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the systems (5–7), and outlining some of the institutional challenges 
to implementation (1).

The effect of bus systems on road safety has consistently been 
ignored in the literature. Very little is known of how different types of 
bus systems may influence the frequency and severity of crashes on 
a corridor. Moreover, although the BRT concept has been introduced 
in a Latin American urban context, the majority of the research 
available on its potential safety impacts comes from U.S. or European 
cities and may not be easily applicable to developing world cities (8). 
This is an important gap. Traffic fatalities are projected to become the 
fifth leading cause of premature death worldwide by 2030, ahead 
of HIV–AIDS, violence, tuberculosis, or any type of cancer, and 
most of this growth is expected to occur in cities in the developing 
world (9).

The impact of bus systems on road safety is particularly important 
because they tend to be situated along major urban arterials. A study 
in New York has found that arterials account for about 15% of the 
road network in the city, but account for over 65% of severe pedestrian 
crashes (10). A study in Mexico City, Mexico, indicates that all crash 
types are heavily concentrated on the main arterials, where major bus 
routes are usually located (11).

The implementation of a high-capacity transit system on any 
urban arterial will attract large volumes of pedestrians to streets 
where risks are already high. In New York, streets with bus routes 
have consistently shown higher pedestrian crash rates than any other 
streets (10). In Porto Alegre, Brazil, the presence of busway corridors 
and bus stations has been correlated with higher midblock pedes-
trian crash rates (12). Yet none of these studies delved deeper to look 
at whether some types of bus systems may be safer than others, or 
what mitigation measures should be taken to improve safety on bus 
corridors.

This study addressed this gap in knowledge by collecting and ana-
lyzing crash data on bus systems from nine cities around the world 
and by supplementing this analysis with road safety inspections and 
interviews with transit agency employees. The authors found that 
some key design elements of bus systems can significantly improve  
safety (e.g., closed stations with high platforms, center-lane systems 
with left-turn interdictions), but that other design elements can increase 
the risk of crashes (e.g., counterflow lanes). The overall geometry of 
the road, and especially the size and complexity of intersections, are 
far more important predictors of crash rates than the design of the bus 
system itself. Using these findings, the authors were able to formulate 
design recommendations for improving road safety on BRT and 
busway corridors.
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The design choices made in the planning of a new bus rapid transit 
(BRT) or busway corridor (e.g., use of a center-lane or curbside configu-
ration, counterflow lanes, and open or closed stations) affect not only 
the operational performance of the system but also the risks of crashes, 
injuries, and fatalities on the facility over its lifetime. With data from 
nine BRT systems and busways around the world (including Bogotá, 
Colombia; Curitiba, Brazil; Mexico City, Mexico; and Delhi, India), 
some of the road safety impacts of major BRT–busway corridor design 
characteristics are illustrated. The approach included a combination of 
crash frequency modeling, road safety inspections, and interviews with 
transit agency staff and safety experts. Center-lane systems tended 
generally to be safer than were curbside systems, and counter flow 
lanes were the most dangerous possible configuration. Some of the 
features that provide higher passenger capacity (such as multiple bus 
lanes and multiple docking bays at stations) may introduce new types 
of conflicts and crashes. In the planning of any bus system, trade-offs 
often need to be made between capacity, safety, and pedestrian acces-
sibility along the corridor. This study provides the necessary elements 
for successfully integrating road safety  considerations into the design 
and operation of future BRT systems and  busways.

Bus rapid transit (BRT) and busway corridors have become an 
attractive solution for improving mobility in developing world cities 
because of their relatively low cost compared with rail transit, their 
high passenger capacity, and short construction times (1). BRT is 
defined as a flexible, rubber-tired form of rapid transit that combines 
stations, vehicles, services, running ways, and intelligent transporta-
tion system elements into an integrated system with a strong identity 
(2). A busway is a facility that provides bus priority lanes and does 
not include other system components. As these systems have gained 
in popularity, various studies and planning guides have appeared 
documenting best practices (2–4), illustrating the different design 
options available and their impact on the operational performance of 
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Data SourceS

There are no publicly available data sets on crashes on BRT and 
busway corridors in any of the cities included in this study. For this 
reason, crash data sets were compiled for each city using the different 
local data sources available. In Brazilian cities, crash data were pro-
vided by the local public transport agencies. In Mexico, data were 
provided by the Jalisco State Secretariat for Transport and the Mexico 
City government. Data for Colombian cities were obtained from 
the national Ministry of Transport, and for Indian cities from local 
police departments. For Bogotá, Colombia, a crash data set was 
obtained from TransMilenio, which is one of the few BRT operating 
agencies to have compiled its own traffic crash database. This data 
set includes crashes involving TransMilenio vehicles and all minor 
incidents involving buses. These relatively minor events are usually 
not reported to the police, but they contribute to a better understanding 
of safety issues related to BRT operations (e.g., sudden braking by the 
bus driver resulting in passengers falling inside the bus, or buses dock-
ing improperly at stations, resulting in minor damage to the vehicles). 
All the data sets contain detailed information on every event that 
occurred on each bus corridor for a period ranging from 3 to 7 years, 
depending on the city.

