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ARTICLE INFO ABSTRACT

Keywords: To increase public transport use, especially for individuals with lower incomes, many cities worldwide have
Subsidy introduced subsidies for public transport systems. However, quantitative evidence of their effects on actual
Public transport ridership remains scarce, especially in Global South countries. Using a quasi-experimental regression disconti-
ili?i]:_rship nuity des.ign (RDD) in combinatior.l with ad}ministrati've data for all personalized travel cards of public transport
Public transport pricing users during the years 2017-2019 in Bogotd, Colombia, the present paper assesses the causal effect of a transport
Bogotd subsidy focused on low-income individuals on the number of trips that individuals undertake. Our results show

that the subsidy, equaling 32% of the regular fare, significantly and substantially increases the total number of
monthly public transport trips. However, the results suggest that the size of the subsidy’s effect on ridership has
decreased over time, while also evidencing a more pronounced effect among economically active individuals
compared to inactive ones. Overall, our results suggest that public transport subsidies for low-income individuals
can be an effective way for increasing public transport use among this population segment, which may translate

into improved well-being because of improved access to local labor markets and recreational activities.

1. Introduction

In Latin America, about 42% of the population lives in conditions of
poverty or extreme poverty. Those individuals move mostly by foot,
bicycle, or public transport with active and public transport modes
representing around 68% of daily urban trips in the region (Estupinan
et al., 2018). These trips are mostly made by low-income individuals
who, in many cases, cannot easily afford public transport fares. As a
result, cities face important challenges in providing public transport
services with fares that are both financially sustainable and affordable,
which often is a difficult balance to achieve.

To increase the use of public transport by low-income individuals so-
called ‘social’ fares or subsidies have been implemented in many cities
worldwide. Although these subsidies have been justified predominantly
on equity grounds, it remains unclear how effective these subsidies are
in increasing public transport use among low-income individuals (Rivas
et al., 2018). This applies also to the integrated public transport system
(SITP according to its Spanish acronym) in Bogota, Colombia, where
fares have constantly increased since 2000 to cover the rising operating
costs and fleet renovation process. The system has a financial deficit of
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approximately USD 272 million in 2019 which was aggravated by the
pandemic.

Public transport costs for low-income individuals in Bogota are high,
and potentially too expensive (Guzman et al., 2021c), in comparison
with average incomes, consuming up to 25% of average incomes among
this population (Guzman and Oviedo, 2018). It is mostly the inhabitants
of the urban periphery (the poorest individuals), with informal jobs who
use public transport daily to access the city center (Oviedo et al., 2019),
even though the connections and the frequency of regular buses are
deficient, with very long travel times, and relatively high costs, partic-
ularly for the Bus Rapid Transit (BRT).

In this context, Bogota has tried to balance the needs for social and
financial sustainability by introducing targeted transport subsidies for
the poorest segment of the population. Currently, this subsidy includes a
32% fare discount for up to 30 trips per month and two transfers in a
travel time window of 110 min. For the beneficiaries of this subsidy, the
first 30 trips of the month are charged at the reduced fare. Once the 30
trips have been made at the subsidized fare, the following trips are
charged at the regular fare. The subsidies were implemented to allow
greater access to Bogota’s SITP to the population with the lowest paying
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capabilities and, as a result, facilitate access to services and economic
opportunities. However, to date, it is unknown whether Bogota’s public
transport subsidy for poor individuals is effective in increasing public
transport use among its potential beneficiaries.

Therefore, the main motivation of this paper is to evaluate the causal
effect of this subsidy for low-income individuals on the SITP ridership
between 2017 and 2019 by using a quasi-experimental study design in
the form of a regression discontinuity design (RDD). The RDD exploits
the circumstance that eligibility for the city’s public transport subsidy is
assessed solely according to a composite poverty index called SISBEN
(System of Identification of Social Program Beneficiaries), used by the
Colombian government for targeting most social programs. Individuals
below or above a specific cutoff score are eligible or ineligible to receive
the public transport subsidy, creating a substantial discontinuity in
terms of the probability to receive the subsidy around the cutoff as a
result. We review the effectiveness of subsidies in the Bogotd public
transport system, develop a methodology to quantitatively evaluate the
causal effect of SITP subsidies, and discuss the fare policy implications.

2. Public transport subsidies effects in the world

Generally, public transport is thought of as a substitute and sus-
tainable alternative to car use. Nevertheless, public transport requires
public subsidies to be affordable and to exploit its full potential in
congestion alleviation (Horcher and Tirachini, 2021). Subsidies to
public transport systems have traditionally been used to reduce the
negative externalities, minimize users’ costs, increase ridership (Gwil-
liam, 2008), and address social inequalities since public transport is used
more by low-income people (Guzman et al., 2021c; Serebrisky et al.,
2009).

Previous studies suggest that operating subsidies for public transport
systems in London, Los Angeles, and Washington DC are warranted on
efficiency grounds due to an increase in ridership (Parry and Small,
2009). In Brussels, some students obtain full repayment of the public
transport season ticket, leading to an increase of 1.7 additional public
transport trips per week among beneficiaries from this measure (De
Witte et al., 2006). In Paris, it was found that reducing public transport
fares induces individual gains (28 €/year per user) that were uniform
across income groups. Nevertheless, those benefits represent a larger
proportion of income for the poorest population (Bureau and Glachant,
2011). Bueno et al. (2016) found that the implementation of the travel
pass and public transport subsidies in Madrid has a positive correlation
with increased ridership among frequent users and the likelihood of
attracting new ones. They also found that the use of public transport
increases when the average income per capita decreases. In Stockholm
where the average public transport subsidy rate is 44%, Borjesson et al.
(2020) stated that subsidies are not effective in terms of its redistributive
effects because different income groups get roughly the same subsidies.
However, these subsidies continue to encourage public transport use in
Stockholm, with public transport ridership increasing faster than car
use.

