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ABSTRACT
C. Erik Vergel-Tovar: Examining the reciprocal relationship between bus rapid transit and the
built environment in Latin America
(Under the direction of Daniel A. Rodríguez)
There has been a rapid growth of Bus Rapid Transit (BRT) systems in the world over the
last two decades with more than 200 cities currently with this type of transportation system.
Empirical evidence of BRT’s effects on land use and development is still limited and its
relationship with affordable housing is largely unexplored. Likewise, very few studies have
examined the influence of the built environment on BRT ridership.
The first aim of this dissertation examines land use and development impacts of BRT in
Bogota and Quito using a multimethod approach. The quantitative approach estimates the
average treatment effect of BRT on built-up area and land uses with a difference-in-difference
research design. The analysis runs propensity score weighted regression models with treatment
and control land parcels. In Bogota, parcels with BRT had a minimum effect on built-up area
changes and mixed results regarding changes of residential and commercial uses in relation to
control corridors. In Quito mixed results were found, with similarly positive and negative effects
of the BRT on new developments in relation to the control corridor. The qualitative approach
examined semi-structured interviews with key participants finding five themes explaining the
mixed results of development impacts of BRT: coordination, expertise, development,
management and equity issues.
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The second aim of this dissertation examines whether population density and built
environment attributes explain ridership in a sample of 120 BRT stations in seven cities in Latin
America. Results found no association between population density and BRT ridership but adding
the built environment attributes around stations increased the explanatory power of the model.
Two built environment factors as a result of factor analysis suggest high-rise multifamily
developments, mixed uses and presence of facilities are positively associated with BRT
ridership. Six BRT station typologies as a result of cluster analysis suggest transit oriented
development features like non-motorized transport infrastructure play an important role
explaining ridership.
Based on this work, this dissertation recommends the implementation of BRT as urban
development projects integrating land use and transportation planning with an equity perspective,
and an assessment of built environment attributes around stations for predictions of BRT
ridership.
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CHAPTER 1: INTRODUCTION
1.1.Background and research problem
Bus Rapid Transit (BRT) is a cost-effective mass transportation system characterized by
exclusive bus lanes and reduction of travel times, high-passenger capacity and level boarding,
and a relatively short construction process. BRT systems have bus stations and terminals along
main transportation corridors where passengers can shift transportation modes or take feeder
routes that extend the service into surrounding neighborhoods (Hidalgo & Graftieaux, 2008). 202
cities in the world are implementing BRT systems mobilizing more than 33 million passengers
per day, from which 61.06% are in Latin America ("Global BRT Data," 2016).
The implementation of BRT systems has raised several questions regarding the BRT’s
city-shaping effects as well as the extent to which the built environment influence on its levels of
ridership (Deng & Nelson, 2011; Nelson & Ganning, 2015; H. Suzuki, Cervero, & Iuchi, 2013).
Within the range of mass transportation investments, BRT systems have been seen by some local
actors as temporary investments without the capacity to generate transit-oriented development
(TOD) features along the BRT corridors. TOD is understood as an urban form with mix of land
uses with various densities in close proximity to transit stations. TOD is also characterized by
five goals: location efficiency, rich mix of choices, value capture, place making and urban
design; where more than a transit node, a public transportation stop can be a place (Dittmar &
Poticha, 2004). Despite the remarkable experience of Curitiba encouraging high density along
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BRT corridors, little is known about the extent by which BRT systems can generate or stimulate
TOD (Cervero & Dai, 2014; Gakenheimer, Rodriguez, & Vergel-Tovar, 2011).
Nevertheless, it is also important to examine this relationship the other way around: how
the built environment influences the performance of the BRT system in terms of ridership levels.
Estimates of future travel demand along BRT corridors are made based on socio-economic and
demographics data and origin-destination studies (Galicia & Cheu, 2013), but scholars argue
that urban design and built environment attributes certainly play an important role on travel
behavior (Boarnet, 2001). Several studies have been developed in the US looking at the
relationship between travel and the built environment in terms of vehicle miles traveled (VMT),
vehicle trips (VT) and attributes known as the five “Ds” (density, diversity, design, destination
and distance to transit). Contradicting results in relation to the extent by which these built
environment variables such as land use mixed and density can play on travel behavior suggest
further research is needed in order to determine the effects of the built environment on travel
(Ewing & Cervero, 2010). Little is known about this association with the implementation of BRT
systems, especially in cities with different spatial structures than North America (Cervero, 2013).
Coordination between urban transportation and land use is one of the challenges faced by
cities experiencing accelerated urban growth. Rapid urbanization and fast motorization trends
further complicate these challenges in developing countries (Cervero, 2013). The rate of
urbanization in Latin America and the Caribbean has increased from 41.4% in 1950 to 78.8% in
2010 and it is expected to reach 86.6% by 2050 (United-Nations, 2012). Rapid urbanization
implies challenges such as lack of adequate housing and infrastructure, traffic congestion and air
pollution. Less developed countries are experiencing motorization trends within a rapid urban
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growth context causing environmental issues in a higher scale than in more developed countries
due to their higher demographics trends (UN-Habitat, 2012).
While admittedly a challenge, the integration of land use and urban transportation is also
an opportunity to promote TOD. The TOD concept looks to improve air quality, preserve open
spaces, increase ridership and revenue to transportation systems, provide pedestrian friendly
areas, control urban expansion and concentrate urban development around rail and bus transit
facilities (Cervero, Murphy, Ferrel, Goguts, & Tsai, 2004). If executed effectively, TOD offers a
unique possibility to address issues such as urban sprawl, a lack of walkable environments, caroriented development and its associated traffic congestion as well as high levels of socio-spatial
segregation (Delmelle & Casas, 2012), uneven development (Atkinson-Palombo & Kuby, 2011),
and economic (forgone revenue sources for local governments) in terms of limited application of
value capture mechanisms (Gakenheimer et al., 2011). Enhancing accessibility through the
integration of public transportation with land use planning can increase the sustainability of
urban development, generating benefits such as reductions in travel times and transportation
costs, reduced air pollution and greenhouse gas emissions, greater social equity, and control
against urban sprawl through compact urban development.
1.2.Conceptual Framework
1.2.1. Aim1: Understanding the impacts of BRT on the built environment.
This dissertation seeks to test hypotheses regarding theories about urbanization with the
aim to contribute in the understanding of built environment impacts of BRT systems.
First, the urban spatial structure model developed by Alonso and Muth suggests the
concentration of jobs takes place in the city center known as CBD (Central Business District)
(Alonso, 1964; Muth, 1969). This model assumes all households are equal except by income and
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only consume housing and other goods. Land rent gets higher in the high activity node known as
CBD so that population density is also expected to increase on this location. The dynamics of the
cities’ structure are determined by the population, the agricultural rent (edge of the city),
commuting cost (location in the city) and income (capacity to pay for a location) (Brueckner,
2011). Accessibility benefits introduced by transportation investments can be capitalized into
property prices by landowners. As a result, it is expected that landowners will improve their
properties due to higher returns, developers will seek development opportunities as a result of the
accessibility benefits or even local actors could try to acquire land before the introduction of
transportation investments (Rodriguez, Vergel-Tovar, & Camargo, 2015).
TOD areas can become new activity nodes or even become new CBD areas where there
is high concentration of activities and higher densities. TOD can concentrate several activities
generating a housing price curve in which housing could become more expensive within the
TOD area. Certainly, this housing price curve constitutes an equity challenge for TOD areas in
terms of providing access to land and housing for low-income groups after transportation
investments have been made, especially within an enhanced urban environment oriented towards
transit with high quality public spaces and concentration of urban services and facilities. At the
same time, higher densities with a mixture of land uses and pedestrian friendly urban design in
the TOD area are expected to contribute to higher transit ridership because the high
concentration of activities (Cervero, 2007; Cervero et al., 2004; UN-Habitat, 2013).
Second, the concept of uneven development in the contemporary world suggests the
increasing inequalities in cities are the result of the concentration of wealth at different levels as
a result of the flow of capital investments from transactions in a globalized world where
corporations and investors are driven by profit opportunities capturing the urbanization surplus
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related to physical infrastructure and transportation investments (De-Mattos, 2010; Harvey,
2006, 2009). Within this context, gentrification dynamics could take place as a result of this new
investments and potential increments on land and property prices which could generate potential
displacement issues for current residents by market forces who can no longer afford the living
costs in gentrifying areas, such as the case of several metropolitan areas in the United States
(Hackworth, 2007). The urban policy response has shifted towards the capitalist production in
cities, especially in urban renewal and redevelopment projects giving less priority to social
issues, such as the displacement of residents from these areas (Smith, 2002). Scholars have
identified challenges for urban planning and policy due to the new relationship between private
capital owners and the state by promoting growth through urban development processes: i)
concentration on efficiency, predilection for private and market-oriented solutions, focus on
development strategies that seek to attract capital as part of investment opportunities, lack of a
democratic agenda due to only clients are consulted and privatization might reduce transparency,
and an indifferent attitude in front of unequal treatments, exclusion, segregation and other
undesired social outcomes (Sager, 2011).
In the Global South, instruments such as public-private partnerships (PPP) have been
seen as tools that facilitate this capital flow, privatization measures and the implementation of
market-approaches in urban planning (Miraftab, 2004). Some transportation investments have
been implemented through PPPs schemes where public and private actors determine roles for the
construction and operation of these infrastructures. Transit oriented developments could become
attractive areas for these type of schemes where more compact developments could promote
vertical gated communities such as those high-rise developments that have emerged in cities with
dynamic real estate markets (Caldeira, 2000). These new activity nodes around transit
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investments could also generate gentrification dynamics as a result of land value increments
reinforcing inequalities in terms of exacerbating segregation dynamics in cities. Scholars argue
the urbanization surplus could be capture to promote social justice within a capitalist framework
(Fainstein, 2010). In Latin America, value capture mechanisms have been discussed by scholars
as a potential approach towards mobilizing land value increments in order to finance not only
urban infrastructure but also affordable housing (Smolka, 2013). An equity perspective on TOD
areas suggests approaches with land management tools including value capture mechanisms
could address potential gentrification dynamics and promotes a more inclusive urban
environment providing access to low income groups to land and housing (Pendall,
Gainsborough, Lowe, & Nguyen, 2012). In Latin America, innovative planning tools as part of
bottom-up approaches not only could acknowledge the expression of social movements to get
access to urban services but also their role as active actors shaping the built environment
(Irazabal, 2009).
The implementation of mass transportation systems, the conditions of the real estate
market, the provision of building materials and the urban growth process in general is also
affected by macro forces. Economic growth impacts the real estate sector and investments on
both transportation and land development sectors. Social conditions determine needs for social
services and access to credit from financial institutions and job opportunities.
1.2.2. Aim 2: Understanding the influence of the built environment upon BRT ridership.
There is an emerging interest in taking into account the built environment as part of the
analysis and assessment of planned and existing BRT corridors in different parts of the world
(ITDP, 2014a). Several cities are including transit-oriented development (TOD) principles as
part of the planning, implementation and improvement processes of BRT stations (ITDP, 2014b).
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TOD is understood as a way to increase ridership based on the expectation that higher densities
imply higher ridership, which not only can guarantee the financial sustainability of the
transportation system, but also may increase revenues for the transportation agency through
value capture (Cervero et al., 2004; TCRP, 2002). In a high density city like Taiwan, the study of
metro stations ridership found a positive association with TOD features such as floor-space area,
density and pedestrian infrastructure, but a negative association with connectivity and
insignificant by mixed land use (Lin & Shin, 2008).
Many studies have examined the importance of the built environment for travel behavior
and transit use, but much fewer have focused on BRT. In the US, Ewing and Cervero suggested
that conflicting results regarding the extent to which built environment variables such as mixed
land use and density may play on travel behavior require further research in order to determine
the effects of the built environment on travel (Ewing & Cervero, 2010). Another study found
positive associations between road facility designs and proximity to ciclovías lanes with physical
activity in Bogotá, while built environment attributes such as land use have not (Cervero,
Sarmiento, Jacoby, Gomez, & Neiman, 2009). The presence of pedestrian infrastructure and the
quality of the walking environment within the catchment area of BRT stations also suggest
people walk farther in order to get BRT stations (Jiang, Zegras, & Mehndiratta, 2012). In
addition to the five “Ds” variables, parking and demographics have been also introduced on
some studies looking at the relationship between land use and travel (Boarnet, 2001; Ewing &
Cervero, 2010; Handy, 2005).
Despite the growing literature on the built environment and travel, there is a surprising
paucity of research about the relationship between the built environment and BRT ridership.
Specifically, there is a gap of understanding regarding how built environment features beyond
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pedestrian infrastructure and density can influence BRT travel behavior (Estupiñán & Rodríguez,
2008; Rodríguez, Brisson, & Estupiñán, 2009).
1.3.Research objectives
1.3.1. Aim 1: Understanding the impacts of BRT on the built environment in Bogotá
(Colombia) and Quito (Ecuador).
Since 2000 and 1996 respectively, Bogotá and Quito have been implementing BRT
corridors in a staged fashion, offering an opportunity to measure land (re)development impacts
before and after the introduction of BRT as well as BRT’s capacity to generate transit oriented
development (TOD). As Andean cities, Bogotá and Quito have similar features: high densities,
comparable building technologies, presence of informal settlements on their peripheries and
urban growth boundaries that have been determined mainly by geographic characteristics.
However, land use planning tools, public sector characteristics and land markets dynamics differ
between these two cities, as does the scope of the BRT intervention over time. The first aim of
this dissertation examines the built environment impacts of BRT and its relationship with
affordable housing provision by estimating the effects of this type of mass transit systems on
land use and development outcomes after their implementation. This quantitative analysis is
followed by a qualitative analysis as part of a multimethod approach. The qualitative data
analysis of semi-structured interviews with key participants in both cities identifies the themes
that explain built environment changes and outcomes identified in the quantitative analysis.
1.3.2. Aim 2: Understanding the influence of the built environment upon BRT ridership in
seven cities in Latin America.
Understanding the factors that contribute to BRT ridership is critical to justify
investments and improve their cost-effectiveness. BRT ridership is important for transportation
planners because ridership largely determines the financial sustainability of the transit system.
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This dissertation seeks to bridge the gap in the study of BRT ridership and built environment
attributes influencing travel behavior. This dissertation also seeks to contribute in the study of
TOD features and its association with BRT ridership at the station level. A cross sectional data
study is developed looking at associations of built environment attributes and BRT ridership in
120 BRT stations located across seven cities in Latin America (Bogota in Colombia; Sao Paulo,
Curitiba and Goiania in Brazil; Ciudad de Guatemala in Guatemala; Quito and Guayaquil in
Ecuador). Employing this quantitative approach, this research contributes to the understanding of
the relationship between travel and the built environment in the case of BRT systems at the
station level.
1.4.Relevance and significance
The two goals of this dissertation contribute to fill the existing knowledge gap by
expanding our understanding of the reciprocal relationship between BRT and the built
environment. First, this dissertation examines BRT’s potential to promote urban development
and the conditions under which BRT and affordable housing can unite to serve as a strategy for
de-concentrating urban poverty. This potential is explored by an in-depth examination of the
built environment impacts of the BRT systems in Bogota and Quito, two of the oldest and most
consolidated BRT systems currently under operation. Second, this dissertation challenges
conventional assumptions that higher population densities in close proximity to BRT imply
higher levels of transit ridership. Based on primary data collected in seven cities in Latin
America, the region with the longest and deepest history of incorporating BRT into local
infrastructure, this dissertation examines how the built environment influences BRT travel
behavior at the station level and the extent by which TOD features do or do not have a positive
association with BRT ridership.
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Empirical studies examining this reciprocal relationship between BRT and urban
development in parallel are limited. Moreover, employing a multimethod approach that
combines quantitative and qualitative data analysis contributes to a better understanding of these
relationships. As a result, this dissertation seeks to inform policy and practice worldwide in order
to promote sustainable urban development.
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CHAPTER 2: LITERATURE REVIEW
2.1.Introduction
This chapter is structured in three main sections and a summary. The first section
explores the origins and evolution of bus rapid transit (BRT) with the aim to converge into a
definition of the BRT concept as part of this dissertation. The review of these origins starts by
looking at the evolution of the exclusive bus lanes concept in different latitudes. Then, the
evolution of BRT in Latin America is described as part of the process to establish a definition of
what BRT is. The second and third sections consist on the review of the literature according to
the two aims of this dissertation.
Regarding land use and development impacts of BRT (aim 1), the review discusses the
built environment impacts of mass transit, focusing on three relationships related to BRT’s city
shaping impacts: i) studies looking at the relationship between BRT and urban development
conducted in cities implementing this type of mass transit system in Latin America, North
America and Asia; ii) studies looking at the relationship between bus rapid transit and the
concept of transit oriented development (TOD); iii) the review includes studies looking at equity
on urban transport in relation to affordable housing issues.
Regarding the influence of the built environment on BRT ridership (aim 2), the review is
conducted by looking at the literature on the relationship between the built environment and
travel. This section focuses on previous studies at the transit station level and identifies the gaps
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on the literature about the relationship between BRT, travel behavior and the built environment.
The review in this section also focuses on the impacts of TOD on ridership.
The chapter closes with a summary of major findings and gaps in the literature for both
aims of this dissertation.
2.2.The origins and evolution of Bus Rapid Transit – BRT
2.2.1. From segregated bus lanes towards bus-based mass transit systems
The origins of the BRT concept come from the evolution of the idea to provide
segregated bus lanes to increase capacity and reduce travel times for bus based systems. Latin
America is considered the cradle of BRT due to the evolution of the idea of segregated bus lanes
along major arterial roads and freeways towards an urban transport system. As a result, the
region currently has the highest number of cities with this type of mass transit system under
operation in the world. This section discusses the origins of the segregated bus lanes concept and
its evolution in Latin America towards the implementation of BRT systems. This section also
discusses different definitions of BRT in the literature as part of this evolution process of
segregated bus lanes towards bus based mass transit systems.
During the 1970s, Lima (Peru) implemented segregated bus lanes along the “Av Paseo La
Republica” creating what is known as “Via Expresa” by providing two exclusive bus lanes at the
midpoint of what is considered the widest avenue of Lima. The “Via Expresa” connects the
downtown area conformed by the “Juana Arco” Park and “Paseo de los Heroes Navales” with
the “Barranco” district located at the south of the city (Sánchez León, Calderon Cockburn, &
Guerrero de los Rios, 1978). The “Via Expresa” is considered the starting point for a future
prioritized bus system in Latin America, better known as BRT. Lima is the pioneer city in terms
of implementing segregated bus lanes before Curitiba. Later, Curitiba improves significantly the
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segregation of bus lanes concept with the implementation of infrastructure such as stations and
boarding platforms, an operation system with a large coverage in the city. In the 1990s, Quito
(Ecuador) becomes the first the city to implement a BRT system outside Brazil. In the 2000s,
Bogota (Colombia) implements a BRT system based mainly on the experiences of Curitiba and
Quito (Mejía-Dugand, Hjelm, Baas, & Ríos, 2013).
Nevertheless, there is not a general agreement regarding the origin of the BRT concept.
The idea of express bus transit for freeways was first proposed in North America; however, the
construction and implementation of express buses on segregated lanes as part of a mass transit
system was finally developed in Latin America. Four cities in North America proposed express
bus routes along freeways. The Express Bus Rapid Transit Plan for Chicago developed in 1937 is
claimed by some scholars as the first suggested BRT plan, which proposed to convert three rail
rapid-transit lines into express bus services along highways. Between 1956 and 1959, the Mass
Transportation Survey for the capital region of the United States (Washington DC metropolitan
area, United States) recommended three or four roadways separated by a mall (64-foot and 51
feet) connected with cross-street bridges, which would be served by express buses operating on
mixed traffic lanes but eventually in the future there would be allocation for segregated bus
lanes. In 1959, an elevated loop of three lanes bus roadway was proposed for the city of Saint
Louis (Missouri, United States). In 1970, the city of Milwaukee (Wisconsin, United States)
proposed the development of express bus routes along the freeway system serving the
metropolitan area (Levinson et al., 2003).
In Latin America, some cities in Brazil not only began to implement the concept of
express bus routes through the construction of segregated bus lanes giving priority to transit
along major arterial roads and freeways, but also they included as part of this transportation
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investments the design of enhanced bus stations with pre-boarding fare collection and transfer
with feeder routes at bus terminals. This mixture of features is the point of departure of what is
considered BRT nowadays. Curitiba is considered the cradle of this type of mass transit system
known as BRT due to the implementation of this type of bus-based mass transit system in the
design of the City’s Master Plan in 1965. The transportation planning process became part of the
city planning process as part of the design of the Master Plan with the goal to guide the urban
growth process of Curitiba along exclusive bus lanes (Santos, 2011).
In addition to the designation of exclusive bus lanes, Curitiba also introduced land use
planning measures by promoting mixed-use land developments along the five main segregated
bus lanes known as BRT corridors, which converged at the city center (downtown). This
approach has been shaping the urban form along the segregated bus lanes corridors with linear
high-rise developments and concentrating population densities along the exclusive bus lanes. The
long-term vision defined in the Master Urban Plan of Curitiba under the leadership of the city
mayor of the time, architect and urban planner Mr. Jaime Lerner (who served three nonconsecutive terms), included urban design measures prioritizing people over cars such as
pedestrian areas in downtown. This innovative approach integrating land use and transportation
planning is what made Curitiba a transit metropolis (Cervero, 1998).
Brazil is considered the pioneer in the implementation and development of this type of
bus-based mass transit systems not only due to the experience of Curitiba, but also the
implementation of this type of mass transit systems in nine cities by the end of the 1970s and the
beginning of the 1980s. The concept developed in Curitiba of express buses along segregated
lanes was applied in these nine cities with the exception of the land use planning strategy to
guide urban growth with high-rise developments along the transit axes. Goiania implemented a
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BRT system along the “Eixo Anhanguera” connecting the east and the west sides of the city
crossing the downtown area. Porto Alegre and Sao Paulo implemented bus services along
segregated lanes including the reduction of transfers for passengers by allowing buses to serve
final destinations outside the corridor. These innovations allowed an increase in terms of
capacity of bus services up to 20,000 passengers per hour direction (Thomson, 2007).
During the 1980s, a rapid growth of BRT took place in Brazil. The city of Recife
implemented segregated bus lanes in 1982 along the East-West corridor. Between 1986 and
1987, two more cities in Brazil implemented segregated bus lanes, Campinas (Sao Paulo State)
and Campo Grande (Mato Grosso State). In 1988, the “Trolebus” project was implemented along
what is known the ABD corridor as part of the regional strategy to connect industrial areas
located at the south of the city of Sao Paulo, specifically the Municipalities of Diadema, Sao
Bernardo do Campo, Santo André and Mauá (Zioni, 1999).
The dissemination of the Brazilian experience spread out in Latin America. The Brazilian
experience became a point of reference of mass transit including segregated bus lanes, fixed bus
stops, stations and bus terminals with transfers and pre-boarding fare collection. Some factors
made possible to share the Brazilian experience such as the development of urban transport
seminars, information on the mass media and the training in Brazil of urban transport planners
from other cities in the region. Two major cities in the region that have implemented segregated
bus lanes systems at a large scale based on the Brazilian experience are Quito in Ecuador and
Bogotá in Colombia (Mejía-Dugand et al., 2013).
During the 1990s, the Brazilian experience on segregated bus lanes for express bus
services as part of a mass transit system was also implemented in the city of Quito (Ecuador).
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The training of Ecuadorian planners in Brazil had a significant influence in this process due to
these transport planners returned to Ecuador, specifically Quito, after their studies in Brazil in
order to implement what they learned during the graduate studies in Brazilian Universities and
institutes (Interview with a transportation planner in Quito).
Inspired and influenced by the Brazilian experience, Ecuadorian transportation planners
designed and implemented in Quito a segregated lanes system with electric buses known as
“Trolebus” that began operations in 1996. This system not only improved accessibility in the
Historic Center, part of the World Heritage List by UNESCO, but also connected the south and
the north areas of the city. Both areas have been geographically divided due to the
“Machangara” River and the “Panecillo” Hill next to the Historic Center. The “Trolebus”
system reduced pollution and noise with the electric buses and incorporated a prepayment
boarding system at stations located in the middle of “Av. 10 de Agosto” in the North and “Av.
Vicente Maldonado” at the South of the city. Three bus terminals were constructed as part of this
first stage of the “Trolebus” system. At the north, the BRT Terminal La Y was built at the end
point of “Av. 10 de Agosto”, close to the Airport of the time. At the south, the BRT Terminal “El
Recreo” was built in order to provide transfers to passengers coming from the South, including
the urban expansion area known as “Quitumbe”. At the geographic center of the city but close to
the Historic Center, the multimode Terminal “La Marin” was built in order to generate a transit
node connecting several services and transportation modes, including those coming from the
valleys at the east of the city (Lopez, 2003).
The experience of Bogota had to stages, the first one relates to the implementation of the
Bus Corridor known as “Troncal Caracas” at the end of the 1980s. The second stage was the
well-known experience with the design and implementation of the BRT system called
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Transmilenio at the end of the 1990s. The segregated bus lane corridor “Troncal Caracas” was
built in Bogota along what is considered the backbone arterial road of the city connecting the
North (“Autopista Norte” arterial road) with the south (local district of “Usme”). In 1989, the
“Troncal Caracas” was built with four segregated lanes, two for each direction, allowing private
bus operators to attend the demand with existing routes along this corridor as well as further
north and south after the segregated bus lanes ended at both extremes. The “Troncal Caracas”
used to function as a closed system in terms of giving priority to bus routes operating along the
exclusive lanes, but the same buses used to work as feeder routes after crossing the whole axis.
However, the experience with “Troncal Caracas” can be understood from two angles. Several
issues resulted from this experience such as decrease in the level of service, operational issues,
traffic safety, an aggressive design of shelters and the absence of a policy to restructure the
public transit system in the city (Thomson, 2007).
At the end of the 1990s, in the absence of funding from the National Government of
Colombia for the subway project, Bogotá began the process to design a bus rapid transit (BRT)
system based on the experiences of Curitiba and Quito. Transportation planners from Bogota
traveled to Curitiba and Quito in order to learn from the experience of these cities with
segregated bus lane mass transit systems (Ardila, 2004).
But the significance of this experience relies on the capacity this busway with segregated
lanes achieved demonstrating that a bus-based system was capable to move a high volume of
passengers that previously only rail-based systems had the capacity to move (Ardila, 2004).
Transmilenio introduced innovations never seen before on segregated bus lane mass transit
systems such as four segregated lanes which increased significantly the capacity of this busbased system. After the implementation of high capacity buses (bi-articulated), express routes
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(for selected stops), Transmilenio increased significantly the operational capacity of the system.
The system was also innovative in terms of the design of stations and terminals by including
cutting edge urban design features and materials and interventions on public spaces with
pedestrian infrastructure and facilities around BRT Terminals located at the North, South and
West ends of the corridors (Cain, Darido, Baltes, Rodriguez, & Barrios, 2007). These BRT
Terminals known as “Portales” in Bogota provide transfers to feeder routes that serve
neighborhoods located close to these terminals and thus increasing the serving area of the
system.
Curitiba and Bogota are considered the two tipping points in the spread, innovation and
evolution of bus-based mass transit systems known as BRT, influencing not only other cities in
Latin America but also in the world. Previous research suggests the flexibility and costeffectiveness of the concept of segregated bus lane mass transit systems known as BRT that
include features from rail-based systems such as enhanced stations and transfer terminals, preboarding fare collection, reduction in travel times, express routes to be adapted to local
characteristics explains this rapid growth in Latin America after the experience of Curitiba
(1970s), and then the expansion to other cities in the world after the implementation of
Transmilenio in Bogota (2000s). In addition to the flexibility and adaption, previous research
also suggests four factors explaining this rapid growth of BRT systems. First, leadership and
political will of city mayors promoting transit reforms with the implementation of BRT. Second,
lower costs in comparison to rail based systems. Third, organizational and operational features
have helped in reducing fatalities by replacing previous competition schemes between bus
drivers. Fourth, the brand of the system and the marketing process of the BRT concept as an
improvement of the conventional bus services increased the reputation of these systems (Ardila,
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2004; Mejía-Dugand et al., 2013). Between 1974 and 2000, after the construction of the BRT
systems in Curitiba (1974), 41 cities have implemented this type of mass transit system in the
world, from which 17 are located in Latin America. Since 2001, after the BRT system in Bogota
started operations, 162 cities in the world have implemented this type of mass transit system.
Nowadays, there are 202 cities in the world implementing this type of mass transit system
("Global BRT Data," 2016).
2.2.2. The concept of Bus Rapid Transit - BRT
There is still no general agreement in the definition of the BRT concept. Definitions in
the literature are discussed below.
BRT has been defined in relation to similar features this system offers in relation to rail
based systems. BRT has been considered a “rubber-tired light-rail transit (LRT)” defined as a
flexible transit mode “that combines stations, vehicles, services, running ways, and Intelligent
Transportation System (ITS) elements into an integrated system with a strong positive identity
that evokes a unique image”. The Federal Transit Authority (FTA) defines BRT as a “rapid mode
of transportation that combine the quality of rail transit and the flexibility of buses” (Levinson et
al., 2003). BRT has been also seen as a system that emulates the characteristics, performance and
amenities of modern rail-based systems but with lower construction and operational costs. BRT
has been defined as “a high-quality bus-based transit system that delivers fast, comfortable and
cost-effective urban mobility through the provision of segregated right-of-way infrastructure,
rapid and frequent operations, and excellence in marketing and customer service” (Wright,
2011).
BRT has also been defined in terms of its performance and higher quality bus system.
BRT is a cost-effective mass transportation system characterized by exclusive bus lanes and
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reduction of travel times, high-passenger capacity and level boarding, and a relatively short
construction process. BRT systems have bus stations and terminals along main transportation
corridors where passengers can shift transportation modes or take feeder routes that extend the
service into surrounding neighborhoods (Hidalgo & Graftieaux, 2008). BRT includes features
that seek to improve and make more efficient bus traffic: segregated bus lanes, comfortable and
modern infrastructure (buses, stations, fare collection technology), modal integration, marketing
identity, and institutional transformation with the creation of a BRT agency (Ardila, 2004).
Within the spectrum of road based transit, BRT has been defined according to three upper
levels of the spectrum. BRT-lite is understood as a system with some priority but not full
segregated busways that improves travel times, provides high quality shelters, introduces clean
technologies and has a marketing identity. BRT includes segregated busways, typically preboarding fare payment, higher quality stations, clean vehicle technology and marketing identity.
At the end of the spectrum is the Full BRT, a metro quality system with an integrated network of
routes and corridors, closed high quality stations, per-board fare collection and verification,
frequent and rapid service, modern and clean vehicles, marketing identity and superior customer
service (Wright, 2011).
BRT is also understood as an improvement on operation and infrastructure of
conventional bus services. The operational improvements are related to the upgrading of the
technology of buses, travel times, frequency reliability, comfort and accessibility. The
infrastructure improvements are related to the construction of bus corridors with segregated bus
lanes, provision of platforms for boarding, and the construction of stations and terminals (Munoz
& Paget-Seekins, 2016). Given the differences in the implementation of BRT systems across the
world as a result of local characteristics such as public transit systems and institutions, a global
20

standard tool emerged as part of a methodology to classify BRT systems according to the
elements and characteristic of the system. The standard also seeks to determine the quality of
BRT systems by identifying categories according to the assessment of the elements and
characteristics (ITDP, 2014a).
The BRT standard emerged as a technical document developed by urban transport experts
with experience with this type of mass transit systems in order to define not only the BRT
concept but also its main elements and characteristics. This technical document also provides an
evaluation framework to determine the different levels a BRT system can achieve based on best
practices. The BRT standard suggests the necessity to build a common definition of what BRT is
in order to evaluate the performance of this type of mass transit system around the world. This
effort to determine what BRT is seeks to establish an international measure of different BRT
features so that cities with some of them can work in the achievement of what constitutes a BRT
system. The five essentials BRT elements identified by the BRT standard are: busway alignment,
dedicated right-of-way, off-board fare collection, intersections treatments and platform-level
boarding (ITDP, 2014a).
The BRT standard also measures the performance of the system at the BRT corridor level
or trunk corridor. The BRT trunk corridor definition shows again the importance of the
segregated bus lanes concept but this time as part of the framework of a mass transit system. A
BRT trunk corridor is understood as “a section of a road or contiguous roads served by a bus
route or multiple bus routes that have dedicated lanes with a minimum length of 4 kilometers”
(ITDP, 2014a). The BRT standard also includes additional features to the five essentials BRT
elements in order to assess features such as level of service, the design of stations, the quality of
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service and passenger information systems, access and integration with other transportation
modes.
2.3. Built environment impacts of mass transit: BRT’s city-shaping impacts (Aim 1)
Table 1 shows the summary of studies about the relationship between BRT with property
values, land use and development.
2.3.1. BRT and urban development
The implementation of BRT systems has raised important questions regarding its cityshaping impacts. In fact, little is known about the land use development and redevelopment
impacts of these systems and their capacity to shape urban form and urban development. This is
partially the result of few studies exploring the ability of BRT systems to induce land
development (Stokenberga, 2014). The majority of studies about the relationship between BRT
and the built environment have focused on the association between access to BRT and property
values. Perhaps this emphasis is due to the study of land development impacts requires longer
periods of time in order to capture the impacts of BRT systems in land use change and
developments. The necessary time window expected for changes on property values usually
tends to be shorter than development changes as a result of the implementation of transportation
investments.
In Latin America, the cities of Bogotá, Quito and Mexico City are the only three cities
that have been studied regarding property values, land development impacts or land use changes
as a result of the announcement and implementation of BRT investments. Cross-sectional studies
have found different levels of price premiums. One study found premiums of 6.8 to 9.3% of
multifamily residential properties for every 5 minutes walking closer to a BRT station
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(Rodriguez & Targa, 2004). Another cross sectional study found premiums for properties less
than five minutes walking distance to BRT feeder routes (Munoz-Raskin, 2010).
Quasi experimental studies have shown inconsistent findings. A first study, found no
premiums in residential and commercial properties, except when the results were statistically
significant with a 22% premium for properties with access to the BRT (Perdomo, Mendoza,
Mendieta, & Baquero, 2007). A second study, found property price increments of residential
properties between 15% and 14% asking prices higher than in the control areas (Rodriguez &
Mojica, 2009). A difference in difference analysis in Bogotá found a significant increase in
densities in zones served by the BRT, especially those served by feeder routes (Bocarejo,
Portilla, & Pérez, 2012). However, this study found the presence of the BRT in Bogota did not
induce a higher increase in built-up area (commercial, office and residential land uses). In
Mexico, the announcement of a BRT corridor in Ecatepec (Mexico) appeared to have no impact
on property values (Flores Dewey, 2012). A before and after comparative study of Bogota and
Quito found heterogeneous land development impacts of BRT. High development activity took
place in close proximity to some BRT stops but around others this activity was not high.
However, around BRT terminals at the end of trunk corridors it was found high development
activity in both cities (Rodriguez et al., 2015).
In North America, studies looking at BRT impacts have focused on associations with the
property values and employment. Cross sectional and before-and-after studies conducted in Los
Angeles, Pittsburg, Eugene and Boston have shown inconsistent findings. Sales of multifamily
housing properties in close proximity to the Orange Line (BRT) in Los Angeles did not show
appreciable effects. The study of property values in close proximity to the BRT in Pittsburg
found price premiums of $2.71 (V. Perk, Mugharbel, & Catalá, 2010). In Eugene, it was found
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an increase in jobs within 0.25 miles from BRT stations (A. C. Nelson et al., 2013). One study of
the Silver Line in Boston found positive changes on average sales prices of condominiums. In
areas served by the Silver Line, the study found an increase of parcels converted to
condominiums between 2003 and 2009 (V. A. Perk, Catala, & Reader, 2012). A recent study of
nine cities in the US found positive development outcomes in areas served by BRT, an increase
from 11.4% to 15.2% of new office space and multifamily developments have double their share
since 2008 within a 0.50 miles from BRT corridors (Nelson & Ganning, 2015). It is important to
highlight that operational and performance characteristics of BRT systems in North America
differ significantly from BRT systems in Latin America. For instance, few BRT systems in North
America have segregated bus lanes and levels of ridership differ significantly between both
regions. The design of stations and constructions of BRT terminals is common in Latin America
but that is not the case in some BRT systems in North America. This difference is related to the
high level of motorization in North America as well as due to higher provision of car-oriented
infrastructure.
In Asia, the association between BRT investments and property values has been studied
in Seoul (Korea) and Beijing (China). A quasi-experimental design study conducted in Seoul
found residential property price increases between 5% and 10% for residences within 300m of
BRT stations and between 3% and 26% for retail and other non-residential uses within 150m of
BRT stations (Cervero & Kang, 2011). An urban simulation model developed for Seoul found
increases in rents for commercial, residential and industrial land uses located in land use zones
located in the CBD. However, this study found limited effects on residential property values
within the influence area of the system (Jun, 2012). A before-and-after study conducted in
Beijing found premiums in asking prices of 1.08% (2003), 1.12% (2004) and 11.04% (2009) of
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residential properties within a buffer area of 500m of the BRT system. This study also found
increments of 2.3% (annually) on average values of residential properties in areas served by the
BRT in comparison to control areas between 2004 and 2009 (Deng & Nelson, 2010).
Even though there has been an emergence of studies looking at land use change and land
development impacts of BRT systems, few cities have been studied in relation to changes at the
land parcel level. This paucity suggests the necessity of a long term time-window in order to
measure changes on land uses and developments. Changes on the built environment usually take
more time to happen than the time-frame needed to implement mass transit investments. The
quasi experimental study conducted in Seoul (Korea) by Cervero and Kang (2011) explores land
use changes using land parcel data. This study found an intensification of land uses along BRT
corridors. This study also identified that accessibility benefits introduced by the BRT system
were translated into higher real estate prices, with a significant change for residential land uses
that changed into multifamily residential land uses. This study employing a multilevel logit
model found that within half kilometer from a BRT station residential land uses are more likely
to convert to more intensive land uses in comparison to land parcels located further from the
station. The approach in this study does not include comparison groups and seeks to establish the
probability of land use change in relation to some explanatory variables related to location, land
values, regulations, neighborhood and demographic attributes.
Another study developed with land parcel data was conducted in Bogota by comparing
land parcels between treatment and control areas. This study was conducted as part of the
publication Transforming Cities with Transit sponsored by the World Bank (H. Suzuki et al.,
2013). This study analyzed land parcel data from 2004 to 2010 in order to measure changes on
floor area ratio at two levels in Bogota. In the first level of analysis, this study identified a
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500mts buffer area for feeder routes and 1km for BRT trunk corridors and compared with
changes in the rest of the city. The findings of this study suggest a 7% change on floor area ratio
in the buffer area for the second phase of the BRT and the feeder routes, but a 10% change in the
rest of the city (Cervero & Dai, 2014). In the second level of analysis, the study took buffer areas
of 500meters and 1km around four BRT terminals as treatment groups and then compared
changes on floor area ratio with neighbor urban areas just next to the BRT terminals. Based on
these two levels of analysis, the study found a higher activity around BRT terminals as a result of
land development opportunities, especially for commercial land uses such as shopping centers.
This finding is related to the concentration of travel demand and the high flow of passengers at
these transfer multimodal nodes where passengers can take feeder routes.
The study conducted in Bogota for the publication Transforming Cities with Transit has
some limitations. The study has the limitation of not having included land parcel data before
2004 so that the analysis is not capturing the impacts of the first phase of the BRT system which
began operations in 2001. The study also has the limitation of measuring floor area ratio without
including an analysis of changes in built-up areas. At the BRT station level, the study has the
limitation of matching BRT terminals and station buffer areas with neighboring urban areas
which lack the size of BRT trunk corridors among other characteristics such as road
infrastructure. The study also has the limitation of treating feeder routes and trunk corridors in
the same manner when in reality BRT trunk corridors include all the features of BRT systems
such as segregated bus lanes, enhanced stations, interventions on public spaces, facilities and
more importantly the size and scope of the intervention on arterial roads.
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2.3.2. BRT and transit oriented development (TOD)
What is transit oriented development? Even though it has been understood as an urban
form with a high quality pedestrian environment, a mixture of land uses with various densities in
close proximity to transit corridors or stations, the emphasis of these attributes in the definition
of TOD varies across fields and latitudes. The idea of urban development or the built
environment with high transit orientation exists before the automobile era. However, it is after
the advent of automobiles that the definition and implementation of TOD is challenging as a
result of significant changes on travel patterns and thus on urban development, such as the
emergence of suburbanization, and thus some scholars argue that TOD should not be seen as a
panacea in order to address this phenomena (Dittmar & Poticha, 2004).
In the urban design field, TOD emerged as a concept characterized by the organization of
urban growth in compact urban forms supporting transit, promoting the location of activity nodes
within walking distance of transit stations, generating pedestrian environments connecting to
local destinations, providing a mixture of different housing typologies in terms of densities and
costs, making development oriented towards high quality public spaces and encouraging infill
and redevelopment measures along transit corridors (Calthorpe, 1993).
Another approach towards the definition of TOD suggests this concept should be
understood in terms of its performance. In this way, TOD can be measure and assessed by
different actors in relation to the achievement of five goals. First, the location efficiency goal
refers to assess the accessibility the transit node provides to users and residents in relation to
connect them with their destinations at the local and regional levels. Second, the rich mix of
choices goal seeks to evaluate the diversity of the urban environment in close proximity to
transit. Third, the value capture goal is related to land value increments as a result of accessibility
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benefits introduced by the transit investment. Fourth, the place making goal refers to the
influence of urban design features such as pedestrian infrastructure and public spaces creating a
more vibrant place that is attractive for visitors and riders. Fifth, the assessment of how a TOD
environment make a transit station or stop more vibrant place instead of being a transit node
facilitating the flow of passengers towards their destinations (Dittmar & Poticha, 2004).
In the smart growth literature, TOD has been conceived as part of land use and economic
development strategies to generate more compact urban forms, focusing on higher densities
along transit corridors. The smart growth movement seeks to reduce urban sprawl patterns
characterized by low densities, car-oriented developments, and homogenous urban environments.
In opposition to urban sprawl, the smart growth approach suggests to promote more compact
urban developments, pedestrian friendly with a mixture of land uses, transit, and the
revitalization of the urban environment. The smart growth approach also seeks to preserve green
areas from being urbanized through suburbanization patterns such as urban sprawl. In this way,
smart growth is understood as a land use planning strategy that promotes higher densities along
transit corridors in order to dis-incentivize the use of automobiles and contribute on the reduction
of urban sprawl patterns based on the idea to give priority to transit investments over investments
for highways (Knaap & Talen, 2005).
A distinction in the smart growth literature highlights the difference between the concepts
transit-adjacent development and transit-oriented development. The former refers to
developments located next to or adjacent to transit investments but they do not necessarily take
all the advantages in terms of location near transit, especially in terms of densities and
transportation modes. The difference in the transit-oriented development concept relies on the
connectivity this urban environment provides in terms of local accessibility, pedestrian and bike
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friendly environments, mixture of land uses with high-density developments including office and
retail spaces (Renne, 2009). This distinction becomes important given that in addition to smart
growth policies focusing on concentrating development in close proximity to transit, the quality
of the built environment including additional features such as public spaces, pedestrian
infrastructure and transfer between transportation modes becomes relevant.
In the new urbanism literature, TOD is a concept embraced by advocates of more
compact urban forms with high quality walking environment, with a mixture of land uses and
several housing typologies and transit friendly. The new urbanism movement is mainly focused
on the urban design approach and thus on the physical aspects of the urban environment in terms
of architecture and urban space (Knaap & Talen, 2005). In this approach, transit is seen as an
additional factor that makes the urban environment more livable but urban transport is not the
focus of attention on this approach. The TOD concept in the new urbanism literature has a
stronger connection with how the urban space benefits from a transit friendly environment rather
than how the built environment is developed in relation to transit investments.
In the transportation planning field, transit agencies have defined TOD according to some
features characterizing this type of urban form in close proximity to transit nodes such as high
quality pedestrian environments, mixture of land uses, and high-density developments within a
diverse urban environment. Local governments in US metropolitan areas have defined TOD
from a regulatory approach by determining specific zoning frameworks for transit zone districts,
specifying changes on floor area ratio (FAR) in relation to the proximity to transit nodes, with
the aim to leverage investments with a more permissive zoning standard (Cervero et al., 2004).
However, some studies have challenged the idea of the necessity to have transit for TOD. This
idea questions to what extent transit plays an important role in areas considered TOD in relation
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to the reduction of trips by automobiles. The study of household characteristics and travel
behavior of residents in areas in close proximity to rail stations in New Jersey found that housing
typologies, density, access to bus services, and availability of parking facilities (off-street and
on-street) are playing a more important role explaining the reduction of road congestion and
automobile pollution (Chatman, 2013).
Studies looking at the capacity of transit to generate TOD have been mainly focused on
rail investments. The well-known study looking at land development impacts of the Bay Area
Rapid Transit System (BART) in San Francisco found TOD features around two BART stations:
Pleasant Hill and Fremont. This study conducted matched-pair analyses between BART
corridors with freeways corridors in order to compare land use changes between both areas. This
study also conducted analysis of land use changes over time around selected BART corridors and
stations. The findings of this study suggest a significant difference with more multifamily
developments along the BART corridor than the control area. The findings suggest multifamily
housing developments tended to occur more in higher density areas and closer to transit stations
(Cervero & Landis, 1997). This study conducted predictions of land use changes with binomial
logit and regression models. This study also found the supremacy of downtown San Francisco
attracting developments after the implementation of BART.
The study of the implementation of the light rail transit (LRT) in Denver (Colorado,
USA) and the impacts of this transportation investment on land use and urban form was
conducted by looking at land use and development changes within a half mile areas around
current and proposed rail transit stations. The comparison between the study areas in terms of the
increase on residential units, square feet of retail and office spaces suggests TOD designated
areas within half a mile transit, especially in the downtown area, have experienced a more
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intense land use change and higher concentration of developments from 1997 to 2010. At the
regional level, TOD areas concentrated 65.6% of the residential development, 59.9% of office
development and 18.6% of retail development (Ratner & Goetz, 2013). These findings suggest
smart growth policies promoting developments in TOD areas not only attract investments but
also increase densities and the mixture of land uses.
Another study conducted in Minneapolis (Minnesota, USA) estimated the effect of the
light rail transit (LRT) on land use change. This study estimated land use changes over time with
logit models and a quasi-experimental design with a difference in difference estimation looking
at the effect of proximity to the LRT within half a mile before, during and after the construction
of this transit project. At the corridor level, the study found that proximity to the LRT increases
the likelihood of land use change on single family and industrial land uses (Hurst & West, 2014).
The results of this study suggest land parcels within half a mile of LRT stations experience a
small increase in the likelihood of land use change during the operation of the system. The study
of the expansion of the Line B of the Metro system in Mexico City which opened between 1999
and 2000 has been studied in terms of the impacts on land use and density (Erick Guerra, 2014).
This study compares the percentage of residents and population densities between 1994 and
2007. The findings suggests Line B had an impact in terms of increasing densities around
stations but little to no impacts in relation to commercial land uses due to the absence of
commercial developments in downtown areas served by this transit investment.
Despite the remarkable experience of Curitiba encouraging high density along BRT
corridors, little is known about the extent by which BRT systems can generate or stimulate TOD
(Gakenheimer et al., 2011). Within the range of mass transportation investments, BRT systems
have been seen by some local actors as temporary investments without the capacity to generate
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transit-oriented development (TOD) features along the BRT corridors. Emerging studies in Latin
America looking at development impacts of BRT are at an early stage. One study conducted with
data at the corridor and station levels in Quito and Bogota with quasi-experimental designs found
mixed results. Some areas around stations have high development activity but other areas around
stations have fewer development activity. In both cities, the findings suggest the strongest effect
is taking place around the BRT terminals and stations built in the first stages of the systems
(Rodriguez et al., 2015). This finding is related to the fact that stations built at the early stage
have had more time to experience development or redevelopment while the BRT terminals imply
the construction of large transportation hubs including land acquisition measures. However, the
study lacks a method to determine if the treatment and control areas are similar before treatment
as well as the data is not measured and analyzed at the parcel level.
Empirical evidence on BRT’s effects on urban development, redevelopment, and land use
change is still limited. The capacity of BRT systems to promote TOD is still an open debate
characterized by some skepticism. The emergence of the bus rapid transit oriented development
(BRT-OD) concept in the literature is still at early stages. This concept is based on the idea that
BRT systems can generate the same impacts that have been found on rail-based systems in terms
of ridership, development, property values and land use (Zegras et al., 2016). Tools and barriers
to promote TOD with bus rapid transit were identified as part of a survey conducted with
planners from 27 cities implementing BRT systems in different parts of the world (Cervero &
Dai, 2014). The top five tools identified as part of this survey are infrastructure improvements in
TOD, zoning incentives and density bonuses, capital funds for TOD and streamline permitting,
but the effectiveness rate of these tools received a medium to low rating by participants
suggesting there are bottlenecks for their application. Not surprisingly, the top five barriers to
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promote TOD are lack of dedicated funding for TOD, absence of TOD plans, lack of institutional
coordination, little local expertise with TOD and weak political support.
The emergence of the BRT-OD concept is still in an early stage considering the recent
implementation of BRT systems, the few studies looking at land use and development impacts
and the challenge of research methods that can capture the effects of the BRT system on urban
development. In the next section, a review of the relationship between bus rapid transit and
affordable housing is conducted based on an equity approach. The review seeks to discuss the
extent by which the literature has explored if the development impacts of BRT generated or not
opportunities to provide access to land and housing for low-income groups.
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Table 1 Selected studies relationship BRT with property values, land use and development
City (Country)
Authors
Bus Rapid Transit – BRT
Latin America
Bogotá
(D. A. Rodriguez &
(Colombia)
Targa, 2004)
(Perdomo-Calvo et
al., 2007)
(Ramon MunozRaskin, 2010)
(Rodríguez &
Mojica, 2009)
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(Bocarejo et al.,
2012)

