessibility. Capabilities are substantial freedoms of what people can potentially do
and be, these might or not be valuable to (and thus aspired for by) a person. On the other hand,
functionings are actual doings and beings [40]. The capability literature recognizes the importance of
reducing capability inequality between groups to promote equality of opportunity [24,41].

Therefore, transport equity can be defined as the reduction of such systematic
inequalities—vertically, by reducing the distance between what people would like to access and
what they are able to (potential travel vs. realized travel), and horizontally, by increasing the valuable
capabilities of socially vulnerable groups, bringing them closer to those of better-off groups. This paper
contributes to a growing literature linking frameworks for functional, social and developmental
evaluation of transport. Recent examples have incorporated capabilities into the social analysis
of urban transport with examples focusing on transport equity [42] and linking capabilities with
accessibility and social exclusion [30]. However, even in the most recent literature, analysis of
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global south contexts is still not prominent, with most of the focus being on developed cities and
conceptual analysis.

3. Materials and Methods

3.1. Overview of the Case Study

We study thirteen municipalities: the city of Bogota and the municipalities of Soacha, La Calera,
Sopo, Tocancipd, Zipaquird, Cajica, Chia, Cota, Funza, Mosquera, Madrid and Facatativa, with a
population of 9.02 million (2014 figure), as illustrated in Figure 1. Bogota city had a population of
7.8 million inhabitants and an urban area of approximately 380 km?. This city is divided into 112 urban
“zonal planning units” (UPZ). The UPZ are territorial units for planning the urban development at the
local level, including predominant land-uses and activities. The municipality of Soacha, with around
500,000 inhabitants in 2014, was divided into four zones and the rest of the municipalities were treated
as unique zones. This zoning is the base for accessibility analysis. The city’s transport structure is
highly determined by its Bus Rapid Transit (BRT) system, Transmilenio (TM), which traverses the main
corridors for travel demand in the BMR as shown in Figure 1.

Non-working and non-schooling population in the BMR comprises a significant share of the
citizenry: almost one-third (27.4%) of the region’s total population, according to a BMR Household
Travel Survey (HTS) [43]. If we include students at all levels of education, the share reaches 54.4%.
It is imperative to understand what impact does non-work accessibility have, as non-work activities
comprise the dominant general purpose for travel in the BMR.

We selected the 2011 HTS as the main source of information for the analysis despite availability of
more recent data sources. This responds to two main reasons. On the one hand, the sample and spatial
representativeness in the 2011 HTS is higher than in later surveys, which have been criticized locally
because of sampling biases and induced errors in data collection. On the other hand, the 2011 HTS has
informed previous research focusing on accessibility to employment and education in the BMR [1],
which provide for a direct contrast and dialogue with our focus on non-mandatory travel.

The estimated travel demand was 17.49 million trips on a typical workday. Of those trips,
9.56 million were initiated from home. Of these trips, 49.3% were commuting trips (work and
study-related) and the rest (50.7%) were non-work trips for various purposes. The remaining
7.93 million trips correspond to the travel purpose “returning home”. This is discussed in more detail
in Section 4. The data show that the non-work travel demand is more important than work/study
mobility, and this has a direct effect on non-work accessibility. Furthermore, these types of travel
patterns form the large majority of weekend trips (82.4%).

Nevertheless, non-work accessibility has received relatively little attention in transport and
urban planning compared to work accessibility. This may be because non-work travel patterns cover
various trip purposes, destinations and starting times, which can change every day. This usually
results in irregular travel patterns that are more difficult, in many cases, to measure and to model.
To solve this problem, we previously developed a daily transport demand estimation model for BMR,
which estimates the average number of trip productions and attractions associated with commuting
and non-commuting trip purposes in a typical workday [44].

The spatial distribution of population and non-mandatory activities shows important differences
throughout the city. This distribution entails serious problems of inequality in terms of access to
opportunities, resulting in low access levels in low-income segments of the population, mainly in
motorized transport modes. These low-income areas are the densest sectors and are in the urban
periphery, which can reach densities of up to 60,000 inhabitants/km?2. These sectors are composed of
both consolidated zones and new settlements, generally those of informal origin. On the other hand,
northern and central locations are characterized by high-rise developments, lower population densities
(13,000-30,000 inh/km?) and a high concentration of formal employment.
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Figure 1. Bogota metropolitan region (municipalities and Bogota city). Source: own elaboration.
UPZ: zonal planning units.