There is also evidence that disagrees with the implementation of
subsidies arguing that, for instance, dedicated bus lanes are a better
stand-alone policy than subsidizing fares (Basso et al., 2011) since the
cross price-elasticity between public transport cost and car use is quite
low (Hensher, 1998). And there is an unsolved discussion about whether
perhaps it would be preferable to subsidize health, education, or pen-
sions instead of public transport (Oviedo and Guzman, 2020).

In Latin America, a region with high levels of social inequalities and
poverty, there is a growing concern for social inclusion in transport
planning and policymaking (Vecchio et al., 2020). In several cities of the
region, governments build the infrastructure necessary for public
transport operation and are in charge of the control and planning, while
the private sector operates the service. However, covering the operating
costs only with fares is not feasible since the vast majority of users could
not afford it. Therefore, high-capacity public transport systems are
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heavily subsidized to support their operation (Rivas et al., 2020).
Furthermore, in many Latin American countries, subsidies to public
transport systems have been implemented as a means to achieve income
redistribution (Basso and Silva, 2014), improve accessibility and
affordability for the poorest individuals (Falavigna and Hernandez,
2016; Guzman and Oviedo, 2018; Rivas et al.,, 2018), to reduce
mobility-related social exclusion, and promote public transport use
(Lucas, 2012).

However, the evaluation of the effect of subsidies on increasing
ridership in Latin America is scarce and inconsistent. In Buenos Aires,
Argentina, evaluations between 2002 and 2006 have demonstrated that
supply-side subsidies are important to maintain public transport usage,
but are regressive because the proportion of subsidies given to middle
and high-income households increased (Serebrisky et al., 2009). In
Santiago, Chile, monetary transfers have been used to distribute public
transport subsidies rather than supply-side subsidies, however, no
evaluation of its effect on ridership was done (Gomez-Lobo, 2009). Also
in Santiago, an experiment on working adults found that free-fare public
transport led to an increase in the total number of trips mainly in
off-peak periods without evidence of transport mode or period of day
substitution (Bull et al., 2021). While in all those cases, the subsidies are
supposed to encourage the use of public transport, even though there is
little evidence for this in the current literature.

In Colombia, before 2015, public transport subsidies were not
explicitly allowed. The 2014-2018 National Government Plan changed
this, authorizing alternative sources of funding to local governments to
support the public transport operation and changing the definition of
transport systems from financial self-sustaining to sustainable. In
Bogotd, previous research has shown that low-income individuals pay
more relative to their income for using the system compared to more
affluent individuals (Guzman et al., 2021c). This creates a situation
where low-income individuals represent the largest share of public
transport users in the city but on average conduct fewer daily trips than
more affluent individuals.

As seen, there is little evidence on the effects of subsidies on public
transport use and also this is not a straightforward task, especially when
there is not enough money and the transport and access inequality gaps
are evident, which is the case of Bogota. Hence, what the previous
literature has not accounted for, which is a contribution of the current
paper, is an understanding of whether the targeted public transport
subsidies in Bogota have a causal effect on travel demand changes in the
SITP for people with lower incomes using treatment and control groups.
This provides a new assessment of the efficiency of subsidies from the
point of view of public transport use encourage.

3. Bogota’s transport system and subsidy for low-income users

At the end of the last century, Bogota had a public transport system
based on buses operated by the private sector without centralized
scheduling. This model counted more than 640 routes and had about
21,500 vehicles entering into crisis due to the locally known penny war
(competition in the market), road congestion, air pollution, poor road
safety, informality, and fares variability (Ardila, 2007). In 2000 it was
proposed to reorganize the city’s traditional public transport system into
the SITP (integrated public transport system) which would be made up
of the BRT, regular buses, cable car lines, and eventually metro and
regional trains. The implementation of the SITP was proposed gradually,
ensuring the provision of transport services in the city, which were fully
implemented by the end of 2021. The SITP allowed having a single and
flat fare with free transfers for those with a personalized travel card,
which initially benefited the poorest who make longer trips and transfers
between routes.

3.1. The SISBEN poverty classification scheme

The SISBEN is an index used by the Colombian government to assess
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and classify households, and their members, according to socioeconomic
vulnerability to identify eligible beneficiaries for social protection pro-
grams. The establishment of SISBEN in 1995 went together with a shift
towards a system in which most social policies became targeted mainly
at the most vulnerable households or individuals. Hence, to become a
beneficiary of different social policies individuals or households had to
pass a means test. To implement the SISBEN the national government,
every couple of years invites households to apply for inclusion in the
SISBEN database. Based on a very comprehensive household survey,
that includes more than 100 separate categories, e.g., the educational
status of household members and the materials of which the walls of the
residence are made, is implemented in the form of a visit of an inter-
viewer to the household residence, the government attributes an index
score (ranging between O [most vulnerable] to 100 [least vulnerable]).

An important feature of the system is that the weighting of the
different categories is kept a secret so that it becomes significantly more
difficult for households to manipulate their index score, e.g., by lying
about their educational status. Starting with the distribution of the index
score that ranges between 0 and 100, in the total population the national
and regional governments periodically define cutoffs to define who is
eligible to receive different aid programs. The latter also applies to
Bogota’s public transport subsidy. For the present study, we use data on
public transport use and eligibility for the transport subsidy for poor
individuals for the years 2017-2019. During this time the SISBEN III was
applied, and we, therefore, use the information on the latter for our
analytical strategy.

3.2. Bogota’s transport system

In Bogotd and Colombia, residential land is classified into six cate-
gories known as socioeconomic strata (SES), which establish different
rates for essential utilities. SES are defined by conditions in terms of the
physical characteristics of buildings and the quality of urban space
(Cantillo-Garcia et al., 2019). SES 1 corresponds to households with less
urban quality and SES 6 to the best conditions. Usually, the poorest
population live in the lower SES (1 and 2) and tend to live far from the
main economic opportunities. The urban structure and activity locations
of the city play against the poorest people. This group must endure long
travel times and expensive fares to get to their jobs or refrain from travel,
a circumstance that aggravates social inequalities (Guzman et al., 2017),
which was worse during the mandatory lockdowns as a result of the
COVID-19 pandemic (Guzman et al., 2021b).