(Daniel A Rodriguez,
Vergel-Tovar, &
Camargo, 2015).

(Combs &
Rodríguez, 2014)

Data Source
494 multifamily residential properties in a
1.5-km area around two corridors of
Bogotá, Colombia’s BRT
304 residential properties and 40
commercial properties with or without
access to Bogotá, Colombia’s BRT
130 692 new properties registered by the
Bogotá, Colombia Department of
Housing control between 2001 and 2004
and within BRT or its feeder lines
Asking prices of residential properties
belonging to an intervention area
(N = 1407 before, 1570 after) or a control
area (N = 267 before, 732 after) and
offered for sale (2001 – 2006) within
500m and between 500m and 1km
Population density, housing, commercial,
and office built areas at UPZ level
(Zoning and Planning Unit)
Bogotá: i) new area built (m2) per
area/zone (2001-2010); ii) number of
building permits issued per area/zone
(2001-2010); and iii) changes in actual
land use between years.
Quito: i) the number of new housing units
offered per area/zone (2002-2011); ii) the
new area built, in square meters per
area/zone (2002-2011); and iii) the
average offering price ($/m2) new units
per year.
Pre- and post-test household level data on
vehicle ownership, mobility needs, and
financial resources.

Results
Premium of 6.8 to 9.3% for every 5 minutes walking time closer to
BRT station
No premium was detected in 5 out of 6 tests. When significant, a 22%
premium for properties with BRT access was detected
Premium for properties less than five minutes walking from BRT’s
feeder lines.
Properties offered during the year the extension was inaugurated and
in subsequent years have asking prices that are between 13% and 14%
higher than prices for properties in the control area

Significant increase in density relative to zones where the system is
not available. This increase is even greater in outer zones served by
feeder routes.
Presence of the BRT does not induce a higher increase in built areas
for commercial, office, or even residential use
Bogotá: i) built area: control (18% and 10,6% increased), treatment
(43.8%; 27.57%; 18.76); b) building permits: control (1.04 and 0,75
permits/ha), treatment (2.29, 2.21 and 1.90 permits/ha); c) land use
(m2 of change): control (commercial 0.91, residential 0.21), treatment
(commercial 4.70, 2.49, 2.33, residential 19.13 and -4.57, 6.39, 4.81).
Quito: i) housing units (Trolebús-South extension- change): single
family control (-100%), treatment (105%), apartments control
(208%), treatment (178%); ii) built area: single family control (100%), treatment (179%), apartments control (219%), treatment
(200%); iii) average offering price: single family control (-100%),
treatment (35%), apartments control (23%), treatment (29%).
Lower odds of vehicle ownership for higher wealth households,
relative to similar households in a control area
Increase in vehicle ownership in feeder areas (with urban form,

BRT access (location trunk and feeder
routes).
Urban form (density, street network
design, land use diversity, and destination
accessibility).
Cadastre land parcel data in Bogota (1km
trunk and 500m feeder routes buffer
areas)

relationship becomes insignificant)
Increase in vehicle ownership among lower wealth households in
trunk-served areas (full models)

(Cervero & Duncan,
2002)

3803 sales of properties in multi-family
housing in Los Angeles during 2000

No evidence of appreciable effects

(Perk, Mugharbel, &
Catalá, 2010)

6,654 observations of all properties
within one-half mile of the nearest station
on the East Busway (property value of at
least $10,000 and no more than $750,000)
Employment data change within 0.25 and
0.50 miles of BRT stations. LED data
collected for Lane County

From 101 to 100 feet from a station increases property value
approximately $18.90; and moving from 1,001 to 1,000 ft increases
property value by approximately $2.71

(Cervero & Dai,
2014)
North America
Los Angeles
(California,
USA)
Pittsburgh
(USA)

35

Eugene (USA)

(Nelson et al., 2013)

Boston (USA)

(Perk et al., 2012)

Condominium units sales price
2000/2001 (n=437) and 2007/2009
(n=895); Condominiums sales by ward
2000/2001 (n= 437) and 2007/2009
(n=895)

(R. Cervero & C. D.
Kang, 2011)

187,000 parcel observations (the majority
of which were residential properties)
within 2150 m of a BRT stop and half
kilometre. 52,000 single-family
residential parcels tracked for the 2001–
2007 period
Monthly rents residential and nonresidential spaces by land use zone (LUZ)
2003 interregional Input-Output
Transaction Table. 2006 Household
Travel Survey. Employment and
household data. 23 land use zones (LUZ)
Asking prices previously owned

Asia
Seoul (Korea)

Seoul (Korea)

(Jun, 2012)

Beijing (China)

(Deng & Nelson,

BRT Bogota percent changes FAR: 5% (phase 1); 7% (phase 2); 5%
(phase 3); 7% (feeders); rest of city (10%).

jobs grew within 0.25 miles of BRT stations
Within 0.25 miles of BRT stations, jobs increased by more than 10%.
Between 0.25 and 0.50 miles from BRT stations, several sectors lost
jobs
Average sale price per square foot change 71.4% (2000-2005),
change -11.5% (2005-2009), change 51.7% (2000–2009).
Condo sale price BRT premium approximately 7.6 %
increase number of parcels converted to condominium classification
(2003 to 2009)
Land price premiums of up to 10% for residences within 300 m of
BRT stops and more than 25% for retail and other non-residential
uses over a smaller impact zone of 150 m

BRT did not significantly affect rent, changing monthly rent per m2
by an average of US$1.00
CBD: Commercial and industrial monthly rents increased by US$3.50
and US$2.70 per m2. Residential rentals increased $0.60 per m2
Asking price of apartments in the BRT catchment area (500mts) was

2010)

Note: please refer to each study for details.

apartments (RMB/m2) in catchment area
(N=252 in 2003; N=265 in 2004; N=525
in 2009) and control area (N=304 in
2003; 325 in 2004; N=487 in 2009)
2003 (before the opening of BRT), 2004
(construction phase) and 2009 (4 years
after the full operation of BRT)

1.08% (2003), 1.12% (2004) and 11.04% (2009) higher than that in
the control area.
Average values of residential properties near a BRT station increased
faster (annually 2.3% higher) than those not served by the BRT
(2004-2009)
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2.3.3. BRT and affordable housing
In the literature about sustainable development and transport, one of the emerging issues
is related to social equity in terms of affordable housing provision in close proximity to transit
investments. The exclusive bus lanes that are part of the infrastructure of BRT trunk corridors
have been mainly built along major arterial roads in order to attend travel demand. Transfer
stations provide access to feeder bus routes located mainly in the periphery or at junction points
between jurisdictions (Gakenheimer et al., 2011). As a result, there have been two approaches in
the design process of this type of mass transit systems. First, BRT investments are designed to
serve areas where the travel demand already exists, which usually are already urbanized areas.
Second, BRT investment may induce development in areas with no demand but where there is an
intention to guide urban growth. The relationship between BRT investments, affordable housing
and informal settlements can be explored from these two approaches.
Studies looking at the relationship between affordable housing and BRT in Latin America
are limited. Three papers explored this relationship by looking at areas already urbanized and
thus with BRT trunk corridors. In the case of Curitiba, affordable housing projects have been
mainly built far from BRT corridors during several decades. The study suggests the real estate
market is more dynamic along BRT trunk lines where floor area ratios are higher and thus
affordable housing projects tend to locate where land is less expensive, which means far from
main mass transit corridors (Duarte & Ultramari, 2012). One study conducted in Cali looking at
socioeconomic levels of neighborhoods served by BRT investments found that this
transportation investments is mainly within walking distance for middle income groups, but most
limited for low income groups. The lack of infrastructure as well as the location of low income
groups on informal hilly areas makes difficult to provide access to mass transit investments in
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these areas (Delmelle & Casas, 2012). The case study of “Nuevo Usme”, large scale affordable
housing project in Bogota was analyzed from the perspective of the extension of BRT services
towards urban expansion areas. This case is an example of a spatial mismatch between the
location of the BRT terminal and a large scale affordable housing project in Bogota
(Gakenheimer et al., 2011).
A mixed-methods study conducted in Bogota comparing the influence area of two BRT
terminals (Portal 80 and Portal Suba) found that residents identified positive changes in relation
to urban space revitalizations around the BRT terminals in contrast with no improvements on
public spaces in their neighborhoods (Hurtado-Tarazona, 2008). This study highlights the
contradictions between urban revitalization interventions as part of transportation investments
and affordability issues for current residents as a result of not only accessibility benefits from the
BRT but also land market dynamics associated to potential developments and market forces.
2.3.4. Transit-oriented development (TOD) and affordable housing
Transit-oriented development (TOD) as one of the land use strategies that seek to
promote more sustainable development implies the desirability to generate more compact urban
forms. The promotion of more compact urban forms to achieve sustainable development has
raised concerns about the social equity impacts of compact cities. The point of departure of this
debate is the question about the extent by which compact cities are more equitable or not
(Gordon & Richardson, 1997). The argument in favor of more compact urban forms comes from
the critique about suburbanization patterns with high level of segregation that have characterized
land developments as part of urban sprawl patterns. In this line of thinking, the desire to promote
a more compact urban form suggests it will promote a more diverse urban environment that may
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increase social equity. However, more compact communities have shown in some metropolitan
areas in North America to be less affordable because high housing prices.
In North America, there has been an ongoing debate regarding equity in the promotion of
TOD areas linked to rail investments. The challenges identified by scholars on this matter are
two (Pendall et al., 2012). First, the opportunity cost of building more expensive transit, such as
rail-based mass transit, will reduce expenditures on bus systems that are usually serving low
income areas. The question is how these investments can benefit low income riders. The second
challenge is related to how could be possible to keep and promote diverse mixed communities in
close proximity to transit. This challenge is related to the rail-based evidence about the increase
in property values as a result of transportation investments. In fact, some BRT-based evidence
has also shown similar impacts in previous studies mentioned in the two sections above. The
increase in property values may lead towards the gentrification phenomenon connected with the
affordability challenge as a result of accessibility benefits introduced by transit investments.
The demographics and reasons to move to TOD areas have been also subject of studies
regarding the relationship between transit and housing in the US. Housing advocates suggest that
TOD areas may reduce transportation expenses due to savings as a result of a change in
transportation modes, from private vehicles to transit (Arrington & Cervero, 2008). However,
TOD areas may concentrate several activities generating a housing price curve in which housing
could become more expensive in the TOD area and therefore dwelling might become smaller as
part of the adjustment of supply and demand. An increment on population density also can
change the urban spatial structure by increasing the city size, leading to urban expansion, but at
the same time, increasing prices for land, and thus for housing. The challenge of affordable
housing on TOD areas from an urban economics point of view is precisely the difficulty to
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provide housing at affordable prices when the TOD is “becoming” an activity node where the
balance of the supply and demand curves in terms of housing prices will be much higher, which
may exclude affordable housing supply from TOD areas.
The implementation of mass transportation systems may generate opportunities for a
coordinated transportation and land use planning process that can include station area
developments, redevelopments, real estate projects associated to transportation investments
complemented by a housing policy enhancing affordable housing supply within walking distance
to mass transit (Gilat & Sussman, 2003). However, as it has been seen from previous studies the
dynamic between transport investments and affordable housing is complex and requires looking
at the role institutions and government interventions play on this process.
2.3.5. Summary
There is a gap on the literature in terms of additional studies at the land parcel level. Land
parcel level data analysis can provide a better understanding of land use and development
changes as a result of transportation investments. Data analysis at the land parcel level also
provides the opportunity to measure multiple outcomes. Changes on land uses and development
can be easily measured at the land parcel level. Few studies on BRT have conducted such
detailed approach measuring multiple outcomes such as changes on built-up area and land use
change at the land parcel level.
There is also a gap in the literature in terms of undertaking studies with research methods
and designs comparing treatment and control groups. The majority of studies have been
conducted with cross-sectional data providing estimates of associations between transportation
and changes on the built environment. However, few studies on BRT have conducted analyses
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with data over time comparing control and treatment groups in order to claim causality in
relation to this type of transportation investment.
Given the existence of this gap on the literature, this dissertation seeks to contribute by
providing estimates at the land parcel level of land use and development changes applying
research methods and designs with land parcels located within the influence area of current BRT
trunk corridors and land parcels located in the influence area of main arterial roads selected to be
future BRT corridors. Also, considering the gap on the literature about the relationship between
BRT investments and affordable housing projects, this dissertation seeks to contribute by
analyzing Bogota and Quito from a mixed-methods approach. This dissertation focuses on
specific cases in these two cities not only looking at the spatial relationship between BRT
stations and affordable housing projects but also understanding the dynamics between these two
sectors from the perspective of key actors: planners, developers and residents.
2.4.Built environment and transit ridership: building for BRT (Aim 2)
Table 2 shows a summary of studies and their findings classified by mass transit systems
type.
2.4.1. Built environment and travel behavior
The study of the relationship between the built environment and travel behavior has been
classified into three groups. First, simulation studies develop travel demand models in order to
establish the impacts that changes on the built environment may have on different travel patterns.
The simulation studies have been conducted mainly at the city, system and neighborhood levels.
Second, aggregated data studies have been developed in order to establish correlations and
associations between built environment attributes and travel within a specific geographic area.
The aggregated study type has been developed to examine modal split, number of trips and levels
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of transit ridership. This type of studies has been also conducted at the station area level as part
of direct ridership models. Third, disaggregate data studies seek to study relationships between
built environment attributes with individual level travel patterns (Handy, Boarnet, Ewing, &
Killingsworth, 2002).
These three categories of studies have also been conducted at different levels in order to
assess the influence of the built environment on travel behavior. At the system level, researchers
have conducted studies to determine the factors influencing ridership levels along main transport
infrastructure investments and trunk corridors. At the station level, studies have been defining
catchment areas around transit stations in order to measure built environment characteristics and
to assess the influence on ridership levels. At the individual, level studies have been conducted to
understand the relationships between individual travel behavior and the built environment (E.
Guerra & Cervero, 2011; Handy, 2005).
Studies have been conducted in order to assess the influence of the built environment at
the station level. Some studies have examined this relationship for metro stations by looking at
built environment attributes within buffer areas between 500 meters and 800 meters. In a high
density city like Taiwan, the study of metro stations ridership found a positive association with
TOD features such as floor-space area (building density), density and pedestrian infrastructure,
but a negative association with connectivity and mixed land use (Lin & Shin, 2008). Another
study found a positive association between commercial and residential land uses with ridership
in Hong Kong and a positive association between population density and metro stations in New
York City (Loo, Chen, & Chan, 2010). In Seoul (Korea), two studies found positive associations
between population densities, land use mix, residential, office and commercial land uses with
ridership (Choi, Lee, Kim, & Sohn, 2012; Sung & Oh, 2011). In Montreal (Canada), the study of
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130 metro stations found positive associations between population density, commercial and
institutional land uses with ridership (Chan & Miranda-Moreno, 2013). In Nanjing (China), the
study of 55 metro stations found positive associations between population densities, office
buildings, and the presence of schools with ridership (Zhao, Deng, Song, & Zhu, 2013).
Some studies have found positive associations between population density and light railtransit (LRT) ridership in metropolitan areas in North America. The positive association
identified is not only for population density in terms of population per gross station area, but also
in terms of average household within the catchment area. These studies have also found positive
associations between terminal stations and ridership levels (Cervero, 2006; Kuby, Barranda, &
Upchurch, 2004; Lane, DiCarlantonio, & Usvyat, 2006; Parsons Brinckerhoff Quade & Douglas,
Cervero, Howard/Stein-Hudson Associates, & Zupan, 1996). Another study looking at the
relationship in 67 LRT stations found positive associations between residential and retails uses
with ridership as well as between the presence of facilities such as schools and hotels with
ridership levels (Foletta, Vanderkwaak, & Grandy, 2013).
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Table 2 Selected studies relationship between the built environment and transit ridership, station level (aggregated type)
City (Country)

Data analysis
Method

Data
Sample

(Lin, Shin, 2008)

OLS (CS)

N=46

500m

New York City (USA)
Hong Kong

(Loo, Chen, Chan, 2010)

OLS (CS)

N=80
(HK)
N= 468
(NYC)

500m

Seoul
(Korea)

(Sung, Oh, 2011)

Log-LR (CS)

N=214

500m

Seoul
(Korea)

(Choi, Lee, Kim, et.al.,
2012)

Multiplicative
Model (CS)

N=251

500m

Montreal
(Canada)

(Chan, Miranda-Moreno,
2013)

OLS /
Log-LR (CS)

N=130

1000m
500m

Nanjing
(China)

(Zhao, Deng, Song, Zhu,
2013)

OLS (CS)

N=55

800m

Light-rail transit LRT
11 metropolitan areas
(USA, Canada)

(Parsons, Brinckerhoff,
et.al., 1996)

Log-LR
Log-log (CS)

1/2 mile
2miles††††

Population density –LRT
Centrality – LRT
Population density – commuter rail

0.59***
-0.60***
0.25***

M1: 0.536
M2: 0.343

(Kuby et. al., 2004)

OLS (CS)

N=261
LRT
N=526
Rail
N=268

1 ½ mile

Log-LR (CS)

N=225

1/2 mile

(Lane et.al., 2006)

Log-LR (CS)

N=348

1/4 mile
1/2 mile
1 mile
2 miles
1/4 mile

0.11*
-0.95***
0.19**
-0.21**
0.18***

M1: 0.727

(Cervero, 2006)

Population within walking distance
Centrality
Population density†††
Centrality
Ln(Household ½ mile) – LRT
Ln(population 2 mile) –comm. rail

0.26***

Rail (Metro)
Taipei
(Taiwan)
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9 metropolitan areas
(USA)
11 metropolitan areas
(USA, Canada)
11 metropolitan areas
(USA)
Seattle, Portland, &

Authors

(Folleta, Vanderkwaak,

OLS (CS)

N=67

Results
Selected variables

Buffer

Residential density
Building density
% retail/service floor level
Land use variety
Commercial residential floor area (Hong
Kong)
Off-street parking area (Hong Kong)
Population size (NYC)
Commercial floor area in sqmt (NYC)
Residential land use density
Office land use density
Land use mix
Population -origin
Population -destination
Commercial area - destination
Population in buffer area**
Density of households
Commercial land use (area)
Institutional land use (area)
Population in buffer area
Building office area
# education facilities
# shopping centers

Residential

R-square
Elasticities*
0.0017
8.12(-08)
-6.47(-06) **
-6.10(-06) **
0.01***
0.02***
0.30***
0.00***
0.10***(1)
0.03***(1)
0.15***
0.33***
0.12**
0.04**
0.74***
Not significant
0.52***
0.67***
0.15**
0.08**
0.17**
0.03**

NA

M1: 0.709
M2: 0.426

M1: 0.74
M2: 0.59
M3: 0.64

M1: 0.779
M2: 0.700
M1: 0.769
M2: 0.793
M3: 0.772
M1: 0.679
M2: 0.552

M1: 0.979

M1: 0.771
M1: 0.760
M2: 0.571
M1: 0.78

Tacoma (USA)

Grandy, 2013)

Bus rapid transit BRT
Bogota
(Colombia)
Los Angeles County
(USA)
Global (119 cities)†

(Estupiñan, Rodriguez,
2008)
(Cervero, Murakami,
Miller, 2009)
(Cervero, Dai, 2014)

Retail
Education facility

NA
NA

M2: 0.79
M3: 0.77

0.14**(2)

M1: 0.45

2SLS (CS)

N=68

250m

BE factor: Barrier to car use††

OLS (CS)

N=69

1/2 mile

Population density

0.32***

M1: 0.952

Log-LR (CS)

N=119

City level

Population density

0.39***

M1: 0.286
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For detailed information please refer to each study
OLS=ordinary least squares.
Log-LR=log-linear regression;
2SLS=two stage least squares.
CS=cross sectional study.
HK=Hong Kong.
NYC=New York City.
*Elasticities were calculated based on coefficients and mean values reported by the authors in their respective papers, except for one of the papers about Seoul (Choi, Lee, Kim, et al., 2012). Some of the
elasticities for the studies in 11 metropolitan areas in the US and Canada (Kuby et al., 2004; Cervero, 2006) were obtained from the paper “Travel and the Built Environment: A Meta-Analysis” (Ewing,
Cervero, 2010).
**The elasticity provided by the author corresponds to population in the buffer area (1000s) but not to population density. The variable measuring density of household was not significant.
(1)
Mean value adjusted to square kilometers.
(2)
Assumption: mean value of built environment factor equal to one.
†Included for comparison purposes due to this study on BRT includes a point of reference in terms of population density.
††Built environment factor based on the loading of seven variables including population density.
††† After controlling for stations located at CBD
†††† Oblong area

2.4.2. Built environment and transit use
Many studies have examined the importance of the built environment for travel behavior
and transit use, but much fewer have focused on BRT. In fact, the association between BRT
ridership and population density outside the US has been tested only at the city level finding a
positive association with an elasticity of 0.39 (Cervero & Dai, 2014). This section is structure in
two parts. First, the review of studies conducted on BRT systems and density, mixed uses and
pedestrian environments. Second, transit oriented development (TOD) and its relationship with
transit use.
2.4.2.1.Density
When discussing the relationship between density and BRT, the case of Curitiba is
prominent among built environment examples around the world. Curitiba is frequently invoked
as a “hybrid city” as a result of the adaptive process between transportation and land use along
its BRT corridors (Cervero, 1998). Curitiba has been guiding its urban growth along BRT trunk
corridors (“corredores expresos”) by implementing a land use strategy that seeks to concentrate
development and densities along these corridors. As a result population densities tend to be
higher in close proximity to the BRT network. However, there are not studies conducted in
Curitiba at the BRT station level in order to test associations between population densities and
BRT ridership.
A direct ridership model developed based on a sample of 69 BRT stations in Los Angeles
(USA) found positive associations between population density and BRT ridership (Cervero,
Murakami, & Miller, 2009). Another direct ridership model examining built environment
attributes around a sample of 51 BRT stations in Mexico City found a positive association
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between station area density and BRT ridership, but this study could not measure population
density due to the absence of census tract level data (Duduta, 2013).
2.4.2.2.Mixed uses
Based on the literature on TOD and considering the mixed of land uses and high densities
that are already present in some cities in Latin America, a richer group of built environment
attributes is expected to be associated with travel behavior regarding BRT systems. The study of
segment level characteristics around a sample of 62 BRT stations in Bogota found positive
associations between factors measuring the mixture of land uses with BRT ridership (Estupiñán
& Rodríguez, 2008).
2.4.2.3.Pedestrian environment
Few studies have looked at the pedestrian environment and BRT use. The study of
segment level characteristics around a sample of 62 BRT stations in Bogota mentioned above
found positive associations between factors measuring bike friendly features with BRT ridership
(Estupiñán & Rodríguez, 2008). The presence of pedestrian infrastructure and the quality of the
walking environment within the catchment area of BRT stations also suggest people walk farther
in order to get BRT stations (Jiang et al., 2012).
2.4.2.4.Transit-oriented development (TOD) and transit ridership
The influence of TOD on ridership has been examined in the case of rail-based stations
but there are not studies about this relationship regarding BRT systems. TOD has been
understood by transportation planners as a way to increase ridership based on the principle that
higher densities imply higher ridership, which can guarantee the financial sustainability of the
transportation system. Few studies have found a positive association between ridership and areas
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with urban development oriented towards transport, and there are still questions about the selfselection issue due to residents who live close to TOD areas choose to live there due to is their
preference (Cervero et al., 2004).
Studies conducted in Portland (Oregon State, USA) based on surveys of residents in areas
where TOD policies have been implemented have also found a positive association with
ridership. These areas are characterized by high densities, a mixed of land uses and pedestrian
friendly environments. However, findings suggest that some residents of these areas are not
completely transit dependent (Dill, 2008). Even though physical features and location do not
affect the levels of transit commuting, these features influence access to the stations and transit
use. According to the findings of the study in Portland (Oregon State, USA), residents reported
to use transit more than previous residential areas.
Another study conducted in Taiwan suggests a positive association between ridership on
metro stations with TOD features such as floor-space area but negative affected by connectivity
(four way intersections) and insignificant affected by mixed land use. While the influences of
density and pedestrian infrastructure as part of TOD’s urban design standards on ridership vary
significantly between weekdays and weekends (Lin & Shin, 2008). Even though the evidence
suggests a positive association between ridership and TOD features, the findings suggest
differences on this association among these features and ridership in terms of physical features,
household characteristics and day and time of the commuting. The pedestrian infrastructure is
also an important aspect in the definition of TOD.
Even though the majority of the studies regarding TOD have been developed based on
rail transportation modes, one study about the relationship between BRT ridership and built
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environment characteristics in Bogota found a positive association in BRT stations with higher
densities, land use mix and pedestrian infrastructure (Estupiñán & Rodríguez, 2008).
Nevertheless, there is a gap in the literature regarding empirical studies testing hypotheses about
associations between TOD features and BRT ridership.
2.4.3. Summary
Understanding the factors that contribute to BRT ridership is critical to justify
investments and improve their cost-effectiveness. BRT ridership also has an impact on revenues
as a result of the fare recovery ratio concept which measures the relationship between operation
expenses and revenues obtained with the number of passengers taking the transit system.
BRT ridership is also important due to some of its impacts such as travel times,
operational savings, road safety and emissions, among others, depend heavily on the number of
passengers taking the system. There is an emerging interest in taking into account the built
environment as part of the design and implementation of BRT corridors and several cities are
including TOD principles as part of this process. There is also a growing interest in
understanding what TOD attributes contribute to BRT ridership as well as there is an emerging
interest to evaluate BRT stations on this regard.
The emphasis on the built environment and BRT is also important because, despite the
growing literature on the built environment and travel, there are few studies regarding the
relationship between the built environment and BRT ridership, especially in the developing
world. Rapid urban growth cities located in Latin America, Asia and Africa have experienced a
relatively recent development of BRT with the implementation of this type of mass transit
system in areas where it is difficult to get access to some built environment data around future
and current BRT stations. Specifically, there is a gap of understanding regarding how built
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environment features beyond pedestrian infrastructure and density can influence BRT travel
behavior (Estupiñán & Rodríguez, 2008; Rodríguez et al., 2009). This gap includes land use and
development, parking, public space characteristics, housing developments, non-motorized
transport infrastructure, and presence of public facilities with pedestrian access.
2.5.Summary of major findings and gaps in the literature
The major findings of the literature in relation to impacts on the built environment by
BRT systems suggest there is premium on property values as a result of proximity to BRT
corridors. However, some studies have found that properties facing the BRT trunk corridor
capture less accessibility benefits in relation to those properties located some meters away. The
literature also suggests BRT investments have had impacts on density, land use changes and
development, but with mixed results. There is also a gap in the literature regarding land parcel
level studies looking at multiple outcomes. Land use and development changes as a result of
BRT systems in Latin America are unknown at the parcel level. Another gap in the literature
regarding impacts of BRT systems on the built environment is related to the application of
research methods and designs with data over time in order to claim causality.
The literature also suggests there is still skepticism about the capacity of BRT systems to
promote TOD. Some studies have found that densities have increased in areas served by feeder
routes more than along trunk corridors. Other studies have found development has increased
more in areas non-serve by the BRT in comparison to areas served by the BRT. However, there
is a gap in the literature in terms of identifying proper control groups that can be comparable
with the urban environment, characteristics and features that defined BRT trunk corridors. By
identifying appropriate control groups with rich data analyses over time, it will be possible to
contribute on the debate about the extent by which BRT promote TOD or not.
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The relationship between BRT and affordable housing supply as well as the presence of
informal settlements in close proximity to this type of transit investments is largely unexplored.
Some studies have been conducted looking at changes with case studies combining different
research methods. However, few studies have compared urban expansion areas with already
urbanized areas, two different scenarios for the implementation of BRT systems. In addition to
the importance to analyze this relationship spatially, it is also important to understand how the
decision process to implement the BRT, regulations for land use planning and the adaption by
local actors to these investments has implications for the location of housing for low income
groups.
Finally, the literature on transit use and the built environment has mainly focused on railbased transit systems and few studies have been conducted with BRT systems. The influence of a
rich group of built environment attributes on the BRT ridership is unknown. The gaps in the
literature on this matter suggests BRT ridership may have (or not) similar associations that railbased systems. The study of the associations between built environment attributes and the BRT
ridership is an important field of study in order to establish the extent by which the built
environment contributes (or not) to make BRT systems more successful. By exploring this
relationship, this dissertation also seeks to contribute on the debate about the relationship
between BRT and TOD.
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CHAPTER 3: RESEARCH METHODS AND DESIGN
3.1.Introduction
This chapter presents in two sections the research methods and design used in this
dissertation. The first section includes the description of the four research questions, hypotheses,
study areas, data collection and data analysis for the first aim of this dissertation. Consistent with
previous research (Cervero & Kang, 2011; Deng & Nelson, 2011; Jun, 2012; Rodriguez &
Mojica, 2009; Rodriguez & Targa, 2004; Rodriguez et al., 2015), the implementation of the BRT
system is considered as the treatment effect on the built environment. Previous studies suggest
the impacts of BRT system occurred after the implementation of the system but not with the
announcement of the construction of a new BRT corridor (Flores Dewey, 2012).
To achieve the first aim, I developed a multimethod approach that relies on quantitative
and qualitative data analysis. First, this research identifies treatment and control parcels between
BRT trunk corridors already operational and arterial roads that do not have the BRT but that
have been selected for BRT corridors in later phases of the expansion of the mass transit system
in Bogota and Quito. The quantitative data analysis estimates a treatment propensity score at the
land parcel level in order to find balance between treatment and control parcels that will be used
in regression analyses (Austin, 2011). Then, this dissertation employs a difference –in–
difference quasi experimental design that takes into account the propensity scores as regression
model weights (Shadish, Campbell, & Cook, 2002). The outcomes of interest are built up area
and land uses. Second, the qualitative data analysis of 86 semi-structured interviews with 71 key
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participants in Bogota and Quito follows the difference –in– difference analysis in order to
further explain land use and development changes. The qualitative data analysis also focuses on
the analysis of two BRT terminals with presence of affordable housing and informal settlements
in Bogota (Portal Usme) and Quito (Terminal Quitumbe). The qualitative analysis seeks to
understand the conditions and mediating mechanisms that explain the outcomes obtained in the
quantitative analysis (Maxwell, 2005).
The second section of this chapter includes the description of the three research
questions, study areas, data collection, data management and data analysis for the second aim of
this dissertation. The data analysis conducted for the second aim is structured in three parts. First,
the relationship between the population density and BRT ridership is explored in a sample of 120
BRT stations in seven cities in Latin America. Second, the analysis is expanded by including
built environment attributes, in addition to population density, in order to tests associations with
BRT ridership in the same sample of 120 BRT stations. Third, consistent with previous research
on identifying typologies of stations, the analysis identifies groups of stations by running factor
and cluster analysis in order to identify TOD features and BRT station typologies (Rodriguez &
Vergel-Tovar, 2014). Associations between built environment factors and BRT ridership are
tested by BRT station types including TOD features.
3.2.Research methods and design (Aim 1)
3.2.1. Research questions and hypotheses
The first aim of this dissertation seeks to answer the following main research question
trough a multi-method approach: What are the built environment impacts of BRT? The main
hypothesis is that there is a positive association between BRT investments and changes in the
built environment around BRT stations. The multi-method approach is developed in two parts.
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First, this research undertakes a quantitative data analysis answering the “what” questions (1.1.
What land development changes take place after the implementation of BRT within a buffer area
of 500 meters? and 1.2 What land use changes take place after the implementation of BRT
within a buffer area of 500 meters ?). Then, through qualitative data analysis of semi-structured
interviews with key participants, this dissertation answers the “why” questions (1.3 Why does
land use and development changes occurred (or not) after the implementation of BRT within the
buffer area of 500 meters?; and, 1.4 Why do some BRT stations have affordable housing or
informal settlements within their influence area?). The qualitative data analysis research
questions were complemented with two questions that emerged as part of the development
process of this dissertation. The first “why” research question was complemented by the
following research question: under what conditions did land use and development changes occur
or not after the implementation of BRT? The second “why” question was complemented with the
following research question: How BRT investments influenced the access to land and housing
for low-income groups?
The first aim of this dissertation examines the effects of the implementation of BRT
systems in the built environment focusing on two cities as study areas: Quito, the capital of
Ecuador and Bogota, the capital of Colombia. These cities have been implementing BRT
corridors at different points of time since 1996 and 2001 respectively. The implementation of
BRT corridors by phases in different points of time on these cities gives the present dissertation
the opportunity to test hypotheses and conduct comparisons between treatment and control
parcels. The quantitative data analysis is developed for Bogota and Quito separately with land
parcel data before and after the implementation of BRT. The outcomes of interest are built-up
area and land uses.
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The qualitative data analysis of semi-structured interviews seeks to explain the land use
and development changes identified in the quantitative data analysis in two parts. The first part
focuses on the coordination between land use and transportation planning in order to understand
the mechanisms that lead (or not) to land use and development changes within the BRT
corridors. This analysis seeks to compare Bogota and Quito in terms of their approaches to both:
land use and transportation planning. The second part focuses on the relationship between BRT
and affordable housing or informal settlements in terms of the socio-spatial integration of mass
transit and these housing typologies. This section focuses on the cases of the BRT Terminals
“Usme” in Bogota and “Quitumbe” in Quito in order to better understand the dynamics between
the housing and transportation sectors in relation to social equity as a result of mass transit
investments.
The next section describes the research questions, methods and hypotheses for the
quantitative and qualitative approaches.
3.2.1.1. Quantitative approach (research questions 1.1 and 1.2)
These research questions are answered through regression analyses between treatment
and control parcels with data at the land parcel, block and neighborhood levels looking at
changes on the two outcomes of interest built-up area and land uses.
The two main hypotheses associated with research questions 1.1 to be tested are: i) there
is a positive association between BRT investments and land development change; ii) there is a
positive association between BRT investments and built-up area. The two main hypotheses
associated with research questions 1.2 to be tested are: i) there is a positive association between

55

BRT and land use change; ii) there is a positive association between BRT and land use
conversion to commercial uses.
In the case of Bogota, the analysis estimates land use and developments changes for
phase 1 (“Av. Caracas”, “Autonorte”, “Av Calle 80”, starting commercial operations in January
and August of 2001) taking as controls two main arterial roads selected for future BRT trunk
corridors (“Av. Boyaca” and “Av. 68”). Data is analyzed before and after the implementation of
BRT for four periods of time: i) before BRT: 2000; ii) after BRT: 2004, 2009 and 2013. In the
case of Quito, considering that the BRT network is already complete and operational, the
analysis estimates land development changes based on before and after data analyses along the
trunk corridors (parcels in the “Ecovia” and “Corredor Norte” as treatments, and parcels in the
“Corredor Suroccidental” as controls). Data is analyzed by looking at built-up area changes of
new developments from the year 2000 (before “Ecovía” began operations in 2001, and
“Corredor Norte” began operations in 2005) to year 2010 (before “Corredor Suroccidental”
began operations in 2012).
In both cities, the analysis estimates a propensity score for land parcels before treatment
in order to find balance between treatment and control parcels. The propensity score estimates
the probability of land parcels to be under treatment as a result of logistic regression models with
a group of covariates. The standardized difference approach is used in order to reduce the
covariate imbalance after the estimation of the propensity score (Oakes & Jo Johnson, 2006).
Then, a check of balance between treatment and control parcels is conducted by using the
propensity score as a weight. This process seeks to test and find the balance on the covariates,
including interactions terms for those variables that did not achieve balance, if any. Then,
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propensity score weighted regression models are conducted in order to estimate the differencein-difference of land use and development changes over time for treatment and controls.
3.2.1.2. Qualitative approach (research questions 1.3 and 1.4)
These research questions are answered through a qualitative research analysis of semistructured interviews based on the results of the quantitative analysis. The qualitative data
analysis compares Bogota and Quito in terms of land use and development changes, or not, as a
result of the implementation of BRT systems. Consistent with the theoretical framework, this
analysis seeks to understand the (lack of) coordination between transportation and land use
planning in both cities as part of the implementation of these mass transit systems.
The main hypotheses associated with research question 1.3 are: i) Transportation and
urban planners were unaware of potential impacts of BRT systems or there was not additional
funding for urban development or there was not local expertise in order to issue TOD
regulations; and, ii) Timing between transportation investments and land use planning
regulations differ significantly making difficult to coordinate them around the BRT system. The
main hypotheses associated with research question 1.4 are: i) the development of affordable
housing and the informal settlements took place before the implementation of the BRT; ii) land
prices prevent affordable housing developments to take place after the implementation of the
BRT.
The qualitative analysis develops two types of approaches. First, the analysis is framed in
categories that group codes as it is shown in Table 3. All transcriptions were coded in order to
identify quotes where different categories match. The coding process also seeks to classify the
data. The classification of the data (quotes) seeks to provide the basis to determine links between
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categories looking at relationships between them through connections (Dey, 2003). Second, a
data driven analysis is conducted in parallel as a result of the reading process of all
transcriptions. The data driven analysis seeks to identify codes that were not included at the
beginning of the process based on theoretical framework. This process seeks to identify
emerging topics suggested by participants during the semi-structured interviews.
Table 3 Categories and main codes

B

Categories
Transit-oriented
development
Bus rapid transit

C

Built Environment

D

Land Development

E
F

Housing
Land Markets

G

Institutions and local
actors

H

Macro forces

I

Local characteristics

A

Main codes
Bus rapid transit-oriented development BRT-OD; subway-metro-oriented
development; compact urban form
BRT system (phase of the system); BRT trunk corridor; BRT Terminal; BRT
single station; BRT feeder route; BRT ticket cost; BRT travel time
Density; Diversity; Design; Destination accessibility; Distance to transit;
Parking; NMT; Facilities and public space
Land development types; land ownership; land availability; land acquisition;
eminent domain; Land uses; land use planning and regulation
Affordable housing; informal settlements; multifamily; housing subsidies
Formal; informal; real estate; land and property values; appraisals and taxes;
land value increments
National government institutions; local government institutions; planners;
developers; financial institutions, multilateral organizations; community based
organizations; non-government organizations
Economy; socioeconomic conditions; government regulations; public sector
interventions
local characteristics; crime and safety; urban and social services; Historic
Center

3.2.2. Study areas
Bogota (Colombia) and Quito (Ecuador) were selected as study areas in order to examine
the built environment impacts of BRT systems considering that these two cities are two of the
most matured systems outside Brazil. These two cities have been implementing this type of mass
transportation system in different points of time as it is shown in table 4. Also, these two cities
were selected because they provide an urban context of high densities where the BRT system is
the main mass transportation system. Bogota and Quito are Andean cities with similar cultural
and building technology characteristics. They are also similar in terms of geographic features
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determining urban growth boundaries, which facilitate comparative analysis. The
implementation of BRT corridors by stages in different points of time on these cities gives the
present dissertation the opportunity to test hypotheses and compare between treatment and
control groups.
Table 4 Study areas and bus rapid transit systems
City

Population*

BRT start
operations
(year)†
2001
1996

BRT
corridors†

Corridor
length (km) †

7,363,782
8
Bogotá
1,619,791
5
Quito
8,983,573
13
Total
†
Sources: http://www.brtdata.org/. (EMBARQ, 2009)
*Sources: www.brtdata.org, DANE (Colombia), INEC (Ecuador).

