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We use bus GPS data across 500 routes to estimate the impact of priority infrastructure on buses’ speed and
ridership in Chile. Almost 100 million bus trips allow us to leverage within-route variation in the proportion
of the route in which buses travel along bus lanes or Bus Rapid Transit (BRT) corridors. Corridors increase
bus speeds by 20% at peak hours. Bus lanes, often seen as an equally effective but cheaper alternative to a

BRT corridor, are, on average, ineffective. However, bus lanes achieve the same travel time savings as BRT
corridors only when fully isolated from private vehicles, coupled with monitoring cameras and enforcement.

1. Introduction

Bus Rapid Transit (BRT) is gaining popularity as a cost-effective way
to improve commuting, especially in developing countries.! Compared
to subways, BRT offers similar time savings at a lower price and can be
built much quicker. These benefits have led to a boom in BRT systems,
with nearly 200 cities (mainly in Latin America and Asia) implementing
them in the past 15 years. More recently, in 2023, the U.S. Department
of Transportation’s Federal Transit Administration announced awarded
grants of over US$450 million to support BRT corridors. As Borsje
et al. (2023) discuss, while there are lower-cost alternatives, such as
dedicated bus lanes and monitoring cameras, their impacts remain
unclear.

In this paper, we offer new evidence of the impact of providing
different types of bus priority infrastructure, including BRT corridors,
on bus speeds and ridership. We rely on bus-level GPS data across
500 bus routes between 2016 and 2019 in Santiago, Chile, adding
up to almost 100 million bus trips. The longitudinal structure of this
information provides us with the extraordinary opportunity to exploit
year-to-year variation in the proportion of priority bus infrastructure
within routes over time. We study the performance of BRT corridors
and (dedicated) bus lanes. BRT corridors are always fully isolated

from other traffic; however, bus lanes are usually not. During our
study period, Santiago implemented both traditional bus lanes (along
unrestricted traffic) and bus lanes that were fully isolated from other
traffic and implemented as bus-only streets. The main difference is that
BRT corridors require substantial capital investment, and bus lanes in
either form are regular lanes with pavement markings. The three types
of infrastructure can be seen in Figure A.1.

Our econometric strategy is twofold. First, we exploit the infras-
tructure variation within routes over time using fixed effects by route
and year. The fixed effects ensure that we compare bus speeds on the
same route after the route experiences variation in the proportion that
prioritizes buses. This strategy uses data about the share of each route
traveling across bus lanes or corridors, which is published only once
per year. We study, therefore, the impact of the average corridor and
bus lane using the variation experienced by each route from year to
year. To assess threats to our analysis, we show that changes in bus
infrastructure are unrelated to previous bus speeds. We also show the
robustness of results to control for underlying factors that could have
been promoting the implementation of related policies.

The main result is that providing priority with a BRT corridor,
physically segregated from traffic, increases buses’ speed by 20% at
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peak hours and by 15% at off-peak hours. According to the BRT
Standard developed by the ITDP, Santiago’s BRT corridors are on
the lower quality spectrum. Nevertheless, they improve travel times
substantially. Our analysis also reveals that bus lanes, often seen as
equally effective but cheaper than a BRT corridor, are significantly
less effective on average. Our main estimates indicate a positive yet
small and statistically insignificant speed increase from bus lanes. This
result aligns with the anecdotal evidence that low-quality BRT corridors
are ineffective. As discussed above, Santiago implemented bus lanes
along unrestricted traffic and fully isolated bus lanes, forming a bus-
only street. Moreover, some bus lanes have monitoring cameras and
enforcement, and others do not. The various types of bus lanes suggest
that our estimate may mask heterogeneous effects.

We investigate possible heterogeneous effects with a matched
difference-in-differences approach. In this part, instead of using the
annual transit infrastructure dataset, we look at infrastructure events
(e.g., implementation of bus lanes on a specific date). We estimate
the impact of three projects, each affecting a subset of routes in our
dataset of bus speeds. The first project is the construction of a 9 km BRT
corridor (on Vicufia Mackenna avenue) in December 2017 that allows
for comparing the impact of corridors across empirical strategies. The
corridor affected 12 routes, increasing their average share in a corridor
by 45 pp. The second project is the implementation in March 2017 of a
new bus lane supported by monitoring cameras. A 1.5 km section of the
“Santo Domingo” street was transformed into a bus-only two-lane street
during workdays from 7:00 a.m. to 9:00 p.m. It increased the routes’
average share in bus lanes by approximately 5 pp. Private vehicles were
not allowed to use the street except for residents. Finally, the third
project is the installation of monitoring cameras in December 2016 on
an already existing 6 km bus lane (“Macul — José Pedro Alessandri”
avenue). This bus-only lane is along two lanes for unrestricted traffic,
is marked with painted pavement, and affects 12 routes.

The inauguration of the BRT corridor increased bus speeds, on
average, by 6.7% and 5.4% at peak and off-peak hours, respectively.
As the routes’ change in their share traveled in a corridor was 45
percentage points, results are consistent with those discussed above.
The bus-only street with monitoring cameras of the second project
increased bus speeds, on average, by 5.4% and 4.7% at peak and off-
peak hours, respectively. In contrast, bus speeds are unaffected by the
installation of monitoring cameras and enforcement on regular bus
lanes. Importantly, these null results can confidently reject that the
average bus speed increases by more than 4%.