StuDy MethoDology

The key component of the evaluation was crash data analysis. As 
a result of the considerable differences in crash reporting standards 
and even in the definitions of what constitutes a crash or an injury, it 
was not possible to carry out relevant comparisons between different 
cities. Instead, each city is represented by a case study. Crash data 
for the different bus systems in each city were analyzed with the goal 
of determining which factors (e.g., the length of pedestrian cross-
ings or the presence of a central median) influence the number of 
crashes. The authors aimed to confirm or reject the findings from 
one case study by applying the same methodology to other cities. For 
some design characteristics, such as the number of approaches per 
intersection, highly significant and consistent results were obtained 
across multiple case studies. For others, such as the number of left 
turns allowed at each intersection, the results were not as consistent.

Crash frequency models were developed for the three cities for 
which there were sufficient data. After exposure (i.e., the number of 
vehicles or pedestrians) was controlled for, these models allowed 
differences in crash rates at different locations to be explained by using 
factors such as road and intersection geometry, bus system design, 
and land use.

Crash data are count variables, which are usually best represented 
by a Poisson distribution (13). However, previous studies have noted 
that crash data are also overdispersed (i.e., the variance is much larger 
than the mean) and therefore are better represented by a negative 
binomial distribution, which, unlike Poisson, allows the variance to 
differ from the mean (13, 14). For this reason the negative binomial 
is the preferred probability distribution for modeling crash frequencies 
in most cases (10, 13, 14). Negative binomial regressions were used 
for the majority of the models, with the exception of the Guadalajara, 
Mexico, pedestrian crash model, in which the dependent variable was 
not sufficiently overdispersed to warrant the use of a negative binomial 
regression; in this case a Poisson regression was used instead.

An important decision regarded the scale at which to develop 
the models. Crash frequency models have been developed at very 
different scales, ranging from intersection models (15) and neighbor-

hood models (14) all the way to zip code–level crash models (10, 13).  
Since the goal was to understand the detailed impact of design choices 
on crashes, the smallest scale possible was used: intersections or 
street segments.

This choice was also influenced by the structure of the data sets, par-
ticularly the way in which crash locations are reported. In most cities in 
the sample, with the exception of some Brazilian cities, crash locations 
are reported by listing the main street on which the crash occurred, and 
then listing the nearest cross street. Crashes are therefore grouped by 
the nearest intersection to the location where they occurred, with no 
possibility of separating intersection and midblock crashes. As a result, 
each observation in the data set corresponds to an intersection plus the 
approaches leading up to it along the main street. Because it was not 
possible to separate intersection and midblock crashes, the authors cre-
ated separate variables for intersection and street design characteristics 
to account separately for their impact on crashes. Therefore, variables 
such as number of legs, number of left turns, or lane imbalance char-
acterize intersection geometry, but number of lanes or the presence of 
a central median refer to the street layout.

Four variables were created for bus system configuration: center-
lane BRT, center-lane busway, curbside bus lane, and counterflow 
bus lane. These variables corresponded to the systems present in the 
cities for which models were developed. Each of them was designed as 
a dummy variable, equal to one if that particular type of bus system 
was present at the intersection, and equal to zero otherwise. When 
all the bus system variables are equal to zero, only conventional bus 
service operating in mixed traffic is present at the intersection. This 
service usually consists of a mix of buses and minibuses, depending 
on the city.

Only three of the cities had sufficient data for developing statisti-
cal models: Mexico City, Guadalajara, and Porto Alegre. The location 
reporting system is much better in some Brazilian cities and includes 
geographical coordinates, as well as a clear distinction between inter-
section and midblock crashes. To keep the analysis as consistent 
as possible across the different case studies, the authors developed 
intersection models for Porto Alegre.