106
69
175

Passengers
per day†

Single
stations†

Transfer
terminals†

1,980,000
833,095
2,813,095

135
101
236

14
11
25

The possibility to access to primary and secondary data in both cities was also an
important criterion for the selection of these cities as study areas. Four fieldwork visits to Quito
and five fieldwork visits to Bogota between 2011 and 2014 allowed the author to conduct three
types of data collection activities. First, fieldwork visits to collect built environment data around
a sample of 30 BRT stations in Quito and 31 BRT stations in Bogota. Second, during these visits
the author interviewed 35 participants in Quito and 36 participants in Bogota. Through follow-up
semi-structured interviews, 7 participants were interviewed twice in Quito and 8 participants
were interviewed two times in Bogota. Third, during these visits the author collected secondary
data such as census data, land parcel data, geographic information systems (GIS) data at the City
Planning Departments and the Cadaster Departments of both cities. The author also collected
geographic information systems (GIS) data and secondary data about the location of BRT
stations and future trunk corridors at the BRT agencies of both cities.
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3.2.2.1. Bogota
Bogotá is the capital of Colombia, is located at 2,600 meters above sea level. It is the
largest city in Colombia with a population of 7,674,366 inhabitants within an area of 4,800/km2
(DANE, 2012). Bogota began the operations of the BRT system known as “Transmilenio” in
2001 based on the experience of Curitiba and Quito. Table 5 shows the four trunk corridors built
in the first phase of “Transmilenio”. The “Av. Calle 80” trunk corridor began commercial
operations in January of 2001. The “Av. Caracas” trunk corridor also opened commercial
operations in January 2001, but the expansion towards the BRT terminals (“Norte” and “Usme”)
was completed in August of 2001. The “Autonorte” trunk corridor began commercial operations
once the BRT Terminal Norte was operational. In 2002, an extension bordering the historic
center was built from “Av. Caracas” to “Carrera 3” along “Av. Jimenez”.
Table 5 Phase one BRT corridors in Bogota
BRT Corridor
Calle 80
Av. Caracas
Autonorte
Av. Jiménez
Total

Length (Km)
10.1
11.9

Number of stations
12
14

10.3
1.9
34.2

15
3
44

Start date (operations)
January 2001
January 2001
August 2001†
February 2002††
August 2001†
June 2002

Source: ("Global BRT Data," 2016) (EMBARQ, 2009)
†Expansion of Phase 1 with the opening of BRT Terminals Usme and Portal Norte
††Opening of BRT Terminal Tunal

The two main arterial roads at the west side of Bogota, “Av. Boyaca” and “Av. 68”, were
selected to be part of the BRT network for the fourth phase of “Transmilenio”. To date, these
two trunk corridors have not been built yet. It is unclear when the construction of these two trunk
corridors will start. As a result, these two arterial roads or future corridors were selected as
controls for the data analysis in this dissertation.
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3.2.2.2. Quito
Quito is the capital of Ecuador, is located at approximately 2,600 meters above the sea
level. It is the core of a metropolitan area with 2,239,191 inhabitants within an area of 6,900/km2
(INEC, 2012). Based on the experience of Curitiba, Quito designed and implemented a BRT
system with electric buses in its first stage. As it is shown in Table 6, Quito began in 1996 the
operations of the BRT corridor known as “Trolebus” connecting the area known as “La Y” at the
North of city with the area known as “El Recreo” at the South. This trunk corridor included
electric buses crossing the Historical Center, which was inscribed in the World Heritage list by
UNESCO.
Table 6 BRT corridors in Quito
BRT Corridor
Trolebús (La Y – El Recreo)
Trolebús (El Recreo – Moran V.)
Ecovía
Corredor Central Norte
Trolebús (Moran V. – Quitumbe)
Corredor Suroriental
Corredor Suroccidental
Total

Length (Km)
14.41
4.72
8.45
10.24
2.62
11.50
15.57
64.51

Number of stations
23
10
17
18
3
17
20
108

Start date (operations)
1996
2000
2002
2005
2008
2010
2012

Source: calculations on GIS, Metrobus-Q and Brtdata (2016)

In 2000, the “Trolebus” trunk corridor was extended further south when the BRT
Terminal “Moran Valverde” began operations. In 2002, the “Ecovia” BRT corridor began
operations along the east side of Quito. In 2005, the BRT trunk corridor Corredor Norte began
operations extending the service of this system further north to the BRT Terminal “La Ofelia”.
The “Trolebus” trunk corridor was completed in 2008 with the extension of the system further
south extending the service to the BRT Terminal “Quitumbe”. The trunk corridor “Corredor
Suroriental” began operations in 2010 connecting the “Ecovia” trunk corridor with the BRT
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Terminal “Quitumbe”. In 2012, the trunk corridor “Corredor Suroccidental” began operations
connecting the “Corredor Norte” with the south of the city at the BRT terminal “Quitumbe”.
3.2.3. Data
3.2.3.1.Quantitative approach
3.2.3.1.1. Bogota
There are multiple sources of data at different levels: land parcel, block, neighborhood,
census tract, BRT corridor, urban district and city level (Please see table 7 below). At the land
parcel level, the data was provided by the Cadaster Department of Bogota within a buffer area of
500 meters from BRT trunk corridors and arterial roads selected for future BRT corridors. This
land parcel level data has a longitudinal structure from 2000 to 2013. At the block level, the City
Planning Department of Bogota provided population data based on census data from DANE. At
the neighborhood level, the city planning department of Bogota and DANE provided
development activity data from the Census of Building Activity conducted by DANE. At the
census tract level, the city planning department of Bogota provided population data based on
census data from DANE. At the BRT corridor level, Transmilenio SA which is the BRT agency
of Bogota provided data about the trunk corridors and the location of current and future BRT
stations. At the urban district level, the city planning department of Bogota provided geographic
information systems (GIS) shape files. At the city level, the city planning department of Bogota
provided geographic information systems (GIS) shape files with data such as blocks structure,
roads and urban polygons. The Urban Master Plan (“Plan de Ordenamiento Territorial” – POT
in Spanish) of Bogota (2000) and the review and modification of the POT (2005) were consulted
for maps and land use regulations as well as to obtain data about facilities and parks.
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Table 7 Description of variables in Bogota
Variable

Definition

Level

Source

Natural logarithm total built-up area in parcel in sqmt in
2000, 2004, 2009 and 2013 within buffer area
Parcel in commercial land uses=1 in 2000, 2004, 2009 and
or 2013; otherwise=0
Parcel in residential land uses=1 in 2000, 2004, 2009
and/or 2013; otherwise=0

Parcel

Cadaster
department
Cadaster
department
Cadaster
department

Treatment=1; Control=0

Parcel

Dependent variables
Ln Builtup Area
Commercial land use
Residential land use

Parcel
Parcel

Independent variables
Treatment

Location factors of land parcels
Distance BRT Station 1
≤100 m
Distance BRT Station 2
>100m ≤200 m
Distance BRT Station 3
>200m ≤300 m
Distance BRT Station 4
>300m ≤400 m
Distance BRT Station 5
>400 m ≤500 m
Distance BRT Station 6
>500 m
Ln Distance CBD
Ln Distance BRT
corridor

If linear distance of land parcel in meters to current BRT
station (treatment) or projected station (control) ≤ 100
meters=1; Otherwise=0
If linear distance of land parcel in meters to current BRT
station (treatment) or projected station (control) > 100
meters and ≤ 200 meters=1; Otherwise=0
If linear distance of land parcel in meters to current BRT
station (treatment) or projected station (control) > 200
meters and ≤ 300 meters=1; Otherwise=0
If linear distance of land parcel in meters to current BRT
station (treatment) or projected station (control) > 300
meters and ≤ 400 meters=1; Otherwise=0
If linear distance of land parcel in meters to current BRT
station (treatment) or projected station (control) > 400
meters and ≤ 500 meters=1; Otherwise=0
If linear distance of land parcel in meters to current BRT
station (treatment) or projected station (control) > 500
meters; Otherwise=0
Natural logarithm straight line distance to the International
Center (Av. Calle 26)

Parcel

GIS
(Transmilenio
SA††)

Parcel

GIS
(Transmilenio
SA††)

Parcel

GIS
(Transmilenio
SA††)

Parcel

GIS
(Transmilenio
SA††)

Parcel

GIS
(Transmilenio
SA††)

Parcel

GIS
(Transmilenio
SA††)

Parcel

Natural logarithm straight line distance to BRT corridor or
major arterial road (future BRT corridor in control area)

Parcel

GIS (City
planning
department)
GIS (City
planning
department,
Transmilenio
SA††)

Residential=1; Industrial=2; Commercial=3; Facilities=4;
Vacant=5; Other=6; Mixed-use=7 in 2000, 2004, 2009 and
2013
Natural logarithm of area of parcel in sqmt within buffer
area in 2000 and 2009
Natural logarithm # properties within land parcel in 2000,
2004, 2009 and 2013
Level 1=1; Level 2=2; Level 3=3; Level 4=4; Level 5=5;
Level 6=6 in 2000, 2004, 2009 and 2013
Natural logarithm of commercial appraised value in 2000,
2004, 2009 and 2013 in COP (million)
Natural logarithm of people per hectare at the block level
within buffer area in 2000 and 2009

Parcel

Cadaster
department

Parcel

Natural logarithm of block size area in sqmt within buffer

Block

GIS (Cadaster
department)
Cadaster
department
Cadaster
department
Cadaster
department
GIS (City
planning
department)
GIS (City

Land attributes, use and socioeconomic characteristics of land parcels

Land Uses
Ln Parcel Area
Ln Properties
Socioeconomic stratum
Ln Property Value
Ln Population density
Ln Block Size
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Parcel
Parcel
Parcel
Block

planning
department)

area

Neighborhood attributes
Natural logarithm total road area per gross neighborhood
area in 2000 (total road area excluding blocks in
sqmt/neighborhood area in sqmt)
Natural logarithm total park area per gross neighborhood
area in 2000 (total park area in sqmt/neighborhood area in
sqmt)
Natural logarithm density of facilities per gross
neighborhood area in 2000 (total number of facilities/
neighborhood area in Ha).
Proportion of total built sqmts of developments at the
neighborhood level per total built sqmts of developments
in 2000, 2004, 2009 and 2013.

Neighborhood

GIS (City
planning
department)

Neighborhood

GIS (City
planning
department)

Neighborhood

GIS (City
planning
department)

Neighborhood

New square meters
(started developments)

Proportion of total new sqmts of started developments at
the neighborhood level per total new sqmts of
developments in 2000, 2004, 2009 and 2013.

Neighborhood

Square meters under
construction (development
on progress)

Proportion of total sqmts under construction of
developments at the neighborhood level per total sqmts
under development in 2000, 2004, 2009 and 2013.

Neighborhood

DANE†††
(Building
activity
census)
DANE†††
(Building
activity
census)
DANE†††
(Building
activity
census)

Ln Roads ratio
Ln Parks Ratio
Ln Facilities Density
Built square meters
(completed developments)

††Transmilenio SA is the Bus Rapid Transit Agency of Bogota
†††DANE is the National Statistics Agency of Colombia (Departmento Administrativo Nacional de Estadistica in Spanish)

3.2.3.1.2. Quito
There are multiple sources of data at different levels: land parcel, block, neighborhood,
census tract, BRT corridor, urban district and city level (Please see table 8 below). At the land
parcel level, the data was provided by the cadaster department and the city planning department
of Quito within a buffer area of 500 meters from BRT trunk corridors. This land parcel data
included the year of construction and the built-up area. Raster images of land parcels before the
BRT were provided already georeferenced but not processed by the Cadaster Department of
Quito. At the block level, the city planning department provided geographic information systems
(GIS) data. At the census tract level, the City Planning Department of Quito provided population
data based on census data from INEC. At the BRT corridor level, EPQ SA which is the BRT
agency of Quito provided data about trunk corridors and the location of BRT stations. At the
urban district level, the City Planning Department of Quito provided geographic information
systems (GIS) shape files. At the city level, the City Planning Department of Quito provided
64

geographic information systems (GIS) shape files with data such as blocks structure, roads and
urban polygons. Different urban master plans of Quito were consulted for maps, regulations,
presence of facilities and parks at different points of time. The City Planning Department of
Quito also provided a copy of the following Master Plans: the “Reglamento Urbano de Quito RUQ” including the Plan for the Historic Center (1992); the General Plan for Territorial
Development (2001); and, the Metropolitan Plan (2011) including the Land Use and Occupation
Plan (2009 and 2013).
Table 8 Description of variables in Quito
Variable

Definition

Level

Source

Natural logarithm of total built-up area in parcel in sqmt of
new developments within buffer area from 2001 to 2010;
Otherwise=0
New development=1 from 2001 to 2010; otherwise=0

Parcel

Cadaster and
City Planning
departments

Parcel

Cadaster and
City Planning
departments

Treatment=1; 0=Otherwise

Parcel

If linear distance of land parcel in meters to BRT station
(treatment) or projected station (control) ≤ 100 meters=1;
Otherwise=0
If linear distance of land parcel in meters to BRT station
(treatment) or projected station (control) > 100 meters and
≤ 200 meters=1; Otherwise=0
If linear distance of land parcel in meters to BRT station
(treatment) or projected station (control) > 200 meters and
≤ 300 meters=1; Otherwise=0
If linear distance of land parcel in meters to BRT station
(treatment) or projected station (control) > 300 meters and
≤ 400 meters=1; Otherwise=0
If linear distance of land parcel in meters to BRT station
(treatment) or projected station (control) > 400 meters and
≤ 500 meters=1; Otherwise=0
If linear distance of land parcel in meters to BRT station
(treatment) or projected station (control) > 500 meters;
Otherwise=0
Natural logarithm straight line distance to the City Center
(“La Marin” Transportation Hub)

Parcel

GIS
(EPMTPQ††)

Parcel

GIS
(EPMTPQ††)

Parcel

GIS
(EPMTPQ††)

Parcel

GIS
(EPMTPQ††)

Parcel

GIS
(EPMTPQ††)

Parcel

GIS
(EPMTPQ††)

Parcel

Natural logarithm straight line distance to BRT corridor or
major arterial road (future BRT corridor in control area)

Parcel

GIS (City
planning
department)
GIS (City
planning
department,

Dependent variable
Ln Built-up area (new
developments)
New developments

Independent variables
Treatment
Location factors
Distance BRT Station 1
≤100 m
Distance BRT Station 2
>100m ≤200 m
Distance BRT Station 3
>200m ≤300 m
Distance BRT Station 4
>300m ≤400 m
Distance BRT Station 5
>400 m ≤500 m
Distance BRT Station 6
>500 m
Ln Distance CBD
Ln Distance BRT
corridor
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EPMTPQ††)

Land attributes, use and socioeconomic characteristics

Land Uses

Residential=1; Mixed=2; Institutional=3; Other=4

Parcel

Age of construction

2001-2010=1; 1991-2001=2; 1981-1991=3; 1971-1981=4;
1961-1971=5; before 1961=6

Parcel

Ln Parcel Area

Natural logarithm of land area of parcel in sqmt within
buffer area

Parcel

Ln Population density

Natural logarithm block studied estimated population
density from 2001 to 2010

Block

Ln Block Size

Natural logarithm of block size area within buffer area

Block

Cadaster and
City Planning
departments
Cadaster and
City Planning
departments
(City
Planning
departments)
GIS (City
planning
department,
INEC†††)
GIS (City
planning
department)

Neighborhood attributes
Ln Roads ratio
Ln Parks Ratio
Ln Facilities Density

Natural logarithm total road area per gross neighborhood
area (total road area excluding blocks in
sqmt/neighborhood area in sqmt)
Natural logarithm total park area per gross neighborhood
area (total park area in sqmt/neighborhood area in sqmt)

Neighborhood

GIS (City
planning
department)

Neighborhood

Natural logarithm density of facilities per gross
neighborhood area (total number of facilities/
neighborhood area in Ha).

Neighborhood

GIS (City
planning
department)
GIS (City
planning
department)

†EPMTPQ Public Metropolitan Agency of Passengers of Quito (Empresa Publica Metropolitana de Pasajeros de Quito)
†††INEC National Institute of Statistics of Ecuador

3.2.3.2.Qualitative approach
This dissertation includes 86 semi-structured interviews. 44 interviews were conducted in
Bogota with 36 participants. 42 interviews were conducted in Quito with 35 participants. These
semi-structured interviews were conducted by the author with transportation and city planners,
developers, community leaders, real estate and financial experts from Bogota and Quito. 8
participants in Bogota and 7 participants in Quito were interviewed by the author two times.
These interviews were conducted between 2013 and 2014. Table 9 shows the distribution of
these semi-structured interviews across participants and per city.
Participants were selected based on their previous experience in the land use planning
process of master plans and regulations and in the transportation planning processes of the BRT
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systems in both cities. Developers with and without projects close to the BRT systems were
contacted by the author with the support of colleagues from the public and private sectors in both
cities. Planners with experience in the planning processes and now working as researchers were
contacted at some Universities in both cities. Community leaders in “Usme” (Bogota) and
“Quitumbe” (Quito) were contacted by the author with the support of colleagues from both local
governments.
Table 9 Semi-structure interviews by participants in Bogota and Quito
City
Bogotá†
Quito††
Total
†

Participants
Transportation
planner

Urban planner

Developer

Community
Leader

Real estate and finance
expert

9
5
14

12
12
24

4
9
13

5
5
10

6
4
10

Number of participants interviewed twice in Bogota: three urban planners, three transportation planners, one developer and one real estate and
finance expert.
††
Number of participants interviewed twice in Quito: two urban planners, three transportation planners, one developer and one real estate and
finance expert.

Snowballing techniques were used in order to contact new participants referred by
participants already interviewed. Even though a set of questions ensured that relevant issues
would be covered during the semi-structured interviews, emerging issues coming up during the
conversation were also part of the topics covered during each interview.
3.2.4. Data analysis
3.2.4.1.Quantitative approach
The dependent variables in Bogota are built up area and land uses. The independent
variables include a dummy variable for treatment, location factors variables measuring different
distances from each land parcel. The socioeconomic level is a categorical variable with six
values taking the classification of strata determined by the cadaster department. Land values are
based on the mean property value within the land parcel. The land use is a categorical variable
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with categories based on the system used by the Cadaster Department of Bogota and the mixeduse category was estimated as part of the data processing for this dissertation. Population density
was calculated at the block level on GIS. The block size where land parcels are located was
calculated using GIS. The density of facilities was calculated at the neighborhood level using
GIS. The ratio of parks and roads was estimated at the neighborhood level using GIS. The three
variables measuring real estate dynamics at the neighborhood level are: proportion of completed
developments, proportion of started developments and proportion of developments on progress.
The dependent variables in Quito are built-up area and new developments. The
independent variables include a dummy variable for treatment, location factors variables
measuring different distances from each land parcel. The land use is a categorical variable with
four categories based on the system used by the City Planning Department. Population density
was calculated at the block level using GIS. The block size where land parcels are located was
calculated using GIS. The density of facilities was calculated at the neighborhood level using
GIS. The ratio of parks and roads was estimated at the neighborhood level using GIS.
The analysis estimates the propensity score at the land parcel level with the following
general formula (Rosenbaum & Rubin, 1983):
𝑒(𝐗) = 𝑝𝑟(𝑧 = 1|𝐗)
Where

𝑿 = 𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑐𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑠
𝑒(𝑿) = 𝑝𝑟𝑜𝑝𝑒𝑛𝑠𝑖𝑡𝑦 𝑠𝑐𝑜𝑟𝑒 𝑔𝑖𝑣𝑒𝑛 𝑡ℎ𝑒 𝑐𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑠
𝑧 = 𝑑𝑖𝑐ℎ𝑜𝑡𝑜𝑚𝑜𝑢𝑠 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 𝑡ℎ𝑎𝑡 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑒𝑠 𝑤𝑖𝑡ℎ𝑖𝑛 𝑡ℎ𝑒 𝑖𝑛𝑓𝑙𝑢𝑒𝑛𝑐𝑒 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 𝐵𝑅𝑇 𝑜𝑟 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
𝑝𝑟(𝑧 = 1|𝑿) = 𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑎 𝑙𝑎𝑛𝑑 𝑝𝑎𝑟𝑐𝑒𝑙 𝑖𝑠 𝑤𝑖𝑡ℎ𝑖𝑛 𝑡ℎ𝑒 𝑖𝑛𝑓𝑙𝑢𝑒𝑛𝑐𝑒𝑑 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 𝐵𝑅𝑇 𝑠𝑡𝑜𝑝

The analysis uses the propensity score and its logit statistic according to the following
equation (d’Agostino, 1998):
(𝑙𝑛 {

𝑝𝑟(𝑧𝑖 = 1|𝑋𝑖 )
})
1 − 𝑝𝑟(𝑧𝑖 = 1|𝑋𝑖 )
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Based on the conditional probability (odds ratio results from the logistic regression) the
analysis controls for the likelihood of being treated using the following equation:
𝑝(𝑥) = 𝑃𝑟{𝑍𝑖 = 1|𝑋𝑖 }
Where

𝑋𝑖 = 𝑡ℎ𝑒 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑐𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑠 𝑓𝑜𝑟 𝑝𝑎𝑟𝑐𝑒𝑙 𝑖

The weights are calculated with the following formula (Hirano, Imbens, & Ridder, 2000):

𝑤
̂(𝑇
𝑖 𝑖 , 𝑋𝑖 ) =
Where

𝑇𝑖
1 − 𝑇𝑖
+
𝑒̂ (𝑋𝑖 ) 1 − 𝑒̂ (𝑋𝑖 )

𝑤
̂𝑖 = 𝑖𝑠 𝑡ℎ𝑒 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑤𝑒𝑖𝑔ℎ𝑡
𝑇𝑖 = 𝑑𝑢𝑚𝑚𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑓𝑜𝑟 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 = 1 𝑎𝑛𝑑 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 = 0
𝑋𝑖 = 𝑡ℎ 𝑜𝑏𝑒𝑠𝑒𝑟𝑣𝑒𝑑 𝑐𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑠 𝑓𝑜𝑟 𝑝𝑎𝑟𝑐𝑒𝑙 𝑖
𝑒̂ (𝑋𝑖 ) = 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑝𝑟𝑜𝑝𝑒𝑛𝑠𝑖𝑡𝑦 𝑠𝑐𝑜𝑟𝑒

In the case of Bogota, the two difference-in-difference analysis is conducted with a
propensity weighted regression according to the following formulas:
Regression model built up area
12

𝑙𝑛(𝑦𝑖 ) = 𝛽0 + 𝛽⃗𝑑𝑖𝑠𝑡𝐵𝑅𝑇𝑆 ⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗
𝐷𝑖𝑠𝑡𝐵𝑅𝑇𝑆𝑖 + ∑ 𝛽𝑗 ∗ 𝑋𝑖𝑗 + 𝛽⃗𝑙𝑎𝑛𝑑𝑢𝑠𝑒𝑠 ⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗
𝐿𝑎𝑛𝑑𝑈𝑠𝑒𝑠𝑖 + 𝛽⃗𝑠𝑡𝑟𝑎𝑡𝑎 ⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗
𝑆𝑡𝑟𝑎𝑡𝑎𝑖
𝑗

+ 𝛼2 ∗ 𝑦𝑒𝑎𝑟𝑖2 + 𝛼3 ∗ 𝑦𝑒𝑎𝑟𝑖3 + 𝛼4 ∗ 𝑦𝑒𝑎𝑟𝑖4 + 𝜆1 ∗ 𝑦𝑒𝑎𝑟𝑡𝑖1 ∗ 𝑇 + 𝜆2 ∗ 𝑦𝑒𝑎𝑟𝑡𝑖2 ∗ 𝑇
+ 𝜆3 ∗ 𝑦𝑒𝑎𝑟𝑡𝑖3 ∗ 𝑇 + 𝜆4 ∗ 𝑦𝑒𝑎𝑟𝑡𝑖4 ∗ 𝑇 + 𝜀𝑖
Where

𝑙𝑛(𝑦𝑖 ) = 𝑙𝑜𝑔𝑎𝑟𝑖𝑡ℎ𝑚 𝑜𝑓 𝑏𝑢𝑖𝑙𝑡 − 𝑢𝑝 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑝𝑎𝑟𝑐𝑒𝑙 𝑖
𝛽0 , = 𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡
𝛽𝑑𝑖𝑠𝑡𝐵𝑅𝑇𝑆 = 𝑖𝑠 𝑎 𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡𝑠
𝐷𝑖𝑠𝑡𝐵𝑅𝑇𝑆𝑖 = 𝑖𝑠 𝑎 𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑠𝑖𝑥 𝑑𝑢𝑚𝑚𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠, 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑠 𝑡𝑜 𝐵𝑅𝑇 𝑠𝑡𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑝𝑎𝑟𝑐𝑒𝑙 𝑖
𝛽𝑗 = 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡𝑠 𝑎𝑠𝑠𝑜𝑐𝑖𝑎𝑡𝑒𝑑 𝑤𝑖𝑡ℎ 𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 𝑋𝑗 𝑜𝑓 𝑝𝑎𝑟𝑐𝑒𝑙 𝑖
𝑋𝑖𝑗 = 𝑗 𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 𝑜𝑓𝑝𝑎𝑟𝑐𝑒𝑙 𝑖
𝛽𝑙𝑎𝑛𝑑𝑢𝑠𝑒𝑠 = 𝑖𝑠 𝑎 𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡
𝐿𝑎𝑛𝑑𝑈𝑠𝑒𝑠𝑖 = 𝑖𝑠 𝑎 𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑓𝑖𝑣𝑒 𝑑𝑢𝑚𝑚𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠, 𝑙𝑎𝑛𝑑 𝑢𝑠𝑒𝑠 𝑜𝑓 𝑝𝑎𝑟𝑐𝑒𝑙 𝑖
𝛽𝑠𝑡𝑟𝑎𝑡𝑎 = 𝑖𝑠 𝑎 𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡
𝑆𝑡𝑟𝑎𝑡𝑎𝑖 = 𝑖𝑠 𝑎 𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑠𝑖𝑥 𝑑𝑢𝑚𝑚𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠, 𝑠𝑜𝑐𝑖𝑜𝑒𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝑠𝑡𝑟𝑎𝑡𝑢𝑚 𝑜𝑓 𝑝𝑎𝑟𝑐𝑒𝑙 𝑖
𝛼2 , 𝛼3 , 𝛼4 = 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡𝑠 𝑦𝑒𝑎𝑟𝑠 2004, 2009 𝑎𝑛𝑑 2013 𝑟𝑒𝑠𝑝𝑒𝑐𝑡𝑖𝑣𝑒𝑙𝑦
𝑦𝑒𝑎𝑟𝑖2 = 𝑑𝑢𝑚𝑚𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑦𝑒𝑎𝑟 2004 = 1; 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 = 0
𝑦𝑒𝑎𝑟𝑖3 = 𝑑𝑢𝑚𝑚𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑦𝑒𝑎𝑟 2009 = 1; 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 = 0
𝑦𝑒𝑎𝑟𝑖4 = 𝑑𝑢𝑚𝑚𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑦𝑒𝑎𝑟 2013 = 1; 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 = 0
𝜆1 , 𝜆2 , 𝜆3 , 𝜆4 = 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑜𝑓 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑒𝑓𝑓𝑒𝑐𝑡 𝑜𝑛 𝑦𝑒𝑎𝑟𝑠 2000, 2004, 2009 𝑎𝑛𝑑 2013
𝑦𝑒𝑎𝑟𝑡𝑖1 = 𝑑𝑢𝑚𝑚𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑦𝑒𝑎𝑟 2000, = 1; 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 = 0
𝑦𝑒𝑎𝑟𝑡𝑖2 = 𝑑𝑢𝑚𝑚𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑦𝑒𝑎𝑟 2004, = 1; 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 = 0
𝑦𝑒𝑎𝑟𝑡𝑖3 = 𝑑𝑢𝑚𝑚𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑦𝑒𝑎𝑟 2009, = 1; 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 = 0

69

𝑦𝑒𝑎𝑟𝑡𝑖4 = 𝑑𝑢𝑚𝑚𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑦𝑒𝑎𝑟 2013, = 1; 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 = 0
𝑇 = 𝑑𝑢𝑚𝑚𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑓𝑜𝑟 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 = 1 𝑎𝑛𝑑 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 = 0

Regression model land use
12

𝑝𝑖
ln(
) = 𝛽0 + 𝛽⃗𝑑𝑖𝑠𝑡𝐵𝑅𝑇𝑆 ⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗
𝐷𝑖𝑠𝑡𝐵𝑅𝑇𝑆𝑖 + ∑ 𝛽𝑗 ∗ 𝑋𝑖𝑗 + 𝛽⃗𝑠𝑡𝑟𝑎𝑡𝑎 ⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗
𝑆𝑡𝑟𝑎𝑡𝑎𝑖 + 𝛼2 ∗ 𝑦𝑒𝑎𝑟𝑖2 + 𝛼3
1 − 𝑝𝑖
𝑗

∗ 𝑦𝑒𝑎𝑟𝑖3 + 𝛼4 ∗ 𝑦𝑒𝑎𝑟𝑖4 + 𝜆1 ∗ 𝑦𝑒𝑎𝑟𝑡𝑖1 ∗ 𝑇 + 𝜆2 ∗ 𝑦𝑒𝑎𝑟𝑡𝑖2 ∗ 𝑇 + 𝜆3 ∗ 𝑦𝑒𝑎𝑟𝑡𝑖3 ∗ 𝑇
+ 𝜆4 ∗ 𝑦𝑒𝑎𝑟𝑡𝑖4 ∗ 𝑇 + 𝜀𝑖
Where

𝑝𝑖 = 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑏𝑖𝑙𝑖𝑡𝑦 𝑖 𝑖𝑠 𝑖𝑛 𝑟𝑒𝑠𝑖𝑑𝑒𝑛𝑡𝑖𝑎𝑙 𝑙𝑎𝑛𝑑 𝑢𝑠𝑒 𝑓𝑜𝑟 𝑟𝑒𝑠𝑖𝑑𝑒𝑛𝑡𝑖𝑎𝑙 𝑚𝑜𝑑𝑒𝑙;
𝑐𝑜𝑚𝑚𝑒𝑟𝑐𝑖𝑎𝑙 𝑢𝑠𝑒, 𝑓𝑜𝑟 𝑐𝑜𝑚𝑚𝑒𝑟𝑐𝑖𝑎𝑙 𝑚𝑜𝑑𝑒𝑙 = 1, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 = 0
𝛽0 = 𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡
𝛽𝑑𝑖𝑠𝑡𝐵𝑅𝑇𝑆 = 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡
𝐷𝑖𝑠𝑡𝐵𝑅𝑇𝑆𝑖 = 𝑖𝑠 𝑎 𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑠𝑖𝑥 𝑑𝑢𝑚𝑚𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠, 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑠 𝑡𝑜 𝐵𝑅𝑇 𝑠𝑡𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑝𝑎𝑟𝑐𝑒𝑙 𝑖
𝛽𝑗 = 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡𝑠 𝑎𝑠𝑠𝑜𝑐𝑖𝑎𝑡𝑒𝑑 𝑤𝑖𝑡ℎ 𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 𝑋𝑗 𝑜𝑓 𝑝𝑎𝑟𝑐𝑒𝑙 𝑖
𝑋𝑖𝑗 = 𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 𝑜𝑓𝑝𝑎𝑟𝑐𝑒𝑙 𝑖
𝛽𝑠𝑡𝑟𝑎𝑡𝑎 = 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡
𝑆𝑡𝑟𝑎𝑡𝑎𝑖 = 𝑖𝑠 𝑎 𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑠𝑖𝑥 𝑑𝑢𝑚𝑚𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠, 𝑠𝑜𝑐𝑖𝑜𝑒𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝑠𝑡𝑟𝑎𝑡𝑢𝑚 𝑜𝑓 𝑝𝑎𝑟𝑐𝑒𝑙 𝑖
𝑦𝑒𝑎𝑟 𝑎𝑛𝑑 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 𝑠𝑎𝑚𝑒 𝑎𝑠 𝑟𝑒𝑔𝑟𝑒𝑠𝑖𝑜𝑛 𝑚𝑜𝑑𝑒𝑙 𝑏𝑢𝑖𝑙𝑡 − 𝑢𝑝 𝑎𝑟𝑒𝑎

In the case of Quito, the two difference-in-difference analysis is conducted with a
propensity weighted regression according to the following formulas:
Regression model built up area
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𝑙𝑛(𝑦𝑖 ) = 𝛽0 + 𝛽⃗𝑑𝑖𝑠𝑡𝐵𝑅𝑇𝑆 ⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗
𝐷𝑖𝑠𝑡𝐵𝑅𝑇𝑆𝑖 + ∑ 𝛽𝑗 ∗ 𝑋𝑖𝑗 + 𝛽⃗𝐴𝑔𝑒𝐶𝑜𝑛𝑠𝑡 ⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗
𝐴𝑔𝑒𝐶𝑜𝑛𝑠𝑡𝑖
𝑗
10

10

+ 𝛽⃗𝑙𝑎𝑛𝑑𝑢𝑠𝑒𝑠 ⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗
𝐿𝑎𝑛𝑑𝑢𝑠𝑒𝑠𝑖 + ∑ 𝛼𝑦𝑒𝑎𝑟 ∗ 𝑦𝑒𝑎𝑟𝑖 + ∑ 𝜆𝑦𝑒𝑎𝑟𝑡 ∗ 𝑦𝑒𝑎𝑟𝑡𝑖 ∗ 𝑇 + 𝜀𝑖
𝑖

Where

𝑖

𝑙𝑛(𝑦𝑖 ) = 𝑙𝑜𝑔𝑎𝑟𝑦𝑡ℎ𝑚 𝑜𝑓 𝑏𝑢𝑖𝑙𝑡 − 𝑢𝑝 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑝𝑎𝑟𝑐𝑒𝑙 𝑖
𝛽0 = 𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡
𝛽𝑑𝑖𝑠𝑡𝐵𝑅𝑇𝑆 = 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡
𝐷𝑖𝑠𝑡𝐵𝑅𝑇𝑆𝑖 = 𝑖𝑠 𝑎 𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑠𝑖𝑥 𝑑𝑢𝑚𝑚𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠, 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑠 𝑡𝑜 𝐵𝑅𝑇 𝑠𝑡𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑝𝑎𝑟𝑐𝑒𝑙 𝑖
𝛽𝑗 = 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡𝑠 𝑎𝑠𝑠𝑜𝑐𝑖𝑎𝑡𝑒𝑑 𝑤𝑖𝑡ℎ 𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 𝑜𝑓 𝑝𝑎𝑟𝑐𝑒𝑙 𝑖
𝑋𝑖𝑗 = 𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 𝑜𝑓𝑝𝑎𝑟𝑐𝑒𝑙 𝑖
𝛽𝐴𝑔𝑒𝐶𝑜𝑛𝑠𝑡 = 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡
𝐴𝑔𝑒𝐶𝑜𝑛𝑠𝑡𝑖 = 𝑖𝑠 𝑎 𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑠𝑖𝑥 𝑑𝑢𝑚𝑚𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠, 𝑎𝑔𝑒 𝑜𝑓 𝑐𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑝𝑎𝑟𝑐𝑒𝑙 𝑖
𝛽𝑙𝑎𝑛𝑑𝑢𝑠𝑒𝑠 = 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡
𝐿𝑎𝑛𝑑𝑈𝑠𝑒𝑠𝑖 = 𝑖𝑠 𝑎 𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑓𝑖𝑣𝑒 𝑑𝑢𝑚𝑚𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠, 𝑙𝑎𝑛𝑑 𝑢𝑠𝑒𝑠 𝑜𝑓 𝑝𝑎𝑟𝑐𝑒𝑙 𝑖
𝛼𝑦𝑒𝑎𝑟 = 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑦𝑒𝑎𝑟𝑠 2001 𝑡𝑜 2010
𝑦𝑒𝑎𝑟𝑖 = 𝑑𝑢𝑚𝑚𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑓𝑜𝑟 𝑦𝑒𝑎𝑟𝑠 2001 𝑡𝑜 2010
𝜆𝑦𝑒𝑎𝑟𝑡 = 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑜𝑓 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑒𝑓𝑓𝑒𝑐𝑡 𝑓𝑟𝑜𝑚 𝑦𝑒𝑎𝑟 2001 𝑡𝑜 2010
𝑦𝑒𝑎𝑟𝑡𝑖 = 𝑑𝑢𝑚𝑚𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 𝑦𝑒𝑎𝑟𝑠 2001 𝑡𝑜 2010
𝑇 = 𝑑𝑢𝑚𝑚𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑓𝑜𝑟 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 = 1 𝑎𝑛𝑑 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 = 0
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Regression model new developments
8

𝑝𝑖
⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗𝑖 + ∑ 𝛽𝑗 ∗ 𝑋𝑖𝑗 + 𝛽⃗𝐴𝑔𝑒𝐶𝑜𝑛𝑠𝑡 ⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗
ln(
) = 𝛽0 + 𝛽⃗𝑑𝑖𝑠𝑡𝐵𝑅𝑇𝑆 𝐷𝑖𝑠𝑡𝐵𝑅𝑇𝑆
𝐴𝑔𝑒𝐶𝑜𝑛𝑠𝑡𝑖
1 − 𝑝𝑖
𝑗

10

10

+ 𝛽⃗𝑙𝑎𝑛𝑑𝑢𝑠𝑒𝑠 ⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗
𝐿𝑎𝑛𝑑𝑢𝑠𝑒𝑠𝑖 + ∑ 𝛼𝑦𝑒𝑎𝑟 ∗ 𝑦𝑒𝑎𝑟𝑖 + ∑ 𝜆𝑦𝑒𝑎𝑟𝑡 ∗ 𝑦𝑒𝑎𝑟𝑡𝑖 ∗ 𝑇 + 𝜀𝑖
𝑖

Where

𝑖

𝑝𝑖 = 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑏𝑖𝑙𝑖𝑡𝑦 𝑖 ℎ𝑎𝑠 𝑎 𝑛𝑒𝑤 𝑑𝑒𝑣𝑒𝑙𝑜𝑝𝑚𝑒𝑛𝑡 = 1, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 = 0
𝛽0 = 𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡
𝛽𝑑𝑖𝑠𝑡𝐵𝑅𝑇𝑆 = 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡
𝐷𝑖𝑠𝑡𝐵𝑅𝑇𝑆𝑖 = 𝑖𝑠 𝑎 𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑠𝑖𝑥 𝑑𝑢𝑚𝑚𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠, 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑠 𝑡𝑜 𝐵𝑅𝑇 𝑠𝑡𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑝𝑎𝑟𝑐𝑒𝑙 𝑖
8

∑ 𝛽𝑗 = 𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡𝑠 𝑎𝑠𝑠𝑜𝑐𝑖𝑎𝑡𝑒𝑑 𝑤𝑖𝑡ℎ 𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 𝑜𝑓 𝑝𝑎𝑟𝑐𝑒𝑙 𝑖
𝑗

𝑋𝑖𝑗 = 𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 𝑜𝑓𝑝𝑎𝑟𝑐𝑒𝑙 𝑖
𝛽𝐴𝑔𝑒𝐶𝑜𝑛𝑠𝑡 = 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡
𝐴𝑔𝑒𝐶𝑜𝑛𝑠𝑡𝑖 = 𝑖𝑠 𝑎 𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑠𝑖𝑥 𝑑𝑢𝑚𝑚𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠, 𝑎𝑔𝑒 𝑜𝑓 𝑐𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑝𝑎𝑟𝑐𝑒𝑙 𝑖
𝛽𝑙𝑎𝑛𝑑𝑢𝑠𝑒𝑠 = 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡
𝐿𝑎𝑛𝑑𝑈𝑠𝑒𝑠𝑖 = 𝑖𝑠 𝑎 𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑓𝑖𝑣𝑒 𝑑𝑢𝑚𝑚𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠, 𝑙𝑎𝑛𝑑 𝑢𝑠𝑒𝑠 𝑜𝑓 𝑝𝑎𝑟𝑐𝑒𝑙 𝑖
𝑦𝑒𝑎𝑟 𝑎𝑛𝑑 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 𝑠𝑎𝑚𝑒 𝑎𝑠 𝑟𝑒𝑔𝑟𝑒𝑠𝑖𝑜𝑛 𝑚𝑜𝑑𝑒𝑙 𝑏𝑢𝑖𝑙𝑡 − 𝑢𝑝 𝑎𝑟𝑒𝑎

In all cases, a comparison of the year and treatment interaction for the post-treatment
years relative to the pre-treatment years will identify the overall effect of the treatment.
3.2.4.2.Qualitative approach
The interviews were recorded and transcribed in Spanish. The qualitative data analysis
was conducted in Atlas software by reading and interpreting the responses of key informants. A
group of categories (main topics) were defined based on the conceptual framework. A datadriven qualitative analysis allowed the author to link quotes with codes that were part of the
families as well as to identify emerging codes as a result of repetitive ideas emerging from the
transcripts of the semi-structured interviews. The activities carried out as part of the qualitative
data collection for the semi-structured interviews were approved by the University of North
Carolina (UNC) at Chapel Hill Institutional Research Board (IRB).
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The qualitative data analysis is conducted in four steps. First, the transcriptions of all
interviews were conducted with the software Express Scribe. These transcriptions are then
subject of a review process on Microsoft Word and then imported in Atlas software for data
analysis. Second, the data processing is conducted by coding quotes from the interviews based
on the theoretical framework (chapter one). The coding process was conducted through a
combination of inductive and deductive approaches. The deductive approach consisted on coding
based on the theoretical framework. The inductive approach consisted on identifying emerging
issues and codes during the review of the data. This process was conducted by listening and
reading all interviews four times. Notes were taken as part of this process following the inductive
approach. These notes were a key input for the qualitative data analysis.
Third, the data analysis consisted on identifying quotes that overlap between the BRT
category (B on Table 3) and the other categories (A, C, D, E, F, G, H, and I on Table 3). The data
analysis is conducted by separating quotes according to the type of participant and writing
memos of quotes per participant type per city. Fourth, the data analysis seeks to identify the main
themes explaining the results of the quantitative data analysis. The analysis also conducts a
comparative analysis between BRT Terminals “Usme” (Bogota) and “Quitumbe” (Quito) in
order to further explore the relationship between BRT and affordable housing.
3.3.Research methods and design (Aim 2)
3.3.1. Research questions and hypotheses
The second aim of this dissertation examines built environment attributes that influence
travel behavior in a sample of 120 BRT stations from seven cities (Bogota, Sao Paulo, Curitiba,
Goiania, Ciudad de Guatemala, Quito and Guayaquil) in four countries (Colombia, Brazil,
Guatemala and Ecuador) in Latin America. The research questions and hypotheses build upon
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empirical studies suggesting that direct demand models can be appropriate complements to the
four-step model traditionally used in transportation planning (Cervero, 2006). Therefore, the
second aim of this dissertation seeks to answer the following research questions: 2.1. What is the
association between population density and BRT ridership? 2.2. What are the associations
between built environment attributes and BRT ridership? and, 2.3. Are TOD features associated
with BRT ridership?
3.3.1.1. Population density (research question 2.1)
This research question is answered by running a regression analysis testing associations
between population density and BRT ridership in a sample of 120 BRT stations from seven cities
in Latin America, controlling for distance to main activity nodes and BRT terminals. The
expected association between BRT ridership with these variables is described on the
hypothesized effect column in Table 10.
Table 10 Variables and hypotheses
No.
1
2
3

Variable
Population density
Centrality
BRT Terminal

Description
Population by gross station area (persons/hectares)
Distance to the central business district -CBD
Large scale BRT station that performs as a main
transportation hub on the BRT trunk corridor

Hypothesized effect
+
+

3.3.1.2. Built environment attributes (research question 2.2)
This research question is answered through the extension of the previous regression
analysis by including built environment attributes and tests associations with BRT ridership in a
sample of 120 BRT stations in seven cities in Latin America. The expected association between
BRT ridership and some built environment attributes is described on the hypothesized effect
column in Table 11. The built environment variables were classified by the five “Ds” domains
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identified in the literature for measurements of the built environment (Cervero & Kockelman,
1997; Ewing & Cervero, 2010; Handy et al., 2002). The additional four domains were obtained
from recent studies on the relationship between the built environment and travel (Combs &
Rodríguez, 2014; Estupiñán & Rodríguez, 2008; Handy et al., 2002).
Table 11Built environment domains, selected variables and hypotheses
Domain(1)

No.
1

Density

2

Diversity

3

Design

4

Destination accessibility

5
6

Distance to transit
Parking

7

Non-motorized transport and
pedestrian infrastructure

8

Socioeconomic
characteristics
Presence of facilities &
provision of public space

9

Variable(2)
Population density
Building heights
Entropy, land use mix
Vacant land
Commercial land uses
Multifamily residential land uses
Connectivity
Segment density
Single attached residential units
Centrality (distance to closest activity node)

Hypothesized effect
+
+
+
+
+
+
+
-

Segment length
On-street parking
Off-street parking
Commercial & parking
Density of parks, squares, pocket squares,
boulevards, pedestrian segments & bridges,
bike-paths
Low income groups settled in the area
High-income groups settled in the area
Public facility index
Public facility density

+
+
+
+

(1) The first five dimensions correspond to the five “D” in the literature.
(2) Please see Table 14 for a detailed list and definition of all built environment variables.