Before the pandemic, approximately 13.4 million trips' were made
per day. Although the private vehicle fleet has grown 55% between 2011
and 2019 according to the latest mobility survey, the car-ownership rate
in Bogotd is still low with just one of seven inhabitants having a car. In
consequence, only 14.3% of daily trips in the city are made by car and
5.7% by motorcycle. The rest of the trips are made by active modes
(42.7%) and by public transport (30.9%). Also, 42% of the high-SES
population use the car for their daily work trips, while only 8% of em-
ployees of low-SES do (Pena et al., 2022). Of all public transport users,
86.4% belong to the lowest socioeconomic levels of the city (SES 1 to 3).
Public transport is by far the most common transport mode for middle
and low-SES groups.

The public transport ridership shows the sharpest peaks in the
mornings at the periphery, where the densest residential zones are
located, while in the evening, boardings occur on the eastern edge
(Guzman and Gomez Cardona, 2021). The pricing scheme consists of a
flat fare, which means that the fare is independent of the trip length. The
fare strategy was originally designed to benefit poor users, supposedly
by cross-subsidizing the long trips of the poor with the short trips of the
wealthy. However, lower-income users are disproportionately penalized
by a relatively high fare price (Guzman et al., 2021c). Another issue in

! Trips lasting longer than 15 min.
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the SITP is fare evasion. The only time evasion has been measured was in
2018 and only in the BRT system, finding evasion rates around 15.4% on
average (Guzman et al., 2021a).

Until January 2022 the regular fare of SITP was COP (Colombian
Pesos) 2500 (USD~0.66) for the BRT services and COP 2300
(USD=~0.61) for regular bus services. This is a heavy burden on low-
income households’ budgets and therefore, the city introduced a pro-
poor public subsidy that allows greater access to the SITP among this
population. There are two travel card types in Bogota’s SITP: a basic and
a personalized travel card. With the first one, the user will always pay
the full fare. The second option allows having differential fares (sub-
sidies), making it possible to make up to 2 transfers in 110 min and make
credit trips. Personalized travel cards are more common than basic
cards: 71% of all trips are paid for by personalized travel cards, while
subsidized travel cards do not exceed 18% of the total on average.
Therefore, to access the transport subsidy, it is necessary to have a
personalized travel card and meet other mandatory requirements
(please see next section).

3.3. Public transport subsidy for low-income users

In 2013, the city decided that people over 16 years of age with a
SISBEN score of fewer than 40 points would have a special SITP fare. In
2014, the benefit reached up to a 66% discount in off-peak hours and in
2015 it was set at 50% of the value of the regular fare. From that date
and for purely financial reasons, the requirements to access the subsidy
became more demanding and its amount was reduced. Table 1 presents
the historic fare prices for a regular user of the SITP and the SISBEN
beneficiaries, after several regulatory adjustments. Of these norms, the
current conditions of the subsidy were established in Decree 131 of
2017, which determined a SISBEN score of less than 30.56 to access the
subsidy, a maximum number of subsidized monthly trips of 30, being
over 16 years old, and not being a beneficiary of another incentive.

However, not all potential beneficiaries have accessed the transport
subsidy. For example, employed persons have a bigger probability of
accessing the benefit and women are 10% more likely to request the
subsidy than men (Rodriguez et al., 2016). As of February 2020, the
number of subsidized travel cards represents around 17.7% of total trips
in the system (614,596 users). In terms of age, the younger population
(younger than 35 years) has benefited the most since they represent
about half of subsidized travel card users. The subsidy has been an
important public investment by the city, costing a total of USD 22.7
million in 2019.

4. Data and methods
4.1. Data

To assess the causal effects of Bogota’s public transport subsidy for
poor individuals on the number of trips per month we use data from
three sources. First, data on the number of public transport trips as well
as their exact time and date for each registered user in Bogota’s SITP was
provided by TransMilenio S.A. (the entity that manages Bogota’s SITP).
By definition, a trip is a travel card validation (boarding) in the system.
If the same user validates their travel card in a time window of fewer
than 110 min, it is a transfer. If they do it after 110 min it is an additional
trip. This information does not include fare evaders. Second, data on
demographic as well as sociodemographic characteristics for all
2,201,654 of the city’s registered public transport users that are also
registered in the SISBEN III database came from the Bogota Mayor’s
Office (Secretaria Distrital de Planeacion). The database contains infor-
mation on the name, gender, unique personal identification number,
economic activity, occupation, personalized travel card number (that
allows tracking the travel patterns) as well as the type of user (i.e.,
whether an individual is receiving the public transport subsidy or not). A
third database also came from the Bogota Mayor’s Office that contained
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Table 1
Evolution of the SISBEN public transport subsid,

y.
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" Subsidized fare
Service Period Regular fare USD usD* Max. subsidized
Peak Off-peak Peak Off-peak | trips per month
hour hour hour hour
mar-14 | oct-14 $0.46 $0.38 $0.28 $0.19 21
nov-14 | jan-16 | $0.49 $0.41 $0.24 $0.16 40
feb-16 | mar-17 $0.54 $0.27 40
BRT apr-17 | jan-18 $0.60 $0.45 30
feb-18 | jan-19 $0.62 $0.47 30
feb-19 jan-20 $0.65 $0.49 30
feb-20 | current $0.68 $0.49 30
mar-14 | oct-14 $0.38 $0.19 21
nov-14 | jan-16 $0.41 $0.16 40
feb-16 | mar-17 $0.46 $0.19 40
Regular [ "apr17 | jan-18 $0.54 $0.39 30
feb-18 | jan-19 $0.57 $0.43 30
feb-19 | jan-20 $0.60 $0.45 30
feb-20 jan-22 $0.62 $045 30

* USD exchange rate = COP 3,693.4

Notes: In COP, fare increased steadily over time. The grey background indicates the period included

in our study.

information on whether an individual received the country’s conditional
cash transfer Familias en Accion. The latter represents a monthly cash
transfer for low-income families with children (<18 years of age) pro-
vided by the Colombian government. The program uses the same means
test and SISBEN III eligibility threshold as Bogota’s public transport
subsidy meaning that individuals with children below the cutoff are
automatically eligible to receive both programs.