Although statistical models for the six other cities could not be 
developed, useful information was extracted by analyzing the most 
frequent crash types and locations or by carrying out a before-and-
after analysis of crashes on BRT corridors by using a difference of 
means test. Road safety inspections were also performed, and agency 
employees were interviewed. Additional data from these sources 
helped identify other road safety risks on bus systems that were not 
captured in the statistical analysis of the data.

global Picture of roaD Safety on brt 
anD buSway corriDorS

overall impact of brts and busways  
on road Safety

For three of the systems (Bogotá BRT, Guadalajara BRT, and Delhi 
Busway in Delhi, India), the crash databases included several years 
of data from before the implementation of the new bus corridor, 
which allowed a before-and-after analysis for each system to be 
performed. A difference of means test was used to compare crashes 
(or fatalities, depending on the available data) by month or year before 
the start of construction and after the beginning of operation. The null 
hypothesis was that the difference in crashes after the implementation 
of the system was equal to zero.



10 Transportation Research Record 2317

This analysis revealed that while BRT reduced crashes and fatali-
ties on the corridor, the impact of simple busways is not as clear. In 
Guadalajara, the average number of monthly crashes on the BRT 
corridor decreased from 200 before BRT to 109 for the first year of 
BRT operation. This difference was statistically significant (p = .000) 
after conducting a difference of means test for the last 8 months 
before the beginning of construction (mean = 200, variance = 478.2) 
and the first 8 months of operation (mean = 109, variance = 66.5). 
The number of crashes on the corridor was at its highest during BRT 
construction, suggesting that there might be room for significant 
improvements in BRT construction safety, especially as it relates 
to traffic.

Along Bogotá’s Avenida Caracas corridor on TransMilenio, 
average annual fatalities decreased from 61 before BRT implementa-
tion to 16 during the first 8 years of operation. This reduction cannot 
be attributed only to BRT, as the city was already implementing road 
safety policies that had resulted in a downward trend in fatalities 
citywide. However, even after accounting for the existing downward 
trend, the authors estimate that the implementation of TransMilenio 
has reduced fatalities, on average, by 60%.

In contrast, the Delhi Busway witnessed 17 fatal crashes in 2010, 
considerably higher than the annual average of 8.66 fatalities in the 
6 years before implementation. Of these fatal crashes, the most com-
mon type involved pedestrians being run over by buses operating in 
the busway. Note that dedicating a central lane to buses was a new 
paradigm along the corridor in Delhi; in contrast, in Bogotá the BRT 
replaced a former center-lane busway.

The implementation of a bus system can also have road safety 
impacts beyond the bus corridor. For example, left turns from the 
BRT corridor to side streets were prohibited at all intersections along 
the Macrobús corridor in Guadalajara and replaced with loops. 
While all intersections along the corridor saw significant reductions 
in crashes, these reductions were sometimes partly offset by a modest 
increase in crashes at some intersections along the loops.

overview of crash Statistics on existing brt  
and busway corridors

Over 90% of crashes on BRT corridors and busways occurred outside 
the dedicated bus lanes and did not involve buses, which suggests 
that the overall safety of a bus corridor depends more on the design 
of the general traffic lanes than on the design and configuration of 
the bus system.

The most frequent crash types were collisions between private cars 
(predominantly rear-end collisions), and the majority of these crashes 
resulted in property damage only. Private cars represented 65% of 
all vehicles involved in crashes, followed by motorcycles at 14% and 
buses at 9%. Pedestrian crashes represented only 7% of all reported 
crashes across all the corridors.

However, when the severity of crashes is factored in, the image 
changes dramatically. Of the nearly 300 fatalities included in the data-
base, 54% were pedestrians. From this perspective, road safety on bus 
systems is primarily an issue of pedestrian safety. The most common 
type of fatal pedestrian crash occurred when people attempted to cross 
the bus corridor in midblock and were run over by moving vehicles. 
Dangerous pedestrian movements were particularly common near 
transit stations, and often involved attempts to enter or exit the station 
illegally, either to avoid paying the fare or to take a shortcut.

Traffic counts conducted on the bus corridors indicate that buses 
represent, on average, about 4% of total vehicle traffic on a street. 

The percentage of fatal pedestrian crashes involving buses, however, 
varied from zero (Macrobús BRT in Guadalajara and Metrobús BRT 
Line 1 in Mexico City) to 40% on the Delhi Busway, and over 50% 
on the Cristiano Machado Busway in Belo Horizonte, Brazil. These 
figures show a wide variation in the relative safety of bus corridors, 
and they also indicate that the design and layout of bus lanes and 
stations should affect crash frequencies, though this effect is likely 
to be more pronounced for fatal crashes.