3.3.1.3. Transit oriented development features (research question 2.3)
This research question is answered on two parts. First, TOD domains are identified by
running exploratory factor analysis (EFA) based on the built environment data collected around
the sample of 120 BRT stations. Then, a regression analysis tests hypotheses between BRT
ridership and the built environment factors identified. This part of the analysis also seeks to
enrich the TOD standard (ITDP, 2014b). The built environment factors identified in the EFA as
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TOD domains could contribute with the TOD standard in two ways: i) identifying empirically
based variables that could be included in the metrics of the TOD standard; and, ii) determining
domains that could measure the TOD performance of BRT stations. Second, the study identifies
a typology of BRT stations implementing the same methodology of previous research by running
cluster analysis based on the built environment factors identified on the previous step (Rodriguez
& Vergel-Tovar, 2014). Hypotheses regarding the associations between BRT ridership and TOD
features will be tested by cluster focusing on BRT typologies with high transit orientation.
3.3.2. Study areas
Seven cities in Latin America have been studied for this dissertation (Table 12): Bogota
in Colombia; Sao Paulo, Curitiba and Goiania in Brazil; Ciudad de Guatemala in Guatemala;
Quito and Guayaquil in Ecuador.
Table 12 Cities and BRT systems
City
Bogotá
Sao Paulo
ABD corridor
Curitiba
Goiânia***
Ciudad de
Guatemala
Quito
Guayaquil
Total

BRT
corridors†
11
1

Corridor
length (km) †
113
33

Passengers
per day†
2,213,236
240,000

Single
station†
135
59

Terminals†

7,760,500
14,273,384

BRT start
operations†
2001
1988

1,864,416
1,302,001
1,533,461

1977
1976
2006

7
3
2

84
27
35

561,000
378,300
210,000

113
44
14

6
7
3

1,619,791
2,690,000
31,043,553

1996
2006

5
3
32

69
45
406

833,095
310,000
4,745,631

101
65
531

11
4
48

Population*

9
8

†

Source: http://www.brtdata.org/ (EMBARQ, 2009) Fieldwork visits.
*Sources: www.brtdata.org, IBGE (Brazil), DANE (Colombia), local governments.
**Includes the municipalities of Diadema, Sao Bernado do Campo, Maua & Santo André. It does not include the city of Sao Paulo.
***Leste Oeste Eixo Anhanguera

These cities were selected according to the following criteria: i) the BRT systems have
been under operation for five or more years; ii) the BRT infrastructure includes segregated bus
lanes, high-quality stations and pre-board fare; and, iii) the BRT ridership levels of these systems
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are higher than 200,000 passengers per day. Together, these cities represent 15% of world BRT
ridership ("Global BRT Data," 2016). All cities were visited between 2011 and 2014 (six by the
author and one by a team trained by the author as a part of a previous research project).
This dissertation conducts three main cross sectional data analyses. First, it examines the
relationship between BRT ridership data and population density in a sample of 120 BRT stations
in Bogota, Sao Paulo Metropolitan Area, Curitiba, Goiania, Ciudad de Guatemala, Quito and
Guayaquil. Then, with the same sample of 120 BRT stations, this dissertation includes built
environment attributes such as land use, building heights, non-motorized transport (NMT)
infrastructure, affordable housing, slums, parking, public spaces and facilities around stations to
examine their contribution to explaining ridership. Third, rather than examining single attributes,
this dissertation examines the joint influence of TOD features upon BRT ridership by performing
factor and cluster analyses to classify stations based on their level of transit orientation and
estimate regression models of TOD features and levels of BRT ridership.
3.3.3. Data collection
This dissertation relies on a sample of 82 BRT stations that were selected in Bogota (10),
Sao Paulo Metropolitan Area (12), Curitiba (16), Goiania (11), Ciudad de Guatemala (10), Quito
(12) and Guayaquil (11) for data collection in 2012 through a study funded by the Lincoln
Institute for Land Policy (Rodriguez & Vergel-Tovar, 2014). In 2014, additional data were
collected. A total of 39 additional BRT stations were visited by the author and examined (21 in
Bogota and 18 in Quito), resulting in a total of 120 stations, excluding one BRT Terminal from
Ciudad de Guatemala which did not have population data available. The sample of 120 BRT
stations in seven cities was selected in consultation with local transportation and city planners
based on the following criteria: i) primary data collection could be conducted with several
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fieldwork visits; ii) BRT stations are representative of other stations in the BRT system, ii) BRT
terminals represent different types of this large type stations in the system; iii) secondary built
environment data was available. The location of the BRT stations was established by using
Google Earth and then exported to a geographic information system (GIS). Two buffer areas
were determined using GIS, a buffer of 250 meters was determined for single BRT stations and a
buffer of 500 meters was determined for BRT terminals. The buffer areas defines the unit of
analysis for the study, an area of 0.2 square kilometers around a sample of simple BRT stations
and an area of 0.79 square kilometers around a sample of BRT terminals. A preliminary station
area map was developed for each BRT station studied in which blocks and segments were
identified. A block consists on a polygon with a group of land parcels or public spaces and
determined by segments. A segment is the side of each block that goes from one intersection or
corner to another as part of continuum of constructions, vacant land or public spaces.
The number of BRT stations, blocks and segments studied per city are shown in Table
13. The number of segments per station is higher in Guayaquil and Ciudad de Guatemala. The
number of blocks per station is also higher in these two cities.
Table 13 Built environment data collected round BRT stations (terminals and single
stations) in seven cities
City
Bogota
Sao Paulo ABD-Corridor
Curitiba
Goiânia
Ciudad de Guatemala
Quito
Guayaquil
Total

Built Environment Data
BRT stations
Segments
Seg/Station
Blocks
studied
31
3,362
108.45
948
12
1,317
109.75
371
16
1,638
102.38
457
11
1,308
118.91
390
9
1,230
136.67
348
30
3,117
103.90
810
11
1,585
144.09
459
13,557
3,783
120
Source: Data collection around BRT stations
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Blocks/Station
30.58
30.92
28.56
35.45
38.67
27.00
41.73

Studies looking at built environment impacts of BRT systems have been conducted with
the definition of different catchment areas. Studies examining the impacts of the BRT system in
Bogota on property values have identified catchment areas based on walking distance to BRT
stations. The study of property values within a 10 minute walking from the BRT system in
Bogota defined a buffer area of 822 meters (Munoz-Raskin, 2010). There are other studies
conducted in Bogota looking at the impacts on property values which defined buffer areas from
the trunk BRT corridor from 500 meters to 1 kilometer (Rodriguez & Mojica, 2009; Rodriguez
& Targa, 2004).
As it was mentioned previously, there are two different catchment areas in this study. For
single BRT stations the buffer area is 250 meters due to BRT stations are usually located every
500 meters along BRT corridors. The buffer area for single BRT stations seeks to capture built
environment attributes that are within the catchment area of the BRT station studied avoiding an
overlap with the nearest single BRT station. For BRT terminals, the buffer area is 500 meters
considering that these transportation hubs are considerable larger in size.
Previous research conducted with the aim to predict ridership at the station level and test
the influence of different catchment areas around transit stops has found that different catchment
areas have a little influence on the explanatory power of the model (Cervero & Guerra, 2013).
This dissertation assumes that every BRT user boarding at a given station will have had to
experience the area closest to the station. If it is impossible to cross a busy street to enter the
station, then ridership is to be affected. Conversely, although still important, a busy street ½ km
away from the station may not have such a notorious impact on ridership. In this way, focusing
on the built environment of the area closest to the station is a desirable strategy. In data-rich
contexts, examining a broader buffer is desirable. However, the larger catchment area for BRT
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terminals responds to previous research suggesting catchment areas varied by station type (Jiang
et al., 2012).
All built environment data around the sample of BRT stations were collected by the
author by walking all street segments within a buffer of each station in six cities. The data
collection from nine BRT stations in Ciudad de Guatemala was conducted by personnel trained
by the author as part of a previous research project. The author conducted fieldwork visits to all
BRT stations studied and their respective blocks and segments identified previously. The
fieldwork allowed the author and trained personnel to identify more segments and update the
shape of blocks not capture by Google Earth or included in the preliminary GIS shape files. The
built environment data was collected by adjusting the Pedestrian Environment Data Scan (PEDS)
scan audit tool designed to collect built environment data to assess the level of pedestrian
friendliness, mainly in North America ("Planning and Physical Activity," 2007). The audit form
was design for previous research in order to collect data about pedestrian environment, land use
and land development intensity, public spaces and housing characteristics (Rodriguez & VergelTovar, 2014). Data was collected at three levels.
At the BRT station level, BRT ridership data was provided by the Transportation
Authorities in each city. In the case of Sao Paulo, ridership data were only available for BRT
terminals. These terminals are main transportation hubs along the ABD Corridor providing
access to passengers to the BRT corridor as well as to conventional buses. With the support of
the Lee Schipper Memorial Scholarship and EMBARQ, ridership data were collected during
three working days in October of 2014 at seven BRT stations from the ABD Corridor in Sao
Paulo Metropolitan Area. In the case of Goiania, ridership data were available from the State
Government of Goiás from a recent demand study along the BRT corridor (Eixo Anhanguera)
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("Estudos de demanda e oferta VLT Anhanguera," 2012). Census data was provided by local
governments and governmental agencies and then it was calculated within BRT stations buffer
areas by capturing the overlap with blocks identified for this research. Distance to the CBD was
determined by calculations using GIS the distance of each BRT station to the closest activity
node within each city.
At the block level, data collected were: a) facilities (presence of big-box developments
for private vehicle or pedestrian access, schools, hospitals, temples, libraries, market squares,
fair-exhibition, sports, recreational, others); b) public spaces (presence of green areas, parks,
squares, pocket squares, boulevards, pedestrian bridges, bike-paths, street vendors, others).
At the segment level, data collected were: type of street (3 lanes, 2 lanes or pedestrian);
land use (institutional, industrial, exclusively commercial, commercial and other land use, single
residential, multifamily residential, industrial/commercial, commercial/residential, vacant/not
developed, open green area); building heights (1 floor, 2-3 floors, 4-5 floors, more than 5 floors,
none); urban density, assessment of built-up density along the segment (low, medium, high);
consolidation level, assessment of presence of urban infrastructure (low, medium, high);
construction condition, assessment relative to years of construction and condition of
surroundings buildings (low, medium, high); affordable housing (presence of social interest
housing or slums); BRT corridor, in case the segment is facing the BRT corridor; parking (onstreet, off-street).
3.3.4. Data management
The data were collected at three different levels: segment, block and BRT station. The
latter is the unit of analysis for this dissertation. Therefore, segment and block level data were
aggregated at the station level. All variables were aggregated based on the proportion of
80

segments with one variable and the presence of facilities and public spaces by counting its
presence within the buffer area. The list of the complete built environment variables collected is
shown in Table 14.
Table 14 List of built environment variables, definition and scale of data collection
Variable

Definition

Level at which
data was
collected

Population by gross station area
% of segments with building heights = None
% of segments with building heights~ 1 story
% of segments with building heights ~ 2 to 3 stories
% of segments with building heights ~ 4 to 5 stories
% of segments with building heights > 5 stories
% of segments with low built-up density development
% of segments with medium built-up density development
% of segments with high built-up density development
% of segments with low development consolidation
% of segments with medium development consolidation
% of segments with high development consolidation
% of Segments with high-rise developments

Station
Segment
Segment
Segment
Segment
Segment
Segment
Segment
Segment
Segment
Segment
Segment
Segment

% segments with institutional uses
% segments with industrial uses
% segments with commercial land uses
% segments with commercial and other land uses
% segments with residential single uses

Segment
Segment
Segment
Segment
Segment

% segments with residential multifamily uses
% segments with industrial-commercial uses
% segments with commercial residential
% segments with vacant uses
% segments with undeveloped open green spaces
# of land uses in station (1-10)
Density of commercial, residential, and institutional uses
Density of industrial, industrial & commercial, and vacant
uses
evenness in the distribution of commercial, residential and
institutional land uses

Segment
Segment
Segment
Segment
Segment
Segment
Segment
Segment

# of segments by gross station area
# of blocks within gross station area
# of segments with 2 lanes within gross station area
# of segments with 3 lanes within gross station area
# of pedestrian segments within gross station area

Station
Block
Segment
Segment
Segment

Density
Population density
No building height
Low building height
Medium building height
High building height
Very high height
Low built-up density
Medium built-up density
High built-up density
Low development level
Medium development level
High development level
High rise developments

Diversity
Institutional
Industrial
Exclusively commercial
Mixed commercial
Residential single family
(attached)
Residential multifamily
Mixed: Industrial-commercial
Mixed: commercial residential
Vacant
Open Green Area
Land use index
BRT-oriented land uses
Other land uses
Entropy

Segment

Design
Segment density
Number of blocks
Number of 2 lanes segments
Number of 3 lanes segments
Number of pedestrian
segments
Portal

1=BRT Terminal 0=single BRT station
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Station

Access to destination
Distance to CBD

Distance to closest activity node in Km

Station

Distance to transit
Vacant and BRT
Average distance to BRT
station
Average segment length
Segment on BRT corridor
density

% of segments with vacant and on BRT corridor
Average distance of segments to BRT station
Average segment length within gross station area
# of segments facing the BRT right of way by gross station
area

Segment
Station
Station
Station

Parking
On-street parking
Off-street parking
Commercial and parking
Vacant and off-street parking

% of segments with parking on street
% of segments with off-street parking
% of segments with commercial and parking uses
% of Segments with Vacant and off-street parking

Segment
Segment
Segment

NMT infrastructure
Green areas’ density
Pedestrian segments density
NMT friendliness
Average block size
Park density

Density of # parks, squares, pocket squares, green areas,
boulevards
# of pedestrian segments by gross station area
Density of parks, squares, pocket squares, boulevards,
pedestrian segments, pedestrian bridges, bike-paths
Average size of blocks within the buffer area in square
meters
Density of # parks, squares, pocket squares

Block
Station
Block
Block
Block

Socioeconomic characteristics
Affordable housing
Informal settlements
Urban decay
Medium condition &
maintenance
High condition &
maintenance
Total population

% segments with affordable housing
% segments with informal settlements
% of segments in low condition of maintenance
% of segments in medium condition of maintenance

Segment
Segment
Segment
Segment

% of segments in high condition of maintenance

Segment

# of people within the gross station area

Station

Index of presence of seven facility types, excluding big
box development (0-7)
Density of facilities (except big box development)
Index of presence of hospitals, libraries, markets/ squares,
churches (0-4)
Density of hospitals, libraries, markets/ squares, churches

Block

Facilities and public space
Public facility index
Public facility density
BRT-oriented facility index
BRT-oriented facility density

Block
Block
Block

At the BRT station level, distance in kilometers to the closest activity node or central
business district (CBD) was calculated using GIS for each BRT station. Segment density was
calculated based on the total number of segments in the gross area (total segments/area: 0.19635
sq-km for single BRT stations; 0.785398 sq-km for BRT Terminals). Census data was provided
by local authorities in order to calculate population within the buffer area. Population density
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was calculated based on the percentage share for each block within the census tract area using
GIS.
With block level data, ten variables were calculated by counting the presence of facilities
and public spaces and dividing them by the gross area (0.19635 sq-km for single BRT stations;
0.785398 sq-km for BRT Terminals). The public facility index consists on a measurement of the
number of facilities present within the buffer area counting from zero (none) to seven (school,
hospital, church, library, market/square, recreation facility, hotel) in this way the presence of
each facility increase the index value up to seven (maximum). The public facility index excludes
the presence of big-box developments (shopping centers or malls). Public facility density
measures the sum of facilities present in the BRT station per gross area. BRT-oriented facility
index refers to the presence of supportive facilities for the BRT system such as hospitals
libraries, markets/squares and temples. BRT-oriented facility density was calculated by the sum
of BRT supportive facilities per gross area. Green area’s density was determined by counting the
presence of parks, squares, pocket squares, green areas and boulevards per gross area. Park
density is also calculated by counting parks, squares and pocket squares per gross area. Nonmotorized transport (NMT) friendliness measures the presence of parks, squares, pocket squares,
boulevards, pedestrian segments, pedestrian bridges, bike-paths per gross area. Average block
size was calculated using GIS by identifying the blocks within the buffer area and then
calculating its area in square meters.
With segment level data, forty two variables were calculated. Land use index measures
the presence of one of the ten types of land uses identified for the present study (institutional,
industrial, commercial, mixed-commercial, single residential, multifamily residential, mixed
industrial commercial, mixed commercial residential, vacant and open green area). The intensity
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of land uses was determined by calculating the percentages of segments with each land use type
in relation to the total number of segments. Given the lack of parcel level data, the presence of
each land use was done by identifying all land uses present on each segment within the buffer
area. The density of BRT oriented land uses (mixed commercial, single and multifamily
residential and institutional) was calculated by summing these types of land uses and dividing
their presence per gross area. The density of other land uses (industrial, industrial commercial
and vacant) was also calculated by summing these types of land uses and dividing their presence
per gross area. Building heights were identified by counting the presence of constructions with
each of the 5 categories along each segment (no height -none, low –one story, medium -2 to 3
stories, high -4 to 5 stories and very high – 5 to 10 stories). The intensity of the building heights
was calculated by the percentage of segments with each category. The urban density of built-up
area variable seeks to determine the development density of constructions relative to the length
of each segment (low, medium and high).
The development level on each segment was established by three levels as following: i)
low, presence of vacant land or lack of urban infrastructure (unpaved roads); medium, almost all
parcels developed with few vacant land and presence of some urban infrastructure (paved roads);
high, all parcels along the segment are developed and there is full urban infrastructure (paved
roads and sidewalks). The condition and maintenance of buildings along the segments was also
assessed from low (lack of maintenance, abandonment and temporal construction materials) to
high (good maintenance on the facades and completely permanent construction materials). The
presence of affordable housing and slums was also part of the data collection process and the
percentage of segments with these housing typologies was calculated. The intensity of parking
was calculated by the percentage of segments with on-street parking and off-street parking. The
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number of segments facing the BRT corridor was calculated. Three combined variables were
also calculated. The percentage of segments with commercial land uses and parking (on-street
parking, off-street parking) was calculated in relation to the total number of segments within the
buffer area. The percentage of segments with vacant land and facing the BRT right of way was
calculated. The percentage of segments with vacant land and off-street parking was calculated.
Entropy was calculated by using the formula developed by Cervero and Kockelman
(Cervero & Kockelman, 1997) in order to evaluate the evenness in the distribution of particular
land uses (institutional, mixed-commercial, single and multifamily residential).
3.3.5. Data analysis
The data analysis is structured in three sections. First, one model was developed to test
the associations between BRT ridership and population density in the sample of 120 BRT
stations in seven cities in Latin America. This model was developed to answer research question
2.1. Second, different models expanded the first analysis by testing association per built
environment domain in the sample of 120 BRT stations. These models were developed in order
to answer research question 2.2. Third, one model was developed testing associations between
built environment factors and BRT ridership after running exploratory factor analysis (EFA).
Then, one model was developed testing associations between typologies and BRT ridership after
running cluster analysis. These two models were developed to answer research question 2.3.
3.3.5.1. Population density (research question 2.1)
The association between BRT ridership with population density, centrality and BRT
terminals is tested with the following equation:
𝑦𝑖 = 𝛽0 + 𝛽1 𝑃𝑜𝑝𝐷𝑒𝑛𝑠𝑖 + 𝛽2 𝐶𝑒𝑛𝑡𝑟𝑖 + 𝛽𝑡𝑦𝑝𝑒 𝑇𝑦𝑝𝑒𝑖 + 𝜀𝑖
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Where:

𝑦𝑖 = 𝐵𝑅𝑇 𝑟𝑖𝑑𝑒𝑟𝑠ℎ𝑖𝑝 𝑎𝑡 𝑠𝑡𝑎𝑡𝑖𝑜𝑛 𝑖
𝛽0 = 𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡
𝛽1 = 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡
𝑃𝑜𝑝𝐷𝑒𝑛𝑠𝑖 = 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑎𝑟𝑜𝑢𝑛𝑑 𝑠𝑡𝑎𝑡𝑖𝑜𝑛 𝑖
𝛽2 = 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡
𝐶𝑒𝑛𝑡𝑟𝑖 = 𝐶𝑒𝑛𝑡𝑟𝑎𝑙𝑖𝑡𝑦 (𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑜 𝐶𝐵𝐷)𝑓𝑟𝑜𝑚 𝑠𝑡𝑎𝑡𝑖𝑜𝑛 𝑖
𝛽𝑡𝑦𝑝𝑒 = 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡
𝑇𝑦𝑝𝑒𝑖 = 𝑖𝑠 𝑎 𝑑𝑢𝑚𝑚𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 (𝐵𝑅𝑇 𝑇𝑒𝑟𝑚𝑖𝑛𝑎𝑙 = 1; 0 = 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒)
𝜀𝑖 = 𝑒𝑟𝑟𝑜𝑟 𝑡𝑒𝑟𝑚

3.3.5.2. Built environment attributes (research question 2.2)
The association between BRT ridership and built environment attributes in seven cities is
estimated with the following equation:

𝑦𝑖 = 𝛽0 + ∑ 𝛽𝑗 𝐵𝐸𝑖 + 𝛽𝑡𝑦𝑝𝑒 𝑇𝑦𝑝𝑒𝑖 + 𝛽𝑐𝑖𝑡𝑦 𝐶𝑖𝑡𝑦𝑖 + 𝜀𝑖
𝑗=1

Where:

𝑦𝑖 = 𝐵𝑅𝑇 𝑟𝑖𝑑𝑒𝑟𝑠ℎ𝑖𝑝 𝑎𝑡 𝑠𝑡𝑎𝑡𝑖𝑜𝑛 𝑖
𝛽0 = 𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡
∑ 𝛽𝑗 = 𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡𝑠 𝑎𝑠𝑠𝑜𝑐𝑖𝑎𝑡𝑒𝑑 𝑤𝑖𝑡ℎ 𝑏𝑢𝑖𝑙𝑡 𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 𝑜𝑓 𝑠𝑡𝑎𝑡𝑖𝑜𝑛 𝑖
𝑗=1

𝐵𝐸𝑖 = 𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑏𝑢𝑖𝑙𝑡 𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 𝑜𝑓 𝑠𝑡𝑎𝑡𝑖𝑜𝑛 𝑖
𝛽𝑡𝑦𝑝𝑒 = 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡
𝑇𝑦𝑝𝑒𝑖 = 𝑖𝑠 𝑎 𝑑𝑢𝑚𝑚𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 (𝐵𝑅𝑇 𝑇𝑒𝑟𝑚𝑖𝑛𝑎𝑙 = 1; 0 = 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒) 𝑖
𝐶𝑖𝑡𝑦𝑖 = 𝑖𝑠 𝑎 𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑠𝑖𝑥 𝑑𝑢𝑚𝑚𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠, 𝑤𝑖𝑡ℎ 𝑜𝑛𝑒 𝑒𝑥𝑐𝑙𝑢𝑑𝑒𝑑 𝑓𝑜𝑟 𝑖𝑑𝑒𝑛𝑡𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑝𝑢𝑟𝑝𝑜𝑠𝑒𝑠:
(𝐶𝑖𝑡𝑦𝑖 = 1 𝑖𝑓 𝑠𝑡𝑜𝑝/𝑡𝑒𝑟𝑚𝑖𝑛𝑎𝑙 𝑖𝑠 𝑖𝑛 𝑐𝑖𝑡𝑦 𝑖, 𝑎𝑛𝑑 0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒)
𝜀𝑖 = 𝑒𝑟𝑟𝑜𝑟 𝑡𝑒𝑟𝑚𝑖

3.3.5.3. Transit oriented development features (research question 3.1)
The association between variables and BRT ridership within TOD domains are tested in
two parts. First, the analysis identifies built environment factors by running exploratory factor
analysis (EFA) based on primary built environment data collected around 120 BRT stations.
Factors are determined where the covariance between variables is high but the covariance
between groups is low. Factor analysis relies exclusively on the correlation between variables
where the weight between factors summarizes the correlation (Kim & Mueller, 1978).
A previous factor analysis based on a subset of the data resulted in 9 factors, which map
very closely to the TOD standard (Rodriguez & Vergel-Tovar, 2014). The EFA results identified
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built environment factors including TOD features. The association between BRT ridership and
TOD features is tested first by running a regression analysis with these factors. The association
between BRT ridership and built environment factors is estimated with the following equation:
9

𝑦𝑖 = 𝛽0 + ∑ 𝛽𝑗 𝐵𝑒𝐹𝑖 + 𝛽𝑡𝑦𝑝𝑒 𝑇𝑦𝑝𝑒𝑖 + 𝛽𝑐𝑖𝑡𝑦 𝐶𝑖𝑡𝑦𝑖 + 𝜀𝑖
𝑗=1

Where:

𝑦𝑖 = 𝐵𝑅𝑇 𝑟𝑖𝑑𝑒𝑟𝑠ℎ𝑖𝑝 𝑎𝑡 𝑠𝑡𝑎𝑡𝑖𝑜𝑛 𝑖
𝛽0 = 𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡
9

∑ 𝛽𝑗 = 𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡𝑠 𝑎𝑠𝑠𝑜𝑐𝑖𝑎𝑡𝑒𝑑 𝑤𝑖𝑡ℎ 𝐵𝑒𝐹 𝑜𝑓 𝑠𝑡𝑎𝑡𝑖𝑜𝑛 𝑖
𝑗=1

𝐵𝑒𝐹𝑖 = 𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑏𝑢𝑖𝑙𝑡 𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡 𝑓𝑎𝑐𝑡𝑜𝑟 𝑜𝑓 𝑠𝑡𝑎𝑡𝑖𝑜𝑛 𝑖
𝛽𝑡𝑦𝑝𝑒 = 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡
𝑇𝑦𝑝𝑒𝑖 = 𝑖𝑠 𝑎 𝑑𝑢𝑚𝑚𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 (𝐵𝑅𝑇 𝑇𝑒𝑟𝑚𝑖𝑛𝑎𝑙 = 1; 0 = 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒) 𝑖
𝐶𝑖𝑡𝑦𝑖 = 𝑖𝑠 𝑎 𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑠𝑖𝑥 𝑑𝑢𝑚𝑚𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠, 𝑤𝑖𝑡ℎ 𝑜𝑛𝑒 𝑒𝑥𝑐𝑙𝑢𝑑𝑒𝑑 𝑓𝑜𝑟 𝑖𝑑𝑒𝑛𝑡𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑝𝑢𝑟𝑝𝑜𝑠𝑒𝑠:
(𝐶𝑖𝑡𝑦𝑖 = 1 𝑖𝑓 𝑠𝑡𝑎𝑡𝑖𝑜𝑛/𝑡𝑒𝑟𝑚𝑖𝑛𝑎𝑙 𝑖𝑠 𝑖𝑛 𝑐𝑖𝑡𝑦 𝑖, 𝑎𝑛𝑑 0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒)
𝜀𝑖 = 𝑒𝑟𝑟𝑜𝑟 𝑡𝑒𝑟𝑚𝑖

Second, cluster analysis is developed in order to classify BRT stations and identified
those with high transit orientation. Then, regression analyses are developed in order to test the
association between BRT ridership and TOD features by cluster focusing on BRT typologies
with high transit orientation. The association is estimated with the following equation:
13

𝑦𝑖 = 𝛽0 + ∑ 𝛽𝑗 𝐶𝑖 + 𝛽𝑡𝑦𝑝𝑒 𝑇𝑦𝑝𝑒𝑖 + 𝛽𝑐𝑖𝑡𝑦 𝐶𝑖𝑡𝑦𝑖 + 𝜀𝑖
𝑗=1

Where:

𝑦 = 𝐵𝑅𝑇 𝑟𝑖𝑑𝑒𝑟𝑠ℎ𝑖𝑝
𝛽0 = 𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡
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∑ 𝛽𝑗 = 𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡𝑠 𝑎𝑠𝑠𝑜𝑐𝑖𝑎𝑡𝑒𝑑 𝑤𝑖𝑡ℎ 𝑐𝑙𝑢𝑠𝑡𝑒𝑟 𝑜𝑓 𝑠𝑡𝑎𝑡𝑖𝑜𝑛 𝑖
𝑗=1

𝐶𝑖 = 𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑐𝑙𝑢𝑠𝑡𝑒𝑟 𝑜𝑓 𝑠𝑡𝑎𝑡𝑖𝑜𝑛 𝑖
𝛽𝑡𝑦𝑝𝑒 = 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡
𝑇𝑦𝑝𝑒 = 𝑖𝑠 𝑎 𝑑𝑢𝑚𝑚𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 (𝐵𝑅𝑇 𝑇𝑒𝑟𝑚𝑖𝑛𝑎𝑙 = 1; 0 = 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒) 𝑖
𝐶𝑖𝑡𝑦𝑖 = 𝑖𝑠 𝑎 𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑠𝑖𝑥 𝑑𝑢𝑚𝑚𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠, 𝑤𝑖𝑡ℎ 𝑜𝑛𝑒 𝑒𝑥𝑐𝑙𝑢𝑑𝑒𝑑 𝑓𝑜𝑟 𝑖𝑑𝑒𝑛𝑡𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑝𝑢𝑟𝑝𝑜𝑠𝑒𝑠:
(𝐶𝑖𝑡𝑦𝑖 = 1 𝑖𝑓 𝑠𝑡𝑎𝑡𝑖𝑜𝑛/𝑡𝑒𝑟𝑚𝑖𝑛𝑎𝑙 𝑖𝑠 𝑖𝑛 𝑐𝑖𝑡𝑦 𝑖, 𝑎𝑛𝑑 0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒)
𝜀𝑖 = 𝑒𝑟𝑟𝑜𝑟 𝑡𝑒𝑟𝑚𝑖
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CHAPTER 4: RESULTS QUANTITATIVE DATA ANALYSIS (AIM 1)
4.1.Introduction
This chapter is structured in two sections, one for Bogotá (Colombia) and one for Quito
(Ecuador). The first section focuses on the first phase of the BRT system of Bogota by
conducting three data analysis looking at two outcomes of interest. A propensity score based on
the covariates is estimated, then, a propensity score weighted difference in difference regression
estimates the effects of the first phase of the BRT system (“Av. Caracas”, “Autonorte” and “Av.
Calle 80”) in Bogota on built-up area and residential and commercial land uses. The second
section focuses on the data analysis of Quito by similarly conducting an estimation of a
propensity score based on covariates and then difference in difference weighted regression
models. The data analysis in Quito estimates the effects of the BRT corridors “Ecovia” and
“Corredor Norte” on built-up area of new developments. The chapter closes with a discussion
section about the findings of the data analysis in both cities.
4.2.Data Analysis Bogotá
The data analysis in Bogota is conducted in four points in time. Given data availability
from the City Planning Department and the Cadaster Department of Bogota, baseline data for
2000 was processed and geo-processed to prepare the data for the estimation of a propensity
score before treatment. As shown in Figure 1, commercial operations of the phase one of the
BRT system (“Av. Caracas”, “Autonorte” and “Av. Calle 80”) in Bogota began in 2001. The data
analysis looks at the outcomes of interest in 2000 (base line), 2004, 2009 and 2013. The control
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areas are major arterial roads (“Av Boyaca” and “Av 68”) which were identified as future mass
transit corridors. While Av Boyacá already has studies in order to be transformed into one more
BRT corridor, there has been a local debate in Bogota whether “Av. 68” should become a lightrail transit (LRT) corridor instead of a BRT corridor (Bogotá, 2015).
Figure 1 Data analysis (base line and outcomes of interest) treatment and controls
2000

2001

Av Caracas
Base line
(observed data) Autonorte
Av Calle 80
Treatment
Phase one BRT

2004

2009

2013

2020†

Built-up area
Land use
(observed data)

Built-up area
Land use
(observed data)

Built-up area
Land use
(observed data)

Av Boyacá
Control
BRT corridor
Av 68
Control
BRT vs LRT

†Estimations
Sources: (Bogotá, 2015; "Global BRT Data," 2016)

As shown in Figure 2, the data analysis is conducted with parcel level data from BRT
corridors from phase one currently under operation (treatment) and main arterial roads selected
to become BRT corridors at a future date (controls). The phase one of the BRT system in Bogota
operates the corridors “Av. Caracas”, “Autonorte” and “Av. Calle 80” as shown in figure 2. The
data analysis is conducted by taking parcels within 500 meters of the BRT corridors 1 and 2,
which are the treatment areas. Parcels within 500 meters of the main arterial roads “Av Boyacá”
and “Av 68” are included in the analysis as controls. Parcels located along the extension of “Av
Boyacá” from “Av Suba” towards “Calle 170” were excluded from the analysis because the
extension of “Av Boyaca” opened an urban expansion area that did not exist before. Thus, 3,676
parcels located along the north extension of “Av Boyaca” constitute parcels that are not
appropriate controls for this analysis. Parcels falling within two overlapped buffer areas, either
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between two BRT corridors or the intersection of controls and BRT corridors, were also
excluded. Parcels also falling within two overlapped buffer areas of phase one, two and three of
the BRT system were also excluded from the analysis. Parcels with historic preservation
restrictions were also excluded from the analysis.
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Figure 2 BRT corridors (treatment) and arterial roads (controls) Bogota, Colombia
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The variables used for the data analysis are shown in Table 15. The dependent variables
are built-up area (natural logarithm form) and land use (residential and commercial).
Table 15 Description of variables
Variable

Definition

Level

Source

Parcel

Residential land use

Natural logarithm total built-up area in parcel in sqmt in
2000, 2004, 2009 and 2013 within buffer area
Residential land use=1; otherwise=0

Commercial land use

Commercial land use=1; otherwise=0

Parcel

Cadaster
department
Cadaster
department
Cadaster
department

Treatment=1; Control=0

Parcel

Dependent variables
Ln Built-up Area

Parcel

Independent variables
Treatment

Location factors of land parcels
Distance BRT Station 1
≤100 m
Distance BRT Station 2
>100m ≤200 m
Distance BRT Station 3
>200m ≤300 m
Distance BRT Station 4
>300m ≤400 m
Distance BRT Station 5
>400 m ≤500 m
Distance BRT Station 6
>500 m
Ln Distance CBD
Ln Distance BRT
corridor

If linear distance of land parcel to current BRT station
(treatment) or projected station (control) ≤ 100 meters=1;
Otherwise=0
If linear distance of land parcel to current BRT station
(treatment) or projected station (control) > 100 meters and
≤ 200 meters=1; Otherwise=0
If linear distance of land parcel to current BRT station
(treatment) or projected station (control) > 200 meters and
≤ 300 meters=1; Otherwise=0
If linear distance of land parcel to current BRT station
(treatment) or projected station (control) > 300 meters and
≤ 400 meters=1; Otherwise=0
If linear distance of land parcel to current BRT station
(treatment) or projected station (control) > 400 meters and
≤ 500 meters=1; Otherwise=0
If linear distance of land parcel to current BRT station
(treatment) or projected station (control) > 500 meters;
Otherwise=0
Natural logarithm straight line distance to the International
Center (Av. Calle 26)

Parcel

GIS
(Transmilenio
SA†)

Parcel

GIS
(Transmilenio
SA†)

Parcel

GIS
(Transmilenio
SA†)

Parcel

GIS
(Transmilenio
SA†)

Parcel

GIS
(Transmilenio
SA†)

Parcel

GIS
(Transmilenio
SA†)

Parcel

Natural logarithm straight line distance to BRT corridor or
major arterial road (future BRT corridor in control area)

Parcel

GIS (City
planning
department)
GIS (City
planning
department,
Transmilenio
SA†)

Parcel

Cadaster
department

Parcel

Cadaster
department
Cadaster
department
Cadaster
department

Land attributes, use and socioeconomic characteristics of land parcels

Land Uses
Ln Parcel Size
Ln Properties
Socioeconomic stratum

Residential=1; Industrial=2; Commercial=3; Facilities=4;
Vacant=5; Other=6; Mixed-use=7 in 2000, 2004, 2009 and
2013
Natural logarithm of area of parcel in sqmt within buffer
area in 2000, 2004, 2009 and 2013
Natural logarithm # properties within land parcel in 2000,
2004, 2009 and 2013
Level 1=1; Level 2=2; Level 3=3; Level 4=4; Level 5=5;
Level 6=6 in 2000, 2004, 2009 and 2013
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Parcel
Parcel

Cadaster
department
GIS (City
planning
department)
GIS (City
planning
department)

Natural logarithm of commercial appraised value in 2000,
2004, 2009 and 2013 in COP (million)
Natural logarithm of people per hectare at the block level
within buffer area in 2000 and 2009

Parcel

Natural logarithm of block size area in sqmt within buffer
area in 2000 and 2009

Block

Natural logarithm total road area per gross neighborhood
area in 2000 (total road area excluding blocks in
sqmt/neighborhood area in sqmt)
Natural logarithm total park area per gross neighborhood
area in 2000 (total park area in sqmt/neighborhood area in
sqmt)
Natural logarithm density of facilities per gross
neighborhood area in 2000 (total number of facilities/
neighborhood area in Ha).
Proportion of total built sqmts of developments at the
neighborhood level per total built sqmts of developments
in 2000, 2004, 2009 and 2013.

Neighborhood

GIS (City
planning
department)

Neighborhood

GIS (City
planning
department)

Neighborhood

GIS (City
planning
department)

Neighborhood

New square meters
(started developments)

Proportion of total new sqmts of new developments at the
neighborhood level per total new sqmts of developments in
2000, 2004, 2009 and 2013.

Neighborhood

Square meters under
construction (development
on progress)

Proportion of total sqmts under construction of
developments at the neighborhood level per total sqmts
under development in 2000, 2004, 2009 and 2013.