The results can be explained by the fact that most of the city’s bus
lanes, particularly those that installed cameras in 2016, are alongside
unrestricted traffic lanes. This induces the possibility of private vehicles
congesting buses because they are permitted to use the bus lane to
make right turns, among other reasons. On the contrary, for the 2017
implementation, the entire two-lane street was restricted to buses only.
Contrasting this coefficient with the previous estimate, we can conclude
that the 2017 bus lanes with monitoring cameras have a similar impact
as the standard installation of BRT corridors observed in 2016-2019.

We also estimate the impact on ridership of providing priority
infrastructure to buses using the same methodology as for speeds. We
observe no statistical relationship between corridors and changes in
the number of peak travelers. However, the inauguration of the BRT
corridor increased ridership by 10% at off-peak hours when capacity
restrictions are less binding, and demand is more elastic. As for bus
lanes, we only found positive effects for the bus-only street and during
weekends that materialized after one year of inauguration.

Our results have policy implications relevant to the design and
implementation of bus-priority infrastructure. Using a typical value of
travel time savings for Chile (US$ 3 per hour), we estimate that a
BRT corridor saves approximately US$ 300,000 per year per kilometer
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only due to shorter travel times.? Therefore, bus corridors can bring
substantial welfare gains. We believe that this is a reasonable first-order
approximation even though it ignores general equilibrium effects. On
the other hand, the cost of implementing them can be significant, too.
The latest BRT Corridor in Santiago was reported to cost over US$ 10
million per kilometer by the Ministry of Transportation (April 4, 2024).
This figure suggests that the investment could yield net benefits only
over a very long period.

Another implication is that bus lanes, often considered a reasonable
alternative to bus corridors, do not necessarily bring significant travel
time savings. Our analysis documents that the coexistence of bus and
mixed traffic lanes, even when adequately enforced with monitoring
cameras, inhibits the increase in the buses’ speed. Therefore, the lack
of dedicated right-of-way that is unexposed to mixed traffic can cause
poor performance in some systems. This result is especially relevant for
implementing the so-called BRT-Lite system, which, according to Kim
and Ewing (2024), is the most common style of BRT in North America.

Our results also inform policymakers to prioritize place-based trans-
portation policies. Bus lanes, the cheaper alternative to BRT corridors,
may only work effectively when private vehicle presence is minimal.
For example, Minnesota’s first bus rapid transit line, the Gold Line, is
10 miles long and has a budget of $505.3 million. The Environmental
Assessment’s scenarios assume that buses run at least at 27 kilometers
per hour (16.9 mph). Our estimations suggest that this could only be
achieved if the bus lanes’ interaction with traffic is absent.

We contribute to the recent literature on the effectiveness of bus-
priority infrastructure. Adler et al. (2021a,b) report positive effects of
bus lanes when estimating the marginal external cost of road travel and
the benefit from transit provision in Rome.® Adler et al. (2022) directly
estimate the elasticity of bus travel time to traffic density for regular
roads and bus lanes. We add to this literature by directly estimating the
effect on travel times. We also add to the literature on the welfare gains
and distributional impacts of implementing BRT systems. Tsivanidis
(2023) shows that implementing the BRT system in Bogota brought
substantial welfare gains. Balboni et al. (2020) finds a sizeable positive
impact of Dar es Salaam’s bus rapid transport system and Kreindler
et al. (2023) a positive impact on speeds of the expansion of the
TransJakarta bus system in Jakarta. Moreover, our work complements
the literature on policies to deal with traffic congestion. On the one
hand, Parry and Small (2009) and Hall (2021) make a strong case
for optimally pricing transit and car. On the other hand, studies such
as Kutzbach (2009), Basso and Silva (2014), Basso et al. (2019) find
through numerical simulations that bus lanes and BRT corridors can
yield similar benefits as second-best pricing measures.

Finally, we contribute to the literature that leverages high-frequency
big data in urban transportation. Examples include (Kreindler et al.,
2023), who estimates the spatial distribution of income in Dhaka from
cell phone records, Gu et al. (2021), who estimates the impact of the
opening of subway lines on pollution in China using real-time speed
information at the road segment level, and Chaves Maia (2022) who
studies the impact of high-intensity rain on bus speeds in Rio de Janeiro
using, as we do, the city buses’ GPS information.

2. Background

We study the effect of bus priority infrastructure in the Greater
Santiago Area (henceforth, Santiago) between 2016 and 2019. Santiago

2 We assume that the corridor has a load of 9000 passengers per hour at
peak times and 2000 at off-peak. There are 260 working days per year, and
the peak and off-peak periods last four and six hours, respectively.

3 Engineering studies about Santiago’s bus priority infrastructure have
shown that buses traveling in mixed traffic have a larger mean travel time and
variability than buses in bus lanes and corridors (see, e.g., Durdn-Hormazabal
and Tirachini, 2016; Gibson et al., 2016; Gonzalez et al., 2019).
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is the capital and largest city of the country, accounting for over 40%
of the country’s population and GDP (Banco Central, 2017). It has an
extension of approximately 838 km? (INE, 2018), slightly larger than
New York City, and is inhabited by more than 8 million people. In
October 2019, several protests disrupted Santiago for months (Gonzalez
and Prem, 2023). To avoid possible confounding effects from the
demonstrations, we used the data until September 2019.