The city of Bogotd, as suggested by other studies is very centralized in terms of its job and
education markets [45], a trend like that of other urban amenities and opportunities. However,
as shown in Figure 2, there is a slightly greater decentralization of public and private services essential
for wellbeing, which tend to follow the distribution of high-capacity road corridors and mass public
transport lines in the city. This may contribute to better access to non-mandatory opportunities than to
the mandatory accessibility found by Guzman et al. [1]. The accessibility estimates in the paper are
based on observed trips from a travel survey rather than on potential trips. As there are no available
databases for potential mobility, our research uses various proxies to determine the spatial distribution
of opportunities for conducting non-mandatory activities.
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Figure 2. Population density and trips to non-mandatory activities. Source: own elaboration based on
Household Travel Survey (HTS) 2011.

Figure 2 provides a partial picture of the distribution of non-mandatory opportunities in
the BMR. However, because there is no reliable information concerning the location and scale
of non-work/study-related activity centers, particularly at the regional level, we decided to use a
simplified model: data from the 2011 HTS informs estimates of the quantity of non-mandatory activities
by zone in the BMR. Additionally, a daily transport demand estimation model was made to estimate
trips by travel purpose into the study area [1,40]. Non-work trips were considered by destination zone,
based on the assumption that for every trip going to a given destination zone, there is a non-work
activity opportunity. This is not to imply that there are as many activities as there are trips, or quantity
of facilities or amenities (as the one-to-one equivalency used in previous accessibility analysis for
mandatory accessibility (see Bocarejo and Oviedo [20]). We are using attractiveness of non-commuting
trips as a proxy for the relative availability of opportunities. As shown, there is a higher concentration
of non-mandatory activities in the eastern side of the city, where population densities are lower.
However, areas of high population density, particularly in the northwest and southwest of the city,
present a relatively higher concentration of attracted non-mandatory trips despite being far from the
traditional city center identified in Figure 1.

3.2. Measuring Non-Mandatory Accessibility

The relationship between travel behavior (transport system) and land-use (activities system)
allows us to estimate potential opportunities for interaction [46]. For the purposes of this paper,
non-mandatory accessibility is defined with respect to the type of activity and the location of such
activity. In this case, the measure of attractiveness was related with the travel purposes of accessing
healthcare services, shopping, leisure, job hunting, personal business, meeting someone, and drop off
or pick up of someone/something (see Table 1). These opportunities were selected as they contribute
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to building social capital, physical and mental health, as well as relating to networks of support and
obligation that contribute to participation in society aligned with the definitions of well-being in the
CA as shown in Section 2. This measure incorporates both land-use and transport systems in the form
of a sum of potential destinations, e.g., hospitals, shops, malls or parks. The expected results show the
opportunities weighted according their generalized travel cost functions by transport mode.

Table 1. Percentage of all trips by trip purpose and modal share in 2011.

Trip Purpose Nonmotorized Public Transport Car Taxi Motorcycle  Others Total

To work * 5.7% 23.1% 16.9% 12.8% 29.5% 10.1% 13.1%
Work-related business * 1.3% 3.1% 6.7% 4.0% 6.2% 1.6% 2.6%
School * 13.9% 8.0% 3.5% 3.6% 3.7% 32.6% 11.2%
Healthcare 0.9% 4.2% 3.2% 9.9% 0.6% 1.0% 2.4%

Visit friends/relatives 3.0% 2.8% 3.5% 3.6% 1.2% 1.5% 2.9%
Return to home 46.9% 44.7% 40.5% 43.6% 42.6% 46.7% 45.3%
Take/pick up someone 9.9% 1.9% 8.7% 4.8% 5.2% 1.4% 6.7%
Take/pick up something 1.0% 0.7% 1.5% 0.8% 0.7% 0.5% 0.9%
Out to eat/drink 1.2% 0.2% 1.4% 0.8% 0.6% 0.1% 0.8%
Shopping 7.6% 2.1% 3.8% 3.4% 1.3% 0.5% 4.9%
Personal business 3.1% 6.0% 5.6% 6.5% 5.3% 1.5% 4.3%
Social/recreational 3.4% 0.9% 1.8% 2.5% 0.8% 0.8% 2.3%
Job search 0.1% 0.4% 0.0% 0.0% 0.1% 0.0% 0.2%

Other 2.1% 2.0% 2.9% 3.6% 2.1% 1.5% 2.2%

Total 49.6% 30.1% 10.3% 3.5% 2.3% 4.1% 100%

* Commuting trips; source: own elaboration based on HTS 2011.

Table 1 shows the descriptive HTS results. As we focus on home-based trips, it can be seen that
the purpose going “to work” (13.1%) is the travel purpose that generates more home-based trips. If we
added “work-related business” (2.6%) and “school” purposes (11.2%) to commuting travel, mandatory
travel accounts for around 26.9% of total daily trips. The marked (*) travel purposes are considered as
mandatory activities. This implies that non-mandatory activities comprise 27.7% of the daily trips.