Neighborhood

DANE††
(Building
activity
census)
DANE††
(Building
activity
census)
DANE††
(Building
activity
census)

Ln Property Value
Ln Population density
Ln Block Size

Block

Neighborhood attributes
Ln Roads ratio
Ln Parks Ratio
Ln Facilities Density
Built square meters
(completed developments)

†Transmilenio SA is the Bus Rapid Transit Agency of Bogota
††DANE is the National Statistics Agency of Colombia (Departmento Administrativo Nacional de Estadistica in Spanish)

Consistent with the theoretical framework presented in chapter one and the literature
review presented in chapter two, the groups of variables included in the data analysis were
selected based on variables used in previous studies about rail based systems and BRT systems.
Categorical variables related to socioeconomic level and land uses were included based on the
system and categories used in the City Planning Department and Cadaster Department of Bogota.
All variables have measurements conducted at different geographical levels.
At the parcel level, the dependent variables, built-up area and land uses correspond to
data collected by the Cadaster Department. Built-up area was processed by calculating the sum
of the built-up area of all properties (“predios”) within the same parcel. Distance to the BRT
stations (current or future) was measured using GIS. Distances to the central business district
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(“Av. Calle 26”, “Centro Internacional”) and to the BRT corridor (current or future) were also
measured using GIS. Land uses correspond to data provided by the Cadaster Department and
mixed-uses were estimated by identifying parcels with more than one land use type. The seven
categories correspond to the categories defined by the Cadaster Department. Parcel size data was
provided by the Cadaster Department. The number of properties (“predios”) was counted within
each parcel. The socioeconomic stratum and property value were also provided by the Cadaster
Department.
At the block level, population density was calculated on GIS based on the overlap
between blocks and census tracts data provided by the City Planning Department. Block size was
also measured using GIS. At the neighborhood level, the ratio of road space and parks was
calculated using GIS. The measurement of facilities conducted using GIS corresponds to the
presence of schools, hospitals, public and institutional buildings and libraries. These public and
institutional facilities constitute a measurement of the concentration of some main destinations
across neighborhoods for transit users in the city. Data from the Census of Building Activity was
provided by the National Statistics Department of Colombia (DANE in Spanish). The data was
processed at the neighborhood level based on the three categories used in the Census of Building
Activity (completed, started and on progress) to measure development activity.
All variables are observed in the year 2000. All variables with data provided by the
Cadaster Department are observed in the four time periods of 2000, 2004, 2009 and 2013: i)
built-up area; ii) land uses; iii) parcel size; iv) properties; v) socioeconomic stratum; and vi)
property value. The variables provided by the National Statistics Institute (DANE in Spanish) are
also observed in the four time periods of 2000, 2004, 2009 and 2013: i) built square meters
(completed developments); ii) new square meters (started developments); iii) Square meters
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under construction (development on progress). Variables measuring the distance to the stations
(current or projected), to the CBD and to the corridors or arterial roads correspond to the year
2000. Block size data was available for the years 2000 and 2009 so that it is assumed the size is
the same for years 2004 and 2013 respectively. Population data was available for the year 2000
and 2009. An estimation of population density for the years 2004 and 2013 was determined
based on the changes between 2000 and 2009. Road and park ratios as well as the density of
facilities were measured for the year 2000 based on data from the Master Plan (“Plan de
Ordenamiento Territorial” POT in Spanish) of the same year.
The measurement of distance to BRT stations has been tested in previous studies
(Cervero & Kang, 2011) but not in the case of cities in Latin America. The distance to the BRT
corridor has been tested in previous studies (Rodriguez & Mojica, 2009; Rodriguez & Targa,
2004) so this variable has been also included in this dissertation. The number of properties is a
variable that was calculated given that the data was provided at the property level, known as
“predio” in Bogota. A land parcel can have from one to multiple properties “predios” within its
boundaries. That is why variables such as built-up area were estimated for this data analysis by
adding the built-up area of all properties within the same land parcel. The socioeconomic stratum
corresponds to the level used by public agencies in order to determine the costs of public services
charges for different areas in the city as a cross-subsidy scheme to subsidize lower income
groups (Figure 38 in Appendix 1).
4.2.1. Data
Descriptive statistics of the variables and observations are shown in Table 16. The
location factors variables shows that mean values of treatment parcels are higher within 100
meters from BRT stations (current or future) than control parcels. Mean values of treatment
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parcels are also higher than control parcels in the next two distance ranges (100m to 200m, and,
200m to 300m). However, mean values of treatment and control parcels within the range
between 300 and 400 meters are very similar. Mean values in the next two ranges (400 meters to
500 meters, and more than 500 meters) are higher in the control parcels than in the treatment
parcels. In terms of distance to the CBD, the mean value of control parcels (mean 8.942, std. dev.
0.119) is slightly higher than in the treatment parcels (mean 8.666, std. dev. 0.599) but there is a
higher variation among parcels in the treatment corridors. This suggests there are more parcels
closer to the CBD in the treatment parcels than in the control parcels, but given the length of the
BRT corridor “Av Caracas –Autonorte”, there are also multiple parcels further away from the
CBD than in the control parcels (Figure 2). The distance to the BRT corridor is very similar
between treatment and control land parcels.
Regarding land uses, mean values for residential uses are slightly higher in the control
parcels (mean 0.813, std. dev. 0.390) than in the treatment parcels (mean 0.734, std. dev. 0.442).
However, mean values of land parcels with industrial land uses (mean 0.160, std. dev. 0.366) and
commercial land uses (mean 0.041, std. dev. 0.198) are higher in the treatment parcels than in the
control parcels (industrial uses mean 0.115, std. dev. 0.319; commercial uses mean 0.023, std.
dev. 0.151). Facilities land uses are slightly higher in the treatment parcels (mean 0.021, std. dev.
0.142) than in the control parcels (mean 0.016, std. dev. 0.124). Vacant and other land uses have
slightly similar values between treatment and control parcels. Mixed-use is slightly higher in the
treatment parcels (men 0.034, std. dev. 0.181) than in the control parcels (mean 0.025, std. dev.
0.156).
Parcel sizes are similar between the treatment (mean 4.968, std. dev. 0.837) and control
parcels (mean 4.974 std. dev. 0.790). However, the mean value of properties (“predios”) is
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higher in the treatment parcels (mean 0.178, std. dev. 0.707) than in the control parcels (mean
0.095 std. dev. 0.514).
In terms of socioeconomic stratum, mean values of land parcels within levels one, two,
four and five are higher in the treatment parcels than in the control parcels. However, mean
values of levels three and six are higher in the control parcels than in the treatment parcels. The
property values suggest land parcels in the control areas (mean 4.081 std. dev. 0.720) have
higher mean values than the treatment land parcels, but there is a higher variation among
treatment parcels (mean 3.993, std. dev. 0.905). Population densities are similar between
treatment and control parcels. Block size in both groups of parcels are also similar.
At the neighborhood level, the road ratio is similar between both groups of parcels, but
the parks ratio is slightly higher in the control areas than in the treatment areas. The density of
facilities is slightly higher in the control parcels (mean value -1.506, std. dev. 0.575) but there is
a higher variation in the treatment parcels (mean -1.190, std. dev. 0.637) than in the control
parcels. With respect to the Census Building Activity data, completed and new square meters
have higher mean values in the control parcels than in the treatment parcels. However, the two
groups (treatment and control parcels) are similar in terms of square meters under construction.
Despite some similarities between the treatment and control parcels in some variables,
the differences between the two groups of parcels in terms of residential, industrial and
commercial land parcels, distances to the BRT stations, corridor and CBD as well as differences
in terms of socioeconomic stratum point to the need to use propensity scores and checking for
balance between variables before to proceed with the data analysis.
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Table 16 Descriptive statistics treatment and control observations, Bogota, Colombia
Variable
Distance BRT
Station
≤100 m
>100 m ≤200 m
>200 m ≤300 m
>300 m ≤400 m
>400 m ≤500 m
>500 m

Treatment (N=56,892)
Mean
Std. Dev.
Min

Max

Mean

Control (N=41,284)
Std. Dev.
Min

Max

Significance of difference†
Stand.Diff
t|z
p-value

98

0.034
0.138
0.226
0.251
0.231
0.120

0.180
0.345
0.418
0.434
0.421
0.325

0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00

0.017
0.094
0.178
0.254
0.277
0.179

0.129
0.293
0.383
0.435
0.447
0.384

0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00

0.107
0.137
0.119
-0.007
-0.106
-0.166

15.76
20.72
18.27
-1.06
-16.48
-25.82

0.000
0.000
0.000
0.288
0.000
0.000

8.666

0.599

4.32

9.67

8.942

0.119

8.52

9.35

-0.639

-106.98

0.000

5.416

0.689

2.36

6.21

5.433

0.657

2.87

6.21

-0.026

-3.97

0.000

Land Uses
Residential
Industrial
Commercial
Facilities
Vacant
Other
Mixed-use

0.734
0.160
0.041
0.021
0.009
0.002
0.034

0.442
0.366
0.198
0.142
0.094
0.046
0.181

0.00
0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00
1.00

0.813
0.115
0.023
0.016
0.005
0.003
0.025

0.390
0.319
0.151
0.124
0.072
0.054
0.156

0.00
0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00
1.00

-0.189
0.130
0.099
0.038
0.044
-0.015
0.053

-27.06
23.12
16.57
5.18
6.67
-2.85
8.01

0.000
0.000
0.000
0.000
0.000
0.004
0.000

Ln Parcel Area
Ln Properties

4.968
0.178

0.837
0.707

-4.61
0.00

13.21
7.02

4.974
0.095

0.790
0.514

-4.61
0.00

13.14
6.95

-0.008
0.135

-1.20
21.41

0.231
0.000

Ln Distance
CBD
Ln Distance
BRT corridor

Socioeconomic
stratum
One
Two
Three
Four
Five
Six
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Ln Property
Value
Ln Population
Density
Ln Block Size
Ln Roads Ratio
Ln Parks Ratio
Ln Facilities
Density
Built square
meters
New square
meters
Square meters
under
construction

0.016
0.208
0.586
0.132
0.048
0.010

0.125
0.406
0.493
0.338
0.213
0.100

0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00

0.000
0.162
0.674
0.094
0.039
0.031

0.010
0.368
0.469
0.291
0.194
0.173

0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00

0.179
0.120
-0.184
0.121
0.042
-0.148

10.22
18.32
-28.10
18.46
6.38
-22.60

0.000
0.000
0.000
0.000
0.000
0.000

3.993

0.905

-2.03

10.56

4.081

0.720

0.18

10.74

-0.108

-16.94

0.000

5.383

0.607

-4.27

6.31

5.439

0.700

-1.06

6.18

-0.086

-13.17

0.000

8.348
-0.375
-3.668
-1.190

0.759
0.082
1.817
0.637

-3.87
-0.76
-9.21
-4.61

13.36
-0.01
-0.08
0.06

8.379
-0.366
-3.265
-1.506

0.715
0.067
1.705
0.575

-1.93
-0.57
-9.21
-4.61

13.32
-0.01
-1.35
-0.41

-0.042
-0.117
-0.228
0.522

-6.56
-18.35
-35.49
81.36

0.000
0.000
0.000
0.000

0.083

0.125

0.00

0.79

0.105

0.167

0.00

1.00

-0.145

-21.88

0.000

0.121

0.168

0.00

1.00

0.165

0.155

0.00

1.00

-0.270

-41.97

0.000

0.427

0.363

0.00

1.00

0.454

0.299

0.00

1.00

-0.081

-12.70

0.000

† Significance of difference is the result of regression and logistic regression models having the covariate as dependent variable and treatment as independent variable
Distribution Land Uses (Treatment): Residential (43,320); Industrial (9,885); Commercial (2,698); Facilities (1,321); Vacant (530); Other ( 1,122); Mixed-use ( 1,928).
Distribution Socioeconomic Level (Treatment): One (909); Two (11,847); Three (33,351); Four (7,507); Five (2,703); Six (575).
Distribution Land Uses (Control): Residential (34,383); Industrial (4,952); Commercial (1,094); Facilities (759); Vacant (227); Other (923); Mixed-use (1,032).
Distribution Socioeconomic Level (Control): One (4); Two (6,679); Three (27,843); Four (3,864); Five (1,612); Six (1,282).
Stand.Diff =Standardized difference

4.2.2. Estimation of propensity scores
The estimation of the propensity scores is conducted in two steps. The first step consisted
on estimating the propensity score using logistic regression with the list of independent variables
described above. The results of this estimation are shown in the appendix 1 (Table 48 and Figure
36). Balance was determined using the standardized difference between treatment and controls
based on mean and standard deviations (Oakes & Jo Johnson, 2006). There is no agreement in
the propensity score literature about what threshold determines if the balance property is
satisfied. Authors suggest a range between 25% and 10% but there is not an agreement on this
matter (Holmes, 2013; Pan & Wei, 2015). The standardized difference was used to determine
balance given that t-tests may be influenced by sample size (Pan & Wei, 2015).
Balance is achieved for all variables with the only exception of distance to the CBD
(Stand.Diff. -0.243, table 49 in the appendix 1). The second step consists on estimating the
propensity scores with the same variables and adding interaction variables in order to achieve the
balance property (McCaffrey, McCaffrey, Griffin, Almirall, & Slaughter, 2013). The interaction
variables included in the second logistic regression model are: i) Ln distance to the CBD and
socioeconomic stratum 3; ii) Ln distance to the CBD and socioeconomic stratum 4; iii) Ln road
ratio and socioeconomic stratum 3; iv) Ln distance to the CBD and vacant land uses; v) Ln
distance to the CBD and Ln of properties; vi) Ln distance to the CBD and parcel area.
Results of the logistic regression are shown in Table 17. The logistic regression shown in
table 17 includes the six interaction terms mentioned above. The propensity scores obtained in
this logistic regression are used in checking the balance between treatment and control parcels
across variables (Table 18). The propensity score weights used in the balance and later in the
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difference-in-difference regression models are described in detail in chapter 3 (section 3.2.4.1.
quantitative approach).
The estimation of the propensity score also provides interesting findings regarding the
relationship between the covariates and the treatment condition. The results shown in Table 17
suggest that parcels closer to the city center have higher the probability of being treated (distance
to the CBD coef. -2.772). With respect to land uses, the results suggest industrial, commercial
and facilities land uses are more likely to receive treatment than residential land uses (reference
category). However, this is not the case for vacant, other land uses and mixed-use, but the results
are not statistically significant for these land uses. The parcel area variable (coef. -2.494)
suggests large parcels are less likely to receive treatment.
In terms of socioeconomic stratum, the results suggest strata three is more likely to
receive treatment than strata one (reference category). However, this is not the case for stratums
two, four, five and six, where stratum one has a higher probability to be treated. This result is
consistent with the socio-spatial structure of the city and the corridors selected for BRT
investments. The socioeconomic levels four five and six are located mainly along the “Av
Autonorte” and some areas at the north side of “Av Caracas” but socioeconomic levels one, two
and three are mostly located along the city center and south stretch of “Av Caracas” and along
some areas of “Av Calle 80”. Similarly, in the control corridors the socioeconomic level five is
mostly located in the north segments of the corridors “Av 68” and “Av Boyaca”, and the
socioeconomic level three is mostly located towards the south segments of these two main
arterial roads. This result also suggests the challenge of reaching parcels of socioeconomic level
one given that they are located mostly at the periphery in high density areas where the road space
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for implementing mass transit corridors on the surface is limited due to space constraints (Figure
38 socioeconomic stratum map of Bogota in the appendix 1).
Parcels with lower appraisals are more likely to be treated; this result suggests the
implementation of BRT systems are more likely to occur in those areas with lower property
values. The result could be related to not only noise and concentration of activities along main
arterial roads, like those where trunk corridors can be implemented, but also it could be related to
land acquisition measures that were needed around some BRT terminals and stations. The result
for the block size variable (coef. -0.097) is consistent with the result of parcel size (coef. -2.494)
suggesting that areas with smaller blocks and parcels, like those along “Av Caracas” are more
likely to be treated.
Variables at the neighborhood level confirm the key role road space plays in the
implementation of surface mass transit systems (roads ratio coef. 4.600) and similarly, it is
challenging to implement these systems in the presence of parks due to space constraints (parks
ratio coef. -0.125). Coefficient for density of facilities (1.062) suggests the high concentration of
main destinations within one neighborhood increases the probability to be served by mass transit,
which makes sense considering that these types of transportation investments seek to attend main
destinations within the city.
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Table 17 Logistic regression results of BRT (treatment=1; otherwise=0) with interactions (N=98,176), Bogota, Colombia
Treatment
Distance BRT Station (ref: ≤100 m)
>100 m ≤200 m
>200 m ≤300 m
>300 m ≤400 m
>400 m ≤500 m
>500 m

Coef.

Std. Err.

z

P>z

[95% Conf.

Interval]
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-0.469
-0.782
-1.189
-1.577
-1.994

0.055
0.055
0.057
0.060
0.063

-8.51
-14.16
-20.74
-26.21
-31.81

0.000
0.000
0.000
0.000
0.000

-0.577
-0.890
-1.301
-1.695
-2.117

-0.361
-0.674
-1.076
-1.459
-1.871

Ln Distance CBD
Ln Distance BRT corridor

-2.772
0.516

0.151
0.017

-18.32
31.10

0.000
0.000

-3.068
0.483

-2.475
0.548

Land Uses (ref: Residential)
Industrial
Commercial
Facilities
Vacant
Other
Mixed-use

0.341
0.638
0.444
-0.471
-0.063
-0.009

0.026
0.048
0.060
0.508
0.146
0.052

13.21
13.25
7.37
-0.93
-0.43
-0.17

0.000
0.000
0.000
0.354
0.664
0.864

0.290
0.544
0.326
-1.466
-0.350
-0.111

0.391
0.733
0.562
0.525
0.223
0.093

Ln Parcel Area
Ln Properties

-2.494
-0.961

0.247
0.262

-10.11
-3.67

0.000
0.000

-2.978
-1.474

-2.011
-0.447

-5.848
3.983
-14.777
-4.454
-6.499

0.503
0.766
0.851
0.505
0.507

-11.63
5.20
-17.36
-8.82
-12.81

0.000
0.000
0.000
0.000
0.000

-6.833
2.482
-16.446
-5.444
-7.493

-4.863
5.484
-13.109
-3.464
-5.505

-0.408
-0.092

0.016
0.017

-24.84
-5.36

0.000
0.000

-0.440
-0.126

-0.376
-0.059

Socioeconomic Level (ref: One)
Two
Three
Four
Five
Six
Ln Property Value
Ln Population Density

0.012
0.119
0.005
0.016
0.052
0.048
0.026
0.064
0.072
0.334
0.055
0.029
0.028
1.470

-7.97
38.63
-26.09
67.31
-9.90
-39.57
-7.41
-17.66
10.01
-22.16
2.32
4.27
10.35
23.69

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.020
0.000
0.000
0.000

-0.121
4.366
-0.135
1.031
-0.623
-1.999
-0.241
-1.256
0.581
-8.061
0.020
0.068
0.233
31.954

Figure 3 Distribution of the propensity scores with interactions, Bogota, Colombia
Histograms of Estimated Propensity Scores

Boxplots of Estimated Propensity Scores
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-0.097
4.600
-0.125
1.062
-0.520
-1.905
-0.190
-1.131
0.722
-7.406
0.128
0.125
0.288
34.836
-54226.91
25155.10
0.00
0.19

Ln Block Size
Ln Roads Ratio
Ln Parks Ratio
Ln Facilities Density
Built square meters
New square meters
Square meters under construction
Distance CBD*SES3
Distance CBD*SES4
Roads*SES3
Distance CBD*LUVac
Distance CBD*Properties
Distance CBD*ParcelArea
Constant term
Log likelihood
LR chi2(35)
Prob > chi2
Pseudo R2

0

.2

.4
.6
Treatment

.8

1

0

1

-0.073
4.833
-0.116
1.093
-0.417
-1.810
-0.140
-1.005
0.863
-6.751
0.236
0.183
0.342
37.718

Table 18 shows balance for all covariates after the propensity score derived weights are
included. The average treatment effect (ATE) weight estimated with the propensity score that
includes interaction variables achieved balance for all covariates. The variable distance to the
CBD shows a reduction of 0.41 in the standardized difference (from Stand.Diff -0.639 without
weights to Stand.Diff -0.199 with ATE weight) and thus it has a standardized difference below
20% which is a thresholds recommended in the propensity score literature (Holmes, 2013). In the
next section the ATE weight estimated with the propensity score (Figure 3) will be used in order
to run the propensity score weighted regression models for the three outcomes of interest.
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Table 18 Balance check with ATE weights (propensity scores with interactions), Bogota, Colombia
Variable
Distance BRT Station
≤100 m
>100m ≤200 m
>200m ≤300 m
>300m ≤400 m
>400 m ≤500 m
>500 m

Treatment (N=56,892)
Mean Std. Dev.
Min
Max

Mean

Control (N=41,284)
Std. Dev.
Min

Max

Significance of difference†
Stand.Diff
t|z
p-value
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0.025
0.114
0.201
0.252
0.262
0.146

0.161
0.327
0.413
0.448
0.453
0.364

0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00

0.024
0.114
0.205
0.248
0.257
0.153

0.147
0.306
0.388
0.415
0.420
0.346

0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00

0.006
-0.002
-0.009
0.011
0.012
-0.019

0.75
-0.20
-0.73
1.15
1.30
-2.41

0.451
0.842
0.464
0.251
0.193
0.016

8.847
5.464

0.568
0.712

4.32
2.36

9.67
6.21

8.929
5.429

0.114
0.628

8.52
2.87

9.35
6.21

-0.199 -29.01
0.053
3.64

0.000
0.000

Land Uses
Residential
Industrial
Commercial
Facilities
Vacant
Other
Mixed-use

0.787
0.155
0.042
0.025
0.008
0.024
0.040

0.422
0.373
0.207
0.162
0.090
0.159
0.202

0.00
0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00
1.00

0.799
0.128
0.050
0.024
0.011
0.022
0.032

0.385
0.321
0.210
0.147
0.099
0.140
0.169

0.00
0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00
1.00

-0.029
0.076
-0.040
0.010
-0.031
0.016
0.044

-2.21
4.82
-4.07
0.50
-2.64
1.32
2.26

0.027
0.000
0.000
0.619
0.008
0.187
0.024

Ln Parcel Area
Ln Properties

5.032
0.197

0.981
0.770

-7.02
0.00

13.20
7.02

5.013
0.153

0.803
0.652

-4.85
0.00

13.15
6.95

0.021
0.062

1.11
3.62

0.265
0.000

Ln Distance CBD
Ln Distance BRT
corridor

Socioeconomic
Stratum

One
Two
Three
Four
Five
Six
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Ln Property Value
Ln Population Density
Ln Block Size
Ln Roads Ratio
Ln Parks Ratio
Ln Facilities Density
Built square meters
New square meters
Square meters under
construction
DistCBD*SES3
DistCBD*SES4
Roads*SES3
DistCBD*LUVac
DistCBD*Properties
DistCBD*Parcel Area

0.009
0.193
0.618
0.111
0.047
0.022

0.096
0.407
0.501
0.323
0.219
0.152

0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00

0.010
0.176
0.634
0.106
0.052
0.022

0.098
0.366
0.463
0.296
0.213
0.141

0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00

-0.018
0.045
-0.033
0.015
-0.022
0.002

-0.35
4.55
-3.00
1.98
-2.54
0.15

0.724
0.000
0.003
0.048
0.011
0.883

4.061
5.391
8.379
-0.367
-3.608
-1.432
0.096
0.148
0.443

0.953
0.619
0.838
0.090
1.866
0.807
0.123
0.191
0.358

-2.03
-4.27
-3.87
-0.76
-9.21
-4.61
0.00
0.00
0.00

10.63
6.31
13.36
-0.01
-0.08
0.62
0.79
1.00
1.00

4.053
5.411
8.382
-0.363
-3.515
-1.445
0.094
0.149
0.437

0.706
0.742
0.730
0.067
1.728
0.547
0.146
0.147
0.301

0.18
-1.06
-1.93
-0.57
-9.21
-4.61
0.00
0.00
0.00

10.74
6.18
13.32
-0.01
-1.35
-0.41
1.00
1.00
1.00

0.010
-0.029
-0.004
-0.056
-0.052
0.019
0.016
-0.006
0.015

0.69
-2.46
-0.24
-5.39
-5.67
1.05
1.80
-0.54
1.81

0.488
0.014
0.813
0.000
0.000
0.295
0.072
0.588
0.070

5.472
0.947
-0.044
0.070
1.729
44.504

4.460
2.784
0.134
0.819
6.797
9.211

0.00
0.00
-0.65
0.00
0.00
-40.08

9.67
9.67
0.00
9.67
66.25
121.11

5.652
0.940
-0.041
0.095
1.362
44.756

4.130
2.628
0.116
0.880
5.822
7.162

0.00
0.00
-0.49
0.00
0.00
-41.68

9.16
9.14
0.00
9.33
62.13
120.78

-0.042
0.002
-0.024
-0.030
0.058
-0.031

-3.75
0.31
-3.06
-2.24
3.33
-1.67

0.000
0.755
0.002
0.025
0.001
0.094

† Significance of difference is the result of regression and logistic regression models having the covariate as dependent variable and treatment as independent
variable
The balance check was conducted by estimating the standardized difference between the covariates in the treatment and control parcels using the following
weight: Average Treatment Effect (ATE) weight: 1/propensity score if Treatment=1; 1/1(1-propensity score) if Treatment=0

4.2.3. Built-up area
The first outcome of interest is the built-up area at the parcel level. The estimation of the
difference in difference regression model was conducted by following the methods described on
chapter 3 (section 3.2.4.1 quantitative approach). The dependent variable in this data analysis is
built-up area. The independent variables described previously are included in the regression
model as covariates except one. The variable property value was excluded from the analysis
because of the potential endogeneity. It is possible that the dependent variable (built-up area) is
influencing the property value variable. The regression model is conducted by including as
weight the propensity scores that achieved balance among the variables between the treatment
and control parcels.
Weighted descriptive statistics for years 2000 and 2013 are shown in Table 19. The built
up area in the year 2000 is similar between the treatment (mean5.130, std. dev. 1.460) and
control (mean 5.071, std. dev 1.460) parcels. The built-up area shows an increase in both parcel
groups in year 2013 (treatment parcels mean 5.237, std. dev. 1.559; and control parcels mean
5.313, std. dev. 1.244). The distance of parcels to BRT stations (treatment) and future stations
(control) are very similar between both groups of parcels. The mean value of the distance to the
CBD is similar between the treatment (mean 8.847, std. dev. 0.551) and control (mean 8.929, std.
dev. 0.119) parcels but the variation is higher in the treatment parcels. This variation is the result
of having the central business district (“Centro Internacional Calle 26” in Spanish) served by
one of the bus rapid transit (BRT) corridors (“Av. Caracas”). The distances of parcels to the BRT
corridor (treatment) and to the future corridor (control) are very similar between both groups of
parcels (treatment mean 5.464std. dev. 0.690; control mean 5.429, std. dev. 0.653).
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In terms of land uses, residential parcels are very similar between the treatment (mean
0.787 std. dev. 0.409) and control (mean 0.799 std. dev. 0.401) parcels. Industrial land uses are
similar between both groups of parcels (treatment mean 0.155 std. dev. 0.362; and, control mean
0.128 std. dev. 0.334). Commercial land uses are slightly higher in the control parcels (mean
0.050 std. dev. 0.219) than in the treatment parcels (mean 0.042 std. dev. 0.201). Facilities land
uses are similar between treatment parcels (mean 0.025, std. dev.) and control parcels (mean
0.024, std. dev. 0.153). Vacant land uses are similar between the treatment and control parcels
(treatment mean 0.008 and std. dev. 0.087; and, control mean 0.011 std. dev. 0.103). Prevalence
of other land uses between treatment (mean 0.024 std. dev. 0.154) and control (mean 0.022 std.
dev. 0.146) parcels is similar. Mixed uses are slightly higher in the treatment parcels (mean
0.040, std. dev. 0.196) than in the control parcels (mean 0.032, std. dev. 0.175). The parcel area
in the treatment (mean 5.032 and std. dev. 0.951) and control (mean 5.013 std. dev. 0.835)
parcels is similar.
In terms of socioeconomic stratum, both groups have similar distributions in the year
2000. Land parcel values are similar between treatment and control parcels. Population density is
similar between treatment parcels (mean 5.391 std. dev. 0.600) and control parcels (mean 5.411
std. dev. 0.772). Block sizes are also similar between both groups in the year 2000 (treatment
mean 8.379 and std. dev. 0.812; and, control mean 8.382 std. dev. 0.760). At the neighborhood
level, roads ratio (treatment mean -0.367 and std. dev. 0.088; and, control mean -0.363 std. dev.
0.070), parks ratio (treatment mean -3.608 and std. dev. 1.810; and, control mean -3.515 std. dev.
1.797) and facilities density (treatment mean -1.432 and std. dev. 0.783; and, control mean 1.445 std. dev. 0.570) are also similar between treatment and controls. The census activity at the
neighborhood level is also similar between treatment and control parcels: i) built square meters
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(treatment mean 0.096 std. dev. 0.120; and, control mean 0.094 std. dev. 0.152), ii) new square
meters (treatment mean 0.148 std. dev. 0.185; and, control mean 0.149 std. dev. 0.153), iii)
square meters under construction (treatment mean 0.443 std. dev. 0.347; and, control mean 0.437
std. dev. 0.313).
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Table 19 Descriptive statistics years 2000 and 2013 (weighted with propensity scores), Bogota, Colombia
Year 2000
Treatment (N=56,892)
Variable

Mean

Year 2013
Control (N=41,284)

Std.
Dev.

Min

Max

Mean

Treatment (N=56,892)

Control (N=41,284)

Std.
Dev.

Min

Max

Mean

Std.
Dev.

Min

Max

Mean

Std.
Dev.

Min

Max

Ln Builtup Area

5.130

1.460

-4.17

10.96

5.071

1.460

-4.35

11.43

5.237

1.559

-4.32

10.96

5.313

1.244

-4.22

11.72

Land Use
Commercial
Land Use
Residential

0.042

0.201

0.00

1.00

0.050

0.219

0.00

1.00

0.274

0.446

0.00

1.00

0.224

0.417

0.00

1.00

0.787

0.409

0.00

1.00

0.799

0.401

0.00

1.00

0.689

0.463

0.00

1.00

0.749

0.433

0.00

1.00

≤100 mts

0.025

0.156

0.00

1.00

0.024

0.153

0.00

1.00

0.025

0.156

0.00

1.00

0.024

0.153

0.00

1.00

>100mts ≤200 mts

0.114

0.318

0.00

1.00

0.114

0.318

0.00

1.00

0.114

0.318

0.00

1.00

0.114

0.318

0.00

1.00

>200mts ≤300 mts

0.201

0.401

0.00

1.00

0.205

0.403

0.00

1.00

0.201

0.401

0.00

1.00

0.205

0.403

0.00

1.00

>300mts ≤400 mts

0.252

0.434

0.00

1.00

0.248

0.432

0.00

1.00

0.252

0.434

0.00

1.00

0.248

0.432

0.00

1.00

>400 mts ≤500 mts

0.262

0.440

0.00

1.00

0.257

0.437

0.00

1.00

0.262

0.440

0.00

1.00

0.257

0.437

0.00

1.00

>500 mts

0.146

0.353

0.00

1.00

0.153

0.360

0.00

1.00

0.146

0.353

0.00

1.00

0.153

0.360

0.00

1.00

Ln Distance CBD

8.847

0.551

4.32

9.67

8.929

0.119

8.52

9.35

8.847

0.551

4.32

9.67

8.929

0.119

8.52

9.35

Ln Distance BRT
corridor

5.464

0.690

2.36

6.21

5.429

0.653

2.87

6.21

5.464

0.690

2.36

6.21

5.429

0.653

2.87

6.21

Residential

0.787

0.409

0.00

1.00

0.799

0.401

0.00

1.00

0.689

0.463

0.00

1.00

0.749

0.433

0.00

1.00

Industrial

0.155

0.362

0.00

1.00

0.128

0.334

0.00

1.00

0.003

0.052

0.00

1.00

0.009

0.096

0.00

1.00

Commercial

0.042

0.201

0.00

1.00

0.050

0.219

0.00

1.00

0.274

0.446

0.00

1.00

0.224

0.417

0.00

1.00

Facilities

0.025

0.157

0.00

1.00

0.024

0.153

0.00

1.00

0.024

0.153

0.00

1.00

0.016

0.127

0.00

1.00

Vacant

0.008

0.087

0.00

1.00

0.011

0.103

0.00

1.00

0.008

0.091

0.00

1.00

0.007

0.083

0.00

1.00

Other

0.024

0.154

0.00

1.00

0.022

0.146

0.00

1.00

0.023

0.150

0.00

1.00

0.011

0.104

0.00

1.00

Mixed-use

0.040

0.196

0.00

1.00

0.032

0.175

0.00

1.00

0.021

0.143

0.00

1.00

0.018

0.132

0.00

1.00

Ln Parcel Area

5.032

0.951

-4.61

13.21

5.013

0.835

-4.61

13.14

5.032

0.951

-4.61

13.21

5.013

0.835

-4.61

13.14

Ln Properties

0.197

0.747

0.00

7.02

0.153

0.678

0.00

6.95

0.186

0.743

0.00

6.98

0.141

0.675

0.00

6.95

Distance BRT Station
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Land Uses

Socioeconomic Level
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One

0.009

0.093

0.00

1.00

0.010

0.101

0.00

1.00

0.010

0.099

0.00

1.00

0.008

0.091

0.00

0.00

Two

0.196

0.397

0.00

1.00

0.180

0.384

0.00

1.00

0.195

0.396

0.00

1.00

0.173

0.378

0.00

1.00

Three

0.620

0.485

0.00

1.00

0.636

0.481

0.00

1.00

0.629

0.483

0.00

1.00

0.648

0.477

0.00

1.00

Four

0.111

0.314

0.00

1.00

0.107

0.309

0.00

1.00

0.099

0.298

0.00

1.00

0.103

0.304

0.00

1.00

Five

0.048

0.214

0.00

1.00

0.052

0.223

0.00

1.00

0.049

0.215

0.00

1.00

0.047

0.212

0.00

1.00

Six

0.022

0.147

0.00

1.00

0.022

0.147

0.00

1.00

0.019

0.135

0.00

1.00

0.020

0.141

0.00

1.00

Ln Property Value

4.061

0.924

-2.03

10.56

4.053

0.734

0.18

10.74

5.325

0.992

-1.90

12.61

5.404

0.708

2.11

13.94

Ln Population
Density
Ln Block Size

5.391

0.600

-4.27

6.31

5.411

0.772

-1.06

6.18

5.761

1.414

-7.06

16.67

5.697

1.778

-8.41

16.83

8.379

0.812

-3.87

13.36

8.382

0.760

-1.93

13.32

8.380

0.832

-2.04

12.74

8.380

0.767

-1.93

13.01

Ln Roads Ratio

-0.367

0.088

-0.76

-0.01

-0.363

0.070

-0.57

-0.01

-0.367

0.088

-0.76

-0.01

-0.363

0.070

-0.57

-0.01

Ln Parks Ratio

-3.608

1.810

-9.21

-0.08

-3.515

1.797

-9.21

-1.35

-3.608

1.810

-9.21

-0.08

-3.515

1.797

-9.21

-1.35

Ln Facilities Density

-1.432

0.783

-4.61

0.06

-1.445

0.570

-4.61

-0.41

-1.432

0.783

-4.61

0.06

-1.445

0.570

-4.61

-0.41

Completed SQMT
Ratio
New SQMT Ratio

0.096

0.120

0.00

0.79

0.094

0.152

0.00

1.00

0.150

0.157

0.00

1.00

0.167

0.184

0.00

0.92

0.148

0.185

0.00

1.00

0.149

0.153

0.00

1.00

0.154

0.160

0.00

1.00

0.193

0.242

0.00

1.00

Progress SQMT
Ratio

0.443

0.347

0.00

1.00

0.437

0.313

0.00

1.00

0.389

0.298

0.00

1.00

0.366

0.282

0.00

0.94

Results are presented in Table 21. In terms of built-up area at the parcel level in the
treatment and control parcels, the results suggests there is an increase in built-up area over time
(time dummies in Table 21). However, the results of the effect of the BRT system suggest the
implementation of this mass transit system in its first phase is not homogenous on the BRT
corridors over time. For instance, figure 4 shows the coefficients of the treatment effect on
parcels along “Av Caracas”, “Autonorte” and “Av Calle 80”. The results suggest the growth is
lower in “Av Caracas” and “Autonorte” between 2004 and 2000 but the trend changes between
2009 and 2004. The opposite is observed in the case of “Av Calle 80” where the growth shows a
slight increase between 2004 and 2000 and then the growth is slower between 2009 and 2004.
The Wald tests results in Table 20 show the differences are statistically significant in “Av
Caracas” (all years), and in “Autonorte” they are statistically significant only in 2004 and 2013.
The results for the categorical variable distance to the bus rapid transit station (treatment)
or future station (control area) suggests spatial heterogeneity of built-up area in relation to the
reference category (parcels within 100 meters distance). However, the results are statistically
significant only for parcels located further than 500 meters (coef. -0.098, p- value 0.000). This
result suggests a lower change in built-up area for those parcels located further than 500 meters
in relation to the parcels located at the closest fringe (<100 meters) from current and future
stations. The coefficient for distance to the CBD (coef. -0.100, p-value 0.000) is negative
suggesting the built up area diminishes when moving away from main activity nodes. In terms of
land uses, the reference category is vacant land use. The results show positive coefficients for all
land uses but not for other land uses. The parcel area (coef 0.676, p-value 0.000) and the number
of properties (coef. 0.330, p-value 0.000) also show positive coefficients and they are statistically
significant confirming the positive association they have with built-up area.
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Figure 4 Built-up area overtime and treatment effect (coefficients) per BRT corridor, Bogota, Colombia
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Table 20 Wald test results per corridor, built-up area over time, Bogota, Colombia
Av Caracas

Autonorte
F†

Prob >
F

Treatment*Year2000*AvCaracas =
Treatment*Year2004*AvCaracas

16.63

0.0000

Treatment*Year2000*AvCaracas =
Treatment*Year2009*AvCaracas

4.20

Treatment*Year2000*AvCaracas =
Treatment*Year2013*AvCaracas

8.76

†F statistic: (2, 392,660)

Av Calle 80
F†

Prob >
F

F†

Prob >
F

Treatment*Year2000*Autonorte =
Treatment*Year2004*Autonorte

17.51

0.0000

Treatment*Year2000*AvCalle80 =
Treatment*Year2004* AvCalle80

1.32

0.2497

0.0404

Treatment*Year2000*Autonorte =
Treatment*Year2009*Autonorte

1.53

0.2158

Treatment*Year2000* AvCalle80 =
Treatment*Year2009* AvCalle80

0.13

0.7147

0.0031

Treatment*Year2000*Autonorte =
Treatment*Year2013*Autonorte

5.68

0.0171

Treatment*Year2000* AvCalle80 =
Treatment*Year2013* AvCalle80

0.93

0.3351

The variable property values was excluded from the analysis because potential
endogeneity given that the results for the year variables changed to negative coefficients after
adding the property values variables. It could be possible that the dependent variable (built-up
area) is influencing the property value variable given the increments taking place in built-up area
within parcels over time. The results for socioeconomic stratum are statistically significant for
levels one, two and four.
The block size result (coef. -0.012, p-value 0.003) suggests the growth of built up area is
not taking place in larger blocks. The road ratio results (coef. -0.199, p-value 0.000) suggest the
growth is taking place in neighborhoods with lower roads ratios. This is related to the
redevelopment parcel by parcel dynamic that is further described in the chapter 5 (qualitative
data analysis). The results for the density of facilities (coef. 0.081) suggest built-up areas
increased at those neighborhoods with higher concentration of public institutions and facilities.
This is related to the fact that Bogota is already a high density city, another topic that will be
discussed further in the qualitative data analysis (chapter 5).
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Table 21 Propensity score weighted regression results of built-up area (N=392,704), Bogota, Colombia
Ln Built-up Area

Coef.

Std. Err.

t

P>t

[95% Conf.

Interval]
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Distance to BRT station (ref:<100m)
>100m ≤200 m
>200m ≤300 m
>300m ≤400 m
>400 m ≤500 m
>500 m

0.013
-0.002
-0.001
-0.003
-0.098

0.012
0.012
0.012
0.013
0.014

1.12
-0.17
-0.08
-0.20
-7.14

0.262
0.862
0.934
0.841
0.000

-0.010
-0.025
-0.026
-0.028
-0.125

0.037
0.021
0.023
0.023
-0.071

Ln Distance CBD
Ln Distance BRT corridor

-0.100
-0.007

0.005
0.004

-18.75
-1.65

0.000
0.099

-0.111
-0.015

-0.090
0.001

Land Uses (ref: Vacant)
Residential
Industrial
Commercial
Facilities
Other
Mixed-use

7.324
7.585
7.408
5.793
-0.796
7.149

0.037
0.038
0.037
0.106
0.052
0.053

196.78
197.88
199.65
54.53
-15.29
135.84

0.000
0.000
0.000
0.000
0.000
0.000

7.251
7.510
7.335
5.585
-0.898
7.046

7.397
7.661
7.480
6.001
-0.694
7.252

0.676
0.330

0.008
0.006

87.77
58.75

0.000
0.000

0.661
0.319

0.691
0.341

-0.249
0.094
0.032
-0.063
-0.014

0.060
0.019
0.017
0.015
0.016

-4.15
4.84
1.90
-4.08
-0.90

0.000
0.000
0.057
0.000
0.368

-0.366
0.056
-0.001
-0.093
-0.045

-0.131
0.132
0.066
-0.033
0.017

Ln Parcel Area
Ln Properties
Socioeconomic stratum (ref: Six)
One
Two
Three
Four
Five
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Ln Population Density
Ln Block Size
Ln Roads Ratio
Ln Parks Ratio
Ln Facilities Density
Built square meters
New square meters
Square meters under construction
Year 2000 (reference)
Year 2004
Year 2009
Year 2013
Treatment *Year 2000 * Av Caracas
Treatment *Year 2004 * Av Caracas
Treatment *Year 2009 * Av Caracas
Treatment *Year 2013 * Av Caracas
Treatment *Year 2000 * Autonorte
Treatment *Year 2004 * Autonorte
Treatment *Year 2009 * Autonorte
Treatment *Year 2013 * Autonorte
Treatment *Year 2000 * Av Calle80
Treatment *Year 2004 * Av Calle80
Treatment *Year 2009 * Av Calle80
Treatment *Year 2013 * Av Calle80
Constant term
F( 43,392660)
Prob > F
R-squared
Root MSE

-0.003
-0.012
-0.199
-0.001
0.081
-0.016
-0.002
0.037

0.004
0.004
0.058
0.001
0.011
0.011
0.018
0.006

-0.89
-3.02
-3.43
-0.41
7.28
-1.43
-0.09
6.51

0.375
0.003
0.001
0.680
0.000
0.154
0.927
0.000

-0.011
-0.020
-0.312
-0.003
0.059
-0.038
-0.036
0.026

0.004
-0.004
-0.085
0.002
0.103
0.006
0.033
0.049

0.184
0.240
0.291
0.048
0.007
0.027
0.018
0.072
0.001
0.050
0.031
-0.159
-0.095
-0.139
-0.106
-4.538
6152.63
0.00
0.76
0.70

0.008
0.008
0.008
0.009
0.007
0.007
0.007
0.014
0.011
0.012
0.012
0.050
0.009
0.009
0.009
0.109

23.17
28.77
34.78
5.14
0.98
3.90
2.74
5.26
0.12
4.09
2.67
-3.16
-10.25
-15.33
-11.98
-41.68

0.000
0.000
0.000
0.000
0.329
0.000
0.006
0.000
0.906
0.000
0.008
0.002
0.000
0.000
0.000
0.000

0.168
0.224
0.274
0.030
-0.007
0.013
0.005
0.045
-0.020
0.026
0.008
-0.257
-0.113
-0.157
-0.123
-4.751

0.199
0.256
0.307
0.067
0.020
0.040
0.031
0.099
0.022
0.074
0.054
-0.060
-0.077
-0.121
-0.089
-4.325

4.2.4. Land uses
The second outcome of interest is land use at the parcel level. The analysis was
conducted for two types of land use changes: residential and commercial. The estimation of the
difference in difference regression models was conducted by following the methods described on
chapter 3 (section 3.2.4.1 quantitative approach).
4.2.4.1. Residential land use
The dependent variable equals one if the parcel is in residential land use, and the variable
equals zero otherwise. Results are presented in Table 23. The results suggest there is a decrease
in residential land uses in the treatment and control parcels (time dummies Table 23). The results
also suggest the effect of the BRT decreases the conversion of parcels to residential uses but the
results are not homogenous in all three the corridors. The raw coefficients of the treatment effect
of the BRT for each corridor are shown in Figure 5. The results suggest a decrease effect on “Av
Caracas” in 2009 and 2013 in relation to the controls, and these differences are statistically
significant in the Wald tests (table 22). The effect shows a slight increase on residential land uses
on “Av Caracas” in relation to the controls between 2004 and 2000 but the results on the Wald
tests are not statistically significant. In the case of BRT corridor “Autonorte”, the effect shows a
pattern that decreases residential land uses over time and the Wald tests shows these differences
are statistically significant (Table 22). The effect on “Av Calle 80” shows an increase on
residential land uses in relation to the controls but a decrease in 2013 and the Wald tests show
the differences are statistically significant for the difference in 2013 (Table 22). Predicted
probabilities of residential land use conversions are shown in figure 6. The predictions confirm
the decrease pattern of residential land uses over time but the effect is stronger along “Av
Caracas” and “Autonorte”.