2.1. Transantiago

The bus system in Santiago 2003 had a reputation for being low-
quality and unsafe (Munoz et al., 2009), and the Chilean government
decided to intervene. It implemented a set of measures collectively
known as TranSantiago inspired by Bogotd’s TransMilenio, the world’s
first large-scale BRT system. The plan aimed to enhance the quality of
the bus system to make public transport more attractive, thus increasing
its usage. Unlike Bogota’s Transmilenio, the system was designed as a
feeder and trunk bus services network, with the Metro as the backbone.
An integrated fare structure implemented through a smartcard payment
system allows passengers to transfer from the Metro to buses without
additional cost. Regarding infrastructure investments, the plan initially
envisioned the construction of BRT corridors and improved bus stops.
Still, these were postponed in favor of Metro line extensions and urban
highway construction (Mufioz et al., 2009).

The system was launched in February 2007 without its essential
elements. The reform included the implementation of 225 km of seg-
regated bus corridors. Yet, there were only 13 km of bus corridors,
11 km of bus lanes, and 8 km of roads that could only be used by
buses during peak hours (Gémez-Lobo, 2012). While the infrastructure
increased significantly in the first years, it was still a minimal network
share (Munoz et al., 2014). In 2011, there were 62 kilometers of BRT
corridors in place; in 2016, the first year of our study period, only 10
kilometers were added, and by the end of our study period, the total
kilometers of BRT corridors were 83 (DTPM, 2022).

The reasons why BRT corridors have been delayed and sometimes
indefinitely postponed are manifold. Residents and authorities oppose
them because they perceive bus corridors as a delay to their expec-
tations of having a nearby Metro line (Munoz et al., 2009). Another
reason is that the system was planned without subsidization, yet after
a while, it was evident that it needed subsidies. Since 2012, the annual
subsidy has averaged nearly US$ 1000 million for operation, making
additional funds for infrastructure challenging to obtain.

2.2. Current setting

The TranSantiago system is a comprehensive network managed by
the Metropolitan Public Transport Directory (DTPM) with over 6500
buses equipped with GPS devices. Buses operate daily in a network with
87 km of corridors and 300 km of bus lanes along an integrated Metro
network consisting of 7 lines and 140 km of rails (DTPM, 2021). The
fare scheme is based on trips, with a flat fare applied to trips of up to
three stages. A small surcharge is used for metro network trips. The
payment system is based on a contactless smart card called “bip!”.

The total number of trips made by public transport did not change
significantly: it was 1037 million in 2016, reached a peak of 1100
million in 2018 and returned to 1037 million in 2019 (DTPM, 2018,
2019). The monthly evolution of smartcard transactions is summarized
in panel (a) of Figure A.3. On the other hand, buses’ speed has been a
major concern; Figure A.2 shows that speeds decreased by around 25%
from 2012 to 2019.

During our study period, buses do not run on a fixed schedule, but
operators must fulfill a capacity requirement for each route and period.
Every six months (excluding holidays), the authority and the operators
agree on a plan that sets each route’s frequency. When speed decreases,
the authorities often accept a frequency reduction to avoid investing
more in rolling stock. In any case, firms and drivers have the incentives
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to complete the route as they are monitored by the GPS system, and as
fast as possible, given that congestion is an issue.

The Origin-Destination Survey 2012 reports that the average bus
trip was 8 km long and lasted 55 min. The figures for car trips reveal an
average duration of 31 min with a similar length. Using data from the
National Bureau of Statistics, Figure A.3 discloses that the motorization
rate increased 4% in Santiago between 2016 and 2019.

3. Priority infrastructure and bus speed

We leverage data on thousands of buses in more than 500 routes
coupled with annual infrastructure measurements for each route. This
information allows us to examine changes in bus speed within routes
over time as a response to changes in bus priority infrastructure.

Replication code and data are available via Gonzalez and Silva
(2025).

3.1. Data

We combine three administrative datasets. First, we employ official
GPS data the Ministry of Transportation collected for the universe of
public buses in Santiago for the 2016-2019 period. They provided us
with information for each completed trip, i.e., for trips that started at
their designated point of origin, passed through a midway control point
and ended at their designated place to finish. We do not observe data
for buses that suffer a breakdown or cannot complete the entire trip for
another reason. Each planned route is two-way, so we define a trip as
completing a one-way route (either inbound or outbound).

For each of these trips, the dataset includes the route number
and whether it is an inbound or outbound trip, the bus’ license plate
number, the distance covered (in kilometers), the average speed (in
kilometers per hour), the date, type of day, and period of the trip. Buses,
identified by the license plate, make an average of 7 trips on the same
route per day, and multiple buses operate on a given route. This leads
to over 95 million observations. The Ministry of Transportation catego-
rizes days into workdays (Monday-Friday) and weekends (Saturday and
Sunday). A day is divided into morning, afternoon, and night, and each
is further divided into peak and off-peak hours with a transition period
between them. The peak hours go from 6:30 a.m. to 8:30 a.m. and 6:00
p.m. to 8:00 p.m. on workdays. Off-peak periods are from 9:30 a.m. to
12:00, 2:30 p.m. to 5:00 p.m. and 9:30 p.m. to 10:30 p.m. on workdays.
The second dataset provides the amount of passengers transported by
each bus.