Although we recognize that various factors can influence the distribution of accessibility across
individuals and social groups, including personal characteristics, skills and assets, our methodological
choice focuses on comparing accessibility levels by income categories. This is compatible with the
capability framework and the local conditions where poverty intersects with various dimensions
of social disadvantage and limits both aspirations and capacity to access opportunities. We also
emphasize the inequalities in potential opportunities rather than realized access to such opportunities.
The methodology deployed to measure accessibility presents a first overview of the interaction between
transport system and land-use, focusing on the economic differences between social groups throughout
the city as a proxy for the individual component of accessibility and some of the main aspects of
opportunity and ability in the CA.

The available opportunities that allow groups to participate in non-mandatory activities is
bounded by the capacity for a location to be reached from different locations through the transport
system. We estimate the accessibility of non-mandatory opportunities of all other zones from a given
origin zone by simultaneously considering the concept of generalized travel cost function. In this
regard, the influence of destination zones is reduced with fewer and/or more distant opportunities.

The generalized travel cost function (™Cj) is estimated for two transport modes: car and public
transport (which includes regular public transport (bus) and Transmilenio, the BRT system in Bogota,
TM), in order to determine the influence of each transport mode on the accessibility of the BMR.
This function is an impedance factor, along with money and time, to movement between an origin and
a destination, and is shown as follows:

mCiJ» = mt,‘]’ + mC,‘j/VOT 1)

where ™¢; represents the travel time between ij by transport mode m in minutes (these travel times
were estimated from the HTS 2011. In the case of public transport, this travel time includes access,
in-vehicle, waiting, transfer and egress times), ™c;; is the monetary cost between ij by transport mode m
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in Colombian Pesos (COP) and VOT is the average value of time in the study area (for non-commuting
trips), which was estimated as 63.2 COP/min (2 USD/h). Unfortunately, one of the main limitations in
relation to the analysis of accessibility and equity in contexts with limited resources and information is
the level of aggregation of the data. In this regard, we do not have information related with VOT by
zone. This assumption ignores the heterogeneity of the spatial distribution of socioeconomic groups in
territory and would lead to underestimated inequalities in accessibility between high- and low-income
groups. However, since the information available is only valid at the zonal level, we believe it is a good
first approximation to estimate the differences between income levels for this type of activities. For the
monetary costs, the following assumptions were considered: in the TM system in 2011 there was a flat
rate of COP 1750 (USD 0.92). For regular buses, the fare was COP 1450 (USD 0.76), which must be
repaid in the case of bus transfers. Finally, for cars an average operating of COP 426.5/km (USD 0.22/km)
was estimated, plus the average parking cost at each destination. This information was obtained from
two sources: the 2011 Bogota HTS and an assignment VISUM® network model of Bogota. The results
of the generalized travel cost functions by transport mode (car and public transport) are shown in
Figure 3.

PT generalized travel cost [min] Car generalized travel cost [min]

N [ ]245-280 N
A [ 1280-315 A
I 315< 380 &
I 380 - 53

= ==== BRT system
Feederlines i LA = === BRT system

Main road network Main road network

0:192:: 4.8 810
e —

01724 :6.:8 10
Km e ——

m

Public transport Car
Figure 3. Generalized travel costs. Source: own elaboration based on HTS 2011.

The estimations of generalized travel costs for non-mandatory activities show high travel
expenditure to access non-mandatory activities in the peripheries of Bogota, as well as the municipalities
forming the BMR. Costs used for the estimation of accessibility shown in Figure 3 vary by trip
purpose, travel mode and origin—destination pair. However, these have been aggregated as a single
non-mandatory purpose to estimate the concentration of opportunities for relevant functionings in
this category of travel across the city. These data provide an easily comparable representation of
accessibility to activities not often measured in a context such as Bogota. Although Figure 3 suggest
a more decentralized structure of the city in terms of the spatial distribution of non-mandatory
opportunities and urban facilities, the travel expenditure estimates suggest considerably higher costs
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of access for peripheral areas, and similar results were obtained for mandatory activities in a previous
study [1].

The calculation of non-mandatory accessibility using an exponential form of the gravity model
required data on the attractiveness of non-work/study-related activity and the impedance between
ij zones (generalized travel cost). Our calculation of the potential estimates the accessibility of the
opportunities in a zone (i) to all other areas (j), given that fewer or more distant opportunities will be
less attractive or more difficult to reach. Potential accessibility was measured as follows:

Aim =) jOjexp (~Bi - Cmif) @)

where Aim is the potential accessibility of the zone i using the transport mode m; Oj are the
non-mandatory opportunities available at the destination j; and B, is a calibration parameter by
origin zone and transport mode m, given by the gravity model. The §;,, calibration parameter was
obtained through 381 least-square linear regressions, considering the trips made from each origin to its
destinations. This parameter was obtained empirically from the regressions to fit the model predictions
and the observed distributions of the generalized travel costs functions. That is, this parameter
determines the loss of accessibility of a zone associated with increased travel costs.