118

The results of distance to the BRT station (or future station for the control parcels)
suggests residential land use changes are more likely to happen further away than within 100
meters from the BRT station (current or future). This finding is consistent with the land value
increase curve identified by Rodriguez and Targa (Rodriguez & Targa, 2004) in which properties
facing the trunk corridor have a lower increase than those further away (more than 100 meters).
The results suggest the probabilities for residential land use conversions are higher within 100
meters and 500 meters from current or future stations in comparison to parcels located within
100 meters from the stations (Figure 7).
The results for distance to the CBD (coef. 0.765, p-value 0.000) and distance to the
corridor or main arterial road (coef. 0.425, p-value 0.000) suggest residential land uses are more
likely to occur further away from the city center as well as from main arterial roads. The
variables parcel area (coef -0.877, p-value 0.000) and properties (coef. 0.728, p-value 0.000)
suggest that residential land uses are more likely to occur in small parcels with higher land use
intensity (higher number of properties within the parcels).
Regarding socioeconomic stratum, the results show negative coefficients for
socioeconomic stratum levels one, two and three in relation to the reference category (stratum
six). The results suggest the socioeconomic stratum levels four and five are more likely to have a
residential land use conversions than socioeconomic level six. The variables population density
(coef. 0.468 , p-value 0.000) and block size (coef. -0.120, p-value 0.000) suggest the probability
for residential land use changes is more likely with higher population densities and within
smaller block sizes. The size of the block confirms the same effect found for parcel area,
suggesting residential land use changes are more likely to occur in small blocks where parcels
are smaller in size.
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Figure 5 Residential land use change over time and treatment effect (coefficients) per corridor, Bogota, Colombia
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Table 22 Wald test results per corridor, residential land use change over time, Bogota, Colombia
Av Caracas

Autonorte

Treatment*Year2000*AvCaracas =
Treatment*Year2004*AvCaracas

0.16

Prob >
chi2
0.6899

Treatment*Year2000*AvCaracas =
Treatment*Year2009*AvCaracas

30.25

Treatment*Year2000*AvCaracas =
Treatment*Year2013*AvCaracas

6.10

chi2(1)

Av Calle 80

Treatment*Year2000*Autonorte =
Treatment*Year2004*Autonorte

89.78

Prob >
chi2
0.0000

0.0000

Treatment*Year2000*Autonorte =
Treatment*Year2009*Autonorte

115.33

0.0135

Treatment*Year2000*Autonorte =
Treatment*Year2013*Autonorte

148.35

chi2(1)

Treatment*Year2000*AvCalle80 =
Treatment*Year2004* AvCalle80

1.23

Prob >
chi2
0.2679

0.0000

Treatment*Year2000* AvCalle80 =
Treatment*Year2009* AvCalle80

1.08

0.2993

0.0000

Treatment*Year2000* AvCalle80 =
Treatment*Year2013* AvCalle80

3.88

0.0489

chi2(1)

Figure 6 Predicted probabilities of residential land use change overtime per corridor, Bogota, Colombia
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Figure 7 Residential land use change distance to current or future bus rapid transit stations, Bogota, Colombia
(Coefficients relative to reference category: <100m)
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At the neighborhood level, the coefficients for the variable road ratio (coef. 0.441, pvalue 0.001) and for the variable parks ratio (coef. 0.127, p-value 0.000) are suggesting that
residential land uses are more likely to occur in neighborhoods with larger roads and a higher
presence of parks. The density of facilities results (coef. -0.079, p-value 0.021) suggest
residential land uses are more likely to occur in neighborhoods with lower presence of public
facilities. Regarding the ratio of square meters at the neighborhood level, the variable new square
meters (coef. 0.362, p-value 0.000) from the Census of Building Activity suggests the new
developments are positively associated with the conversion of parcel to residential uses.
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Table 23 Propensity score weighted regression results of residential land use (N=392, 704) Bogota, Colombia
Residential Land Use
Distance BRT Station (ref: ≤100 m)
>100m ≤200 m
>200m ≤300 m
>300m ≤400 m
>400 m ≤500 m
>500 m

Coef.

Std. Err.

z

P>z

[95% Conf.

Interval]
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0.498
0.578
0.603
0.522
0.219

0.030
0.033
0.034
0.037
0.041

16.41
17.38
17.92
13.96
5.39

0.000
0.000
0.000
0.000
0.000

0.439
0.513
0.537
0.448
0.139

0.557
0.643
0.669
0.595
0.298

Ln Distance CBD
Ln Distance BRT corridor
Ln Parcel Area
Ln Properties

0.765
0.425
-0.877
0.728

0.019
0.013
0.038
0.021

39.73
31.45
-22.87
34.70

0.000
0.000
0.000
0.000

0.728
0.398
-0.952
0.686

0.803
0.451
-0.802
0.769

Socioeconomic stratum (ref: Six)
One
Two
Three
Four
Five

-0.982
-0.581
-0.815
0.248
0.122

0.473
0.088
0.077
0.065
0.062

-2.07
-6.63
-10.65
3.80
1.97

0.038
0.000
0.000
0.000
0.049

-1.910
-0.753
-0.965
0.120
0.001

-0.054
-0.410
-0.665
0.376
0.244

Ln Population Density
Ln Block Size
Ln Roads Ratio
Ln Parks Ratio
Ln Facilities Density
Built square meters
New square meters

0.468
-0.120
0.441
0.127
-0.079
-0.129
0.362

0.015
0.014
0.131
0.004
0.034
0.036
0.037

30.89
-8.84
3.38
36.07
-2.30
-3.54
9.73

0.000
0.000
0.001
0.000
0.021
0.000
0.000

0.438
-0.147
0.185
0.120
-0.146
-0.200
0.289

0.498
-0.094
0.697
0.134
-0.012
-0.058
0.435
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Square meters under construction
Year 2000 (reference)
Year 2004
Year 2009
Year 2013
Treatment *Year 2000 * Av Caracas
Treatment *Year 2004 * Av Caracas
Treatment *Year 2009 * Av Caracas
Treatment *Year 2013 * Av Caracas
Treatment *Year 2000 * Autonorte
Treatment *Year 2004 * Autonorte
Treatment *Year 2009 * Autonorte
Treatment *Year 2013 * Autonorte
Treatment *Year 2000 * Av Calle80
Treatment *Year 2004 * Av Calle80
Treatment *Year 2009 * Av Calle80
Treatment *Year 2013 * Av Calle80
Constant term
Log pseudolikelihood
Wald chi2(37)
Prob > chi2
Pseudo R2

-0.141

0.023

-6.23

0.000

-0.186

-0.097

-0.028
-0.164
-0.467
0.029
0.014
-0.174
-0.052
0.023
-0.510
-0.584
-0.629
0.423
0.287
0.301
0.207
-4.194

0.034
0.034
0.028
0.033
0.033
0.031
0.026
0.043
0.040
0.046
0.039
0.088
0.078
0.073
0.058
0.323

-0.81
-4.89
-16.72
0.88
0.42
-5.64
-2.02
0.53
-12.71
-12.58
-15.95
4.79
3.67
4.14
3.55
-12.97

0.420
0.000
0.000
0.379
0.676
0.000
0.043
0.597
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

-0.095
-0.230
-0.521
-0.036
-0.050
-0.234
-0.103
-0.062
-0.588
-0.675
-0.706
0.250
0.134
0.158
0.093
-4.828

0.039
-0.099
-0.412
0.095
0.078
-0.113
-0.002
0.108
-0.431
-0.493
-0.552
0.597
0.440
0.443
0.321
-3.560

-344448.82
21227.57
0.00
0.19

4.2.4.2. Commercial land use
The dependent variable equals one if the parcel is in commercial land use, and the
variable equals zero otherwise. Results are presented in Table 25. The results suggest there is an
increase in commercial land uses in the treatment and control parcels (time dummies Table 25).
The results also suggest the effect of the BRT increases the conversion of parcels to commercial
uses but the results are not homogenous in all three the corridors. The raw coefficients of the
treatment effect of the BRT for each corridor are shown in Figure 8. The results suggest an
increase effect on “Av Caracas” between 2004 and 2000 as well as between 2009 and 2004 in
relation to the controls. The results also suggest a decrease on commercial land uses between
2013 and 2009 in relation to the controls. The Wald tests in Table 24 suggest the differences are
statistically significant on “Av Caracas”. In the case of BRT corridor “Autonorte”, the pattern
shows an effect that increases commercial land uses over time in relation to the controls. The
Wald tests in Table 24 show the difference is significant only in 2013. The effect in the BRT
Corridor “Av Calle 80” suggests a lower conversion of commercial land uses in relation to the
controls. The Wald tests suggest the differences are statistically significant on “Av Calle 80”
(Table 24). Predicted probabilities of commercial land use conversions are shown in figure 9.
The predictions confirm the increase pattern of commercial land uses over time. The effect is
stronger along “Autonorte”.
The results about the distance to the BRT station (future station for the control parcels)
suggest the opposite relationship found for residential land uses. Commercial land use changes
are more likely to occur within 100 meters from the transit station. As shown in Figure 10, this
finding suggests the location of commercial land uses is more likely in close proximity to BRT
stations (current for treatment parcels and future stations for control parcels).
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Figure 8 Commercial land use change overtime and treatment effect (coefficients) per corridor, Bogota, Colombia
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Table 24 Wald test results per corridor, commercial land use change overtime, Bogota, Colombia
Av Caracas

Autonorte

Treatment*Year2000*AvCaracas =
Treatment*Year2004*AvCaracas

218.57

Prob >
chi2
0.0000

Treatment*Year2000*AvCaracas =
Treatment*Year2009*AvCaracas

270.90

Treatment*Year2000*AvCaracas =
Treatment*Year2013*AvCaracas

194.74

chi2(1)

Av Calle 80

Treatment*Year2000*Autonorte =
Treatment*Year2004*Autonorte

0.19

Prob >
chi2
0.6595

0.0000

Treatment*Year2000*Autonorte =
Treatment*Year2009*Autonorte

1.73

0.0000

Treatment*Year2000*Autonorte =
Treatment*Year2013*Autonorte

14.86

chi2(1)

Treatment*Year2000*AvCalle80 =
Treatment*Year2004* AvCalle80

109.95

Prob >
chi2
0.0000

0.1882

Treatment*Year2000* AvCalle80 =
Treatment*Year2009* AvCalle80

100.53

0.0000

0.0001

Treatment*Year2000* AvCalle80 =
Treatment*Year2013* AvCalle80

123.68

0.0000

chi2(1)

Figure 9 Predicted probabilities of commercial land use change overtime per corridor, Bogota, Colombia
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Figure 10 Commercial land use change, distance to current or future bus rapid transit stations, Bogota, Colombia
(Coefficients relative to reference category: <100m)
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The results for distance to the CBD (coef. -0.698 , p-value 0.000) and distance to the
corridor or main arterial road (coef. -0.412, p-value 0.000) suggest the opposite relationship than
for residential land uses. Commercial land uses are more likely to occur in close proximity to
main activity nodes like the CBD or closer to main arterial roads. The variables parcel area (coef
0.281, p-value 0.000) and properties (coef. 0.237, p-value 0.000) suggest commercial land uses
are more likely to occur in parcels larger in size with a higher number of properties within the
parcel.
Regarding socioeconomic stratum, the coefficients suggest commercial land uses are
more likely to occur in stratum three in relation to stratum six (reference category). The variables
population density (coef. -0.112, p-value 0.000) and block size (coef. 0.134, p-value 0.000) also
suggest the opposite than the results on the residential land use model. Commercial uses are
more likely to occur with lower population densities but within larger block sizes. The block size
result confirms the same effect found for parcel area which suggests commercial land uses are
more likely to occur in larger blocks where parcels are larger in size.
At the neighborhood level, results for the variables road ratio (coef. -1.070, p-value
0.000) and parks ratio (coef. -0.145, p-value 0.000) suggest the conversion to commercial land
uses are more likely to occur in neighborhoods with lower road area and a lower presence of
parks. Results for the variable facilities density (coef. 0.244, p-value 0.000) are suggesting that
commercial land uses are more likely to occur in areas with a higher density of facilities.
Regarding the number of square meters at the neighborhood level, the variables completed
square meters (coef. 0.319, p-value 0.000) and square meters under construction (coef. 0.128, pvalue 0.000) from the Census of Building Activity suggests completed developments and square
meters under construction are more likely to be related to commercial land use conversions.
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Table 25 Propensity score weighted results of commercial land use (N=392,704), Bogota, Colombia
Commercial Land Use

Coef.

Std. Err.

z

P>z

[95% Conf.

Interval]
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Distance BRT Station (ref: ≤100 m)
>100m ≤200 m
>200m ≤300 m
>300m ≤400 m
>400 m ≤500 m
>500 m

-0.496
-0.658
-0.675
-0.639
-0.423

0.035
0.036
0.037
0.042
0.044

-14.35
-18.19
-18.31
-15.25
-9.70

0.000
0.000
0.000
0.000
0.000

-0.563
-0.729
-0.747
-0.721
-0.508

-0.428
-0.587
-0.603
-0.557
-0.337

Ln Distance CBD
Ln Distance BRT corridor
Ln Parcel Area
Ln Properties

-0.698
-0.412
0.281
0.237

0.016
0.014
0.018
0.017

-42.97
-28.55
15.44
13.89

0.000
0.000
0.000
0.000

-0.730
-0.441
0.245
0.203

-0.666
-0.384
0.316
0.270

Socioeconomic stratum (ref: six)
One
Two
Three
Four
Five

0.133
-0.234
0.264
-0.408
-0.043

0.366
0.073
0.059
0.057
0.057

0.36
-3.21
4.45
-7.19
-0.75

0.717
0.001
0.000
0.000
0.451

-0.584
-0.376
0.148
-0.520
-0.154

0.849
-0.091
0.380
-0.297
0.068

Ln Population Density
Ln Block Size
Ln Roads Ratio
Ln Parks Ratio
Ln Facilities Density
Built square meters
New square meters

-0.112
0.134
-1.070
-0.145
0.244
0.319
-0.205

0.010
0.013
0.122
0.004
0.029
0.039
0.041

-11.41
10.73
-8.80
-38.92
8.44
8.07
-4.97

0.000
0.000
0.000
0.000
0.000
0.000
0.000

-0.131
0.110
-1.308
-0.152
0.188
0.241
-0.285

-0.093
0.159
-0.832
-0.138
0.301
0.396
-0.124
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Square meters under construction
Year 2000 (reference)
Year 2004
Year 2009
Year 2013
Treatment *Year 2000 * Av Caracas
Treatment *Year 2004 * Av Caracas
Treatment *Year 2009 * Av Caracas
Treatment *Year 2013 * Av Caracas
Treatment *Year 2000 * Autonorte
Treatment *Year 2004 * Autonorte
Treatment *Year 2009 * Autonorte
Treatment *Year 2013 * Autonorte
Treatment *Year 2000 * Av Calle80
Treatment *Year 2004 * Av Calle80
Treatment *Year 2009 * Av Calle80
Treatment *Year 2013 * Av Calle80
Constant term
Log pseudolikelihood
Wald chi2(37)
Prob > chi2
Pseudo R2

0.128

0.025

5.16

0.000

0.079

0.176

1.424
1.495
1.809
-0.845
0.035
0.121
-0.055
0.582
0.549
0.680
0.858
-1.584
-0.307
-0.379
-0.357
3.267

0.051
0.050
0.047
0.053
0.031
0.031
0.026
0.065
0.040
0.039
0.036
0.093
0.075
0.073
0.058
0.264

28.11
29.84
38.43
-15.80
1.10
3.89
-2.11
8.96
13.71
17.38
23.81
-17.06
-4.09
-5.21
-6.18
12.35

0.000
0.000
0.000
0.000
0.270
0.000
0.035
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

1.325
1.397
1.717
-0.950
-0.027
0.060
-0.107
0.455
0.471
0.603
0.787
-1.766
-0.454
-0.521
-0.470
2.748

1.524
1.593
1.902
-0.740
0.096
0.182
-0.004
0.709
0.628
0.756
0.929
-1.402
-0.160
-0.237
-0.244
3.785

-299201.01
26784.15
0.00
0.16

4.3.Data analysis Quito
The data analysis in Quito is conducted between 2001 and 2010. Given data availability
from the City Planning Department and the Cadaster Department of Quito, base line data for
2001 was processed with all variables in order to prepare the data for the estimation of a
propensity score before treatment. As shown in Figure 11, operations of the “Ecovia” corridor
began in 2002 and the “Corredor Central Norte” began in 2005. The data analysis examines the
outcomes of interest between 2001 and 2010. The control area is the “Corredor Suroccidental”
which began operations in 2012.
Figure 11 Data analysis (base line and outcomes of interest) treatment and controls, Quito,
Ecuador
2001

2002

2005

2010

2012

Base line
(observed data)

Ecovia
Treatment

Corredor
Norte
Treatment

Built-up area
New
developments
(observed data)

Corredor
Suroccidental
Control

Source: developed by the author based on multiple sources (BRT data 2015, EPMQ, Quito)

As shown in Figure 12, the data analysis is conducted with parcel level data from BRT
corridors that began operations at different points of time. The “Ecovia” corridor began
operations in 2002 and the “Corredor Central Norte” began operations in 2005. These two
corridors constitute the treatment areas for the data analysis. The “Corredor Suroccidental”,
which connects with the “Corredor Central Norte” at the “Seminario Mayor” BRT Station,
began operations in 2012. The data analysis includes land parcels from “Corredor
Suroccidental” as control areas given that the corridor began operations a decade later than
“Ecovia”. The land parcels from the “Trolebus” are not part of the data analysis. Land parcel
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data before 1996 was not available and thus the “Trolebus” buffer area was not included in the
analysis. Land parcels within the “Trolebus” buffer area that overlap with buffer areas from
“Ecovia”, “Corredor Central Norte” and “Corredor Suroccidental” were excluded from the
analysis. Data availability is lower in the case of Quito than in Bogota. Therefore, the dependent
variable was constructed by taking the year of construction and creating a time-varying variable
in order to capture new developments. As a result, the data analysis is restricted to new
developments within parcels given that data before these changes is not available. The Historic
Center of Quito has historic preservation regulations given that it was included in the World
Heritage list by UNESCO. Therefore, land parcels within the Historic Center were excluded
from the analysis.
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Figure 12 BRT corridors (treatment and controls), Quito, Ecuador
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The description of the variables used for the data analysis is shown in Table 26. The
dependent variables are built-up area and new developments.
Table 26 Description of variables
Variable

Definition

Level

Source

Natural logarithm of total built-up area in parcel in sqmt of
new developments within buffer area from 2001 to 2010;
Otherwise=0
New development=1; otherwise=0

Parcel

Cadaster and
City Planning
departments

Parcel

Cadaster and
City Planning
departments

Treatment=1; 0=Otherwise

Parcel

If linear distance of land parcel to BRT station (treatment)
or projected station (control) ≤ 100 meters=1; Otherwise=0
If linear distance of land parcel to BRT station (treatment)
or projected station (control) > 100 meters and ≤ 200
meters=1; Otherwise=0
If linear distance of land parcel to BRT station (treatment)
or projected station (control) > 200 meters and ≤ 300
meters=1; Otherwise=0
If linear distance of land parcel to BRT station (treatment)
or projected station (control) > 300 meters and ≤ 400
meters=1; Otherwise=0
If linear distance of land parcel to BRT station (treatment)
or projected station (control) > 400 meters and ≤ 500
meters=1; Otherwise=0
If linear distance of land parcel to BRT station (treatment)
or projected station (control) > 500 meters; Otherwise=0
Natural logarithm straight line distance to the City Center
(“La Marin” Transportation Hub)

Parcel

Natural logarithm straight line distance to BRT corridor or
major arterial road (future BRT corridor in control area)

Parcel

Dependent variable
Ln Built-up area (new
developments)
New developments

Independent variables
Treatment
Location factors
Distance BRT Station 1
≤100 m
Distance BRT Station 2
>100m ≤200 m
Distance BRT Station 3
>200m ≤300 m
Distance BRT Station 4
>300m ≤400 m
Distance BRT Station 5
>400 m ≤500 m
Distance BRT Station 6
>500 m
Ln Distance CBD
Ln Distance BRT
corridor

Parcel

GIS
(EPMTPQ†)
GIS
(EPMTPQ†)

Parcel

GIS
(EPMTPQ†)

Parcel

GIS
(EPMTPQ†)

Parcel

GIS
(EPMTPQ†)

Parcel

GIS
(EPMTPQ†)
GIS (City
planning
department)
GIS (City
planning
department,
EPMTPQ††)

Parcel

Land attributes, use and socioeconomic characteristics

Land Uses

Residential=1; Mixed=2; Institutional=3; Other=4

Parcel

Age of construction

2001-2010=1; 1991-2001=2; 1981-1991=3; 1971-1981=4;
1961-1971=5; before 1961=6

Parcel

Ln Parcel Area

Natural logarithm of land area of parcel in sqmt within
buffer area

Parcel

Ln Population density

Natural logarithm block studied estimated population
density from 2001 to 2010

Block
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Cadaster and
City Planning
departments
Cadaster and
City Planning
departments
(City
Planning
department)
GIS (City
planning
department,
INEC††)

Ln Block Size

Block

GIS (City
planning
department)

Natural logarithm total road area per gross neighborhood
area (total road area excluding blocks in
sqmt/neighborhood area in sqmt)
Natural logarithm total park area per gross neighborhood
area (total park area in sqmt/neighborhood area in sqmt)

Neighborhood

GIS (City
planning
department)

Neighborhood

Natural logarithm density of facilities per gross
neighborhood area (total number of facilities/
neighborhood area in Ha).

Neighborhood

GIS (City
planning
department)
GIS (City
planning
department)

Natural logarithm of block size area within buffer area

Neighborhood attributes
Ln Roads ratio
Ln Parks Ratio
Ln Facilities Density

†EPMTPQ Public Metropolitan Agency of Passengers of Quito (Empresa Publica Metropolitana de Pasajeros de Quito)
††INEC National Institute of Statistics of Ecuador

The variables included in the data analysis for Quito follow the same structure of the
analysis conducted for Bogota. However, data processing in Quito was different given that
information for some variables such as land uses before the implementation of all the BRT
corridors was not available. Land use data was provided by the local government at different
levels (district, block and parcel). Built-up area and year of construction data was available for
some parcels located in the study areas (BRT corridors). The process to generate the final data
set is discussed by describing the variables and their measurements at different geographical
levels.
At the parcel level, the dependent variables, built-up area corresponds to data provided by
the City Planning Department and the Cadaster Department of Quito. The data set from the City
Planning Department included built-up area at the parcel level, but the data from the cadaster
department was provided at the property (“predio”) level. In the case of the data set from the
Cadaster Department, built-up area was processed by calculating the sum of the built-up area of
all properties within the same parcel. Then, the two data sets were merged at the parcel level.
The new developments variable was estimated by identifying parcels where changes on built-up
area occurred. Distance to the bus rapid stations (current or projected) was measured using GIS.
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Distances to the central business district (“La Marin” main transportation hub) and to the BRT
corridor (current or projected) were also measured using GIS. Land uses correspond to data
provided by the City Planning Department and it was processed from the district, block and
parcel levels. The four categories correspond to the categories defined by the City Planning
Department. The age of construction variable was generated based on the year of construction
data provided by the City Planning Department. Parcel size was provided by the City Planning
Department.
At the block level, population density was calculated using GIS based on the overlap
between blocks and census tracts and block size was also measured using GIS. At the
neighborhood level, the ratio of road space and parks was calculated using GIS. The
measurement of facilities conducted using GIS corresponds to the presence of schools, hospitals,
public and institutional buildings and libraries. These public and institutional facilities constitute
a measurement of the concentration of some main destinations across neighborhoods for transit
users in the city.
The data set with time-varying variables was processed based on the year of construction
variable. Year of construction data was used in order to determine the built-up area per year from
2001 to 2010. Variables measuring the distance to the BRT stations (current or projected), to the
CBD and to the corridors or arterial roads correspond to the year 2000. One limitation about land
uses data is that the information provided by the City Planning Department is based on the land
use plan of 2005 and it is unclear the extent to which these land uses are based on primary data
collection. The cadaster department did not provide land uses data for all parcels and thus data
analysis is based on the land use plan data provided by the city planning department based on the
assumption that few land uses changes occurred between 2001 and 2005. Population density was
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available for the years 2001 and 2010. Therefore, an estimate of population density was
determined for each year (2002-2009) based on the difference between 2001 and 2010. Road and
park ratios as well as the density of facilities were measured for the year 2001 based on
secondary data sources like the Urban Master Plans and GIS data.
Parcels without built-up area data were removed for the analysis. Given the elongated
nature of Quito, 3,230 treatment parcels located further 8km north from the CBD were removed
from the data set because the absence of parcels at the same distance range in the control parcels.
1,267 parcels located at the south border in urban expansion areas on the “Corredor
Suroccidental” were also removed from the data set because the absence of urban expansion
areas in the treatment parcels. Parcels located within the Historic Center were not included in the
data processing. 2,977 parcels located within the influence area of the Historic Center were also
removed from the analysis because some of these properties are subject of historic preservation
regulations. Parcels located in the area of the former Airport “Mariscal Sucre” were also
removed from the analysis because building heights restrictions in that area.
4.3.1. Data
Descriptive statistics of the variables and observations are shown in Table 27. The
location factors shows the distances of parcels from BRT stations (current and future) are similar
between the treatment and control parcels. In terms of distance to the CBD, the mean value of
land parcels in the treatment parcels (mean 8.542, std. dev. 0.443) is slightly higher than in the
control parcels (mean 8.382, std. dev. 0.425). The distance to the BRT corridor is similar
between treatment and control land parcels.
Parcel areas are slightly larger in the treatment parcels (mean 5.613, std. dev. 0.988) than
in the control parcels (mean 5.379, std. dev. 0.678). There is also a higher variation of parcel
137

sizes among the treatment parcels than among the control parcels. The variable age of
construction consists on a dummy variable that controls for the period of time that developments
took place. This variable was generated based on the year of construction data provided by the
City Planning Department. There are more new developments in the treatment parcels than in the
control parcels for the past decade (2001-2010). Developments before 2001 tend to be similar
among the treatment and control parcels but there is a slight difference for constructions prior
1961 (a little bit more in the control parcels).
In terms of land uses, the categories included in the analysis are based on the
classification used by the City Planning Department. While residential land uses are similar
between treatment and control parcels, mixed uses are higher in the treatment parcels. However,
institutional and other land uses are higher in the control parcels than in the treatment parcels.
Population densities are higher in the treatment parcels (mean 4.025, std. dev. 1.845) than in the
control parcels (mean 3.048 std. dev. 3.149) but there is higher variation in control parcels. These
differences in terms of population density are also related to the urban growth process of the city
and could also be related to the differences in terms of parcel size between both groups of parcels
mentioned above. Nevertheless, block sizes are similar between the treatment and control
parcels.
At the neighborhood level, the road ratio has a higher variation in the control parcels than
in the treatment parcels, suggesting that even though the mean values are similar, neighborhoods
where the control parcels are located are less homogenous than in the north of the city. Parks
ratio and density of public facilities tend to be similar between both parcel groups.
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Despite some similarities between the treatment and control groups in some variables, the
differences between the two groups of parcels in terms of distances to the CBD as well as
differences in terms of population densities, land uses, parcel sizes point to the need to use
propensity scores and checking for balance between variables before to proceed with the data
analysis.
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Table 27 Descriptive statistics treatment and control observations, Quito, Ecuador
Treatment (N=6,058)
Variable

Max

Mean

0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00

0.044
0.142
0.222
0.220
0.218
0.153

0.443
0.738

6.90
2.75

9.21
6.21

5.613

0.988

-2.26

Age of construction
2001-2010
1991-2001
1981-1991
1971-1981
1961-1971
Before 1961

0.273
0.320
0.212
0.104
0.065
0.026

0.446
0.466
0.408
0.305
0.246
0.160

Land Uses
Residential
Mixed
Institutional

0.714
0.251
0.010

0.452
0.434
0.098

Distance BRT Station
≤100 m
>100m ≤200 m
>200m ≤300 m
>300m ≤400 m
>400 m ≤500 m
>500 m
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Ln Distance CBD
Ln Distance BRT
corridor
Ln Parcel Area

Mean

Std. Dev.

0.043
0.144
0.226
0.233
0.196
0.158

0.202
0.351
0.419
0.423
0.397
0.365

8.542
5.379

Min

Control (N=7,493)
Std. Dev.

Stand.Diff

Significance of
difference†
t|z
p-value

Min

Max

0.205
0.349
0.415
0.415
0.413
0.360

0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00

-0.01
0.01
0.01
0.03
-0.06
0.01

-0.38
0.30
0.69
1.72
-3.20
0.71

0.708
0.761
0.493
0.085
0.001
0.476

8.382
5.372

0.425
0.760

7.26
2.25

8.97
6.21

0.37
0.01

21.37
0.58

0.000
0.565

8.98

5.379

0.678

-0.05

10.20

0.28

15.69

0.000

0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00

0.179
0.346
0.228
0.145
0.062
0.040

0.383
0.476
0.419
0.352
0.242
0.197

0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00

0.23
-0.06
-0.04
-0.12
0.01
-0.08

13.10
-3.26
-2.24
-7.00
0.60
-4.45

0.000
0.001
0.025
0.000
0.545
0.000

0.00
0.00
0.00

1.00
1.00
1.00

0.703
0.061
0.015

0.457
0.240
0.123

0.00
0.00
0.00

1.00
1.00
1.00

0.02
0.54
-0.05

1.44
28.92
-2.92

0.150
0.000
0.004

Other
Ln Population Density
Ln Block Size
Ln Roads Ratio
Ln Parks Ratio
Ln Facilities Density

0.025

0.156

0.00

1.00

0.220

0.415

0.00

1.00

-0.62

-27.62

0.000

4.025
9.581
-0.188
-3.942
-1.582

1.845
1.265
0.032
1.474
0.619

-4.61
-4.61
-0.25
-9.56
-4.61

6.44
11.90
-0.11
-0.57
-0.54

3.048
9.556
-0.176
-3.795
-1.544

3.149
1.285
0.043
1.371
0.834

-4.61
-4.61
-0.33
-6.68
-4.61

8.92
13.11
-0.07
-0.59
-0.22

0.38
0.02
-0.33
-0.10
-0.05

22.50
1.17
-19.27
-5.97
-3.06

0.000
0.243
0.000
0.000
0.002

† Significance of difference is the result of regression and logistic regression models having the covariate as dependent variable and treatment as independent
variable
Stand.Diff =Standardized difference
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4.3.2. Estimation of propensity scores
Estimation of the propensity scores followed the same two steps described for Bogota.
The first step consisted on estimating the propensity scores using logistic regression with the list
of independent variables described above. The results of this estimation are shown in the
appendix 1 (Table 51 and Figure 39). Balance was achieved for all variables (standardized
differences below 20%, figure 40 in the appendix 1) and the results are shown in Table 51 in the
appendix 1. Even though the standardized difference for parcel area was reduced significantly
(from 0.28 to -0.19), a second logistic regression with interactions was conducted in order to
further reduce it.
The second step consisted on estimating the propensity scores with the same variables
and adding interaction variables (McCaffrey et al., 2013). The interaction variables included in
this second logistic regression model are: i) Distance BRT station >400 m ≤500 m and parcel
area; ii) Age of construction 2001-2010 and parcel area; iii) Age of construction 1991-2001 and
parcel area; iv) Age of construction 1981-1991 and parcel area; v) Other land uses and parcel
area; and, v) Parcel area and park ratio. Results of the logistic regression are shown in Table 28
and Figure 13. The logistic regression shown in Table 28 includes the five interaction terms
mentioned above. The standardized difference for parcel area was reduced from -0.193 to -0.179.
The propensity score obtained in this second logistic regression is used for checking balance
between treatment and control land parcels across variables (Table 29). The propensity score
weights used in the balance and later in the difference-in-difference regression models are
described in detail in chapter 3 (section 3.2.4.1. quantitative approach).
The estimation of the propensity score also provides interesting findings regarding the
relationship between the covariates and the treatment condition. The results shown in Table 28
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suggest that parcels closer to the city center have a lower probability of being treated (distance to
the CBD coef. 1.427), which suggests the preservation nature of the Historic Center and its
buffer area could be related to be treated. The result for distance to the BRT corridor (coef.
0.401) is similar to Bogota (coef. 0.516). However, one difference with Bogota is the result for
parcel area (coef. 0.215) which suggests large parcels are more likely to be treated. This result
could be related to the result obtained for distance to the CBD given that parcels located close or
in the Historic Center tend to be smaller in size. The results for land uses suggest mixed-uses are
more likely to receive treatment than residential uses (reference category).
Results for population density (coef. 0.212) is positive suggesting that the population
decline trends at the city center in Quito contrasts with the population densities that can be found
further away from the city center as part of the growth towards the North and South of the city
(Quito, 2012). The result for the variable block size (coef. 0.069) suggests large blocks are more
likely to be treated. This result could be also related to the urban growth on the north of the city,
which has been different in terms of parcel sizes. Parcel and block sizes are two topics further
discussed in the qualitative data analysis (chapter 5). Results for the road ratio variable (roads
ratio coef. 0.571) suggest the importance of road space like in Bogota, this is especially
important in Quito given the elongated structure of the city.
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Table 28 Logistic regression results of BRT (treatment=1; otherwise=0) with interactions (N=13,551), Quito, Ecuador
Treatment

Coef.

Std. Err.

z

P>z

[95% Conf.

Interval]

Distance BRT Station (ref: ≤100 m)
>100m ≤200 m
0.143
>200m ≤300 m
-0.190
>300m ≤400 m
-0.240
>400 m ≤500 m
-0.369
>500 m
-0.137

0.115
0.119
0.129
0.402
0.142

1.24
-1.60
-1.86
-0.92
-0.96

0.213
0.109
0.063
0.358
0.335

-0.082
-0.423
-0.493
-1.156
-0.416

0.367
0.043
0.013
0.418
0.142

1.427
0.401
0.215

0.056
0.045
0.104

25.43
8.89
2.06

0.000
0.000
0.040

1.317
0.313
0.010

1.537
0.490
0.419

Age of construction (ref:2001-2010)
1991-2001
0.834
1981-1991
2.435
1971-1981
-1.094
1961-1971
-0.791
Before 1961
-0.831

0.366
0.412
0.487
0.494
0.501

2.28
5.91
-2.25
-1.60
-1.66

0.023
0.000
0.025
0.109
0.097

0.117
1.628
-2.048
-1.760
-1.812

1.551
3.242
-0.140
0.177
0.151

Land Uses (ref: residential)
Mixed
Institutional
Other

1.538
-0.522
-0.959

0.066
0.174
0.509

23.17
-3.00
-1.88

0.000
0.003
0.060

1.408
-0.863
-1.956

1.668
-0.181
0.039

0.212
0.069
0.571

0.009
0.019
0.598

23.04
3.72
0.95

0.000
0.000
0.340

0.194
0.033
-0.602

0.230
0.106
1.744

Ln Distance CBD
Ln Distance BRT corridor
Ln Parcel Area
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Ln Population Density
Ln Block Size
Ln Roads Ratio

0.587
-0.016
0.005
-0.060
-0.270
-0.564
-0.055
-0.109
-16.193
-7430.832
3771.77
0.00
0.20

Ln Parks Ratio
Ln Facilities Density
Dist_BRTS_5_ParcelArea
AgeG1ParcelArea
AgeG2ParcelArea
AgeG3ParcelArea
LUOther_ParcelArea
ParcelArea_ParkRatio
Constant term
Log likelihood
LR chi2(27)
Prob > chi2
Pseudo R2

0.107
0.030
0.068
0.086
0.082
0.087
0.023
0.019
0.720

5.49
-0.51
0.07
-0.69
-3.29
-6.45
-2.41
-5.71
-22.48

0.000
0.607
0.942
0.490
0.001
0.000
0.016
0.000
0.000

0.377
-0.075
-0.128
-0.229
-0.430
-0.735
-0.100
-0.146
-17.605

0.797
0.044
0.138
0.110
-0.109
-0.393
-0.010
-0.071
-14.782
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Figure 13 Distribution of the propensity scores with interactions, Quito, Ecuador
Histograms of Estimated Propensity Scores
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Table 29 shows the balance check for all covariates after the propensity score derived
weights are included. The average treatment effect (ATE) weight estimated with the propensity
score that includes interaction variables achieved balance for all covariates, and reduced the
standardized difference for parcel area (Table 27). In the next section the ATE weight estimated
with the propensity score (Figure 13) will be used in order to run the propensity score weighted
regression models for the outcome of interest.
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Table 29 Balance check with ATE weights (propensity score with interactions), Quito, Ecuador
Treatment(N=6,058)
Variable

Mean

Std.
Dev.

Min

Control(N=7,493)
Max

Mean

Std. Dev.

Min

Max

Stand.Diff

Significance of
difference†
t|z
p-value
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Distance BRT Station
≤100 m
>100m ≤200 m
>200m ≤300 m
>300m ≤400 m
>400 m ≤500 m
>500 m

0.068
0.165
0.225
0.206
0.200
0.136

0.232
0.342
0.384
0.372
0.368
0.316

0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00

0.053
0.149
0.226
0.222
0.198
0.154

0.242
0.385
0.452
0.450
0.431
0.390

0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00

0.066
0.045
-0.002
-0.038
0.005
-0.050

2.08
1.60
-0.07
-1.72
0.22
-2.42

0.038
0.109
0.946
0.085
0.828
0.015

Ln Distance CBD
Ln Distance BRT corridor
Ln Parcel Area

8.382
5.283
5.219

0.466
0.772
1.402

6.90
2.75
1.62

9.21
6.21
8.51

8.410
5.338
5.420

0.423
0.857
0.738

7.26
2.25
1.63

8.97
6.21
8.52

-0.064
-0.068
-0.179

-2.72
-3.86
-4.38

0.007
0.000
0.000

Age of construction
2001-2010
1991-2001
1981-1991
1971-1981
1961-1971
Before 1961

0.260
0.328
0.211
0.112
0.055
0.033

0.404
0.432
0.376
0.290
0.210
0.165

0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00

0.225
0.340
0.220
0.123
0.058
0.034

0.452
0.513
0.448
0.356
0.252
0.196

0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00

0.082
-0.025
-0.022
-0.034
-0.010
-0.005

2.97
-1.08
-1.01
-1.52
-0.49
-0.19

0.003
0.282
0.311
0.129
0.621
0.852

Land Uses
Residential
Mixed
Institutional
Other

0.722
0.295
0.049
0.458

0.412
0.652
0.351
1.172

0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00

0.703
0.290
0.042
0.552

0.494
0.762
0.383
1.493

0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00

0.041
0.007
0.019
-0.070

1.47
0.30
0.83
-1.86

0.141
0.762
0.408
0.063

Ln Population Density
Ln Block Size
Ln Roads Ratio
Ln Parks Ratio
Ln Facilities Density
Dist_BRTS_5_ParcelArea
AgeG1ParcelArea
AgeG2ParcelArea
AgeG3ParcelArea
LUOther_ParcelArea
ParcelArea_ParkRatio

3.644
9.384
-0.185
-3.757
-1.563
1.051
1.229
1.728
1.166
2.335
-19.468

2.170 -4.61 6.44
1.794 -4.61 11.90
0.031 -0.25 -0.11
1.391 -9.56 -0.57
0.582 -4.61 -0.54
2.039 -2.26 7.69
2.141 -2.26 8.23
2.386 -0.71 8.98
2.121
0.00 8.12
6.395 -0.04 31.72
8.983 -76.73 6.41

3.525
9.498
-0.183
-3.740
-1.575
1.066
1.215
1.810
1.209
2.964
-20.324

3.315
1.311
0.046
1.447
0.899
2.351
2.475
2.759
2.478
8.130
8.571

-4.61
-4.61
-0.33
-6.68
-4.61
0.00
-0.05
0.00
-0.05
-0.21
-57.06

8.92
13.11
-0.07
-0.59
-0.22
10.20
10.20
9.04
7.99
40.81
0.19

0.042
-0.073
-0.068
-0.012
0.016
-0.007
0.006
-0.032
-0.019
-0.086
0.097

1.79
-2.35
-3.12
-0.38
0.73
-0.31
0.27
-1.40
-0.85
-2.83
3.44

0.074
0.019
0.002
0.705
0.467
0.758
0.787
0.161
0.397
0.005
0.001

† Significance of difference is the result of regression and logistic regression models having the covariate as dependent variable and treatment as independent
variable
Stand.Diff =Standardized difference
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4.3.3. Built-up area
The outcome of interest is the built-up area of new developments at the parcel level. The
estimation of the difference in difference regression model was conducted by following the
methods described on chapter 3 (section 3.2.4.1 quantitative approach). The dependent variable
in this data analysis is built-up area of new developments by capturing the year in which these
developments took place based on the built-up area and year of construction data provided by the
City Planning Department of Quito. The independent variables described previously are included
in the regression model as covariates. The regression model is conducted by including as weight
the propensity scores that achieved balance among the variables between the treatment and
control parcels. The data was structured in long format in order to have observations per land
parcel from 2001 to 2010. For those observations with new developments, the values before the
year of construction were set to zero. Values equal to zero were transformed to 0.01 for the log
transformation.
Weighted descriptive statistics are shown in Table 30. The dependent variables suggest
there have been more developments in the treatment parcels than in the control parcels. In the
year 2010, the built-up area is a little bit higher in the treatment parcels (mean 5.210) than in the
control parcels (mean 5.174). In the year 2010, there are fewer parcels without developments in
the treatment parcels than in the control parcels. However, there are still control parcels that have
not yet experienced developments suggesting that some of these parcels might have developed
after 2010. The distance of parcels to BRT stations (treatment) and future stations (control) are
similar between both groups of parcels. The mean value of the distance to the CBD is similar
between the treatment (mean 8.382, std. dev. 0.507) and control (mean 8.410, std. dev. 0.391)
parcels but the variation is higher in the treatment parcels. This variation is the result of parcels
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located along the “Corredor Central Norte”. The distances of parcels to the BRT corridor
(treatment) and to the future corridor (control) are very similar between both groups of parcels
(treatment mean 5.283; control mean 5.338). Parcel area is similar between both groups, after
weights, but there is a higher variation in the treatment parcels (mean 5.217 std. dev. 1.523) than
in the control parcels (mean 5.427 std. dev. 0.682). Age of construction is similar between both
groups of parcels. Land uses are similar between both groups but the number of parcels with
other land uses is slightly higher in the control parcels.
Population density is similar between treatment and controls (treatment mean 3.644 std.
dev. 2.358; and, control mean 3.525 std. dev. 3.063). Population density is slightly higher in the
control parcels than in the treatment parcels in the year 2010. Block size is also similar between
both groups of parcels (treatment mean 9.384 std. dev. 1.949; and, control mean 9.498 std. dev.
1.211). At the neighborhood level, roads ratio (treatment mean -0.185 and std. dev. 0.033; and,
control mean -0.183 std. dev. 0.043), parks ratio (treatment mean -3.757 and std. dev. 1.511; and,
control mean -3.740 std. dev. 1.337) and facilities density (treatment mean -1.563 and std. dev.
0.632; and, control mean -1.575 std. dev. 0.831) are similar between treatment and control
parcels.
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Table 30 Descriptive statistics year 2001 and 2010 (weighted with propensity scores), Quito, Ecuador
Year 2001

Year 2010

Treatment (N=6,058)
Variable

Mean

Std.
Dev.

Min

Control (N=7,493)
Max

Treatment (N=6,058)

Mean

Std.
Dev.