The third administrative dataset consists of annual data provided
by the Ministry of Transport on bus priority infrastructure utilization
by route. In our study period, 11 km of corridors were built, and 19
km of bus lanes were implemented. This dataset provides us with the
variation induced on the routes over time. In particular, we observe
each route’s total distance and the route’s share corresponding to mixed
traffic, bus lanes, and BRT corridors. Figure A.1 displays the difference
between the types of bus priority infrastructure that we study. Figure
A.4 shows that almost 10% (5%) of the average route has bus lanes
(corridors), increasing from 9% (4%) in 2016 to 11% (6%) in 2019.
A total of 362 (390) routes did not experience changes in bus lanes
(corridors) in 2016-2019.

Given that the bus priority infrastructure utilization by route is
only available at the annual level, we reduce the dimensionality of the
bus speed and ridership data to the level of a route, each observed
annually in 2016-2019. More precisely, we focus on a given day-time
(e.g., peak hours on working days) and take the average bus speed
across trips within route-year pairs and the total ridership, keeping
track of the number of trips per route-year. This process reduces the
number of observations from more than 95 million bus trips to a dataset
recording information for 507 routes hosting trips during four years for
a total of 2028 observations. Our primary estimating dataset measures
the average bus speed per route during peak hours on working days
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Table 1
Descriptive statistics for bus routes and infrastructure, 2016-2019.
Work days
Peak hours Off-peak hours Weekend hours
Avg. p50 St. dev Avg. p50 St. dev. Avg. p50 St. dev.
Panel A: Buses and routes (€8] 2 3) (&) 5) 6) @) ) )
Speed (km/hr) 19.22 18.21 4.23 20.87 20.01 4.03 23.88 22.94 4.37
Route distance (km) 15.18 13.51 7.83 15.30 13.72 7.42 15.57 13.80 7.92
Trips per route 7,931 7,082 3,212 11,499 10,656 4,505 10,429 9,941 3,673
Travelers (millions) 0.31 0.24 0.26 0.33 0.23 0.29 0.23 0.18 0.19
Panel B: Infrastructure
Percentage of route with corridors 0.05 0.00 0.12 0.04 0.00 0.10 0.04 0.00 0.10
Percentage of route with bus lanes 0.10 0.03 0.15 0.10 0.04 0.15 0.10 0.04 0.14
Bus routes 507 442 420
Observations 2,028 1,768 1,680

Notes: This table shows annual descriptive statistics (average, 50th percentile, and standard deviation) for bus routes in 4 years (2016-2019) during peak (columns 1-3) and off-peak
(columns 4-6) hours in working days, and for all hours during the weekend (columns 7-9). Peak hours are from 6.30 to 8.29 h in the morning and from 17.30 to 20.29 h in the
afternoon. Off-peak hours are from 9.30 to 12.29 h in the morning, from 14.00 to 17.29 h in the afternoon, and from 21.30 to 22.59 h at night. The remaining hours of the day

correspond to “transition” or

“night” hours. Work days include days from Monday to Friday that are not a holiday. Weekend hours include all hours on Saturdays, Sundays, and

holidays. We restrict attention to routes observed every year between 2016 and 2019, i.e. the panel data is balanced.

each year from 2016 to 2019. We apply the same strategy to construct
datasets for off-peak hours and all hours during the weekend. Note that
we only included routes that operated every year in the 2016-2019
period, which reduced the number of routes from 665 to 507.

Columns 1-3 in panel A of Table 1 present descriptive statistics
for the 507 routes in the primary dataset. Buses travel at an average
speed of 19 km/hour at peak periods. The average route is 15 km,
but some are shorter than 8 km, and some are longer than 30 km. On
average, a bus takes 1.8 h per round trip during peak workday hours.
Routes host more than 7900 trips during peak hours in the 2016-2019
period, a little more than 1900 per year, and transported over 300,000
passengers, which implies an average of approximately 40 passengers
per bus trip. The remaining columns provide similar statistics for off-
peak hours (columns 4-6) and all hours during the weekend (columns
7-9). As expected, bus speed increases in off-peak and weekend hours,
which allows them to make more trips per route. Panel B presents
descriptive statistics for priority infrastructure. On average, a route has
10% of bus lanes (2 km), doubling the availability of BRT corridors
at 5%. There is substantial heterogeneity in this priority infrastructure
across routes, with many having none at all and some having more than
one-third of their routes with this priority. Crucially, there is significant
variation in infrastructure within routes. Columns 4-9 show that the
routes used during off-peak and weekends are essentially the same as
those used during peak hours.