This measure represents the accessibility for a location (zone) of all destinations. All of the
population located in the same zone, using the same transport mode, has the same level of accessibility.
Differences due to socioeconomic characteristics and transport costs are given by zone. After the
levels of accessibility were calculated for each of the 127 zones, normalized values were calculated by
dividing each zone’s value by the mean value (weighted by population). These normalized values
allow for a focus on relative differences between zones according the population. This relative analysis
is clearer to understand than the absolute values, which are largely meaningless except in a relative
sense [47]. All of the results presented will be based on these relative accessibility levels.

The calibration of the potential accessibility measure seeks to reflect the structural conditions
for individuals to transform available assets for mobility and their individual resources into access
to valuable opportunities. Potential accessibility shows the combination of the impedance between
different zones and the availability of opportunities for non-mandatory activities for people of different
incomes distributed throughout the city. This is compared with the actual non-mandatory trips people
conduct in the BMR to represent accessibility in relation to this particular type of travel. We present
accessibility as a function of actual trips to evidence inequalities between income groups in the
metropolitan region.

In addition, we wanted to measure the impact of non-work accessibility on inequality. To do
this, we explore the use of the Palma ratio. This indicator was originally conceived to measure the
differences in income between rich and poor people. If between them the richest 10% earn half of the
national income, and the poorest 40% earn one-tenth of the national income, then the Palma ratio is 0.5
divided by 0.1, which is 5 [48,49]. Thus, the larger the ratio, the greater the inequality. The analysis of
the Palma ratios for accessibility included a sensitivity analysis to prove the appropriateness of the
original cut-offs of income suggested by Palma for income inequalities.

We adapted this indicator to measure whether non-work accessibility levels improve equity levels
in the city. To do this, we classified every zone of the BMR according to the average household income
and its corresponding decile. Then, the average accessibility levels were calculated for each group:
top and bottom. With this information, the Palma ratio was calculated.

4. Findings

Our focus is on non-mandatory trip purposes because they involve locations that are not related
to offices, schools and universities and they offer a relevant contrast to findings in previous research
using the same case and dataset (see [1]). These activities tend to have flexible locations and schedules,
which also makes their inclusion in mainstream transport planning more complex [50]. From a CA
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perspective, the conditions and purposes under which travel is realized are relevant in terms of the
functionings, capabilities and opportunities individuals have for achieving well-being. We interpret
functionings as access needs and wants, capabilities as the physical, social and financial ability to
access opportunities that are closely related with social identities and positions, and opportunities
as the available forms of transport for travel and the locations of activities distributed in space.
This interpretation is consistent with the accessibility framework. Table 1 reflects proxies to the
multiplicity of functionings (purposes) and opportunities for travel involved in non-mandatory travel.
Slow modes (walk and bike) are the transport mode used by a large margin of the population in the
BMR. This is especially true for the “take/pick up someone” and “shopping” activities, which probably
reflects the convenience of walking/biking from home to nearby neighborhood services or commercial
centers that offer these activities. Public transport (including BRT, traditional buses and inter-municipal
buses) is the second most common choice of mode, followed by cars as the third most popular choice [1].

Non-motorized trips are particularly relevant to non-work activities. This is an essential finding
in a context of sustainability insofar as is suggests that the distribution of opportunities is aligned with
localized capabilities to enable low-carbon access to functionings in essential areas such as leisure,
health and care and support. When measuring accessibility by travel time, the attractiveness of
opportunities weighted by the time needed to travel from the origin to the destination shows ranges
from 5 to 30 min [51]. The average walking travel time in the BMR is around 15 min, with extreme
values between 3 and 50 min. This average travel time suggest an approximate 1.5 km of travel distance
for accessing non-mandatory opportunities using low-carbon transport, which enables realizing
functionings at a very low marginal environmental cost. These data suggest that a high percentage of
these trips generated by each zone (UPZ) have the same zone as its destination, suggesting a more
equitable distribution of opportunities for non-work and non-education travel than what has been
found in previous research [1]. As seen in Figure 4, some particular (marked) zones allocated in the
urban periphery concentrate around 45% of both generated and attracted non-mandatory walking trips.