DiScuSSion of MoDel reSultS

impact of bus System configuration  
on crash frequencies

Counterflow bus lanes in Mexico City and Porto Alegre were sig-
nificantly correlated with higher crash rates for both vehicles and 
pedestrians (Tables 1 and 2, respectively). The consistency of the 
results across the different models suggests that for the cities in this  
study, counterflow lanes are the most dangerous configuration for 
bus systems. This conclusion was confirmed by data analysis in cities 
for which statistical models could not be developed. For example, a 
section of the South Line in Curitiba, Brazil, that features a counter-
flow lane had four times the number of crashes per lane kilometer 
than the rest of the South Line, which has a center-lane configuration.

Curbside bus lanes in Mexico City did not have a statistically sig-
nificant impact on crash frequencies, but in Guadalajara they increased 
both vehicle and pedestrian crash rates (Tables 1 and 3, respectively). 
Although the results are not always significant, they generally tend to 
indicate that curbside lanes may be problematic, though not as much 
as counterflow lanes.

Assessing the safety impact of center-lane systems was slightly 
more complex, since the changes introduced by a center-lane BRT on 
a street are measured by several variables. Unlike curbside bus cor-
ridors, which usually only replace one traffic (or parking) lane with a 

TABLE 1  Results for Vehicle Collision and Pedestrian Crash 
Frequency Models: Mexico City, Mexico

Negative Binomial Model Coefficient

Variable Vehicle Collisions Pedestrian Crashes

Constant −1.518*** −1.857***
Number of legs 0.374*** 0.252***
Number of lanes per leg 0.374*** 0.341***
Left turns per approach 1.705*** 1.268**
Market area — 0.664***
Maximum pedestrian  
  crossing distance (m)

— 0.026** 

Pedestrian overpass — −0.147
Center-lane BRT  
  (Metrobus Line 1)

−0.029 −0.299 

Counterflow bus lane 0.554*** 0.389**
Curbside bus lane −0.176 −0.087

Number of observations 216 216
Log likelihood −618.475 −518.539
Likelihood ratio chi-square 139.99 104.88
Probability > chi-square .000 .000
Chi bar–square (01) 367.14 231.39
Probability ≥ chi bar–square .000 .000

Note: — = variable not included in model.
*p ≤ .1; **p ≤ .05; ***p ≤ .001.
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bus lane, center-lane systems imply a more significant reconfiguration 
of the street. Typically, a central median replaces a traffic lane, the 
pedestrian crossing distance is shortened by creating a pedestrian 
refuge in the center of the street, and more T intersections and fewer 
four-way intersections are created along the corridor. Although the 
variable accounting for the presence of the center-lane BRT in Mexico 
City was not significant, the variables accounting for the number of 
lanes, central median, crossing distance, and number of legs were all 
correlated with lower crash rates and were significant across the differ-
ent models (Tables 1 through 3). The authors conclude that center-lane 
systems are likely to have more safety benefits than curbside systems 
because of the changes they introduce in the overall street configu-
ration. This conclusion is consistent with the earlier findings from 

Macrobús and TransMilenio, two center-lane BRT systems that 
improved safety on their respective streets on implementation.

Although the crash data were not detailed enough to determine 
which types of crashes might be more frequent in curbside versus 
center-lane bus corridors, road safety inspections allowed a better 
understanding of this issue. A common observation from the inspec-
tions was that curbside bus lanes introduce more conflicts than center 
lanes. In particular, vehicles turning right will always need to cross 
the bus lanes, increasing the chances of a crash with a bus. Left turns 
are problematic on center-lane systems, but it is easier to replace left 
turns with loops rather than eliminating all right turns on a street. 
Moreover, cyclists have been observed to use dedicated bus lanes; 
this behavior appeared to be more common on curbside lanes.

Pedestrian crashes are the most common type of crash involving 
buses on Eje Central in Mexico City (a curbside bus corridor that also 
features a counterflow lane). The authors noticed that pedestrians on 
Eje Central often walk in the bus lanes, especially when the side-
walks are crowded, which is particularly common in the downtown 
and near market areas.

impact of Street and intersection configuration 
on crash frequencies

As expected, the model results indicate that the size and complexity 
of intersections along a bus corridor are better predictors of crash 
frequencies than the configuration of the bus system. This makes 
sense, as on most of the bus corridors in the sample, only about 9% 
of all crashes occurred in the bus lanes; the vast majority occurred 
in the general traffic lanes and did not involve buses.