3.2. Econometric strategy

Our econometric model relates bus priority infrastructure (BRT cor-
ridors or bus lanes) and average bus speed and ridership in a route-year
using the following equation:

10g (?rt) = ﬂ Trt + ¢r + ¢I + Ert (l)

where Y, is the average bus speed or total number of travelers in route
r, year t, during a specific hour (peak, off-peak, or weekend). The main
right-hand side variable of interest is T,, € [0, 1], which measures the
percentage of the route with bus lanes or corridors, depending on the
specification. We exploit the construction of corridors and bus lanes
in the 2016-2019 period by estimating § using within-route variation.
Operationally, we can compare routes with themselves in nearby years
by including route fixed effects ¢,. For the estimation, we only include
routes that operated annually in the 2016-2019 period, thus removing
new and closed routes. In addition, we control for temporal shocks to
the speed of buses—e.g., policy changes that affect the entire city—
with year fixed effects ¢,. We allow the error term ¢,, to be arbitrarily

correlated within routes (i.e., we use route-level clustering).*

The coefficient of interest is f# and measures the percentage increase
in average bus speed or ridership after transforming the entire route
to a bus lane or BRT corridor. We estimate Eq. (1) by weighted least
squares, using the number of bus trips as weights, and estimate it
separately for peak, off-peak, and all weekend hours. We also estimate
Eq. (1) separately for each infrastructure, but the results are virtually
identical when including both transit infrastructure treatments on the
right-hand side because of the relatively low correlation between both
variables (see Table A.3 for the findings).

The causal interpretation of g requires the absence of unobserved
variables correlated with bus lanes or corridors and average bus speed
within routes. In other words, we must assume that bus lanes and
corridors are not targeted to routes with a positive or negative trend in
speed. This threat can be analyzed because we can check whether in-
frastructure changes correlate with past bus speeds. Table A.1 supports
our econometric analysis by showing that changes in infrastructure
(corridors and bus lanes) between year ¢ and ¢ + 1 are empirically
unrelated to bus speed in year ¢. Although we cannot entirely disregard
a complex targeting of routes trending differently, the collection of find-
ings and lack of correlation between changes in transit infrastructure
and bus speeds in previous years suggests that targeting of routes is
unlikely to explain our results (Tables A.1 and A.2).

3.3. Results

Column 1 in Table 2 presents estimates of Eq. (1) for bus speed on
workday peak hours. Panel A shows that a 10 percentage points (pp)
increase in corridors is associated with an increase of 2% in bus speed
(p-value <0.01), approximately 0.4 km/hr faster. Although bus lanes
are uncorrelated with bus speed, this relationship is notably noisier,
and thus, we cannot rule out that some bus lanes in the city could
significantly increase bus speed. We further study this hypothesis by
examining different types of bus lanes in the following Section. The
patterns documented for peak hours are smaller during off-peak hours
(column 2) and absent during the weekend (column 3) when buses
approach their maximum speed and traffic is notoriously lower.®

4 The statistical inference is similar when clustering across routes that
operate in nearby areas. For simplicity, we use robust standard errors clustered
by route for the remaining analysis.

5 Table A.7 presents estimates from a non-linear specification of Eq. (1)
and shows that the effect of priority lanes is monotonically increasing in the
percentage of the route with priority infrastructure.
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Table 2
Priority infrastructure, bus speed, and travelers.
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Dependent variable: Log bus speed (km/hr)

Log million travelers

Work days
Weekend Peakhours Off-peakhours Weekend
3) “@ 5) (6)
—0.050 -0.177 0.246* —0.001
(0.039) (0.207) (0.147) (0.101)
0.066 0.098 0.462* 0.603**
(0.074) (0.207) (0.253) (0.268)
—0.002 —0.030 0.036 0.017
(0.008) (0.065) (0.030) (0.016)
0.006 —0.008 —-0.029 —0.006
(0.008) (0.033) (0.030) (0.028)
1,680 2,028 1,768 1,680
420 507 442 420
17.5 16.1 20.3 20.4
23.88 0.31 0.33 0.23
Y Y Y Y
Y Y Y Y

Work days
Peakhours Off-peakhours
Panel A @™ )
Percentage route with bus corridors 0.197%** 0.155%**
(0.042) (0.043)
Percentage route with bus lanes 0.055 0.045
(0.081) (0.084)
Panel B
Indicator route with bus corridors 0.044%* 0.033%**
(0.011) (0.010)
Indicator route with bus lanes 0.008 0.005
(0.008) (0.008)
Observations 2,028 1,768
Bus routes 507 442
Trips (in millions) 16.1 20.3
Avg. dependent variable (levels) 19.22 20.87
Route fixed effects Y Y
Year fixed effects Y Y
* p<0.1.
** p < 0.05.
*x p < 0.01.

Notes: Panel A shows two-way fixed effects estimates between priority infrastructure (bus corridors, bus lanes) and (i) bus speed in columns 1-3, and (ii) travelers in columns 4-6.
The unit of observation is a route in a given year between 2016 and 2019. Panel B presents estimates of the same relationship but using the method proposed by Borusyak et al.
(2024). All regression specifications include route and year fixed effects. Panel A uses the percentage of the route with priority infrastructure as right-hand side variable while
Panel B uses an indicator for routes with more than 10% of priority infrastructure. Each coefficient and standard error comes from a separate regression. Peak hours are from
6.30 to 8.29 h in the morning and from 17.30 to 20.29 h in the afternoon. Off-peak hours are from 9.30 to 12.29 h in the morning, from 14.00 to 17.29 h in the afternoon,
and from 21.30 to 22.59 h at night. The remaining hours of the day correspond to “transition” or “night” hours. Work days include days from Monday to Friday that are not a
holiday. Weekend hours include all hours on Saturdays, Sundays, and holidays. Robust standard errors are clustered at the route level.