Generated walking trips/day
< 10,000
10,001 - 30,000

Attracted walking trips/day
< 10,000 (\\ﬁ
10,001 - 30,000

A I 30;801 - 50,000
I 50,001 104,000

------ BRT system BRT system

Main road network

Main road network

012 4 6 8 10
O ——

012 4 6 8 10
Km O — —

Km

Generated daily walking trips Attracted daily walking trips

Figure 4. Generated and attracted non-mandatory walking daily trips. Source: own elaboration based
on HTS 2011.
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As shown in Figures 3 and 4, transport options and transport choices in Bogotd can constrain
the substantial freedom related to the concepts of accessibility and capabilities. Our initial analysis
of distributions of opportunities for non-mandatory activities will serve as references for the societal
structures and constraints that may affect the capacity of individuals in different zones of the BMR
to access opportunities. The information in Figure 3 shows how the availability of opportunities for
activities in the southern and eastern areas of the city, which are also the lower income areas in the city,
leads to higher realized pedestrian and cyclist mobility with non-mandatory purposes. In addition,
the description of the environment for non-mandatory accessibility in this section will inform the
analysis of accessibility in relation to capabilities and sustainability.

Under the logic proposed by Palma and following the conceptual framework presented,
the empirical evidence obtained in this paper assesses the differences in accessibility between
higher and lower-income groups. Top earners in the city, or the top 10% in the income distribution
curve of Bogota, were identified geographically. The higher-income group will serve as the benchmark
for accessibility of non-mandatory activities. As capabilities are difficult to measure, secondary
information described in the previous section from the HTS for the BMR and mainstream transport
data sources were used, as these tend to reflect functionings better. However, considering the spatial
structure of the BMR and higher overall accessibility to mandatory activities in higher income groups,
it is assumed that people in the top income decile in the BMR region will have enough choice to access
the full set of opportunities that constitute a full life. By contrast, the second group of analysis is what
Palma identifies as the poorest 40%, or the four-bottom decile of the income distribution of the BMR,
who are located mainly in the southern zone of Bogota and in the southern and western municipalities
of the BMR region (see Figure 5). This will be the main group used for contrast in the analysis of
transport equity in terms of non-mandatory accessibility, in order to seek structural differences between
the bottom 40% and the better-off. As shown, the remaining 50% (medium income) is distributed
in closer proximity to the city center as well as in the northern side of Bogota, suggesting a spatial
dimension to the inequity of accessibility of the city.

Accessibility results show relevant contrasts between the above income groups. First, the beta
parameters by transport mode reflect generalized travel cost deterrence by zone. Results evidence
lower parameters in high-income zones. This implies that an eventual increase of average travel costs
(time or money) would involve further reductions in the number of trips related with non-mandatory
activities; i.e., a wealthy person has a greater elasticity to make the trip compared to a lower-income
person (in motorized modes). As shown, people in low-income zones tend to access these activities
mainly by slow modes.

Second, in Figure 6, normalized accessibility values suggest higher accessibility (via both private
and public transport) in the areas with lower income in the southern part of the city and the
middle-income areas in the northwest of Bogotd. The results were compared with the population
in the different UPZs in order to compare the effective accessibility in different zones. As shown
in the lower part of Figure 6, per capita accessibility by private vehicle is higher in areas of the
bottom 40%, despite income and motorization figures suggesting much lower access to this transport
alternative in such zones. From a sustainability perspective, this suggests that the distribution of
infrastructure and other opportunities for travel are biased towards private motorized vehicle use,
not only requiring higher environmental costs, but also being inconsistent with the distribution of
capabilities. The estimation of per capita accessibility allows for a comparable indicator of the
number of potential opportunities accessible as a ratio of the potential demand for such opportunities.
The higher the per capita accessibility, the higher the potential of an individual in each zone to realize
valuable functionings. By contrast, there is higher accessibility to non-mandatory opportunities by
public transport in more central and higher income areas, which are better located in relation to the
distribution of opportunities presented in Figure 2. These results contrast to the results found by
other studies [52-54], which usually find accessibility levels to be higher by car. Here, our results
are consistent mainly because of two basic assumptions: using the car is much more expensive than
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public transport, because we are including the operation cost per km (which includes insurances,
maintenance, parking and fuel), and also because the car ownership index for the bottom 40% of the
population is, on average, 52 veh per 1000 inhabitants, while for top 10% of the population the index
is 480 veh per 1000 inhabitants.

Average income per household
USD/month]

I 330-560 (sPerc 40th)
560 - 1,615
615 - 3,870 (>Perc 90th)

Traditional
City Center

------ BRT system

—— Main road network

012 4 6 8 10
e KM

Figure 5. Income distribution based on Palma’s definition. Source: own elaboration.