The three databases were merged based on the personal identifica-
tion number of each individual for the time covering April 2017 until
December 2019. We do not include the time before April 2017 as this
time coincides with the introduction of the SISBEN-based eligibility
criteria in the current form. We do not include the time after 2019 as it
mostly coincides with the beginning of the COVID-19 pandemic and a
strict lockdown in the city that included substantial restrictions for
public transport use (Guzman et al., 2021b). We only work with
personalized travel card users.

4.2. Variables used

Based on a linkage of the aforementioned databases we constructed
the following variables:

1. A series of linear variables that correspond to the total number of
trips (boardings) of each user within the city’s official public trans-
port system per calendar day. The data of personalized travel cards
are available by each use during the study period: date and hour of
the boarding, value spent, type of user (with/without subsidy) and
station/stop identification.

. A series of linear variables that correspond to the total number of
boardings of each user within the city’s official public transport
system during weekends (Saturday and Sunday for each day during
the studied period).

. The exact SISBEN III score of an individual. Please see Section 3.1.

. A dummy capturing whether s/he receives the public transport
subsidy. Please see 1)

. A dummy capturing whether s/he receives the Familias en Accion
benefit. To isolate the effect of the transport subsidy on ridership we,
therefore, control for Familias en Accién receipt in the regression
models and repeat the analyses for individuals not receiving Familias
en Accion.
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6. We also obtained information from the government’s SISBEN III
database on whether a registered public transport user was
economically active or not (following the government’s statistical
classification). Economically active are classified as individuals that
are either: working (at least 1 h in the reference week) or unem-
ployed (while looking for work). Economically inactive are classified
as individuals that are either: students, housewives/men, pen-
sioners/retired, disabled (and unable to work), or unwilling to work/
voluntarily out of the labor force.

4.3. Identification strategy

To identify the effect of the public transport benefit on the number of
trips (per month and on weekends) we use an RDD strategy (Hahn et al.,
2001; Imbens and Lemieux, 2008; Lee and Lemieux, 2010). This is a
widely used quasi-experimental econometric technique for assessing the
causal effects of interventions that relies on the existence of a distinct
cutoff (or threshold) used to assign eligibility to an intervention. Using
the information on observations located closely around the respective
cutoff the RDD compares outcomes of interest of those observations, e.
g., of individuals, below and above the cutoff to estimate the so-called
Local Average Treatment Effect (LATE). RDDs are widely considered
as having a very high level of internal validity, able to produce an un-
biased estimate of the local treatment effect as good as a randomized
control trial (RCT) (Chaplin et al., 2018).

In the present case, there exists a distinct eligibility cutoff in terms of
an individual’s SISBEN III score (<30.56 points) that is used to deter-
mine whether an individual may or may not receive the city’s public
transport subsidy (in addition to residing in Bogotd). Hence, individuals
that have SISBEN III scores >30.57 points should officially not receive
the subsidy, whereas those with scores <30.56 points are eligible to
receive it. The RDD relies on the assumption that the so-called assign-
ment values, i.e., the SISBEN III eligibility cutoff, in this case, are
essentially randomly assigned and that individuals cannot themselves
manipulate it. If this is the case, and there exist no further discontinuities
around the same cutoff (see discussion below), then the separation into
eligible (treatment) and ineligible (control) individuals can be consid-
ered as good as random and allows for the estimation of the same
treatment effects as standard RCTs in the form of mean differences in the
outcome variable between individuals in the treatment versus the
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control group.

A limitation of RDD is that the results generally are only generaliz-
able for observations with values of the assignment variable close to the
cutoff. Therefore, the estimated quantity of RDD only is generalizable to
the group if individuals that have SISBEN scores near the respective
cutoff. In the present case, there exists strong support for the assumption
that the eligibility cutoff for the transport subsidy is randomly assigned.
Hence, the SISBEN III score of 30.56 is a practically arbitrary value (of a
continuous index), which was based on budgetary considerations of the
government aiming to grant the subsidy to a certain percentage of in-
dividuals in agreement to public funds being available. In other words,
the cutoff of 30.56 itself does not reflect any distinct differences between
population groups in terms of sociodemographic characteristics. Due to
the latter, several studies have used this circumstance by using the
SISBEN eligibility cutoffs in conjunction with RDD to estimate the causal
effects of different government subsidies in Colombia (Barrientos and
Villa, 2015; Melguizo et al., 2016).

A central assumption of the RDD strategy, on the one hand, is that
individuals cannot determine the cutoff itself —which is the present case
given that the cutoff is fixed on the city level- and, on the other hand,
that individuals also cannot manipulate the mechanism used for
deciding eligibility. On the other hand, another crucial assumption and
requirement for the RDD is that there is a significant and substantial
increase in the probability of being treated (i.e., to receive the subsidy)
around the eligibility cutoff (i.e., the SISBEN III score of 30.57).

To assess the latter, we conducted two types of analyses. First, we use
graphical evidence to visualize the existence of a substantial increase in
the probability of receiving the public transport subsidy around the
SISBEN III cutoff. Hence, Fig. 1 shows the estimated probability of
receiving the public transport subsidy according to a person’s SISBEN IIT
score derived from a locally weighted polynomial regression. The ver-
tical dotted line corresponds to the eligibility cutoff score of 30.57,
whereas individuals with SISBEN III scores on the left side of the line
(scores <30.57) should theoretically have a 100% probability of
receiving the subsidy whereas individuals on the right side of the line

0.90
|

0.78
|

Probability of receiving public transport subsidy
0.53 0.65
M L

0.40
1

26 28

30 3.
SISBEN Score

Fig. 1. Probability of receiving Bogota’s public transport subsidy according to
SISBEN score around eligibility cutoff.