In contrast to bus speed, we observe little systematic and significant
relationship between corridors and ridership (columns 4-6). We obtain
a positive estimate only on workdays’ off-peak hours, but it is signifi-
cant only at the 10% level. As for bus lanes, increasing its share by ten
percentage points induces an increase in ridership of between four and
six percent only in off-peak hours on weekdays or weekends.

The staggered nature of the variation in our measures of transit
infrastructure raises the question of whether our findings rely on for-
bidden comparisons (Roth et al., 2023). To deal with this identification
threat, we make two changes. First, we discretize the continuous treat-
ments into binary variables that take the value of one if the transit
infrastructure exceeds 10% in a route-year. Second, we restrict our
attention to valid comparisons using the method proposed by Borusyak
et al. (2024).

Panel B of Table 2 presents the estimates obtained from implement-
ing both changes.® It is reassuring to note that all findings related to
bus speed remain consistent.” In contrast, the results for ridership are
absent under this methodology: the point estimates are small and not
statistically significant. These findings suggest that we cannot conclude
that bus lanes have an impact on ridership. We will explore this issue
further in the next section.

In addition, Panel A in Table A.9 shows that the results remain
unchanged with the inclusion of the following control variables: route
distance (in kilometers), indicators for the private firms in charge of the
management and operation of bus routes (“Unit”), and the proportion
of the route that takes place on highways. Finally, the results are also
robust to measuring bus speed in levels instead of logarithms, not using
weights or changing the weights from trips to kilometers traveled.

¢ The results with alternative binary treatments are similar (see Tables A.4,
A.5, and A.6).

7 The coefficient for the binary treatment indicates the percentage variation
in the speed of a route that transitions from having less than ten percent of its
trip in corridors to more than that amount. Therefore, the magnitude would
align with the result in Panel A if effects are linear and the average change
of a treated route’s corridor share is of 20 percentage points. The observed
average for the treated routes is 15 percentage points, which is very similar.

4. Infrastructure projects

This Section addresses the data limitation identified in Section 3—
namely, the absence of variation in infrastructure within a single
year—by employing event studies with well-defined treatment event
dates. This approach enables the investigation of heterogeneous effects
and strengthens internal validity. We use a matched difference-in-
differences methodology to estimate the impact of three infrastructure
projects, each affecting a subset of routes in our dataset of bus speeds.

We focus on specific infrastructure projects to analyze the variation
in the average impact of bus lanes (see Table 2). One potential source
of imprecise estimates in Table 2 is that bus lanes only improve speeds
when priority is adequately enforced. Effective enforcement typically
involves pairing bus lanes with monitoring cameras that detect unau-
thorized vehicles, enabling authorities to impose fines. The imprecision
may result from a minor impact of many lanes lacking monitoring cam-
eras, combined with a more significant effect from fewer well-enforced
lanes or heterogeneity in bus lane designs.

The most common bus lane design is a single curbside lane adjacent
to one or more unrestricted traffic lanes. This configuration often leads
to congestion spillover, as private vehicles can temporarily use the bus
lane to make right turns or stop. A less common but more restrictive
design dedicates an entire one- or two-lane street exclusively to buses.
In this design, except for residents, private vehicles are prohibited
during working hours, ensuring better enforcement of bus priority.

4.1. Inauguration and installations

We study three projects that changed priority infrastructure sig-
nificantly in a subset of routes in our data between 2016 and 2019.
The first project is the construction of a 9 km corridor in a street
that connects the city from north to south. The new corridor was
inaugurated in December of 2017 and affected 12 routes in our data. On
average, it changed the share of the route in corridors by 45 percentage
points. The second project is the inauguration of bus lanes forming a
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Fig. 1. Construction of corridor.

Months since infrastructure

(e) Travelers, workday off-peak hours

Months since infrastructure

(f) Travelers, weekend hours

Notes. Each observation is a route in a month around the infrastructure project under study (December 2017). The project is the construction of a corridor that affects multiple
routes. The number of treatment (control) routes is 12 (127). Control routes are chosen by a propensity score matching algorithm. All estimates include route and year fixed
effects. Peak hours are from 6.30 to 8.29 h in the morning and from 17.30 to 20.29 h in the afternoon. Off-peak hours are from 9.30 to 12.29 h in the morning, from 14.00 to
17.29 h in the afternoon, and from 21.30 to 22.59 h at night. The remaining hours of the day correspond to “transition” or “night” hours. Work days include days from Monday
to Friday that are not a holiday. Weekend hours include all hours on Saturdays, Sundays, and holidays. Black dots represent point estimates, and vertical lines the 95% confidence
interval. Horizontal red lines are averages of coefficients before and after the month the project was completed. “Diff” is the difference in averages before and after the project

was completed. Robust standard errors are clustered at the route level.