One of the main limitations of the estimations is that information for non-motorized travel is of a
comparatively lower quality and scale than that for motorized travel, which constrains the estimation
of non-motorized accessibility indices. However, public transport accessibility can be a good proxy for
local accessibility indices, which may suggest higher access in the areas with lower travel expenditure
via walking and cycling.

The results summarized in Figure 6 suggest spatial inequalities in access to opportunities.
As discussed earlier, the top 10% of the income distribution is used as the benchmark for equity analysis.
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Figure 6. Potential accessibility. Source: own elaboration.

Figure 7 reflects empirically the conceptual links between accessibility, capabilities and
sustainability. Capabilities, understood as the substantial freedoms of what people can potentially
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do and be, are more related to potential accessibility despite the methodological limitations for its
estimation. Accessibility reflects the various constraints imposed by the availability of transport
choices, the distribution of opportunities in the space and land uses, and the intrinsic limitations of the
urban form of the BMR, its extension and topography. In this regard, understanding functionings as
doings and beings, it can be argued that observed generation of non-mandatory trips from the HTS is a
good reflection of what people are doing on the ground.
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Figure 7. Potential accessibility vs. realized travel by mode: comparing capabilities and functionings.
Source: own elaboration.

In this regard, Figure 8 confronts the two guiding concepts from the CA for each zone in the BMR,
showing explicitly the distance between capabilities and functionings. As shown, when comparing the
actual travel and the potential accessibility by car and public transport for the study area classified by
income groups (where high is the top 10% of earners, low is zones corresponding to the bottom 40%
and middle is the zones within the remaining 50%), it is observed that low-income realized travel is
much higher than its potential accessibility. The opposite is true for higher income groups. The trend
lines in Figure 8 show the distance between capabilities and functionings, which can be interpreted
depending on the slope. If the trend line has a steeper slope, it suggests that the distance between
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potential accessibility and realized travel is shorter. Therefore, the flatter the trend, the farther is actual
travel from potential accessibility, signifying additional cost, effort and negative environmental effects
associated with securing access to essential opportunities.
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Figure 8. Analyzing transport equity—differences in accessibility and Palma ratio for the Bogota
Metropolitan Region (BMR). Source: own elaboration.

These results reflect the marked differences in the structural conditions for accessibility in the BMR.
It also supports findings in previous studies that low-income populations have to make additional efforts
to access opportunities despite structural constraints for potential access [20,55]. When comparing
zone-by-zone, findings from previous results become clearer: although top earners have a comparable
accessibility to low-income groups, the first are a minority of the population while the second are the
majority. The marked differences between the very steep high-income trend line and the almost flat

low-income one suggest structural inequities in opportunities, which is the main moral concern of
the CA.
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Figure 8 (top) shows the accessibility levels experience compared across the population. Here,
accessibility levels are plotted against the percentile of the population in order to examine inequalities
between income groups using a pseudo-Lorenz curve (vertical equity) [1]. This shows that nearly
40% by car and 65% by public transport of both top earners and bottom quartile groups have a lower
accessibility than the average, although the remaining 20% have a much higher accessibility in the
lower income group. This is an interesting result, as it suggests that for a share of lower income
population the car can be a relevant means of potentially securing access to non-mandatory activities.

The inequalities in opportunities discussed in Section 2 and reflected by Figure 8 are further
explored with the calculations of the Palma ratios and the curves. The curves of accessibility by public
transport are much closer, suggesting similar distributions of accessibility, with even higher values
in the low-income population. However, this only suggests that the richest 10% of the population
has access to non-mandatory activities that rivals that of the bottom 40%. This may be explained
by the distribution of opportunities for activities shown in Figure 2, as well as a contribution of the
public transport system routes, which increase the spatial reach of people in farther areas from the
city center. This is reflected by the Palma ratio calculations, which return values close to 1 for both
public transport and car. Although this could be interpreted as parity in accessibility, the reader should
remember that the top decile of income represents a minority of the population of the BMR (6%) while
the bottom 40% is more than half of the region’s population (56%), which was also reflected in the
zone-by-zone comparison between potential and realized travel shown in Figure 8. In other words,
the richest people in the city have as much potential access to non-mandatory opportunities as the
poorest half of the population combined. An analysis of sensibility of the Palma ratio suggests that
comparisons between upper- and lower-income tiers (i.e., bottom 20% vs. top 20%) reveal higher
accessibility of low-income populations.