Key issues include the number of approaches per intersection, the 
number of lanes per approach, and the maximum pedestrian crossing 
distance. Intersections where traffic on the cross streets is allowed to 
cross the bus corridor are more dangerous than intersections where 
only right turns are allowed (Table 3). In other words, turning a 
standard four-way intersection into two T junctions by continuing 
the median on the main street should improve safety. However, this 
is only the case if the intersection remains signalized. Often on BRT 
corridors, traffic signals are eliminated at the intersection if the cross 
street is blocked, and so are the crosswalks. This can allow buses to 
continue through the intersection with no delays, but it puts pedes-
trians at higher risk. The authors recommend maintaining both the 
signals and the crosswalks in this case to ensure that the intersection 
remains a safe crossing location for pedestrians.

impact of land use along corridors  
on crash frequencies

The presence of a major market near the corridor was one of the 
strongest predictors of pedestrian crashes in Mexico City and 
Guadalajara (Tables 1 and 3, respectively). Increases in pedestrian 
crashes result not only from higher pedestrian volumes, but also 
from additional risks related to the configuration of the market. Near 
Merced market in Mexico City, for example, vendors often take up 
all or most of the space on the sidewalks, leaving insufficient capac-
ity for the existing pedestrian volumes and forcing some pedestrians 
to walk in the traffic lanes. The presence of kiosks on the sidewalk 
also reduces visibility for drivers, as they are less likely to notice 
driveways, entrances to parking garages, or pedestrians attempting 
to cross the street.

TABLE 2  Results for Vehicle Collision Frequency 
Models: Porto Alegre, Brazil

Variable
Negative Binomial 
Coefficient

Constant −2.877***
Number of legs 1.001***
Number of lanes per leg 0.662***
Left turns per approach 0.888**
Center median −0.592**
Center-lane busway 0.039
Counterflow busway 0.740**

Number of observations 183
Log likelihood −684.777
Likelihood ratio chi-square (6) 187.2
Probability > chi-square .000
Chi bar–square (01) 1,599.3
Probability ≥ chi bar–square .000

*p ≤ .1; **p ≤ .05; ***p ≤ .001.

TABLE 3  Results for Vehicle Collision and Pedestrian Crash  
Frequency Models: Guadalajara, Mexico

Model Coefficient

Variable

Vehicle Collision  
(Negative 
Binomial)

Pedestrian Crash  
(Poisson) 

Constant −0.266 −2.822***
Number of legs 0.392*** 0.204**
Number of lanes per leg 0.408*** —
Central median −0.146* −0.488**
Poor lane alignment — 0.527**
Market area — 2.989***
Big box retail 0.344* —
Maximum pedestrian crossing 
  distance (m)

— 0.047** 

Major T junction 0.754*** —
Cross street is through street 0.570*** —
Curbside bus lane 0.942*** 1.262***

Number of observations 164 164
Log likelihood −708.075 −164.481
Likelihood ratio chi-square 231.84 117.5
Probability > chi-square .000 .000
Chi bar–square (01) 1,111.59 na
Probability ≥ chi bar–square .000 na

Note: — = variable not included in model; na = not applicable.
*p ≤ .1; **p ≤ .05; ***p ≤ .001.
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analySiS of frequent craSh tyPeS

Although the crash frequency models illustrate the overall impact 
of different bus system configurations, they do not provide suf-
ficient detail into how and why crashes occur. The authors were 
able to get this additional level of detail through road safety inspec-
tions of BRT corridors in Curitiba and Bogotá and through discus-
sions with BRT agency staff experienced in reporting crashes. The 
authors used this additional information to identify the most com-
mon types of crashes on BRT corridors and also some possible ways 
of addressing them.

fatal Pedestrian crashes

Midblock Crashes

Because pedestrians are the road users most frequently involved in 
fatal crashes on bus corridors and most likely to die if involved in a 
crash, especially if hit by a bus, collisions between buses and pedes-
trians are likely to be the primary safety concern for any BRT or 
busway operating agency.

There is an inherent conflict in operating a rapid transit system 
in a dense urban area with high pedestrian volumes. In any dense 
urban center, especially in the developing world, one can expect 
large volumes of pedestrians crossing, waiting, or walking in the 
BRT lanes. Pedestrians often perceive BRT lanes as being safer 
than the general traffic lanes because of their lower traffic volume.  
In Mexico City, pedestrians crossing the BRT in midblock have 
been observed to cross the street halfway and wait in the BRT 
lanes for a gap in traffic in the opposite direction before completing 
the crossing.