Notes: The figure shows the estimated probability of receiving the city’s public
transport subsidy according to individuals’ SISBEN (System of Identification of
Social Program Beneficiaries) score that is used to assess eligibility. A lower
SISBEN score indicates that an individual lives in a poorer household). The
vertical line represents the SISBEN eligibility cutoff for the public transport
subsidy equal to a score of 30.56 points. A dot represents a cluster of individuals
in this region of the distribution. Individuals were included in the model if their
SISBEN score was +5 SISBEN III points from the cutoff and if they were
registered users of the city’s public transport system at any moment between
April 2017 and February 2020. Only including individuals with SISBEN III
scores between 25.57 and 35.57 points (N = 361,744).
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should theoretically have a 0% probability of receiving the subsidy due
to being ineligible. The dots correspond to clusters of individuals with
similar values in terms of the probability of receiving the subsidy as well
as the SISBEN III score. The lines represent a polynomial regression line
and corresponding 95% confidence intervals.

As Fig. 1 shows there is a substantial increase in the probability of
receiving the subsidy around the respective SISBEN III threshold. Close
to the cutoff (+5 SISBEN III points) the probability of receiving the
subsidy nearly doubles, thus increasing from around 53%-85%. Fig. 1
also suggests that the take-up of the subsidy is very high among eligible
persons and thus reaches well its target population. At the same time, the
figure shows that there are some individuals with SISBEN III scores that
are close to the threshold (30.57-35.56 points) that are officially ineli-
gible but who receive the subsidy. While we do not find evidence for
manipulation of the SISBEN scores around the eligibility cutoff (see
Appendix Figure Al (Cattaneo et al., 2020)). The latter circumstance
may be due to administrative errors in the eligibility checks. Using the
same sample, we also estimated a linear probability model that regresses
a binary variable of whether an individual receives the subsidy on a
linear version of the SISBEN III scores as well as a binary variable
capturing whether an individual has a SISBEN III score below or above
the eligibility cutoff. As Appendix Table A1 shows, being eligible for the
subsidy according to the SISBEN III score significantly and substantially
increases the probability of receiving the subsidy by 32.9% (p-value
<0.0001).

Using the Stata package rdrobust (Calonico et al., 2017) we imple-
mented the RDD by estimating the LATE using a non-parametric local
regression of the following form:

r=1(%) = E{¥,(1) - Y,(0)|X; =%} + Z

whereas X; is the running variable in the form of the SISBEN III score of
individual i, x is the SISBEN III eligibility cutoff (score of 30.57), and Y;
refers to the observed outcomes of interest, here the number of public
transport trips. Y;(1) and Y;(0) refer to the potential outcomes for each
eligible and ineligible individual. Z; is a variable capturing whether an
individual receives the Familias en Acciéon conditional cash benefit.

Given that there are individuals that are officially ineligible to
receive the subsidy but receive it as well as eligible individuals not
receiving it (see Fig. 1), so-called non-compliance, we implement the
RDD as a fuzzy set. For the main analyses, we restrict our sample to
individuals with SISBEN III scores within the range of 5 points below or
above the eligibility cutoff (30.57), i.e., those within the range of
25.57-35.57 points, whereas we also show the robustness of the results
using alternative bandwidths. This agrees with other studies that have
used SISBEN III eligibility cutoffs in conjunction with RDD to assess the
causal effects of various government subsidies on different outcomes in
Colombia (Miller et al., 2013). We also present robustness analyses using
different bandwidths (see Appendix Table A2).

Analyses were performed separately to assess the effect of the public
transport subsidy on the number of total trips as well as total trips during
weekends in each calendar month between April 2017 to December
2019. We use the calendar month as the main unit of time due to the
circumstance that travel patterns in Bogota have substantial seasonal
variations (Guzman et al., 2020). The separate analyses for trips on
weekends were done as the latter may capture travel behavior for social
or recreational purposes, different to travel for work/study-related
purposes.

A key assumption of the RDD is that there exist no other relevant
discontinuities around the respective eligibility cutoff. Due to the nature
of the SISBEN III means test, which classifies households and their
members, into a continuous score, and the arbitrary selection of the
cutoff score for the public transport subsidy selection, which is not
correlated with any individual characteristics in terms of age or gender,
for example, we can reasonably assume that the control group (those
with SISBEN III scores just above the cutoff) and treatment group (those
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with SISBEN III scores just below the cutoff) are de facto randomly
assigned and that there exist no systematic differences in terms of socio-
demographic characteristics between the two groups as a result, espe-
cially close to the cutoff. Unfortunately, due to the use of administrative
data, we are unable to empirically assess whether there exist other
discontinuities in terms of individuals’ sociodemographic characteristics
around the SISBEN eligibility cutoff, besides the dimension of economic
activity status. As Appendix Figure A2 shows, there exists no disconti-
nuity in terms of the probability of being economically active or not
around the SISBEN eligibility cutoff for the city’s public transport sub-
sidy. As an additional robustness check, we also performed a series of
placebo tests by using alternative SISBEN eligibility cutoffs following the
suggestion by Imbens and Lemieux (2008) (see Appendix Table A3).

5. Results and discussion
5.1. Sample overview

Table 2 presents a descriptive overview of our sample, thus only
including individuals with SISBEN III scores between 25.57 and 35.57
points (N = 361,744). Of individuals within this range, 41% receive the
public transport subsidy. The average SISBEN III score is 30.04 points.
Of the sample 10% receive Familias en Accion. Of the sample, 33% are
economically active.