5. Discussion

Results from the accessibility analysis reflect inequalities in the distribution of potential accessibility
of non-mandatory opportunities. The information used for the calculations build on observed trips
from Bogota’s HTS in the face of heavy data constraints for examining potential trips and unmet travel
needs. These data have been exploited in the past to look at mandatory travel, finding stark inequalities
in access to employment driven by segregated land-use and differentiated distribution of opportunities
and capabilities across the city (see [1]), which ultimately limits peripheral and low-income groups
from improving their economic well-being. We revisit the accessibility methodology recognizing the
limitations of contexts such as Bogota and propose proxies to analyze the influence of the distribution
of capabilities and opportunities for individuals to realize relevant functionings beyond employment
and education. Considering that the CA is more concerned about the satisfaction of basic capabilities
and functionings, we set off to examine the structural constraints that may affect the transition between
potential and realized travel for individuals in different zones of the city and the influence of social
and geographical positions to transform capabilities and opportunities in access to relevant activities.

We hypothesized that the gap between capabilities and functionings of higher income
populations—who are also better located in relation to the spatial distribution of opportunities—is
narrower than the difference between what low-income people want to access and what they can.
Figure 8 finds large distances between what people in low-income groups can potentially access and
what they actually do, while in higher-income groups this gap is narrower. This does not only carry
implications for social equity and justice in transport, but also has larger distributional consequences
in relation to the available travel mechanisms used for securing access to non-work and non-education
opportunities. As shown in Table 1 and later analyzed throughout Section 4, lower-income groups
make most non-mandatory travel via walking and cycling, reducing the overall environmental impact
while increasing their well-being. However, zone-by-zone results suggest that while the capabilities of
low-income zones may be low, their functionings (or realized travel) is much higher. This suggests
a larger willingness to travel despite high impedance between origins and destinations, but also a
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higher generation of trips within the local area. The high intra-zonal and short-distance mobility of
low-income groups compared to high-income groups is at odds with other results of the empirical
analysis that show that when aggregating the potential accessibility of low- and high-income groups
they are comparable. Building on this hypothesis, using higher-income populations as the benchmark
for potential accessibility to non-mandatory opportunities, we suggest an implicit measure of inequity.
This is supported using metrics such as the Palma ratio, which gives an indication of how inequitable
the distribution of accessibility can be between the richest and poorest segments of the population.

These results reflect structural differences in the accessibility of leisure, health, and other relevant
opportunities. Accessibility relates to the role of the land-use and transport systems in society, and their
influence on the opportunity to participate in activities in different locations. Although the differences
in accessibility for the selected deciles of the population in Bogota do not differ significantly in absolute
terms, the Palma ratios suggest that the top 10% richest inhabitants of the BMR access nearly as many
opportunities as the bottom 40%. Figure 8 shows how around 40% of the population in the city has a
higher accessibility level than the average of the richest quartile, while 10% has less than 50% of the
average non-mandatory accessibility level by car, and less than 20% by public transport.

An encouraging result in relation to such a distribution is that, unlike work and education
opportunities, there seems to be a less decentralized structure for Bogota’s health, leisure and social
resources, and also that there is a higher generation of non-mandatory travel in low-income areas
both by motorized and non-motorized modes. However, coverage of public transport still has not
fully responded to the mobility needs of peripheral and lower-income areas of the city, restricting
the structural freedoms and opportunities available for this segment of the population. The inverse
distribution of public transport and car-based accessibility in relation to the zones with a higher
proportion of users of each of these modes reflects how the infrastructure has been developed with
objectives of efficiency and speed that benefit private mobility, even in lower income areas, while the
public transport network has lagged behind in its ability to cover the outer areas of the city. This leads
better-located and higher-income areas to experience higher levels of accessibility by public transport
per capita despite having higher availability of alternatives for travel, whereas people with little or no
access to a car would have a greater need for a private vehicle to increase their spatial reach and access
more non-mandatory opportunities.

A limitation of this study that has been highlighted earlier is that the data used are not recent.
Nonetheless, key findings of the research are still applicable in today’s context, as many of the structural
conditions underpinning accessibility to opportunities and socio-spatial segregation have remained
largely unchanged. Despite some socioeconomic and transport-related changes, such as increase in
income and economic activities, as well as increased levels of motorization particularly of private
motorcycles, which have taken place in recent years, the social and economic spatial distribution of
the city and the locations of opportunities for work, study, leisure and social activities have seen little
change [56,57], with recent evidence suggesting that the current urban structure has been consolidated.