Commercial speed is a key performance indicator for BRT and 
busways, but raising the speed limit for buses may contribute to 
increasing the severity of crashes for pedestrians. Limiting oppor-
tunities for pedestrian crossings by placing barriers and guardrails 
would mitigate this risk, but it would reduce pedestrian accessibility 
and transform the bus corridor into a major urban barrier. The risk 
of this type of intervention is that pedestrians will simply jump over 
guardrails or remove or damage the guardrails and continue to cross 
in midblock.

Another possible way to address the problem is through driver 
training. TransMilenio drivers have been trained to watch for 
pedestrians in the bus lanes and to brake aggressively when they 
spot them. TransMilenio staff reported that this change has resulted 
in a lower incidence of fatal pedestrian crashes, but in a higher inci-
dence of injured passengers inside the buses as a result of the sudden 
braking.

Yet another possible solution is to reduce bus speed limits. This 
change was implemented for Eje Ambiental, the BRT corridor on 
a pedestrian mall in the historic center of Bogotá, where buses are 
limited to 20 km/h (12.4 mph). However, it is unclear whether this 
change resulted in improved pedestrian safety. The observations 
on Eje Ambiental suggest that pedestrians are more likely to walk in 
the bus lanes and less likely to pay attention to oncoming buses. The 
crash statistics indicate that Eje Ambiental has three times as many 
crashes between buses and pedestrians as Avenida Caracas, the busiest 
TransMilenio corridor. The reduced speed limit has contributed to a 
marginal reduction in pedestrian crash severity: on Eje Ambiental 80% 
of bus–pedestrian crashes result in an injury or worse, as opposed to 
90% on the rest of the system.

Crashes in Vicinity of Stations

A major risk around stations on BRT and busways is that passengers 
will try to enter or exit the station illegally, either to avoid paying 
the fare or simply to take a shortcut. Station design has a signifi-
cant impact on the frequency of these dangerous movements. In 
particular, open stations with low platforms, such as the ones com-
mon on Porto Alegre and Belo Horizonte Busways, make it easy for 
pedestrians to jaywalk to and from the station. Studies have found 
that the presence of busway stations on street segments in Porto 
Alegre is positively correlated with pedestrian crashes, even after 
controlling for vehicle traffic, street design, and pedestrian volumes 
(12). In contrast, closed BRT stations with controlled access, high 
platforms, and high guardrails along the pathways to the station 
(such as the ones used in Bogotá, Mexico City, and Curitiba) tend to 
control pedestrian movements better and direct passengers to con-
trolled access points situated at signalized crossings or pedestrian 
overpasses.

But closed stations do not completely eliminate dangerous pedes-
trian movements. On TransMilenio, for example, passengers have 
been observed to get off the bus, remain on the narrow metal platform 
between the bus and the station, wait for the bus to leave, and jump 
into the bus lane to attempt to cross the street in midblock. Alter-
natively, pedestrians will sometimes wait for the bus to dock at the 
station, cross the bus lane, jump onto the metal platform, and enter 
the bus directly without going through the station and paying the fare. 
This is a very dangerous situation and one that can often lead to fatal 
pedestrian crashes.

Pedestrian crashes are also influenced by the general layout of 
the station, and particularly the way transfers between bus lines are 
organized. On the Delhi Busway, for example, each station has two 
parallel platforms separated by a bus lane for buses traveling in the 
same direction. Each bus traveling in one direction is assigned a 
docking bay at one of the two parallel platforms. However, a study 
of the use of bus stations noted that drivers often dock their bus at 
the wrong platform (16). As a result, passengers waiting at the correct 
platform will scramble across the bus lanes to reach their bus at the 
other platform, exposing themselves to the risk of being run over 
by other buses.

This problem does not exist on Metrobús, Macrobús, or Trans-
Milenio BRTs because stations are located on the left side of the bus 
lanes in the central median, and when a station has multiple docking 
bays, these bays are situated one after another along the same plat-
form. As a result, all transfers between different bus lines at one station 
always occur across the platform, and not across the bus lanes, thus 
reducing exposure for pedestrians.

crashes between brt and busway Vehicles  
and general traffic

The most frequent type of crash involving buses on BRT or busway 
corridors occurs when unauthorized vehicles enter the dedicated bus 
lanes and collide with buses. On center-lane systems, this is often the 
result of an attempt to make an illegal left turn across the bus lanes. As 
drivers attempt to turn left across the BRT lanes, they often fail to see a 
bus coming from behind them and collide with it as they make the turn. 
Left turns are generally prohibited on center-lane systems, yet drivers 
continue to perform these dangerous maneuvers.