Table 2
Sample characteristics.
N (total) Mean SD
Receiving public transport subsidy (yes) 361,744 0.4 0.5
SISBEN Score 361,744 30.0 2.9
Familias en Accion (yes) 361,744 0.1 0.3
Economically active (yes) 361,744 0.3 0.5

Average monthly number of
validations (total)

Average monthly number of
validations (weekends)

Year Month N Mean SD N Mean SD
2017 APR 131,883 19.8 15.5 109,220 7.0 5.7
MAY 130,740  20.7 16.8 103,982 5.7 4.3
JUN 131,146  18.8 15.7 96,811 5.2 4.1
JUL 134,953 18.7 15.5 119,496 8.1 6.1
AUG 134,953 18.7 15.5 119,496 8.1 6.1
SEP 144,581  20.9 16.9 107,866 5.1 3.9
OCT 148,344  20.6 16.8 69,201 3.6 3.1
NOV 155,674 20.1 16.5 116,057 5.4 4.2
DEC 164,984 18.4 15.5 130,627 5.8 4.7
2018 JAN 164,947 18.1 15.5 121,026 4.7 3.7
FEB 170,118 19.3 15.9 122,274 4.8 3.6
MAR 174,286  19.3 15.9 134,691 5.7 4.6
APR 178,796  21.6 18.0 130,777 5.3 4.3
MAY 185,134  20.3 16.8 138,060 5.1 4.1
JUN 185,300 16.8 14.1 142,487 5.3 4.3
JUL 194,238  22.2 19.1 141,000 4.9 3.9
AUG 203,894  20.6 17.3 151,998 5.3 4.2
SEP 207,975 19.7 16.2 156,945 5.1 4.0
OCT 216,054 21.2 17.4 158,542 5.0 3.9
NOV 220,316  19.6 16.1 165,525 5.3 4.2
DEC 230,700 18.6 15.5 182,456 5.5 4.5
2019 JAN 235,180 17.3 14.9 166,121 4.6 3.6
FEB 242,082  16.7 15.5 172,906 4.7 3.5
MAR 265,472 19.7 18.2 187,577 5.7 4.6
APR 238,720 18.8 15.5 172,157 4.8 3.8
MAY 239,971  20.6 17.3 174,736 5.0 3.9
JUN 236,214  18.0 15.1 184,845 5.7 4.8
JUL 233,378 17.2 14.4 163,808 4.3 3.4
AUG 246,565  19.1 16.5 183,314 5.7 4.6
SEP 238,230  20.2 16.6 173,032 4.9 3.8
OCT 238,430 20.4 16.9 173,268 4.9 3.8
NOV 231,374 17.8 14.6 169,189 4.9 3.9
DEC 234,250 18.1 15.3 177,416 5.1 4.0

Notes: The sample included only individuals with SISBEN III scores between
25.57 and 35.57 points.
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Table 2 also shows the monthly average number of trips as well as
trips on weekends and holidays during the study period. As the table
shows, the number of trips varies greatly during the year, with more
trips undertaken in spring (March-May) and autumn (August-No-
vember) than summer (June-July) and winter (November—January). As
the table also shows, the total number of monthly trips (in total as well as
on weekends and holidays) has been decreasing over time from March
20109.

5.2. Regression discontinuity design results

Table 3 presents the estimated treatment effect (LATE) of the public
transport subsidy on the total number of trips per month as well as the
number of monthly trips obtained from the RDD. As the table shows, on
average, there exists a significant positive effect of the public transport
subsidy on the total average number of boardings (trips) in almost all
months between April 2017 and December 2019. The results show that
subsidy plays a significant role in public transport use. The lower the
income level of the (subsidized) user, the greater the use of the service.

On average, in 2017, the subsidy increased the total average number
of boardings by 16 per month. In 2018 the average effect of the subsidy
on the total number of boardings was 7.5, with a statistically significant
effect observed in all months. In 2019, the average effect of the subsidy
on the total number of boardings was 5.4, while there existed no sig-
nificant effect in February and March. In 2017 the average effect of 16
additional boardings per month is practically equal to one standard
deviation (SD) of monthly boardings among individuals with SISBEN

Table 3
Effect of Bogotd’s public transport subsidy on the number of total trips per
month.

Year Month LATE SE LATE as % of SD
2017 APR 25.32%*% 3.67 164%
MAY 24.00%** 3.18 143%
JUN 19.68%** 2.65 125%
JUL 2.01 116%
AUG 2.01 116%
SEP 1.98 96%
OCT 1.63 87%
NOvV 1.45 75%
DEC 1.44 75%
2018 JAN 1.38 69%
FEB 1.34 65%
MAR 9.188%** 1.38 58%
APR 9.362%** 1.35 52%
MAY 1.13 50%
JUN 0.89 36%
JUL 6.898%** 1.09 36%
AUG 6.0227%%* 1.27 35%
SEP 5.450%** 1.14 34%
OCT 7.244%%* 0.88 42%
NOV 6.090%** 0.77 38%
DEC 5.361%** 0.85 35%
2019 JAN 4.442%%* 0.65 30%
FEB 5.837 9.66 38%
MAR 11.37 7.59 62%
APR 5.007%** 0.81 32%
MAY 6.458%** 0.97 37%
JUN 0.84 27%
JUL . 0.88 29%
AUG 4.885%%* 0.85 30%
SEP 1.10 29%
OCT X 1.19 36%
NOV 3.101%** 1.06 21%
DEC 4.048%** 1.04 27%

LATE = Local average treatment effect; SD=Standard deviation.