6. Conclusions

The conceptual baseline of our research allows to measure the systematic inequalities between
better-off and worse-off groups. This approach is linked with the CA, which suggests a significant
influence of the surrounding environment on an individual’s ability to transform resources and
opportunities into valuable functionings and suggests that accessibility plays a relevant role in enabling
wellbeing. Such an influence of the environment, understood as the structural conditions of availability
of transport choices, urban form, and spatial, economic and social distribution of cities, allows to bridge
accessibility, capabilities and inequality. The theoretical discussions of the CA and its application to
transport suggest that accessibility may hold the key to address equity and justice concerns in relation
to urban mobility if we can interpret accessibility as a “combined capability” (see [31]). This research is
but an initial attempt at linking empirically the very rich theoretical discussions on the CA and the
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often-precarious evidence base and data resources for the analysis of potential and realized travel in
cities of the Global South.

Our paper also addresses this challenge while dealing with the added layer of complexity of the
analysis of non-commuting travel, which addresses opportunities beyond work and study that are
considered as part of essential functionings and opportunities for having a life that holds meaning.
Our approach attempts to translate in a simplified fashion the conceptual complexity of accessibility
as a combined capability with aggregated measures of accessibility, which can at least partially link
the role of structural conditions for mobility with transport inequalities. This is an important point of
focus, as we discuss inequality in relation to transport and not the more complex definition of mobility,
which involves a larger focus on individual characteristics, preferences and abilities. Although we
recognize that there are limitations between the methodology and the conceptual framework of the CA,
the analysis shown in this paper reflects a relevant influence of the land-use and transport component
of accessibility, as well as of differences in income over the potential and realized capacity for travel of
people in different zones of the BMR.

The analysis of non-work accessibility and the definition of transport inequality entail
methodological challenges, such as the reinterpretation of the results of accessibility equations
and the use of measures such as the Palma ratio. Non-mandatory travel has the characteristic of
different times, frequencies and locations than work and education-related travel. The aggregated
analysis of such opportunities allows researchers to identify the distribution of opportunities for
activities that could not otherwise be pinpointed due to lack of data. These activities have different
impedances than mandatory travel, given a more decentralized spatial distribution of opportunities.
Future research is required in order to produce a more disaggregated analysis of non-mandatory travel
by categories such as healthcare, social interactions and leisure. This carries important implications
for urban transport policies and decision-making related to public transport. The methodology and
findings highlighted in the paper can serve as inputs for the spatial and temporal redistribution of
public transport supply that can increase accessibility to non-mandatory capabilities and functionings
as well as the rethinking of fare mechanisms that can increase affordability and access during periods
when low-income groups engage more with non-mandatory activities.

In the context of the CA, inequalities in functionings are influenced by heterogeneity in personal
preferences, which places it as an unimportant moral concern from the perspective of the Capability
Framework. However, the results from our analysis of non-mandatory travel suggest that lower income
people have higher local functionings than higher-income groups and lower disaggregated capabilities,
which would reflect structural inequities in the abilities to transform resources and opportunities into
valuable functionings and points at the sacrifices that lower-income people make to actually access
opportunities. This calls for attention to the spatial distribution of cities like Bogota, and the role
of public transport and other mobility infrastructures in closing the gaps in accessibility between
social groups in urban areas. The higher potential accessibility by car in low-income areas using the
normalized indices only reflects that disadvantaged populations in terms of distance to the economic
centers and income could potentially access more opportunities if they had access to private vehicles,
which they do not, also increasing the potential environmental cost for society, which renders this and
other car-based travel, such as ride-hailing, unfeasible solutions at the required scale. Additionally,
the lower-income areas that benefited in these same terms from public transport accessibility are
almost generally within the catchment areas of the city’s BRT, which implies the system can potentially
reduce the impedance of these zones to the main attractors of non-mandatory travel. This still reflects a
need for targeted interventions to improve coverage in zones with lower capabilities by virtue of their
potential accessibility. These results are but a first estimation of the structural conditions for accessing
opportunities, and need to be confronted with individual characteristics, preferences and limitations to
fully estimate differences in capabilities and functionings.

The income classification suggested by Palma is useful in the analysis of cities like Bogota,
enabling the detection of systemic inequalities in the spatial distribution of opportunities. The results
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of non-mandatory accessibility analysis reveal higher accessibility by private vehicle in the areas with
lower income, whereas higher public transport values for non-mandatory activities are found where
the mass transport system is currently operating. Future research should compare different equity
indicators applicable to accessibility (such as the Gini index and the Palma ratio) and assess their
applicability to other transport-relevant variables. Pseudo-Lorenz curves and the Palma ratio suggest
that the top 10% income group in Bogota has nearly the same accessibility level for non-mandatory
activities as the bottom 40%. This reflects significant deficits in the potential ability of low-income
residents of Bogotd to access opportunities other than work, thus limiting their quality of life (which can
be further limited by other restrictions on their ability to carry out activities, such as purchasing power).
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