Min

Max

Mean

Std.
Dev.

Min

Control (N=7,493)
Max

Mean

Std.
Dev.

Min

Max

Dependent variables
2.855
Ln Built-up
area
0.035
New
Development
Independent variables

4.578

-8.46

9.09

3.196

4.161

-7.84

8.62

5.210

1.866

-5.25

9.09

5.174

1.554

-6.25

8.96

0.184

0.00

1.00

0.019

0.136

0.00

1.00

0.005

0.068

0.00

1.00

0.013

0.112

0.00

1.00

Distance BRT Station
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≤100 m

0.068

0.252

0.00

1.00

0.053

0.223

0.00

1.00

0.068

0.252

0.00

1.00

0.053

0.223

0.00

1.00

>100m ≤200 m

0.165

0.371

0.00

1.00

0.149

0.356

0.00

1.00

0.165

0.371

0.00

1.00

0.149

0.356

0.00

1.00

>200m ≤300 m

0.225

0.418

0.00

1.00

0.226

0.418

0.00

1.00

0.225

0.418

0.00

1.00

0.226

0.418

0.00

1.00

>300m ≤400 m

0.206

0.404

0.00

1.00

0.222

0.415

0.00

1.00

0.206

0.404

0.00

1.00

0.222

0.415

0.00

1.00

>400 m ≤500 m

0.200

0.400

0.00

1.00

0.198

0.398

0.00

1.00

0.200

0.400

0.00

1.00

0.198

0.398

0.00

1.00

>500 m

0.136

0.343

0.00

1.00

0.154

0.361

0.00

1.00

0.136

0.343

0.00

1.00

0.154

0.361

0.00

1.00

Ln Distance
CBD
Ln Distance
BRT corridor
Ln Parcel
Area

8.382

0.507

6.90

9.21

8.410

0.391

7.26

8.97

8.382

0.507

6.90

9.21

8.410

0.391

7.26

8.97

5.283

0.839

2.75

6.21

5.338

0.792

2.25

6.21

5.283

0.839

2.75

6.21

5.338

0.792

2.25

6.21

5.217

1.523

-2.26

8.98

5.427

0.682

-0.05

10.20

5.217

1.523

-2.26

8.98

5.427

0.682

-0.05

10.20

2001-2010

0.260

0.439

0.00

1.00

0.225

0.418

0.00

1.00

0.260

0.439

0.00

1.00

0.225

0.418

0.00

1.00

1991-2001

0.328

0.470

0.00

1.00

0.340

0.474

0.00

1.00

0.328

0.470

0.00

1.00

0.340

0.474

0.00

1.00

1981-1991

0.211

0.408

0.00

1.00

0.220

0.414

0.00

1.00

0.211

0.408

0.00

1.00

0.220

0.414

0.00

1.00

1971-1981

0.112

0.316

0.00

1.00

0.123

0.329

0.00

1.00

0.112

0.316

0.00

1.00

0.123

0.329

0.00

1.00

1961-1971

0.055

0.229

0.00

1.00

0.058

0.233

0.00

1.00

0.055

0.229

0.00

1.00

0.058

0.233

0.00

1.00

Before 1961

0.033

0.179

0.00

1.00

0.034

0.181

0.00

1.00

0.033

0.179

0.00

1.00

0.034

0.181

0.00

1.00

Age of construction

Land Uses
Residential

0.722

0.448

0.00

1.00

0.703

0.457

0.00

1.00

0.722

0.448

0.00

1.00

0.703

0.457

0.00

1.00

Mixed

0.295

0.709

0.00

1.00

0.290

0.704

0.00

1.00

0.295

0.709

0.00

1.00

0.290

0.704

0.00

1.00

Institutional

0.049

0.381

0.00

1.00

0.042

0.354

0.00

1.00

0.049

0.381

0.00

1.00

0.042

0.354

0.00

1.00

Other

0.458

1.274

0.00

1.00

0.552

1.379

0.00

1.00

0.458

1.274

0.00

1.00

0.552

1.379

0.00

1.00

Ln Population
Density
Ln Block Size

3.644

2.358

-4.61

6.44

3.525

3.063

-4.61

8.92

4.062

1.237

-4.61

5.67

5.033

0.619

-4.61

6.47

9.384

1.949

-4.61

11.90

9.498

1.211

-4.61

13.11

9.384

1.949

-4.61

11.90

9.498

1.211

-4.61

13.11

-0.185

0.033

-0.25

-0.11

-0.183

0.043

-0.33

-0.07

-0.185

0.033

-0.25

-0.11

-0.183

0.043

-0.33

-0.07

-3.757

1.511

-9.56

-0.57

-3.740

1.337

-6.68

-0.59

-3.757

1.511

-9.56

-0.57

-3.740

1.337

-6.68

-0.59

-1.563

0.632

-4.61

-0.54

-1.575

0.831

-4.61

-0.22

-1.563

0.632

-4.61

-0.54

-1.575

0.831

-4.61

-0.22

Ln Roads
Ratio
Ln Parks
Ratio
Ln Facilities
Density
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Results are presented in Table 32. In terms of built-up area, the results suggest there is an
increase in built-up area over time (time dummies in Table 32). The effect of the BRT system
suggests mixed results. Along the “Ecovia” corridor, the growth in new built-up area was higher
than the growth along the “Corredor Central Norte” after 2005 (Figure 14). The Wald tests
results shown in Table 31 suggest the differences are statistically significant after year 2004 in
the case of the “Ecovia” corridor. These differences are further explained and discussed in the
qualitative data analysis (chapter 5).
The results for the categorical variable distance to the bus rapid transit station (treatment)
or future station (control area) suggests spatial heterogeneity of built-up area in relation to the
reference category (parcels within 100 meters distance). The coefficients for distances between
more than 100 meters and less or equal to 500 meters are positive (Figure 15). This suggests
parcels within these distances ranges can expect a higher built-up area than those in close
proximity to the stations (within 0 and 100 meters). The results for parcels located between 200
meters and 300 meters are not statistically significant. The result for parcels located further than
500 meters are not statistically significant.
As expected, the coefficient for distance to the CBD (coef. -0.139, p-value 0.000) and
distance to the BRT corridor (coef. -0.159, p-value 0.000) are negative suggesting the built up
area diminishes when moving away from main activity nodes or arterial roads. Like in Bogota
(coef. 0.700), parcel area in Quito is also a strong predictor for built-up area (coef. 0.482). The
parcel size is further discussed in the qualitative data analysis (chapter 5).
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Figure 14 Built-up area of new developments over time and treatment effect (coefficients and confidence intervals), Quito,
Ecuador
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Table 31 Wald test results per corridor, built-up area of new developments, Quito Ecuador
Ecovia

Corredor Central Norte
F†

Prob > F

F†

Prob > F

Treatment*Year2001*Ecovia =
Treatment*Year2002*Ecovia

1.06

0.3035

Treatment*Year2001*CCN =
Treatment*Year2002*CCN

0.00

0.9467

Treatment*Year2001*Ecovia =
Treatment*Year2003*Ecovia

4.12

0.0423

Treatment*Year2001*CCN =
Treatment*Year2003*CCN

0.96

0.3273

Treatment*Year2001*Ecovia =
Treatment*Year2004*Ecovia

16.64

0.0000

Treatment*Year2001*CCN =
Treatment*Year2004*CCN

1.78

0.1817

Treatment*Year2001*Ecovia =
Treatment*Year2005*Ecovia

17.98

0.0000

Treatment*Year2001*CCN =
Treatment*Year2005*CCN

0.32

0.5732

Treatment*Year2001*Ecovia =
Treatment*Year2006*Ecovia

38.83

0.0000

Treatment*Year2001*CCN =
Treatment*Year2006*CCN

1.11

0.2922

Treatment*Year2001*Ecovia =
Treatment*Year2007*Ecovia

39.40

0.0000

Treatment*Year2001*CCN =
Treatment*Year2007*CCN

1.77

0.1836

Treatment*Year2001*Ecovia =
Treatment*Year2008*Ecovia

38.13

0.0000

Treatment*Year2001*CCN =
Treatment*Year2008*CCN

1.39

0.2384

Treatment*Year2001*Ecovia =
Treatment*Year2009*Ecovia

33.54

0.0000

Treatment*Year2001*CCN =
Treatment*Year2009*CCN

0.79

0.3755

Treatment*Year2001*Ecovia =
Treatment*Year2010*Ecovia
†F statistic: (1,135459)

26.04

0.0000

Treatment*Year2001*CCN =
Treatment*Year2010*CCN

0.04

0.8406
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Figure 15 Built-up area and distance to current or future bus rapid transit stations, Quito, Ecuador
(Coefficients relative to reference category <100m)
50%
40%
30%
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0.297
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0.179
0.121

10%
0%

-0.076

-10%
-20%
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>100m ≤200 m

>200m ≤300 m
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95% Confidence Interval

>400 m ≤500 m

Effect

>500 m

In terms of age of construction, the results suggest the highest development activity
period has been between 2001 and 2010 (coef. -4.148). In terms of land uses, the reference
category is residential land use. The results show a negative coefficient for mixed land uses but it
is not statistically significant. Institutional (coef. 0.168) and other (coef. 0.146) land uses show
the opposite pattern suggesting residential land uses (reference category) are expected to
experience higher built-up areas. Block size is also a predictor of higher built-up area in Quito
(coef. 0.016). Roads ratio results (coef. -1.164) confirm the road space issue in Quito given the
geographical constraints such as mountains and rivers that have shaped the elongated urban
growth. The density of facilities result (coef. 0.095) suggests neighborhood with a higher
concentration of facilities can expect higher built-up areas, which is consistent with the “Hipercentro” area that is served by “Ecovia”. This is further discussed in the qualitative data analysis
(chapter 5).
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Table 32 Propensity score weighted regression analysis results N=135,510 (dependent variable Ln built-up area of new
developments), Quito, Ecuador
LnSBuiltupAreaFullBa

Coef.

Std. Err.

t

P>t

[95% Conf.

Interval]
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Distance BRT Station (ref: ≤100 m)
>100m ≤200 m
>200m ≤300 m
>300m ≤400 m
>400 m ≤500 m
>500 m

0.179
0.121
0.297
0.228
-0.076

0.076
0.073
0.081
0.088
0.089

2.37
1.64
3.67
2.60
-0.84

0.018
0.100
0.000
0.009
0.398

0.031
-0.023
0.138
0.056
-0.251

0.328
0.264
0.455
0.400
0.100

Ln Distance CBD
Ln Distance BRT corridor
Ln Parcel Area

-0.139
-0.159
0.482

0.022
0.027
0.017

-6.22
-5.98
28.62

0.000
0.000
0.000

-0.183
-0.211
0.449

-0.095
-0.107
0.515

Age of construction (ref: Before 1961)
2001-2010
1991-2001
1981-1991
1971-1981
1961-1971

-4.148
-0.019
0.030
0.104
0.014

0.049
0.031
0.031
0.032
0.034

-85.19
-0.61
0.98
3.19
0.40

0.000
0.543
0.328
0.001
0.687

-4.243
-0.081
-0.030
0.040
-0.053

-4.052
0.042
0.091
0.167
0.080

Land Uses (ref: residential)
Mixed
Institutional
Other

-0.017
0.168
0.146

0.032
0.065
0.049

-0.54
2.58
2.96

0.591
0.010
0.003

-0.079
0.040
0.049

0.045
0.295
0.243

Ln Population Density
Ln Block Size
Ln Roads Ratio
Ln Parks Ratio

-0.005
0.016
-1.164
-0.006

0.004
0.005
0.271
0.011

-1.28
2.93
-4.29
-0.57

0.202
0.003
0.000
0.570

-0.014
0.005
-1.695
-0.027

0.003
0.027
-0.632
0.015
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Ln Facilities Density

0.095

0.013

7.10

0.000

0.069

0.122

Reference (Year 2001)
Year 2002
Year 2003
Year 2004
Year 2005
Year 2006
Year 2007
Year 2008
Year 2009
Year 2010

0.266
0.492
0.786
1.279
1.601
1.728
1.783
1.858
1.986

0.054
0.054
0.054
0.053
0.051
0.051
0.050
0.050
0.049

4.95
9.10
14.57
24.14
31.11
34.05
35.40
37.37
40.28

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.161
0.386
0.680
1.175
1.501
1.629
1.685
1.760
1.889

0.371
0.598
0.892
1.383
1.702
1.828
1.882
1.955
2.082

-0.207
-0.090
0.027
0.259
0.269
0.454
0.450
0.436
0.393
0.317
0.134
0.127
0.236
0.272
0.191
0.237
0.263
0.248

0.077
0.081
0.084
0.083
0.080
0.072
0.070
0.069
0.068
0.067
0.076
0.075
0.074
0.072
0.069
0.064
0.064
0.063

-2.69
-1.11
0.33
3.14
3.36
6.34
6.47
6.34
5.78
4.76
1.77
1.68
3.18
3.75
2.78
3.68
4.14
3.94

0.007
0.267
0.745
0.002
0.001
0.000
0.000
0.000
0.000
0.000
0.077
0.092
0.001
0.000
0.006
0.000
0.000
0.000

-0.358
-0.250
-0.138
0.097
0.112
0.314
0.314
0.301
0.260
0.186
-0.015
-0.021
0.091
0.130
0.056
0.111
0.138
0.124

-0.056
0.069
0.192
0.421
0.425
0.594
0.586
0.571
0.526
0.447
0.282
0.275
0.382
0.413
0.325
0.363
0.388
0.371

Treatment * Year 2001* Ecovía
Treatment * Year 2002* Ecovía
Treatment * Year 2003* Ecovía
Treatment * Year 2004* Ecovía
Treatment * Year 2005* Ecovía
Treatment * Year 2006* Ecovía
Treatment * Year 2007* Ecovía
Treatment * Year 2008* Ecovía
Treatment * Year 2009* Ecovía
Treatment * Year 2010* Ecovía
Treatment * Year 2001* Corredor Norte
Treatment * Year 2002* Corredor Norte
Treatment * Year 2003* Corredor Norte
Treatment * Year 2004* Corredor Norte
Treatment * Year 2005* Corredor Norte
Treatment * Year 2006* Corredor Norte
Treatment * Year 2007* Corredor Norte
Treatment * Year 2008* Corredor Norte

Treatment * Year 2009* Corredor Norte
Treatment * Year 2010* Corredor Norte
Constant term
F( 50,135459)
Prob > F
R-squared
Root MSE

0.219
0.153
3.124
533.74
0.00
0.44
2.39

0.062
0.060
0.216

3.53
2.55
14.44

0.000
0.011
0.000

0.098
0.035
2.700

0.341
0.270
3.548
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4.3.4. New developments
The second analysis is conducted with the dichotomous dependent variable that measures
new developments over time. This variable seeks to determine the difference in probability of
new developments over time between control and treatment parcels. Results are shown in Table
34. Relative to the control parcels, there is a higher probability of new developments of parcels
along “Ecovia” in 2001 and 2004 (Figure 16). The probability of new developments along
“Ecovia” increases in 2004 and then it decreases over time in relation to the control corridor
“Corredor Suroccidental”. The results of the Wald Tests in Table 33 show the differences are
statistically significant in “Ecovia” corridor for year 2005 and after year 2007. In the case of the
“Corredor Central Norte”, the probability of new developments also decreases over time in
relation to the control corridor “Corredor Suroccidental”. The result regarding the pattern on
“Corredor Central Norte” could be related to the fact that the International Airport was relocated
outside the city in 2013, opening opportunities for new developments in the future as a result of
potential expectations of changes on building heights restrictions. Predicted probabilities are
shown in figure 17. This issue is further discussed in the qualitative data analysis (chapter 5).
The results for the categorical variable distance to the bus rapid transit station (treatment)
or future station (control area) are not statistically significant. The result for distance to the CBD
(coef 0.185) suggests new developments are more likely when moving away from the city
center; this clearly corresponds to the elongated nature of Quito. Parcel area results (coef. -0.153)
suggests these new developments are more likely to occur in smaller parcels. This result could be
related to the redevelopment process parcel by parcel described by developers in the qualitative
data analysis (chapter 5). In terms of land uses, the result suggests new developments are more
likely in parcels with residential land uses.

160

Figure 16 New developments overtime (coefficients), Quito, Ecuador
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Table 33 Wald test results per corridor, new developments overtime, Quito, Ecuador
Ecovia

Corredor Central Norte
chi2(1)

Treatment*Year2001*Ecovia =
Treatment*Year2002*Ecovia

1.55

Prob >
chi2
0.2139

Treatment*Year2001*Ecovia =
Treatment*Year2003*Ecovia

0.90

Treatment*Year2001*Ecovia =
Treatment*Year2004*Ecovia
Treatment*Year2001*Ecovia =
Treatment*Year2005*Ecovia

chi2(1)
Treatment*Year2001*CCN =
Treatment*Year2002*CCN

8.72

Prob >
chi2
0.0032

0.3419

Treatment*Year2001*CCN =
Treatment*Year2003*CCN

2.35

0.1256

0.00

0.9621

Treatment*Year2001*CCN =
Treatment*Year2004*CCN

7.52

0.0061

7.33

0.0068

Treatment*Year2001*CCN =
Treatment*Year2005*CCN

20.14

0.0000

2010

Treatment*Year2001*Ecovia =
Treatment*Year2006*Ecovia

0.58

0.4444

Treatment*Year2001*CCN =
Treatment*Year2006*CCN

6.53

0.0106

Treatment*Year2001*Ecovia =
Treatment*Year2007*Ecovia

8.06

0.0045

Treatment*Year2001*CCN =
Treatment*Year2007*CCN

2.09

0.1480

Treatment*Year2001*Ecovia =
Treatment*Year2008*Ecovia

7.98

0.0047

Treatment*Year2001*CCN =
Treatment*Year2008*CCN

5.66

0.0174

Treatment*Year2001*Ecovia =
Treatment*Year2009*Ecovia

16.19

0.0001

Treatment*Year2001*CCN =
Treatment*Year2009*CCN

7.54

0.0060

Treatment*Year2001*Ecovia =
Treatment*Year2010*Ecovia

29.40

0.0000

Treatment*Year2001*CCN =
Treatment*Year2010*CCN

11.58

0.0007

Figure 17 Predicted probabilities of new developments overtime per corridor, Quito, Ecuador
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Table 34 Propensity score weighted logistic regression analysis results N=135,510 (dependent variable new developments),
Quito, Ecuador
New developments

Coef.

Std. Err.

z

P>z

[95% Conf.

Interval]

163

Distance BRT Station (ref: ≤100 m)
>100m ≤200 m
>200m ≤300 m
>300m ≤400 m
>400 m ≤500 m
>500 m

0.141
0.026
0.051
-0.055
-0.033

0.224
0.219
0.242
0.264
0.269

0.63
0.12
0.21
-0.21
-0.12

0.529
0.904
0.834
0.834
0.902

-0.297
-0.402
-0.424
-0.572
-0.561

0.579
0.455
0.525
0.461
0.495

Ln Distance CBD
Ln Distance BRT corridor
Ln Parcel Area

0.185
0.046
-0.153

0.068
0.076
0.038

2.71
0.60
-4.03

0.007
0.545
0.000

0.051
-0.103
-0.228

0.319
0.195
-0.079

Land Uses (ref: residential)
Mixed
Institutional
Other

-0.273
-0.428
-0.113

0.075
0.230
0.155

-3.66
-1.86
-0.73

0.000
0.063
0.466

-0.419
-0.879
-0.417

-0.127
0.023
0.191

0.011
-0.008
-4.336
-0.022
-0.095

0.013
0.015
0.846
0.034
0.035

0.84
-0.53
-5.12
-0.66
-2.70

0.402
0.593
0.000
0.510
0.007

-0.015
-0.037
-5.995
-0.088
-0.164

0.037
0.021
-2.677
0.044
-0.026

0.404
0.275
0.526
1.096
0.573
-0.420

0.132
0.130
0.124
0.111
0.123
0.169

3.07
2.11
4.24
9.90
4.66
-2.48

0.002
0.035
0.000
0.000
0.000
0.013

0.146
0.019
0.283
0.879
0.332
-0.752

0.663
0.530
0.769
1.313
0.813
-0.088

Ln Population Density
Ln Block Size
Ln Roads Ratio
Ln Parks Ratio
Ln Facilities Density
Reference (Year 2001)
Year 2002
Year 2003
Year 2004
Year 2005
Year 2006
Year 2007
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Year 2008
Year 2009
Year 2010
Treatment Year 2001* Ecovía
Treatment Year 2002* Ecovía
Treatment Year 2003* Ecovía
Treatment Year 2004* Ecovía
Treatment Year 2005* Ecovía
Treatment Year 2006* Ecovía
Treatment Year 2007* Ecovía
Treatment Year 2008* Ecovía
Treatment Year 2009* Ecovía
Treatment Year 2010* Ecovía
Treatment * Year 2001* Corredor Norte
Treatment * Year 2002* Corredor Norte
Treatment * Year 2003* Corredor Norte
Treatment * Year 2004* Corredor Norte
Treatment * Year 2005* Corredor Norte
Treatment * Year 2006* Corredor Norte
Treatment * Year 2007* Corredor Norte
Treatment * Year 2008* Corredor Norte
Treatment * Year 2009* Corredor Norte
Treatment * Year 2010* Corredor Norte
Constant term
Log pseudo likelihood
Wald chi2(45)
Prob > chi2
Pseudo R2

-1.190
-0.960
-0.419
0.570
0.291
0.354
0.557
-0.044
0.416
-0.155
-0.506
-1.008
-1.116
0.609
-0.103
0.277
0.007
-0.327
0.049
0.140
-0.430
-0.620
-0.885
-5.763
-30534.79
1007.27
0.00
0.07

0.241
0.224
0.175
0.148
0.170
0.173
0.207
0.164
0.144
0.215
0.355
0.367
0.278
0.166
0.187
0.152
0.157
0.141
0.154
0.284
0.408
0.420
0.410
0.616

-4.94
-4.29
-2.39
3.85
1.71
2.04
2.69
-0.27
2.90
-0.72
-1.42
-2.75
-4.01
3.68
-0.55
1.82
0.04
-2.32
0.32
0.49
-1.05
-1.48
-2.16
-9.36

0.000
0.000
0.017
0.000
0.087
0.041
0.007
0.787
0.004
0.472
0.155
0.006
0.000
0.000
0.583
0.069
0.966
0.021
0.751
0.622
0.292
0.140
0.031
0.000

-1.663
-1.399
-0.762
0.280
-0.042
0.014
0.152
-0.366
0.134
-0.576
-1.202
-1.727
-1.662
0.284
-0.469
-0.022
-0.300
-0.603
-0.253
-0.416
-1.231
-1.444
-1.689
-6.970

-0.718
-0.522
-0.076
0.861
0.623
0.694
0.963
0.277
0.697
0.267
0.190
-0.288
-0.570
0.934
0.264
0.576
0.313
-0.050
0.351
0.697
0.370
0.204
-0.082
-4.556

4.4.Discussion
4.4.1. Developments changes
The data analysis in Bogota found an increase of built-up area over time but the effect of
the BRT system has mixed results. The effect along “Av Caracas” and “Autonorte” was minimal
with a slight growth between 2004 and 2009 in relation to control corridors. The effect along “Av
Calle 80” was lower than the controls but there is a pattern that suggests there is growth between
2004 and 2000 as well as between 2013 and 2009. This could be related to land acquisition of
properties in order to achieve the road section needed for this surface mass transit system,
especially along “Av Calle 80” and some sections of the “Av. Caracas”. The results are not
homogenous in terms of distance to BRT stations (current in the treatment corridors and future in
the control areas). The results showed that built-up areas changes have variations according to
distances to BRT stations. This suggests the development changes are spatially heterogeneous
between corridors as well as in terms of distances to BRT stations (current or future). This is
further explained in the qualitative data analysis (chapter 5) when discussing the approach taken
by developers in terms of distance to the BRT stations. The results confirm the challenge of
implementing mass transit in already urbanized areas. In the case of Bogota, the treatment
corridors “Av Caracas”, “Av Calle 80” and “Autonorte” were mostly consolidated (already
urbanized) with the exception of the extremes of each mass transit corridor where the BRT
Terminals “Norte”, “Portal 80” and “Usme” were constructed.
In the case of Quito, the average treatment effect of the bus rapid transit corridors shows
mixed results. The growth pattern of parcels along the “Ecovia” are higher than the growth
pattern on built up area along “Corredor Central Norte”, but both are lower than in the control
corridor “Corredor Suroccidental”. The development activity along “Ecovia” corridor is related
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to redevelopment initiatives that are taking place in parcels located in the extension of the city
center known as the “Hiper-centro” which is a large area that concentrates several activities in
the city. On other hand, parcels located along the “Corredor Central Norte” serving areas in
close proximity to the former International Airport (now outside the city) are characterized by
developments of three or four stories as a result of building heights restrictions. These two issues
are further discussed in the qualitative data analysis of semi-structure interviews (chapter 5).
The results are consistent with findings from other studies in terms of the low or minimal
effect the BRT systems had on land development (Cervero & Dai, 2014; H. Suzuki et al., 2013).
The built-up area results in Bogota and Quito suggest the average treatment effect of the BRT
system is minimal in terms of growth on built-up area in relation to the controls. But this effect is
not homogenous between corridors as well as in terms of distances to stations. The findings
suggest higher built-up areas are taking place within different ranges of distances from current or
future BRT stations in relation to parcels located within 100 meters. This finding suggests this
relationship has variations not only in time but also in terms of space. Consistent with findings of
previous studies in terms of land prices (Rodriguez & Targa, 2004), this spatial heterogeneity
suggest developments take place close to current or future bus rapid transit stations with
variations according to the distance of parcels to the these stations (current and future).
Therefore, further research may examine BRT terminals and station catchment areas with their
respective counterfactuals located along the control corridors in order to look at these changes in
more detail.
The results confirm the complexity of implementing surface mass transit systems along
already consolidated areas and major arterial roads and the key role land use planning tools may
have by promoting redevelopment measures through incentives associated to the mass transit
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investments. This minimal effect of the BRT systems in Bogota and Quito suggests these mass
transit systems were implemented without a land use planning strategy like Curitiba (Brazil) in
order to promote higher intensity development along the mass transit corridors. This point is
further explored in the next chapter when analyzing the interviews (chapter 5).
4.4.2. Land use changes in Bogota
The data analysis was conducted by focusing on residential and commercial land uses. In
terms of residential land use changes, the findings suggest residential land uses decrease over
time among all parcels. However, the effect is not homogenous in all three BRT corridors. The
effect on the decrease in residential land uses is stronger along “Autonorte” in relation to the
controls. The effect along “Av Caracas” shows a slight increase on residential land uses in 2004
in relation to the controls, but in 2009 and 2013 there is a decrease in relation to the controls. The
effect along “Av Calle 80” is different, there is an increase in residential land uses in relation to
the controls, but there is a decrease pattern along the corridor especially in 2013. In terms of
commercial land uses, the findings suggest there is an increase of commercial land uses and the
effect of the BRT is stronger along “Autonorte”. The effect of the BRT along “Av Caracas”
suggests a higher conversion of parcels to commercial land uses in 2003 and 2009 in relation to
the controls. Even though the conversion to commercial land uses along “Av Calle 80” is lower
than the controls, there is still an increase pattern over time on this BRT corridor.
The two data analyses also show an interesting pattern in terms of distance to BRT
stations. Residential land use changes are most likely to occur further away from BRT stations
(or future stations in control areas) than within 100 meters distance from transit stations. On the
contrary, commercial land use changes are most likely to occur within 100 meters distance from
the BRT stations (or future transit stations in control areas) than further away except when the
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parcel is at 500 meters away or more from the transit station. These two opposite patterns shows
an interesting difference in terms of space and location of land use changes along the studied
areas. This finding also confirms the urban spatial structure theory about the location of land uses
and the accessibility benefits introduced by mass transit in terms of the tendency of commercial
land uses to be located along main arterial roads while residential land uses tend to be located
some meters away from main arterial roads.
In terms of socioeconomic levels, the two analyses also show contrast findings. The
residential land use change is most likely to occur in middle-income and upper-income areas
than in lower-income areas. This implies a challenge in terms of equity that it is discussed in the
qualitative data analysis (chapter 5). The commercial land use change is most likely to occur in
lower-income areas than in upper-income areas, specifically in parcels within stratum 3. This
finding is also connected to the fact that BRT terminals located at the peripheries opened
development opportunities. Most of these development opportunities have been commercial
developments within close proximity to these large transportation hubs.
4.4.3. Propensity score analysis and transit as treatment
The estimation of the propensity score in this data analysis provides interesting insights
about this methodology. First, careful assessment of balance between treatment and control
parcels, as the ones performed in this chapter, appears to be crucial for conducting a data analysis
that seeks to capture the effect of the treatment with controls. The present data analysis achieved
satisfactory balance levels for all variables but this aspect is still in development in the
propensity score literature. Achieving balance not only depends on the type and number if
variables included, in this case only independent variables were included, but also in the number
of observations. The data analysis of Bogota and Quito included only observations with data
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available and not all parcels within the buffer areas. However, the balance property was satisfied
for the parcels included in the data analysis in both cities. Certainly, further research is
recommended by looking at propensity scores and balance between variables with data analyses
conducted at the BRT station level catchment areas. This approach could be useful in terms of
looking at the effects of accessibility benefits at the local level (proximity to stations).
Second, the probability of receiving treatment is interesting in its own right. The
estimation of the propensity score with data at the parcel level from Bogota and Quito tested
some assumptions from the land use and transportation theory. First, the location factor variables
confirmed the closer the land parcel is to arterial roads the more likely the parcel will be served
by mass transit. Second, land uses in Bogota such as industrial, commercial and facility land uses
are more likely to receive treatment (transit) than residential land uses, which suggests residential
land uses tend to be less close to main arterial roads. In Bogota, the exception were vacant, other
and mixed-uses given that the results from the estimation of the propensity score suggest the
probability to provide transit in these areas is very low. In Quito, the mixture of land uses
increases the probability to be treated. This result confirms the traditional approach in
transportation planning in relation to providing transit services to those areas with higher
concentration of activities, which means already developed areas. However, an important
distinction between Bogota and Quito is the distance to the CBD. Even though in both cases the
CBD works as a monocentric urban structure, the fact that mass transit corridors in Quito
converge at “La Marin” transportation hub, next to the Historic Center, suggests the restrictions
on historic properties implies the further away from the preservation area the higher the
probability to be treated. The opposite relationship was found in the case of Bogota, where the
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closer the parcel to the “Centro Internacional Calle 26” the higher the probability to receive
treatment.
The estimation of the propensity score also confirmed the key role road space plays in the
reception of treatment (transit), which is a key feature in the case of BRT systems considering
that this type of mass transit systems are built on the surface with exclusive lanes. In the case of
Bogota, there are two exclusive lanes for each way in most parts of the trunk corridors, which
implies road space as a requirement to implement this type of mass transit system in the surface.
In terms of parcel size, the results of the estimation of the propensity score suggests small parcel
sizes are more likely to be served by this type of mass transit in Bogota, but in the case of Quito
the finding is the opposite considering that the BRT corridors studied are located further away
from the Historic Center where parcels are larger in size. The parcel size issue is further
discussed in the qualitative data analysis (chapter 5). The propensity scores in Bogota suggests
the key role a high density of public facilities (main destinations) play on the reception of
treatment, while the case in Quito the proximity to the Historic Center inscribed in the list of
World Heritage by UNESCO suggest a restriction effect on receiving treatment in an elongated
urban area like Quito.
4.4.4. Limitations
This is one of the first data analyses at the parcel level conducted for land development
impacts of BRT systems in Latin America. However, despite the large number of observations
(Bogota: 98,176 per year, and Quito: 13,551 per year) included in the data analyses and its
longitudinal structure (panel data in Bogota for 2000, 2004, 2009 and 2013, and longitudinal data
in Quito for the dependent variable and population density) a study of impacts contains several
challenges. The first challenge is the implementation of a quasi-experiment study by taking
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parcels selected for the treatment effect (BRT) and taking as controls those parcels that have not
received this treatment yet (Bogota: parcels along “Av 68” and “Av Boyaca”, Quito: future
“Corredor Suroccidental”). In the case of Bogota, “Av 68” and “Av Boyaca” as two main
arterial roads that have not been subject to become bus rapid transit corridors to date, make them
the best control corridors for the purposes of this study. Nevertheless, the other arterial roads “Av
Caracas”, “Autonorte” and “Av Calle 80” were selected for BRT first based on a non-random
reason. This aspect is further developed in the analysis of the semi-structured interviews in the
qualitative data analysis (chapter 5). In the case of Quito, to find a control corridor is even more
challenging because all bus rapid transit corridors are already under operation. This dissertation
took “Corridor Suroccidental” considering that it is the most recent corridor under operation,
thus, leaving a time window that could allow seeing changes on built-up area over time.
Furthermore, to find comparable parcels constitutes a challenge itself. The propensity
score analysis conducted in this dissertation overcame this challenge by estimating the
probability of receiving treatment between parcels located in trunk corridors of this mass transit
system and parcels located along two main arterial roads that still nowadays, in the case of
Bogota, have not been subject to treatment (transit investments). It is still unclear if both main
arterial roads will become BRT trunk corridors in the future. The current new administration of
Bogota is determined to construct a BRT corridor along “Av Boyaca”, while “Av 68” has been
subject of debate about being subject of a light-rail transit (LRT) system vs a BRT system.
Although the data analysis is estimating the treatment effects for the years 2004, 2009
and 2013, another limitation of this dissertation is that the analysis is looking at changes for only
these three years after the base line (2000). A more robust analysis is recommended by including
data for the years in between and beyond in order to conduct a more comprehensive data analysis
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with the same parcels with a larger longitudinal data base. Another limitation is that the base
line data in Bogota (2000) was collected in 1999 when the BRT was under construction. In the
case of Quito, the base line data (2001) is one year prior the operation of “Ecovia” (2002). There
was no data availability in Bogota before the year 2000 at this level of detail (panel data yearly at
the parcel level) as well as there was not availability of parcel data in Quito from 1990s. A
limitation of the built-up variable in Quito is the missing pre-existing data. The built-up area
variable for the data analysis in Quito was constructed based on the year of construction data
provided by the City Planning Department. Thus, the built-up area data before the year of
construction is missing, adding a limitation to the analysis. Data availability has been a big
challenge not only for this dissertation but also a limitation in conducting studies at this level of
detail in Latin America, which is clearly reflected in the absence of these types of studies in the
literature.
Another limitation of this study constitutes the exclusion of parcels that did not have data
for some of the covariates or dependent variables. The observations included in the analysis are
only those that have parcels with data for all dependent variables and covariates in Bogota (four
years) and Quito (dependent variables). The data set in both cities could be capturing anticipated
effects, if any, of the BRT system on land development. However, this could be the case for land
prices and property values data, while the development and even more the redevelopment of
parcels take much more time to change than land prices or property values, this limitation is not
the same as in the case of a study looking at prices data.
There could be a potential bias in the time dummy variables included in the difference in
difference models. This study seeks to address this limitation by providing data over time in
order to see trends in time a window that expands 14 years in Bogota and at least one decade in
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Quito. Another limitation with the time dummy variables in a difference-in-difference model is
serial correlation which is addressed with placebo tests (Bertrand, Duflo, & Mullainathan, 2001).
However, the data available for Bogota and Quito does not allow conducting placebo tests with
pre intervention data several years before the intervention of the BRT corridors. In the case of
Bogota, it was not possible to access data before the year 2000. In the case of Quito, given the
dollarization of the economy in 2000, the data analysis focuses on the period of time in which the
economy had the US dollar as its official currency. This data availability issue also implies the
limitation of measuring anticipatory effects. The literature on BRT is limited on this regard but
one study found no anticipatory effects on land prices with the announcement of a BRT corridor
in Mexico DF (Flores Dewey, 2012). Another limitation is the interference issue of the results.
The treatment and control parcels are part of the same real estate market within both cities so that
there might be some interference of the real estate market in the comparison between both
groups (Cervero & Landis, 1997).
Given that this data sets are based on secondary data provided by the City Planning
Department and the Cadaster Departments of Bogota and Quito, this study does not have control
on the data collection and potential measurement errors in variables such as built-up area and
land uses. However, this study conducted a careful calculation of multiple variables using GIS
such distances, areas and ratios that seek to address any measurement errors the data sets may
have. This study also seeks to address the limitation of external validity by conducting the data
analysis in two cities located in two different countries and then comparing the results. In this
way, findings such as the similarities in terms of built-up areas increasing within the same
distance ranges from current and future stations (100m to 500m) in both cities points towards
external validity. In the same manner, differences in both cities in terms of distances to CBD
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points to external validity in relation to how local characteristics plays a crucial role on the
relationship between land development and mass transit.
Finally, another limitation of this study is the buffer area. In the literature different
catchment areas have been used in order to test the effects of mass transit systems on the built
environment. Given the intersection of some of the treatment and control corridors used in this
study, the buffer area of 500 meters at both sides of the corridor (1km in total) was determined as
the most convenient area of analysis for this study in both cities in order to avoid additional
overlaps. However, this study seeks to address this limitation by including distances to current
and future BRT stations beyond 500 meters as it was explained before. Future studies could
include 1km buffer areas in order to determine the extent by which the impact of transit
investments on development and land use change could take place at longer distances than the
ones used in this study.
4.4.5. Further examination of development and land use changes
The results in both cities suggest the effect of BRT corridors on development and land
use changes is not homogenous. Built-up area changes according to the distance to bus rapid
transit stations. The existence of a surface mass transit system implies noise and high activity
along the corridors. This characteristic is reflected in the built-up area changes in both cities in
terms of finding increments within ranges between 100 meters and 500 meters from current and
future stations relative to built-up areas within 100 meters. This heterogeneity is also reflected in
the land use models in Bogota in terms of differences between BRT corridors. Also, the
heterogeneity was found in terms of the presence of residential land uses which is higher within
the 100 meters and 500 meters distance from stations in relation to the 100 meters range. The
opposite relationship was found for commercial land uses, which have are more likely to occur
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within the 100 meters distance from current and future stations. This spatial heterogeneity issue
is further explored in the qualitative data analysis (chapter 5).
Issues such as parcel and block sizes are also explored in the qualitative data analysis.
The differences of parcel size between BRT corridors are further explored and discussed with
participants of the semi structure interviews. The land acquisition of parcels in order to find
space for the BRT infrastructure such as pedestrian bridges and public spaces around BRT
terminals are also explored with planners involved in the design and implementation of the mass
transit systems. This issue of land acquisition explains the effect of the BRT on built-up area in
treatment areas, especially along “Av Calle 80” in Bogota where the intervention of trunk
corridors was more aggressive. Land use planning regulations are also explored in the semistructured interviews with all participants from the private and public sectors in order to
understand more why some areas experienced development and land use changes and other did
not. The role of public sector institutions is also further explored in the qualitative data analysis.
Another issue that is explored further in the next chapter is affordable housing
developments. Interviews with key participants also explored the topic of affordable housing and
informal settlements in close proximity to BRT stations, specifically the BRT Terminals “Usme”
and “Quitumbe” in Bogota and Quito respectively. Interviews with community leaders also
examines the complexities related to access to land and housing for low income groups before
and after the intervention of these two BRT terminals in both cities.
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CHAPTER 5: RESULTS QUALITATIVE DATA ANALYSIS (AIM 1)
5.1. Introduction
This chapter presents the results of the qualitative data analysis. The qualitative data
analysis was developed in a four step process based on the theoretical framework (Figure 41 in
the appendix 2) as it was described in chapter 3 (3.2.4.2. qualitative approach). In terms of land
use and development impacts and consistent with the dissertation proposal, the first research
question for the qualitative data analysis is: why does land use and development change did
occur or not after the implementation of BRT? The qualitative data analysis provided
information about the spatial heterogeneity of land use and development impacts. Therefore, the
dummy variable regarding distance to BRT stations was included in the quantitative data
analysis (chapter 4). Then, the research question for the qualitative data analysis was
complemented by a new research question: under what conditions did land use and development
changes occur or not after the implementation of BRT? In terms of affordable housing and
consistent with the dissertation proposal, the second research question for the qualitative data
analysis is: why do some BRT stations have affordable housing or informal settlements within
their influence area? During the qualitative data analysis, this preliminary question was also
complemented with the following research question: how BRT investments influenced the access
to land and housing for low-income groups? In order to answer these questions, the data
collected in the semi-structured interviews conducted by the author in Bogota and Quito were
processed in the four steps described in chapter 3 (3.2.4.2. qualitative approach). These steps
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included two approaches. The deductive approach consisted of coding the transcriptions of the
semi-structured interviews based on the theoretical framework. The inductive approach consisted
of identifying emerging issues and codes during the review of the data. The families and codes
that emerged from this process are shown in Table 53 in the appendix 2.
This chapter is structured in two sections. The first sections is organized in five emerging
themes responding to the research questions: i) Coordination: timing and mismatch issues
between land use planning regulations and transportation investments; ii) Expertise: public and
private sectors, moving between mistrust and exchange of knowledge; iii) Development:
redevelopment, renewal and urban expansion; iv) Management: leadership issues and the “how”
question; v) Equity: bus rapid transit investments in urban expansion vs consolidated areas and
the provision of affordable housing. These five emerging themes are the result of a combination
of inductive and deductive approaches conducted during the qualitative data analysis as it was
described in chapter 3 (3.2.4.2. qualitative approach). Each emerging theme is described by
including quotes from participants based on the findings. The second section includes a
discussion based on a comparative approach between Bogota and Quito structured in the five
themes. The chapter closes with a discussion of the limitations of the qualitative data analysis
and findings.
5.2.Coordination: timing and mismatch issues between land use planning regulations and
transportation investments
5.2.1. Bogota
The formulation of the Urban Master Plan, which is known in Spanish as “Plan de
Ordenamiento Territorial” or POT among urban planners, took place at the same time of the
design and implementation of the first phase of the BRT system or “Transmilenio”. Even though
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this seems to be a unique opportunity for coordination between land use planning and
transportation investments, in practice this dialogue had many obstacles. The planning exercise
of the first POT consisted on the application for the first time of the principles and tools adopted
in the Law 388 of 1997 known as the Law for Territorial Development (LTD). The design and
implementation of the bus rapid transit system was also the first time transportation planners
were designing a bus based mass transit system inspired and influence by the Brazilian and
Ecuadorian experiences. The innovation took place on both sides, land use planning applying
new principles and tools according to the LTD and transportation planning for a high capacity
bus rapid transit that was never built before. As it is explained in this section, urban and
transportation planners faced this novelty in two different ways that made extremely difficult to
coordinate land use planning and BRT investments.
An urban planner explains how the influence of Spain in terms of the implementation of
planning instruments and tools in the new LTD was part of a learning process for urban planners
facing the challenge to formulate the first POT in Bogota. This formulation process was based on
principles such as the social function of the property, the public function of urbanism and the
prevalence of the public interest over the private interest, all principles established by the LTD.
However, these principles imply a high level of complexity in terms of how to apply them with
the tools such as the POT according to the LTD. In words of an urban planner with experience as
decision maker in the City Planning Department:
“What we need to think about is that in 2000 we had our first real experience with
Planes de Ordenamiento Territorial (POT), and the discussions, about the
adaptation, because we were not departing from zero, let’s say that there was an
important presence of Jose Maria Esquiaga (Spanish urbanist), who had
experience in Madrid (Spain) with similar processes. But it was about the
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adaptation to the local conditions of Bogota, the circumstances of Bogota, and it
is important to remember that Transmilenio was a quick decision (Personal
communication, March, 11, 2013, Bogota, #016).”
One of the aspects in which the dialogue between land use planning and transportation
investments was clear is the designation of urban renewal measures around the future subway
stations, but not along the future BRT corridors. Urban planners who participated in the
formulation of the POT in 2000 agreed on the differences between land use regulations for future
subway stations, where urban renewal was determined, and the regulations along the main
transportation corridors where the BRT has been constructed (Figure 18). Urban planners
determined in Bogota a regulation for main arterial roads, some of them became later BRT trunk
corridors, and this regulation was called “consolidation with change of pattern”, in words of an
urban planner who worked in the formulation of the POT and has experience in the public (City
Planning Department) and private (consultancy) sectors:
“The POT took decisions about the subway (urban renewal) but not in relation to
the BRT….the POT established that along main arterial roads it would be possible
to develop higher floor area ratios (Personal communication, March 18, 2014,
Bogota, #002, Second Interview).”
In Bogota, the urban renewal treatment was established in the POT of 2000 around the
suggested subway stations because planners had the knowledge about other experiences in the
world with subways and rail-based systems in terms of accessibility benefits and the responses in
the real estate market. Given this preconceived idea about urban renewal measures around future
subway stations, the land use planning approach towards main arterial roads was to consolidate a
city that had deficiencies in terms of infrastructure. At the same time, transportation planners
working at the BRT agency (Transmilenio SA) needed to implement and make operational a
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system never built before. The mismatch between the transportation planning process under the
leadership of the BRT agency (Transmilenio SA) and the land use planning process under the
leadership of the City Planning Department was the result of different timing in terms of goals.
The goal for transportation planners was to start operations before the completion of the mayoral
term of Peñalosa, and the goal of urban planners was to achieve the approval of the POT by the
City Council. Transportation planners were executers, implementers building infrastructure,
while urban planners were thinkers defining rules with principles and tools that they never used
before. In words of an urban planner with experience in the private (developers) and public (city
planning department) sectors at decision making positions:
“In fact, those working at Transmilenio were mainly implementers (executers),
and those working at the planning department, we were trying to see the city in
the long term (Personal communication, February 3, 2014, Bogota, #026).”
The planning vision of urban planners in the formulation of the POT was to consolidate a
city with deficiencies in terms of infrastructure. As a result, urban planners decided that the
regulation along main arterial roads would be called “consolidation with change of pattern”
(Figure 18), which in practice means to promote the completion of an incomplete development
pattern as well as a type of development that seeks to complement what is already developed.
The same urban planner expands on this matter:
“There were some measurements in that Master Plan called consolidation with
change of pattern…..we used to think about corridors, but (we were) not thinking
about BRT corridors, we were thinking about important arterial corridors, where
we used to say, more than doing it (transforming) with urban renewal, with more
aggressive measurements or very strong like redevelopment, let’s leave it to the
regulation (consolidation with change of pattern), which allowed to pool several
land parcels to get higher building heights, but when reaching higher building
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heights it (the development) has to leave more public space and we were always
convinced that the regulation would be sufficient (Personal communication,
February 3, 2014, Bogota, #026).”
Urban renewal measures were designated for the future subway stations and the
consolidation of urban development was the objective for main arterial roads were the BRT
system was built. The subway was never constructed but the BRT system became the main mass
transit system of the city in the absence of the subway project, which could not be implemented
because the lack of funding from the National Government at that time (year 2000). In fact, the
subway project is still a subject of debate in Bogota and the first subway line project is still under
studies. However, after the implementation of a BRT system that was never built before (high
capacity system in contrast to Curitiba and Quito) generated multiple development opportunities
that were not foreseen by transportation and urban planners when the POT was formulated. The
timing between the necessity of making operational the BRT system in a short period of time and
the long term perspective by planners regarding the POT also implied the mismatch between
land use and transportation. The stages to develop the BRT system in Bogota differ in terms of
how transportation and urban planners were realizing opportunities to transform the built
environment along the trunk corridors and around BRT stations. A transportation planner that
worked in the BRT project mentioned:
“The phase 1 occurred so fast that it was difficult to realize the impact of all this,
later we were becoming more conscious about the implication of implementing a
system like this one and we are becoming aware of the topic (transit oriented
development) you are mentioning (Personal communication, March, 14, 2014,
Bogota, #029).”
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Another transportation planner adds to this discussion in terms of what could have been
done:
“There has been (land) development, but more could have been done (Personal
communication, March 5, 2013, Bogota, #007, First interview).”
Before Transmilenio, a bus based mass transit system with the capacity to mobilize
passengers like a subway did not exist before. Transportation planners were implementing a
system that had never been built before in terms of capacity. In this way, they did not know the
potential impacts on urban development this kind of system could have had, besides the
experience of Curitiba. In words of a transportation planner:
“Nobody was conscious about the impact that the implementation of Transmilenio
would have; even though we were working in parallel (City Planning Department
and Transmilenio), nobody was visualizing the impact that Transmilenio would
have in the city, thus, the POT did not have that vision, and it is not in the maps;
you have Europe, you have perfectly examples (about rail-based systems) but
about buses we did not have (in mind) the impact it would have at the urban level
(Personal communication, March 14, 2014, Bogota, #029).”
The city created an agency in order to execute urban renewal measures defined in the
POT. The name of this agency is the Urban Renewal Agency or ERU (Empresa de Renovacion
Urbana in Spanish). The BRT agency (Transmilenio) in charge of the transportation investments
had a dialogue with the City Planning Department (in charge of the Urban Master Plan) and the
Urban Renewal Agency, but these dialogues faced several obstacles. In words of a transportation
planner working at the BRT agency:
“neither the City Planning Department nor the Urban Renewal Agency (ERU) had
the executive work dynamic in order to keep up with this (the bus rapid transit
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investment). As simple as that, they did not have the people to do it. Extremely
good people, but very theoretical; and I had a mandate to accomplish it
(Transmilenio). And if I had decided to wait for them…..and it generated several
clashes, in a good way; and I think they were right, I recognized they were right
(about thinking the urban development) but I used to tell them, but when are you
going to have something (in concrete)? What I mean, ready! I received a money
in order to make this work (Av Caracas, Autonorte) and this (Av Calle 80), and
the IDU was in charge of implementation, but it was coordinated by us
(Transmilenio), when we needed to buy (land) for a Portal, everybody used to tell
me, why you not buy what is next to it! And I used to say, but where is the
money! If I receive funding, I buy the land next to it (Portal – BRT Terminal),
there is no problem! Right? (Personal communication, March 8, 2013, Bogota,
#014, First Interview).”
The Urban Renewal Agency or ERU was in charge of implementing renewal measures
and in the absence of the subway project, this agency focused on specific projects given that the
consolidation change of pattern regulation designed by the POT was an urban norm to encourage
private developers to consolidate the urban development process but not to conduct renewal
measures. One of the few areas where the work of ERU overlapped with the first phase of the
BRT system took place is the “Parque Tercer Milenio” project in the city center. Planners
working at the City Planning Department expected the ERU to conduct the development projects
associated to redevelopment or renewal measures, in words of an urban planner with experience
in the public sector (City Planning Department) and the formulation of the POT:
“Actually, the ERU was created for that (redevelopment and renewal), but the
issue has been that it has not the capacity for the moment, but it was the agency
created precisely for that (redevelopment and renewal), that agency was created
originally as an urban development agency, and it was actually created for that
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purpose (Personal communication, March 13, 2014, Bogota, #020, Second
interview).”
When the same urban planner was asked about the absence of the involvement by the
ERU in redevelopments or development measures around some BRT Terminals or in close
proximity to BRT stations, the institutional capacity issue emerged. This institutional capacity
issue is further discussed in the management theme in this chapter. The same urban planner
expands on this issue:
“The agency never thought about it (projects around BRT Terminals or stations),
and it does not have the capacity to do it” (Personal communication, March 13,
2014, Bogota, #020, Second interview).”
Another issue related to the involvement of public sector agencies in redevelopment and
renewal measures is the margin of action that the POT left for more aggressive changes in the
city. In the absence of the subway project, few urban renewal measures remained as part of the
implementation of the POT. As a result, the ERU mainly focused on the urban renewal project in
“San Victorino”, the “Parque Tercer Milenio” project. In this way, this agency completely
focused on one specific and complex project. In words of a transportation planner:
“I think that when the ERU tried to do that (urban development), the ERU
focused on the Parque Tercer Milenio, which was much easier because they had
funding, it did not require to generate much, it was just to buy it (land) and put it
(demolish and generate public space), so in conclusion, there was no one who
could make it (urban development) (Personal Communication, March 8, 2013,
Bogota, #014, First Interview).”
The coordination between transportation planning and land use planning had another
challenge, the fragmentation of the planning process into smaller spatial units. Urban planners
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conducted a first approach with the POT thinking the city as a macro design project. The team in
charge of the POT was mainly formed by architects and urbanists with the perspective of
conducting an urban design project with the city as a whole in mind. But when the task became
huge in terms of scale, planners decided to create a tool that was not part of the LTD. This tool is
known as UPZ (Unidad de Planeamiento Zonal in Spanish). In this way, the city is seen as a
macro design project and thus the POT determined certain guidelines but the details of land use
regulations were left to the UPZ (Unidades de Planeamiento Zonal), large polygons dividing the
city in different areas (Figure 19). The urban planner with experience in the public sector (City
Planning Department) and the formulation of the POT expands on this issue:
“This is a POT that it would be developed later zone by zone in the UPZ, so we
first determined the general condition and determined a maximum (intensity of
land use) and from that point onwards we allowed that the zone (UPZ) would
define if it (intensity of land use) was taken to the maximum or it was reduced to
a lower level (Personal communication, March 13, 2014, Bogota, #020, Second
Interview).”
The formulation and approval process for all UPZ took more than a decade. There are
112 UPZ polygons in Bogota. These UPZ were formulated by Universities, working as
consultants for the City Planning Department, as well as by urbanist and architect firms. The
UPZ approach fragmented the planning process and they have been subject of controversy
among the planning community. In words of an urban planner who has studied the development
impacts of the BRT system in Bogota expands on this issue:
“There was no change in any UPZ after the implementation of Transmilenio, they
do not talk to each other, there is no communication between these two things, if
you change the land uses the transport engineer goes and implements the same
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system, right? (Personal communication, March 7, 2013, Bogota, #011, First
Interview).”
The city seen as a macro-design implied the challenge to determine regulations at
different scales, this is the view of the first POT approved in 2000, an Urban Master Plan
developed by architects and urbanists who decided to subdivide the city in these UPZ polygons
in order to design the city at a smaller scale given that the approach consisted on a macro design
with guidelines at the city level. The urban planner with experience in the public sector (City
Planning Department) and the formulation of the POT expands on this issue:
“The UPZ were an invention in order to do planning at another scale, when we
made a POT we could not define the whole city…..we are not against the whole
international urbanism, the North American, Japanese and European (urbanism),
the city has to be planned at different scales, and they are convinced that this is a
piece (UPZ), please!, a piece where you have five million inhabitants, please go
and see in New York which piece of 5 million of inhabitants do they have, in how
many parts is divided Manhattan?. So the thing is the ignorance, which is very
complicated, so what do you do? some guidelines at a general scale, and then you
define the city in some areas, so that later plans at a smaller scale are developed,
(but) if these plans (UPZ) have been done bad, that is another problem, so if these
sirs (consultants) each one decided to do whatever they wanted, that is another
problem (Personal communication, March 13, 2014, Bogota, #020, Second
Interview).”
This macro design approach to the city where smaller pieces of regulation called UPZ
were designated implied to postpone the regulations for several areas of the city as well as the
challenge to establish a dialogue between 112 consultancies conducting the studies needed for
each UPZ. This fragmentation made more difficult to coordinate transportation investments on
BRT and land use planning regulations. There has been another controversy between the macro186