In midblock, this type of crash can easily be eliminated by placing 
a physical barrier between the dedicated bus lanes and the rest of the 
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street. TransMilenio, which features this type of barrier, has a much 
lower incidence of these types of crashes than the Mexican BRTs, 
where lanes are separated only by raised pavement markings. This 
issue is more difficult to address at intersections, although one possible 
solution would be to extend medians and lane separators as far as 
possible into the intersection to narrow the turning radius and only 
allow cross traffic to pass.

crashes between brt Vehicles on Multilane 
brt Systems

TransMilenio has the highest capacity of any bus system in the 
world, at over 40,000 passengers per hour per direction (1). This 
capacity is made possible by the use of two dedicated bus lanes 
per direction; a diversity of services including local, accelerated, 
and express lines; and multiple docking bays at stations that allow 
buses to operate in parallel and to load and unload passengers at the 
same time at the same station. However, this configuration intro-
duces conflicts and new crash types between BRT vehicles. As 
this type of layout has been replicated in other systems around the 
world (most notably in Guangzhou, China), it becomes important 
to understand the risks associated with multiple lanes and multiple 
docking bays.

The most dangerous type of crash involves collisions between 
express buses traveling at high speed through a station on the express 
lane and local buses leaving the station and attempting to merge 
onto the express lane. The three most serious crashes of this type on 
TransMilenio together accounted for more than 170 injuries, and each 
of them disrupted operations for several hours.

Another common crash type involves collisions between buses 
leaving the station and buses attempting to dock at the station. 
Though less serious than the previous type, since they occur at 
lower speeds, these crashes are more common and can also result 
in injuries.

There is no easy fix for eliminating these types of crashes with-
out reducing capacity, since the key to TransMilenio’s high passen-
ger capacity is the ability to quickly move buses in and out of the 
express lanes and into the docking bays at stations. Possible solu-
tions could include variable signs warning of an incoming express  
bus and the use of mirrors or cameras to improve visibility for drivers  
leaving the stations. Another solution would be to lower speed 
limits for the express lane in the vicinity of the station. If express 
buses traveled more slowly through the station, their drivers would 
have more time to react to hazards, the stopping distance would 
be shorter, and the severity of crashes would be reduced. This 
change may not necessarily affect capacity, but it would increase 
total travel time for express buses and may require a slightly larger 
bus fleet to carry the same number of passengers over the length 
of the corridor.

concluSion: integrating roaD Safety 
into buS SySteM DeSign

This analysis shows that some of the key design choices in the plan-
ning of a BRT or busway corridor—especially the location of bus 
lanes, the presence of counterflow lanes, and the station design—can 
significantly affect on the number of crashes and fatalities that will 
occur on the corridor. In general, the findings indicate that full-fledged 
BRT systems, with high platforms, closed stations, centralized opera-

tions control, and driver training, have a much better impact on safety 
than open busways, which provide only dedicated lanes and stations. 
The superior safety of BRT is partly related to design (better control 
of pedestrian movements, safer transfers), but also to the ability of 
transport agencies to have uniform standards for driver training and 
to control bus operations.

In general, the recommendations for improving safety should not 
have a negative impact on operations. The authors recommend using 
center-lane systems, prohibiting left turns across the bus lanes, and 
eliminating some four-way intersections along the corridors. All these 
recommendations should also improve traffic flow on the dedicated 
bus lanes and minimize conflicts with other vehicles. The recommen-
dations for strict control of pedestrian movements around stations 
should help ensure that there are fewer pedestrians walking in the 
bus lanes near stations, which in turn should improve the fluidity 
of bus traffic.

But some recommendations may involve a trade-off between 
operational performance and safety. This trade-off is particularly 
likely in the case of very high-capacity, multilane systems. The types 
of crashes that are frequent on these types of corridors cannot be  
easily eliminated (or rendered less severe) without reducing bus 
speeds or restricting the ability of buses to merge in and out of 
the express lanes at stations. However, reducing bus speeds may 
also help reduce the incidence of bus–pedestrian crashes by giv-
ing drivers more time to see and react to pedestrians in the bus 
lanes. The question then becomes to what extent is it acceptable 
to reduce speed and capacity to reduce the number of crashes and 
fatalities. Clearly, any fatality on a bus corridor is unacceptable, 
but in practice it should be recognized that completely eliminat-
ing crashes on bus corridors may not be feasible. The key is to 
find the right compromise among accessibility, passenger capac-
ity, and safety, with the goal of integrating safety as part of the 
criteria for judging both the success of a bus system and its overall 
sustainability.