bus-only street whose enforcement is supported by monitoring cam-
eras. That project is part of the “Plan Centro” (Center Plan) policy
implemented in March 2017 by the local government of Santiago.
A 1.5 km section of a street (“Santo Domingo”) was changed from
being mostly an ordinary mixed-traffic street to being available only
for buses (bus lanes) during workdays between 7.00 h and 21.00 h.
and affected 11 routes in our data. The project changed the share of
the routes in bus lanes by 5 percentage points. The third project is
the installation of monitoring cameras on 12 routes that already had
bus lanes. The central government designed and implemented the plan
to install new cameras in December 2016 after reports that bus lanes
were ineffective due to the lack of monitoring. After one month of
piloting, enforcement of traffic fines of approximately US$50 was given
to people who were photographed driving cars into priority lanes in
two consecutive cameras. The cameras were installed at intersections
and covered 6.6 km.

4.2. Matched difference-in-differences

We study the average change in bus speed and ridership after the
inauguration of bus lanes and installations of monitoring cameras by
estimating the following econometric equation:

Yrt= 2 ﬁtDrt+¢r+et+5rt (2)
t=—6
where Y,, is the logarithm of the average speed (in km/hr) or the
logarithm of the number of travelers of all buses operating in route
r during month 7. The sample period starts in January 2016 and ends
in September 2019. Each indicator D,, takes the value of 1 if route r
is observed ¢ months after the project of interest. We use the month
before the project was completed 1 = —1 as the omitted category.
Our interest is in f,, which, given the omitted category, measures the
effect of the infrastructure project on bus speed ¢ months after their
completion. All specifications include fixed effects by route (¢,) and
month-year (0,). We allow the mean-zero error term ¢,, to be arbitrarily
correlated within routes over time using route-level clustering. We

estimate Eq. (2) separately for peak hours during workdays, off-peak
hours during workdays, and all hours during the weekend.

Eq. (2) allows us to compare routes with infrastructure projects to a
group of control routes. We carefully select the group of control routes
using a propensity score matching algorithm. This data-driven method
is particularly useful in our empirical context because of our dataset’s
availability of more than 500 bus routes and the observability of key
route characteristics. We proceed in four steps. First, we focus on the
cross-section of all routes one year before the infrastructure project was
completed. Second, we estimate a linear probability model using as a
dependent variable an indicator that takes the value of one if there is an
infrastructure project in route r and zero otherwise (/,). We employ the
following covariates (x,) as predictors: route distance (km), average bus
speed in the route (km/hr), number of travelers, and the number of bus
trips. Third, we predict the probability p, = p.(I, = 1|x,) € [0,1] that
each route r has an infrastructure project. Fourth, we select 20 control
routes per each route that experiences an infrastructure project using
(i) the Mahalanobis distance in p, as the matching criteria, and (ii)
restricting attention to routes with common support in the propensity
score distribution.® Overall, this procedure selects between 127 and 150
control routes for the routes with infrastructure projects.’

4.3. Results

Fig. 1 presents our estimates for the change in bus speed and
ridership after the inauguration of the bus corridor. Overall, panels
(a) through (c) show that the corridor leads to a 7% increase in bus
speed during peak hours, a 5% increase during off-peak hours, and

8 Lack of overlap in the propensity score distribution across treatment and
control units leads to unstable estimators with variance that may explode in
finite samples (Frolich, 2004; Khan and Tamer, 2010).

9 The average propensity score in the treatment group is 0.045 and 0.036
in the control group. Figure A.6 shows the probability that each one of the
routes experiences an infrastructure project p,.
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Fig. 2. Bus lanes forming a bus-only street with monitoring cameras.

Months since infrastructure

(e) Travelers, workday off-peak hours

Months since infrastructure

(f) Travelers, weekend hours

Notes. Each observation is a route in a month around the infrastructure project under study (March 2017). The project is the opening of bus lanes, which form a bus-only street that
includes cameras monitoring the usage of these lanes. The number of treatment (control) routes is 11 (133). Control routes are chosen by a propensity score matching algorithm.
All estimates include route and year fixed effects. Peak hours are from 6.30 to 8.29 h in the morning and from 17.30 to 20.29 h in the afternoon. Off-peak hours are from 9.30
to 12.29 h in the morning, from 14.00 to 17.29 h in the afternoon, and from 21.30 to 22.59 h at night. The remaining hours of the day correspond to “transition” or “night”
hours. Work days include days from Monday to Friday that are not a holiday. Weekend hours include all hours on Saturdays, Sundays, and holidays. Black dots represent point
estimates, and vertical lines the 95% confidence interval. Horizontal red lines are averages of coefficients before and after the month the project was completed. “Diff” is the
difference in averages before and after the project was completed. Robust standard errors are clustered at the route level.

a 1% increase during weekend hours. The change in bus speed takes
place immediately after the inauguration of the corridor. In contrast,
we observe no statistical relationship between the new corridor and
changes in the number of peak travelers. Consistent with the findings
reported in Table 2, there seems to be a positive effect of 10% on
ridership during off-peak hours when capacity restrictions are less
binding and demand is more elastic.'®

Fig. 2 shows that, similarly to the case of corridors, the inauguration
of bus lanes forming a bus-only street with monitoring cameras also
increased bus speeds. On average, bus speed increases by 5.4%, 4.7%,
and 4.2% in peak, off-peak, and weekend hours respectively. The
magnitude of this coefficient is similar to the construction of a corridor
that changes the percentage of a route with a corridor from 5 to 10%
(Table A.7, column 1). Given that the projects we study correspond to
approximately changing 5% of the route, we can safely conclude that
these bus lanes with monitoring cameras have a similar impact to the
standard installation of BRT corridors observed in 2016-2019. Given
the lower traffic and higher bus speed, these projects’ lack of effect
during weekend hours is expected.