Notes: All models only include individuals with SISBEN scores +5 points from
the eligibility cutoff. Controls for Familias en Accion receipt. The column titled
“LATE as % of SD” shows the size of the estimated effect relative to the SD of
monthly trips made by individuals with SISBEN scores +5 SISBEN III points from
the cutoff (see Table 1 for information on SD per year and month).
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scores between 25.57 and 35.57 points. In 2018 the estimated effect of
the subsidy corresponds to 42% of SD of monthly validations, and in
2019 to 33% of SD of monthly validations among individuals in the same
range of SISBEN score. What is evident from these results, and further
highlighted in Fig. 2 (2017, top), is that the size of the effect of the
subsidy has decreased over time, both in terms of the total number of
trips as well as relative to the average number of trips per year and
month. A particular drop in the size of the effect can be observed

2017

35
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20

Numnber of trips

Apr Jul Oct Nov Dec

2018

May  Jun Aug Sep

35
30
25

20

Numnber of trips

Jan Feb Mar Apr May Jun Jul

2019
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35
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—Econ. inactive
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10
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Fig. 2. Effect of Bogotd’s public transport subsidy on the total number of
monthly trips according to economic activity status.

Notes: All models only include individuals with SISBEN scores +5 points from
the eligibility cutoff. Controls for Familias en Accion receipt. The column titled
“LATE as % of SD” shows the size of the estimated effect relative to the SD of
monthly trips made by individuals with SISBEN scores +5 SISBEN III points
from the cutoff (see Table 1 for information on SD per year and month).
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between the end of 2017 and 2018.

Table 4 presents the LATE of the public transport subsidy on the total
number of monthly trips on weekends and holidays obtained from the
RDD. As the table shows, on average, there exists a significant positive
effect of the public transport subsidy on the number of validations on
weekends and holidays in most months between March 2017 and
December 2019. On average, in 2017, the subsidy increased the total
average number of boardings on weekends and holidays by 2.9 per
month. In 2018 the average effect of the subsidy was 0.85, with a sta-
tistically significant effect observed in all months except September. In
2019, there existed no statistically significant effect of the public
transport subsidy. In 2017 the average effect of 16 validations on
weekends and holidays per month is equal to 58% of monthly valida-
tions on weekends and holidays among individuals with SISBEN scores
between 25.57 and 35.57 points. In 2018 the estimated effect of the
subsidy corresponds to 18% of SD of monthly validations, and in 2019 to
2% of SD of monthly validations among individuals in the same range of
SISBEN points. Similar to the effect of the subsidy on average monthly
trips the effect on trips on weekends has diminished over time and
especially after 2018 (see Figure 2 and 2018 middle).

While being robust to the choice of different bandwidths (see Ap-
pendix Table A2), we also assessed whether the results are robust to
using different eligibility cutoffs as placebo tests. As Appendix Table A3
shows, when using alternative eligibility cutoffs, near the current cutoff,
the results are consistently insignificant.

We furthermore assessed whether there existed a differential effect of
the public transport subsidy on the number of trips between

Table 4
Effect of Bogota’s public transport subsidy on the number of trips during
weekends and holidays per month.

Year Month LATE SE LATE as % of SD
2017 APR 1.2 107%
MAY 0.8 67%
JUN 0.6 83%
JUL 0.8 89%
AUG 0.8 89%
SEP 1.864%** 0.4 48%
OCT -0.126 0.5 —4%
NOV 1.994%%* 0.4 47%
DEC 1.705%%** 0.4 36%
2018 JAN 1.567%%* 0.4 42%
FEB 1.058 0.4 29%
MAR 1.344%%* 0.4 29%
APR 1.124%%* 0.3 26%
MAY 0.711%* 0.3 17%
JUN 0.534+* 0.3 12%
JUL 0.800%* 0.3 20%
AUG 0.699** 0.3 17%
SEP 0.495 0.3 12%
OCT 0.716%** 0.3 18%
NOV 0.611%* 0.3 14%
DEC 0.590%* 0.3 13%
2019 JAN 0.310 0.2 9%
FEB 0.276 0.2 8%
MAR 0.429 0.3 9%
APR 0.238 0.2 6%
MAY 0.265 0.3 7%
JUN 0.276 0.3 6%
JUL —0.0268 0.2 -1%
AUG 0.127 0.3 3%
SEP —0.204 0.3 —5%
OCT 0.104 0.3 3%
NOV -0.112 0.3 —3%
DEC —0.0265 0.3 —1%

LATE = Local average treatment effect; SD=Standard deviation.

Notes: All models only include individuals with SISBEN scores +5 points from
the eligibility cutoff. Controls for Familias en Accion receipt. The column titled
“LATE as % of SD” shows the size of the estimated effect relative to the SD of
monthly trips made by individuals with SISBEN scores +5 SISBEN III points from
the cutoff (see Table 1 for information on SD per year and month).
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economically active and non-active individuals. As Fig. 2 shows, be-
tween April to September 2017 the effect of the public transport subsidy
on the total number of trips per month was larger among economically
active compared to non-active individuals. Since then, there exists no
substantially different effect of the subsidy between the two groups.

6. Conclusions

To provide affordable public transport services for the poorest pop-
ulation despite the financial constraints, the local government of Bogota
implemented a pro-poor public transport subsidy scheme in 2013. This
paper aimed to estimate the causal effect of Bogotd’s public transport
subsidy for poor individuals on the number of trips. To this end, we used
detailed administrative data on public transport use (for the years
2017-2019) in combination with an RDD. We present evidence of the
effects on public transport ridership of this subsidy, exploring the causal
links between the subsidy and ridership outcome. As our results show,
the effect of this subsidy has a significative and positive impact on the
total trips made by subsidy beneficiaries, on both weekdays and week-
ends. However, the size of the subsidy’s effect on the total number of
trips per month as well as on trips during weekends has substantially
diminished since 2017, with the effect on trips during weekends
becoming insignificant in 2019. The subsidy’s effect went from 16 more
trips/month in 2017 to nothing (no significative effect) by the end of
2019, although for overall trips the effect remains significant
throughout 2019.