acknowleDgMentS

This research was funded by Bloomberg Philanthropies. The authors 
thank the following people for their contribution in collecting crash 
data for this research: Saúl Alveano, Marco Priego, Yorgos Voukas, 
Jesús Leyva, Diego Monraz, Joel Zúñiga, Mario Valbuena, Carlos 
Gutierrez, Martin Salamanca, Brenda Medeiros, Marta Obelheiro, 
Madhav Pai, Binoy Mascarenhas, Siddharth Gokhale, Judy Raski, and 
Rob McInerney.

referenceS

 1. Hidalgo, D., and A. Carrigan. Modernizing Public Transportation: 
Lessons Learned from Major Bus Improvements in Latin America and 
Asia. World Resources Institute, Washington, D.C., 2010.

 2. Levinson, H., S. Zimmerman, J. Clinger, S. Rutherford, R. L. Smith, 
J. Cracknell, and R. Soberman. TCRP Report 90: Bus Rapid Transit: 
Case Studies in Bus Rapid Transit, Volume I. Transportation Research 
Board of the National Academies, Washington, D.C., 2003.

 3. CERTU. Bus à haut niveau de service: du choix du système à sa mise 
en œuvre (in French). Centre d’études sur les réseaux, les transports, 
l’urbanisme, et les constructions publiques, Lyon, France, 2009.

 4. Wright, L., and W. Hook (eds.). Bus Rapid Transit Planning Guide, 
3rd ed. Institute for Transportation and Development Policy, New York, 
2007.

 5. Gardner, G., P. Cornwell, and J. Cracknell. The Performance of Busway 
Transit in Developing Countries. TRRL Research Report 329. Crow-
thorne, United Kingdom, 1991.



14 Transportation Research Record 2317

 6. Characteristics of Bus Rapid Transit for Decision-Making. FTA, U.S. 
Department of Transportation, Washington, D.C., 2004.

 7. Conceitos e Elementos de Custos de Sistemas BRT (in Portuguese). 
Associação Nacional das Empresas de Transportes Urbanos, Brasília, 
2010.

 8. Lindau, L. A., D. Hidalgo, and D. Facchini. Curitiba, the Cradle of Bus 
Rapid Transit. Built Environment, Vol. 36, 2010, pp. 274–283.

 9. Peden, M., R. Scurfield, D. Sleet, D. Mohan, A. A. Hyder, E. Jarawan, 
and C. Mathers (eds.). World Report on Road Traffic Injury Prevention. 
World Health Organization, Geneva, 2004.

10. Viola, R., M. Roe, and H. Shin. The New York City Pedestrian Safety 
Study and Action Plan. New York City Department of Transportation, 
2010.

11. Chias Becerril, L., and A. Cervantes Trejo. Diagnóstico Espacial de los 
Accidentes de Transito en el Distrito Federal (in Spanish). Secretaría de 
Salud, Mexico City, 2008.

12. Diogenes, M. C., and L. A. Lindau. Evaluation of Pedestrian Safety at 
Midblock Crossings in Porto Alegre, Brazil. In Transportation Research 
Record: Journal of the Transportation Research Board, No. 2193, Trans-
portation Research Board of the National Academies, Washington, D.C., 
2009, pp. 37–43.

13. Ladrón de Guevara, F., S. P. Washington, and J. Oh. Forecasting Crashes 
at the Planning Level: Simultaneous Negative Binomial Crash Model 
Applied in Tucson, Arizona. In Transportation Research Record: Jour-
nal of the Transportation Research Board, No. 1987, Transportation 
Research Board of the National Academies, Washington, D.C., 2004, 
pp. 191–199.

14. Dumbaugh, E., and R. Rae. Safe Urban Form: Revisiting the Relationship 
Between Community Design and Traffic Safety. Journal of the American 
Planning Association, Vol. 75, No. 3, 2009, pp. 309–329.

15. Almonte, A. M., and M. A. Abdel-Aty. Exploring the Level of Service 
and Traffic Safety Relationship at Signalized Intersections. Institute of 
Transportation Engineers Journal, Vol. 80, No. 6, 2010.

16. Tiwari, G., and S. Gandhi. Delhi BRTS Pilot Corridor from Ambedkar 
Nagar to Delhi: Gate Survey Data, Analysis and Findings on Perfor-
mance of Functional Stretch Between Ambedkar Nagar to Moolchand on 
Bus Shelter Chirag Delhi and Pedestrian Signal Performance. Report. 
Transportation Research and Injury Prevention Programme, India, 
June 2008.

The Transportation in the Developing Countries Committee peer-reviewed this 
paper.