The dynamic impact of the infrastructure projects in Fig. 2 is also
worth mentioning. Bus speed changes little in the first 5-6 months
after the inauguration of these monitored lanes. The higher bus speed
we have documented only begins to materialize six months after in-
stallation. Bus speed slowly increases from month 7 to months 10-12
when it seems to reach a new equilibrium. Of course, these speed
effects constitute the impact of bus lanes forming a bus-only street
together with the monitoring cameras. Theoretically, the effect could
be explained by one of these or by their combination.

The results on ridership in panels (d)-(f) of Fig. 2 show a negative
short-term effect of bus lanes on the number of travelers in peak and
off-peak periods and a positive effect during weekends. In workdays,

10 According to Litman (2017), the elasticities for off-peak transit travel are
typically 1.5-2 times higher than peak period elasticities.

we find a pronounced negative effect in the first year, followed by a
recovery that appears to take the ridership up to the pre-intervention
levels. During weekends, the ridership increases substantially after one
year, which coincides with the period when the speed increase is the
largest.

Finally, Fig. 3 shows the effect of monitoring cameras installed on
top of already operating bus lanes alongside unrestricted traffic. In
contrast to the previous findings, the estimates show that bus speed
is unaffected by the cameras. Importantly, these null results can confi-
dently reject that average bus speed increases by more than 4%. The
lack of an impact is similar during peak, off-peak hours, and weekend
hours. Moreover, a decrease in ridership begins 15 months after the
project. We attribute this decrease to the inauguration at the end of
2017 of a metro line that runs parallel to the bus lanes.

5. Discussion

We estimated the direct causal effect of different bus priority infras-
tructures on bus speed and ridership. We found that while bus lanes do
not improve speeds, the performance of bus-only streets is as good as
the average BRT corridor, with small effects on ridership. The critical
difference between bus lanes is how they interact with traffic from
private vehicles. Most of the city’s bus lanes and those that received
the installation of cameras in 2016 are alongside unrestricted traffic
lanes. This mix allows for congestion from private vehicles to buses
because they use the bus lane to make the right turns, which can be
especially problematic at intersections with high pedestrian volumes.
On the contrary, for the 2017 implementation, the entire two-lane
street was restricted to buses only.

We have presented evidence that suggests critical policy recommen-
dations directly applicable to designing and implementing adequate
bus-priority infrastructure. Our analysis demonstrates that bus lanes,
downgraded BRTs, or the so-called BRT-Lite, are significantly less ef-
fective than dedicated BRT corridors. Even when adequately enforced,
the coexistence of mixed traffic and bus lanes can impede the increase
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Fig. 3. Monitoring cameras on top of already existing bus lanes.

Months since infrastructure

(e) Travelers, workday off-peak hours

Months since infrastructure

(f) Travelers, weekend hours

Notes. Each observation is a route in a month around the infrastructure project under study (December 2016). The project is the installation of cameras (and fines) on top of
already existing bus lanes. The number of treatment (control) routes is 12 (150). Control routes are chosen by a propensity score matching algorithm. All estimates include route
and year fixed effects. Peak hours are from 6.30 to 8.29 h in the morning and from 17.30 to 20.29 h in the afternoon. Off-peak hours are from 9.30 to 12.29 h in the morning,

from 14.00 to 17.29 h in the afternoon, and from 21.30 to 22.59 h at night. The remaining hours of the day correspond to “transition” or

“night” hours. Work days include days

from Monday to Friday that are not a holiday. Weekend hours include all hours on Saturdays, Sundays, and holidays. Black dots represent point estimates, and vertical lines the
95% confidence interval. Horizontal red lines are averages of coefficients before and after the month the project was completed. “Diff” is the difference in averages before and

after the project was completed. Robust standard errors are clustered at the route level.

in bus speeds and, therefore, the benefits from the infrastructure. These
results underscores the importance of dedicated right-of-way for bus
lanes, as the lack of such infrastructure free from mixed traffic can lead
to the underperformance of some systems.

Our results also help better interpret the implications derived in
the literature based on numerical simulations. Several papers have sug-
gested that providing bus infrastructure may achieve benefits similar
to second-best congestion pricing. For example, Basso and Silva (2014)
find that providing bus infrastructure may reap over 80% of the benefits
that car congestion pricing would bring in the case of London and
similar figures using Santiago data. Borjesson et al. (2017) conduct
a similar analysis for Stockholm. Our paper shows that the results in
this strand of the literature may be valid only when bus lanes are fully
segregated from private vehicles.
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