A challenge of this study has been to identify the causes of the van-
ishing of the subsidy effect on ridership over time. In this context, it
should be taken into account that during the studied period, the city’s
public transport system underwent the implementation of the new
regular bus component and the dismantling of traditional bus routes. At
the same time, travel times increased, particularly in public transport
and the motorcycle fleet (a natural substitute for public transport in poor
population segments) increased by 17% between 2017 and 2019. This
situation encouraged bicycle use since most of the cyclists are also
frequent users of public transport, and in 2017 for the first time in his-
tory the public transport demand stopped increasing. At the same time,
there was a fare increase between 9 and 14% during the study period
and the total public transport ridership decreased by approximately
10%.

These changes in user costs and ridership could have affected the
subsidy effect on trips over time, thus diminishing its positive effect.
Another speculative hypothesis for the reduction in the effect of the
subsidy over time, and especially between April to December 2017, may
be that many recipients of the public transport subsidy did not realize
immediately that the maximum number of subsidized trips was reduced
from 40 to 30 in April 2017. Hence, it is possible that many recipients of
the subsidy continued using public transport for the better part of 2017
assuming that they would still get up to 40 trips subsidized. Therefore,
we hypothesize that the combination of fare increases, limited subsi-
dized trips, and partial unawareness of the reduction in subsidized trips
in April 2017 explains that the effect of the subsidy on the number of
monthly trips has diminished since then.

In summary, our results suggest that the public transport subsidy
significantly and substantially leads to an increase in public transport
use among low-income individuals, both in terms of the total number of
monthly trips as well as for trips during weekends. These results of
course are related only to Bogotd, hence the specific conclusions cannot
easily be extrapolated to other cities. Therefore, further research on this
question, including analyses of the impacts on mobility patterns,
employment, and other aspects is needed.

6.1. Strengths and limitations

Besides the present study having several strengths, including a large
sample size as well as a quasi-experimental identification strategy, some
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limitations should be taken into account.

First, the results from the RDD only represent a local treatment ef-
fect, i.e., one that is generalizable for individuals with SISBEN poverty
scores close to the cutoff and not for the entire population of Bogota.
Second, due to the limitations of the available data, we are unable to
assess whether, besides the receipt of the Familias en Accién program
(which is included as a control variable) and economic activity, there
exist other discontinuities around the same cutoff that may affect the
results. While we are not aware of other government-sponsored pro-
grams that use the same eligibility threshold it is plausible that the
SISBEN eligibility cutoff itself does not reflect any differences between
individuals in terms of sociodemographic characteristics. E.g., it is
highly likely that in its direct proximity there are as many men and
women, or younger and older individuals, on either side of the SISBEN
eligibility threshold, therefore resulting in effective randomization of
treatment. Third, it is not possible to quantify the potential impact of the
presence of fare evasion on the effect of the subsidy. According to the
only study published on this question in Bogota, fare price is relevant for
users (Guzman et al., 2021a), meaning that an expensive fare encour-
ages service dissatisfaction and hence, evasion. However, in this case,
the subsidized fare lowers the cost for the user, and although it cannot be
confirmed with total certainty, by having a lower fare the incentive to
evade also decreases. And even though there exists no current infor-
mation on fare evasion in the SITP, in this case, by having all the in-
formation on the personalized travel cards during the study period, no
significative changes were observed in the travel card use patterns in
this regard. Therefore, there could be a bias in our results due to evasion,
but it is not possible to quantify its effect on the results. A final limitation
of the present paper is that we are unable conclusively and definitively
to assess the reasons why the effect of the subsidy has decreased sub-
stantially over time or alternative transport modes of users. We do
present a reasonable explanation.

6.2. Discussion and policy implications

Based on the SISBEN classification, the results make it clear that
public transport subsidies give special consideration to the poorest
users. This reveals that the subsidy policy satisfactorily targets the
poorest people, encouraging public transport usage. As seen, a targeted
pro-poor subsidy can have a significant and positive effect on the
benefited population, encouraging them to use public transport more,
and hence, to participate in more productive and leisure activities.
However, with the change in the conditions of access to the subsidy
(lower SISBEN score and fewer subsidized trips), it was intended to
target the intervention better, that is, subsidize the poorest among the
poor. However, the current subsidy (in 2019) does not encourage more
trips in the treatment group versus the control, and the SITP financial
deficit is still increasing. An effective policy that initially works well, if it
is not reviewed periodically, can lose its effectiveness or even may have
negative effects over time.

The overall redistributive impact in terms of more public transport
use could be key given an increase in accessibility and the large weight
of the transport costs in the budget of poor households. Despite the
criticisms it receives, the transport subsidy policy in Bogota (and other
Latin American cities) has a redistributive effect in terms of public
transport use that benefits those with lower incomes. However, the
population with SISBEN scores greater than 30.56 is still very poor, so
they should also benefit from the subsidy. Given the positive impact in
terms of public transport use among the city’s poor individuals policy-
makers may consider expanding the eligibility criteria to increase
overall public transport use among poor individuals. However,
expanding the eligibility criteria, i.e., making the subsidy more inclu-
sive, would reduce, ceteris paribus, the distributive effects of the subsidy.
An effective and well targeted public transport subsidy is an alternative
form of interpretation of the current social consequences of transport
policy and planning and explicit recognition of differences in the
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capacity of social groups and individuals in urban mobility to take
advantage of the opportunities offered by cities. Another issue is to find
alternative sources to fund these types of policies.

An immediate policy implication of the main result of this study is an
evident relation of subsidies to their potential implications for sustain-
able and inclusive development in cities like Bogotd, where social
exclusion is deep and evident. However, the question about the extent to
which such policy is effective over time remains to be answered. If it
loses effectiveness, as is the case, other fiscal tools different from tar-
geted subsidies would be more efficient in achieving the same redis-
tributive effects. As an isolated measure, public transport subsidies may
be an effective and temporary tool for increasing social well-being.
Precisely due to the financial restrictions of the city, travel demand
management measures such as congestion and parking charges, or even
more dedicated bus lanes, could reduce the subsidy, mitigating road
congestion and making public transport more attractive and competitive
compared to private transport.
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