design approach and the regulation approach. The UPZ polygons exemplify this conflict. In
words of the urban planner who worked in the formulation of the POT and has experience in the
public (City Planning Department) and private (consultancy) sectors:
“Those UPZ, it was a huge task for the city planning department, we have 112
UPZ to do and the City Planning Department began to do 1, 2, and later the years
went by, and it was terrible because people used to say and what norm can I do?,
meanwhile it was apply the Acuerdo 6 (previous regulation from the 1990s), but
we were on the POT 2000 but applying Acuerdo 6, because if you needed specific
regulations, you had to apply Acuerdo 6, moreover, many norms and regulations
were not in the POT, some mistakes emerged as part of this process because
nobody knew what can be done and what cannot be done (according to the
regulations), as a result, the agreement was let’s leave it to the UPZ, and thus
there were things that were left to the UPZ because they were not resolved, and
given that this overflowed the work of the City Planning Department, later the
City Planning Department began to start the contracts outside, three (UPZ) to one
university, three more to a consultant, another three to another consultant, and
three to someone else, and therefore everyone began to make proposals
(regulations) apart from each other, and when the map arrived (to the city
planning department) it was a little monster because it had no coherence, which is
the main concern of that POT (Personal communication, March 18, 2014, Bogota,
#002, Second Interview).”
The urban planner with experience in the formulation of the POT expands on this issue:
“There was a planning problem, things were not controlled and done as it had to
be done….with all independence (autonomy) those in charge of one UPZ decided
whatever they wanted, so it got completely distorted. And it became a norm
(regulation) issue, the UPZ were not (conceived) for determining norm, it were
for doing projects and norms, they were for planning, and they made them a norm
(regulation) thing. Because a tendency in Colombia is to make planning with
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norms……norms and norms, there are not projects (Personal communication,
March 13, 2014, Bogota, #020, Second Interview).”
The application of the UPZ approach implied a difficulty in terms of urban management.
In words of the urban planner with experience in the public (City Planning Department) and
private (developers) sectors at decision making positions:
“With the UPZ the management point of view was lost, and what happened is that
the implementers (executers) of Transmilenio, what they did was to purchase
(only) the parcels absolutely needed in order to have the lanes and road section
(for the bus rapid transit), independently from what was happening in terms of the
norm (regulation) at the borders (of the trunk corridor), in this manner, the norm
(regulation) was going on one direction, there were even parcels that could not be
developed (after the road section for the BRT was determined), after the land
acquisition, but from the norm (regulation) point of view, we imagined that it
could have been developed…..thus, the large impact to achieve urban facades
with (land) uses, in practice, with important (land) uses…and to achieve some
parcels, really developable (parcels), where there could be higher concentration of
building heights, to concentrate the density, well, we never made it! We never
achieved it! The execution (implementation) was going in the opposite direction
than the norm (Personal communication, February 3, 2014, Bogota, #026).”
The planning process and later the formulation of regulations for each UPZ fragmented
the planning process making even more difficult to articulate and coordinate with transportation
investments considering the large number of UPZ that each BRT corridor was crossing (Figure
19). Some participants consider that the private sector response consisted on developing what the
urban norm defined on each UPZ, and these regulations were defined by consultants and
universities that did not follow guidelines from the transportation planning point of view. In
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words of a transportation planner with experience in the BRT agency at decision making
positions:
“there were some changes in the POT, there were some treatments on the UPZ
(Unidades de Planeamiento Zonal in Spanish), there were some things from the
regulation point of view, but there was not a public management that generated
incentives, that facilitated the processes of consolidation of parcels, or in many
cases is not the consolidation of parcels, sometimes what is needed consists on
reorganizing roads and access, urban design, and the private sector knows this
pretty well, where parcels do not need to get assemble, we can see the evidence of
al BRT terminals with commercial developments at the point to access the
transportation hub, why? Because the parcels were available, there was no need
for land assembly, just to develop them, and the developer took the opportunity,
and there you see those (commercial developments), we can go and take pictures
to all of them (Personal communication, March 3, 2014, Bogota, #007, Second
Interview).”
In the absence of transportation planning guidelines for the formulation of UPZ
regulations, the criteria about where a more intense land use can take place could be extremely
controversial. For instance, the benefits of increasing the floor area ratio for some parcels
without the transportation investments as part of the criteria, like the renewal measures
determined around the subway stations, implies another difficulty for the coordination between
transportation and land use. Planners working for the first time with the principles of the LTD
and without experience applying value capture mechanisms with a clear process. They faced the
challenge to determine a certain criteria about how land parcels with better accessibility as a
result of the BRT investments could have a different treatment than those without the
accessibility benefits that could be generated by the mass transit investment. A transportation
planner with experience in the BRT agency of Bogota expands on this issue by suggesting
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control agencies from the public sector could find significant gaps on this decision making
process about who could benefit from changes on land use regulations:
“A decision by an urban planner could make several people very rich, and I think
the people of that period of time, in urban planning, they were very honest people,
which means, very good and professional people, and I believe they said, for what
purpose we are going to get involved in trouble, they did the most they could, but
I think the (urban) norm did not help them (Personal communication, March 8,
2013, Bogota, #014, First Interview).”
In this context of fragmented planning regulations as a result of the UPZ approach, other
attributes determined how the market and the private sector would react about potential
developments opportunities. Parcel size is one of this key attributes, which was first identified in
the quantitative data analysis (chapter 4), but participants explained further the differences
between BRT corridors. The sizes of land parcels along “Autonorte” are different from the
highly fragmented ownership parcels along “Av Caracas”. Even though the regulation makes
possible to redevelop some land parcels, when these parcels are larger in size, like in
“Autonorte”, the projects tend to benefit more from the current regulation if the parcel is larger in
size. The parcel size issue was raised by urban planners. The urban planner with experience in
the public sector (City Planning Department) and the formulation of the POT expands on this
issue:
“No, the (urban) norm is not different…..but the (urban) norm is much more
generous on the Autopista Norte because the parcels are larger, because there is
more space. However, the Av Caracas could also develop high-rise buildings, at
least in that POT (Personal communication, March 13, 2014, Bogota, #020,
Second Interview).”
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This suggests the land use regulation “consolidation” was not different along “Av
Caracas” and “Autonorte”, as it can be seen in the map (Figure 18), but one of the differences
between them is parcel size. This implies that it is much more difficult to expect redevelopment
processes along “Av Caracas” unless there are some land readjustment (assembly) measures.
This is not the case of “Autonorte” where parcels are larger and thus the redevelopment
opportunities imply mostly the demolition of residential low density developments. In the case of
“Av Caracas”, the redevelopment requires the public sector intervention, which was the case
with ERU and the “Parque Tercer Milenio” project. An urban planner with experience in several
administrations at the City Planning Department and with experience in the private sector as
consultant adds to this parcel size issue in relation to BRT Terminals in the first phase:
“There was not an important development impact besides what happened at the
Av Calle 80, which was the commercial center, because it was a large parcel,
almost always that is the reason, but the first (reason) one is land, this is not the
case of someone purchasing several parcels, and then doing all this management
for urban renewal, but there was a parcel next to the Portal so that they
(developers) developed their commercial center (Personal communication, March
20, 2014, Bogota, #031).”
Developers also explained the lack of interest in developing parcels along well
consolidated zones like “Av Caracas”. Two key issues were mentioned by them, small parcel
sizes and lack of incentives associated to land use planning regulations. In words of a developer
at a decision making position in a large development company:
“It is very complex to be able to structure projects in those sectors (Av Caracas),
first, because the dynamic, any encouragement for a more intense land use and
having a higher potential of development is inexistent. There is a complexity in
the structuration of those projects because there are too many parcels, they are
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very small, and the land is fragmented. That makes that a pretension from a
developer agency to develop projects becomes almost inviable. We have tried to
do some exercises specifically over Av Caracas, and we have had that obstacle
(fragmented parcels), we reach an agreement with nine landowners out of ten, but
because that tenth landowner (disagree) it cannot be made. Because that
landowner (the tenth) does not want to, and we cannot move forward with the
project (Personal communication, March 14, 2013, Bogota, #023).”
Lack of incentives and regulations to promote higher densities along the BRT corridors is
another issue mentioned by developers. In words of an urban planner working as developer at
one large development company:
“The scheme exists, to make a range of floor area ratios, outside ranges that could
be very high, because, obviously the infrastructure (water and sewage) available
do not allow aggressive densities. We believe in a moderated density, a density
that achieves financial balance (cierre financiero in Spanish), and a density that
allows trough land management instruments such as the partial plan of urban
renewal, the change of those infrastructures (water and sewage) and a real
possibility of those developments (higher densities) (Personal communication,
March 5, 2013, Bogota, #005).”
Developers also highlighted another issue related to parcels but in terms of ownership.
The scarcity of land in Bogota is a common topic of conversation among developers, especially
after the development of the majority of partial plans of expansion (development). The “Plan
Zonal Norte”, one of the largest expansion plans of Bogota at the North (further north beyond the
area served by the BRT), has not been implemented even though the technical documents and
regulations (draft of the decree) have been prepared. This scarcity has led to a speculation
process of parcels located in close proximity to arterial roads, including the BRT corridors. In
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words of a developer with experience in the public sector (City Planning Department) and with
several years of experience in the private sector:
“There more barriers, there are large parcels kept (out of the market) with people
that have landownership in Bogota who are waiting, first, that the norm will be
more clear, to allow higher densities, to have a higher development density, more
construction density, because it is highly profitable. To own today a parcel and
put it in a business land trust (bolsa de negocio) in order to be developed
providing a 20% of internal rate of return is not profitable and it is not attractive
to any landowner” (Personal communication, March 7, 2013, Bogota, #010, first
interview).
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Figure 18 Bus rapid transit system phase one, land
development measures POT 2000, Bogota

Figure 19 Bus rapid transit system phase one, UPZ(Unidades
de Planeamiento Zonal) Map, Bogota
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Source: City Planning Department of Bogota, geodata processing Erik Vergel-Tovar (2016)

5.2.2. Quito
In Quito, land use regulations have aimed to increase building heights along main arterial
roads, but not necessarily based on the idea to support the BRT system. This regulation applies to
main arterial roads, independently if they have been transformed into a BRT corridor or not.
Some of these main arterial roads became later BRT trunk corridors such as “Av. 10 de Agosto”
(Trolebus), “Av. 6 de Diciembre” (Ecovia), “Av La Prensa” (Corredor Central Norte), and “Av
Mariscal Sucre” (Corredor Suroccidental). An urban planner with experience in the formulation
of land use planning regulations in the City Planning Department mentioned on this regard:
“The density of built-up area follows a model, which means the PUOS (Plan de
Usos y Ocupacion del Suelo) is the regulation that establishes high densities and a
mixture of land uses along these main arterial roads, which in some cases are the
mass transit BRT trunk corridors (Personal communication, February 29, 2014,
Quito, #028).”
A planner with experience in the public (national government) and private (consultancy)
sectors confirms this approach towards main arterial roads regardless of their designation as bus
rapid transit corridors:
“There have not been territorial policies or strategies, neither urbanistic nor urban
management mechanisms, formulated around the bus rapid transit system. There
has been only (policies and strategies) along the corridors (main arterial roads)
themselves (Personal communication, February 13, 2014, Quito, #004, second
interview).”
Land use planning regulations have been focusing on the mixture of land uses along main
arterial roads (Figure 20). In words of an urban planner who participated in the formulation of
several Master Plans of Quito working at the City Planning Department expands on this issue:
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“The city did not have that vision (higher densities and building heights along bus
rapid transit corridors), the Quito Urban Master Plan (1980) did not say that we
are going to increase densities, or that we are going to promote development
along the corridors, no metropolitan plan has proposed those type of
developments. The only thing that was proposed in the RUQ, which was
formulated in 1992; at that time the Trolebus project was under studies, what was
contemplated at that time is a set of corridors for development where a mixture of
land uses was designated for the main arterial roads of Quito (Personal
communication, February 18, 2014, Quito, #026).”
The PUOS (land use regulation) was determined based on a previous city scale land use
planning process called RUQ (Reglamento Urbano de Quito in Spanish). The RUQ was
formulated at the beginning of the 1990s and finally approved in 1992, when the “Trolebus”
project was under study. The RUQ established a mixture of land uses and higher building heights
along the main arterial roads of Quito. This is the origin of this type of land uses in the current
classification of the City Planning Department (chapter 4, quantitative data analysis). The RUQ
is a land use planning regulation established before the implementation of the BRT trunk
corridors. Some participants mentioned how the real estate market has been very active along
some arterial roads such as “Av. Amazonas” and “Av. Colon” along which there are multiple
high-rise developments with a mixture of land uses. “Av. Amazonas” and “Av. Colon” have not
been transformed into bus rapid transit corridors. The main arterial roads that have been
transformed into BRT corridors with contrasting results after the implementation of BRT
systems are “Av. 10 de Agosto” and “Av. 6 de Diciembre”. A planner who has worked in
different administrations at decision making positions in the City Planning Department,
including the experience of participating in the formulation of the RUQ, explains this approach
towards the main arterial roads from south to the north of the city:
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“The zoning in the city established a higher density along the longitudinal and
transversal axes of the city, which is the case of Av. Amazonas, while the BRT
trunk corridors came after the RUQ was formulated. The (first) BRT corridor was
built in 1995 (Personal communication, February 18, 2013, Quito, #001).”
On the other hand, the transportation planning approach has been mainly focused on
solving the complexity of conventional buses that used to serve along the main arterial roads in
the city and later they were replaced by the implementation of BRT corridors. This approach in
the transportation planning process has been implemented mainly from the transportation field
with little dialogue with the land use planning process. In words of an urban planner:
“The main factor, is the fact that, from the Municipality itself, which means from
the Mobility Department, since the beginning, since the Trolebus was constructed,
(bus rapid transit investments) it was never thought from a more territorial
perspective, which means, as I said before, (bus rapid transit investments) it was
thought always from a mobility point of view, that means exclusively from a
transportation perspective. That one is for me an important factor to take into
account (Personal communication, February 20, 2013, Quito, #005).”
In addition to the emphasis on higher building heights along main arterial roads and the
mixture of land uses in Quito, regardless of being selected for bus rapid transit corridors, the
monocentric structure of the city has been another characteristic on the land use planning
process. The Historic Center of Quito, inscribed in 1978 in the World Heritage list by UNESCO,
has been the main node activity of the city. The expansion of the city towards the north implied
the extension of this main activity node in the same direction (North). The expansion of the main
activity node towards the North generated what is known as the “Hiper-centro” among the
planning community in Quito. The delimitation of the “Hiper-centro” is not as clear as the
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boundaries of the Historic Center, but the area planners refer to is where there is a high
concentration of public facilities, office buildings, and commercial activities (Figure 21).
According to the Territorial Master Plan of 2012, the “limits” of the “Hiper-centro” are
the “Av. Tomas de Berlangana” at the North, the “Av. Alonso Angulo” at the South, the “Av.
America”, “Av. Universitaria” and “Av. Mariscal Sucre” (Corredor Suroccidental) to the West,
and the “Av. 6 de Diciembre” (Ecovia), “Av Gran Colombia” and “Av Maldonado” to the East
(Quito, 2012). As expected, the first BRT corridor in the city known as “Trolebus” serves and
crosses the “Hiper-centro”, including stations in the Historic Center. The “Ecovia” corridor and
the “Corredor Suroccidental” corridor both serve the “Hiper-centro”, east and west side
respectively. This monocentric structure has led planners to believe in the “new centralities”
paradigm, which consists mainly on how to deconcentrate activities in the city by generating new
activity nodes at the North and South of the city. After the implementation of BRT corridors in
the city, this “new centralities” paradigm has been a key goal among planners. In words of the
urban planner with experience at the City Planning Department in several administrations:
“Later on the planning process (after the RUQ), there have not been substantial
modifications on these corridors (bus rapid transit), instead, Quito has had a
vision of maximize and strengthen this macro-centrality (Hiper-centro) and to
generate some urban centralities that allow a more balance development of the
territory and evidently in such approach the BRT has not played an important role
(Personal communication, February 18, 2014, Quito, #026).”
Like in Bogota, what makes the difference in terms of land use regulations are other
attributes such as parcel size. An example of this difference is the “Av 6 de Diciembre” where
“Ecovia” operates and as it was found in the quantitative data analysis, this corridor has had a
very active real estate dynamic with new developments. Parcels long “Av 6 de Diciembre” are
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larger in size than in other parts of the city; this is partially the result of having urbanized this
area for large single family houses, which later have been demolished for redevelopment
measures parcel by parcel. In words of a transportation planner with the experience in the public
sector (City Planning Department and the Transportation Planning Department) and the private
sector (consultancy on planning):
“The axis of Av 6 de Diciembre (Ecovía), noble axis let’s say because there was
urban space, between the Av Mariscal and this sector (Av 6 Diciembre), these used
to be parcels between 600 and 800, 1000 or 1,200 square meters, it used to be the
standard of the conventional parcel, these were houses, if you visit all this sector
of El Batán, there are still houses, which had 300, 400, 500 square meters of builtup area per house, single family housing, thus, the urban space that there was
available, it has generated that this sector is the one with the highest real estate
investment (Personal communication, February 20, Quito, #008, first interview).”
The convergence of a mass transit system with an area that has been part of the “HiperCentro” (extension of the central business district from the Historic Center), and land use
regulations allowing higher building heights are part of the explanations given by different
planners about why this area is very dynamic in terms of new developments. In words of a
transportation planner who participated in the design and implementation of two BRT corridors
of the city and with experience in the private sector (consultancy):
“To be honest, I would not dare to say that this is caused by Ecovía, I do not think
that it is only Ecovía, but there is a municipal regulation because all that zone
used to be (and still is) an area of Embassies, of large houses….so when the
municipality decides to change the regulation in order to build higher, the Ecovía
was already (operational) there, right? Therefore, there was land available and
nowadays it can be seen a significant amount of development (Personal
communication, February 20, 2013, Quito, #006, first interview).”
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Land use and development data availability has been a challenge in Quito for
transportation planners working in the design of the mass transit corridors in the 1990s and the
beginning of 2000s. The same transportation planner added on this issue during the second
interview:
“We went to attend the demand, which means, for instance, in my opinion the
poor urban planning, especially in terms of identifying quantitatively the land use
intensity, the data that used to be available and still there is in the (urban) plans, I
imagine those are density projections……but when we searched to identify the
land use in quantitative terms, this information was inexistent, and I think it is still
inexistent in Quito (Personal communication, February 20, 2013, Quito, #006,
second interview).”
Results of data analysis of interviews with urban planners expand on this subject, the land
use and development data availability has been an issue in the preparation of urban master plans
and therefore in the land use planning process. This elongated structure of Quito also implies the
key role accessibility plays in the daily life of “Quiteños”. In some cases, “Quiteños” need to
take more than one bus in order to reach their destinations, and thus some transportation planner
think the implementation of the BRT corridors consolidated areas further north, like the ones
served by “Corredor Central Norte”. In words of a transportation planner who participated in the
design and implementation of several BRT corridors and with experience in the public sector
(Transportation Planning Department):
“These high neighborhoods at the northwest, which did not have accessibility to
public transport, or they used to have double cost, double or even triple (number
of transfers), with the Corredor Central Norte system, these neighborhoods got
consolidated, they settled, in better conditions, and therefore this facilitated that
more people went to settle down over there, this means, they got consolidated,
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they (neighborhoods) were not created, they were already there, they got more
consolidated” (Personal communication, February 21, 2013, Quito, #011).
Real estate experts suggest the mass transit system was conceived to resolve a
transportation problem, but the articulation with urban development is not strong in their point of
view. In words of a real estate expert with experience conducting studies about land and property
prices dynamics in the city:
“The transport system (BRT) is not placed, it is given; it is generated to provide
accessibility to already existent neighborhoods. There is not….the decisions about
transport are not made in function of the land uses (Personal communication,
February 22, 2013, Quito, #013, first interview).”
Also, real estate experts think the implementation of the BRT system was conducted
more responding to an urban transport issue rather than the development of an infrastructure
project to transform the city. The same real estate expert adds on this issue:
“If I were in the position to guide the (urban development) process of the city,
what I mean, my personal opinion, I would have used the bus rapid transit system
to make an urban transformation of the city. I would have thought the stations, not
at the sites where the clients are, but at the sites where I need the city to happen
(develop) (Personal communication, February 19, 2014, Quito, #013, first
interview).”
This point highlights the difficulty in terms of coordination between land use and
transportation in the case of implementing a BRT system in an already urbanized area with all
the challenges this implies in terms of potential transformation of the built environment. Real
estate and finance experts also agree with the advantages offer by land parcels and previous
developments along “Av 6 de Diciembre” in order to facilitate redevelopment initiatives. The
same real estate expert adds on this issue:
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“What happens with the Av 6 de Diciembre? That is an avenue where there used
to be houses, single family houses, right? then the Ecovía is implemented, but not
because that neighborhood needed an Ecovía, in that neighborhood there were
other flows of transportation, from South to North, to bring a lot of people from
the South to the Hiper-Centro and to bring a lot of people from the North to the
Hiper-Centro, that is why the system was implemented over there” (Personal
communication, February 19, 2014, Quito, #013, first interview).
From the point of view of real estate experts about these neighborhoods, in addition to be
located along “Av 6 de Diciembre” as part of the “Hiper-Centro”, these neighborhoods also have
multiple services such as commercial centers, the stadium, among other facilities, and thus the
“Ecovía” is a mass transit system that facilities the commuting of those who need to reach these
destinations. This suggests that “Ecovía” becomes a system that increase access to these job
centers and services nodes to those who live not only at the North and South of the city, but also
at the Valleys (“Valle de Los Chillos” for instance), where suburban expansion has taken place in
recent years. Commuters can reach the BRT Terminal Rio Coca from the Valleys and then
transfer to “Ecovía” in order to reach main destinations close or at the “Hiper-centro”.
Even though there has been a dialogue between urban planners and transportation
planners, the dialogue has not implied coordination between urban land use plans and
transportation master plans. In words of an urban planner:
“Perhaps what has happened here in Quito is that there has not been a close
relationship between urban specialists and transport specialists, this means, those
in the transportation sector are engineers, architects, or any other profession, who
are thinking about transportation; and the others think about the city, but there has
not been a close collaboration between them, or joint interventions (in the city)
between both, the urban master plan is done on one side and the transportation
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master plan is done on the other side” (Personal communication, February 27,
2014, Quito, #033).
The transportation planner with the experience in the public (design of the BRT system)
and private sectors adds on this matter by suggesting the transportation planning and the land use
planning processes are separated from each other but in permanent discussion and in some cases
rivalry:
“One of the discussions that we do not only see here in Ecuador, but also in
several countries, is that it is always a discussion, more than a dysfunction. But
this discussion can take us to a dysfunction between what transportation planning
is and what land use planning is. The transportation planning process is in the
hands of the engineering approach; and on the other hand, the land use planning
process is a field of architects and urbanists. And here there is a situation that I
have seen in several municipalities in Ecuador, and also abroad, I am referring to
the lack of connection between the aims of both planning processes, the common
goals, there is always a kind of rivalry between those who are planning the
transportation and those who are planning the land uses” (Personal
communication, February 20, 2013, Quito, #008, first interview).
Even though there has been the lack of coordination between land use plans and
transportation plans, participants agreed on how developments opportunities generated by BRT
investments have been captured by the private sector, mainly for big-box developments. For
instance, the case of the BRT Terminal “El Recreo”, where a big-box development was built in
front of a terminal where the “Trolebus” and “Corredor Suroriental” converge, suggests these
types of developments are taking place when there is an opportunity for land use changes as well
as land availability. The urban planner with experience in the formulation of the RUQ and at
decision making positions at the City Planning Department in several administrations suggests
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both processes (the BRT terminal and the big-box development) were simultaneous but not
coordinated:
“The development of the Commercial Center El Recreo and the terminal was at
the same time, but it was not a coordinated process, at the beginning the Terminal
was a provisional transport hub, it was built provisionally because there was a
problem in the Cumbayá sector where the terminal was first proposed. There was
a land use change from industrial to commercial with the Commercial
Center……..what coincided was the announcement of the construction of the
Terminal with the development process of the Commercial Center, it was a
parallel process (Personal communication, February 18, 2013, Quito, #001).”
Like in Bogota, the differences in terms of timing between transportation planning and
land use planning have been also an issue in Quito. In words of the transportation planner with
experience in the design and implementation of some BRT corridors in Quito expands on this
coordination issue:
“Our interest was to introduce an element (bus rapid transit) that allows the
change (urban development) and later we improve it. What is missing, we fix it
(later). But what happens is that the politics change, and therefore that “fix it”
never comes. The same happened with Ecovía; we worked so hard in order to
leave all the infrastructure of Ecovía, right? (Personal communication, February
20, 2013, Quito, #006, first interview).”
In Quito, the land use planning system is not as sophisticated as in Bogota, and thus the
land management aspect is mentioned by planners but indirectly. In words of the transportation
planner with experience in the design of BRT corridors and with several administration at the
Transportation Planning Department expands on this issue:
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“In theory yes, it should be, it is obvious conceptually (speaking), we all should
agree that we should densify (intensity of land uses and development), to procure
a multiple land use associated to corridors (bus rapid transit), to the projections,
but the question is how to translate that into an effective operation” (Personal
communication, February 21, 2013, Quito #011).
The lack of data at the beginning of the 1990s also made difficult the coordination
between the land use planning regulation and BRT investments. This data availability is still an
issue as it was mentioned in chapter 4 (quantitative data analysis). In words of a transportation
planner:
“We should have planned the whole land use topic, etc. but it is the same
(situation) with the transportation models, here there was no a company that came
to conduct models, because there is no data, one of our problems is that we do not
have data. And Quito still does not have land use data, 15 years (later), 20 years
after we have requested them! Right? They have previsions of what should be, but
there are not measurements of how many square meters on commercial land uses
there are; we have to be honest on that (Personal communication, February 20,
2013, Quito, #006, first interview).”
The absence of rich and up to date data bases has made also difficult the coordination
between the urban plans and the transportation master plans. These plans have provided a set of
principles and guidelines rather than quantifiable outcomes, which makes more difficult to
determine ways to coordinate specific areas between transportation investments and land use
regulations. In words of the transportation planner with experience in several administrations at
the Transportation Planning Department:
“No, the transport master plan is a plan of strategic order. It is a plan that defines
the global policies for the development of mobility (in the city), it established the
strategy for the management of mobility components, the traffic management, the
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development of infrastructure, the development of public transport, the
development of nonmotorized systems. But it does not go down to the level that
you are suggesting; it is a much more operative level, more focused on the
management and the provision of infrastructure (Personal communication,
February 21, 2013, Quito #011).”
The rapid urban growth of Quito with the urbanization of hilly areas without proper
infrastructure has led to informality in the urban development sector. Several neighborhoods
have been developed on both sides of the city without the adequate provision of infrastructure.
This has been a challenge for the land use and transportation planning processes that still
nowadays implies difficulties in the provision of urban services. The same transportation planner
expands on this issue:
“The real fact about cities like ours is that the land use planning always goes
behind the events that already occurred (fait accompli) and the planning and
regulation processes, it is a planning for reference not for its application, it is the
case of a reference. It is the reference of good intentions, the (urban) norm is
implemented and regulated, but the fact is that these cities, cities like ours, the
majority of the urban events (developments) are informal events (developments),
it is a fact outside the regulation (Personal communication, February 21, 2013,
Quito #011).”
Real estate experts agree with this view about the timing issues of a land use planning
process in relation to informal urban growth and lack of infrastructure to address this rapid
demand, especially for informal settlements growing on hilly areas as well as at the north and
south extremes of the city. In words of a real estate and finance expert:
“The speed of the urban growth overflows the capacity, this exceeds the capacity
of the municipality, first you have the inhabitants and later the sidewalks arrive,
the city arrives. Because the occupation is taking place in spaces where the city
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has not foreseen to arrive……first people arrive than the infrastructure (Personal
communication, February 22, 2013, Quito, #013, first interview).”
In recent years, with the formulation of the subway project for Quito, planners are also
keeping in mind the rail-based paradigm in terms of the relationship between urban
developments and subway stations. This is similar to the vision planners used to have in Bogota
in relation to the subway project at the end of the 1990s, which is the result of international
experiences with metros and subways in Europe and North America. Planners in Quito also think
that the subway is the system that really impacts the urban development process and therefore
they have been working on adjusting land use regulations around the future subway stations. The
subway project for Quito began between 2010 and 2011 and it has been a project that has made
transportation and urban planners to work together in terms of the land use regulations around
the future stations (Quito, 2012). In words of an urban planner with experience in the public
(national government) and private (consultancy) sectors:
“But around the subway system, the subway system. As I said, the initiatives
related to the transport system as well as to the territorial development have not
occurred just until now; (they have been) always related to the subway system.
This means, it is like people already awake about the idea that the subway can
really generate developments, and the idea that is necessary to think about
proximity to the subway system, this (mentality) has not happened with the BRT
(system)” (Personal communication, February 20, 2013, Quito, #005).
Planners believe the Municipality should acquire land for developments around the future
subway stations before the construction process starts. In fact, planners believe the subway
stations will help in the process to achieve the paradigm of generating new centralities in order to
deconcentrate the activities that are taking place in the “Hiper-centro”. The national government
is interested in developing what is known as “Governmental Platforms” which consists on
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activity nodes where public institutions such as ministries will have buildings in Quito in land
parcels that are already property of the state. Planners are interested in matching these
“Governmental Platforms” with the future subway stations. In words of an urban planner with
experience conducting studies about land use policies and real estate dynamics in the city of
Quito:
“In the case of Quito with the subway project, and this initiative of the national
government to create a system of platforms for public management, there you
have these initiatives thought and located in environments where there will be a
close relationship with the subway” (Personal communication, February 26, 2014,
Quito, #033).

208

Figure 20 Quito Land Uses

Figure 21 Quito Facilities Map (Monocentric structure)
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Source: City Planning Departrment of Quito, geodata processing Erik Vergel-Tovar (2016)

5.3.Expertise: public and private sectors, moving between mistrust and exchange of
knowledge
5.3.1. Bogota
The relationship between the public and private sectors in the urban development process
has been always complex in Bogota, especially since the approval of the LTD. As it was
mentioned earlier, this law not only established a set of principles that give more power to the
public sector in the land use regulation process, but also a set of tools that seek to share the costs
and benefits of the urban development process. Urban planners working on the public sector
began to implement these principles and the tools provided in the LTD with the formulation and
implementation of the POT (Figure 22). On the other hand, developer changed in 2000 their
approach towards development projects after the crisis at the end of the 1990s in Colombia. This
crisis known as the collapse of the UPAC (Unidad de Poder Adquisitivo Constante in Spanish)
system implied the bankrupt of many developers and homeowners facing extremely high interest
rates (Cuéllar, 2007; Forero, 2004). Developers began the scheme known as “sell off-plan”
which basically means the developer starts the construction process once the 51% of sells of the
development project has been reached.
The finding through the analysis of the interviews is how these two approaches towards
urban development led to a mistrust relationship between the public and private sector. The
analysis also found that several years later there has been an exchange of knowledge between
both sides as a result of the movement of planners towards the consultancy sector and in many
cases to start working in new divisions in developers companies that opened focusing on
planning issues. This exchange of knowledge suggests urban planners are becoming more aware
of the logics of real estate dynamics and developers are becoming more aware of public interest
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issues such as the provision of public spaces and facilities. However, the exchange of knowledge
is a more recent process after more than a decade of experiences with tensions from both sides.
Figure 22 Bogota: land use, development and transportation investments
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The urban planner with experience in the public sector (City Planning Department) and
private sector (developers) explains this complexity in the interactions between the public and
private sectors towards urban development processes:
“One thing in which we have not been able to evolved, unfortunately, is public
and private trust. The public sector is always thinking that the private is going to
steal (trying to get all the profit), and the private sector, for which I work for
nowadays, is always thinking that public sector is going to harm the private
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sector, that the public sector will issue norms that makes unfeasible the business
(Personal communication, February 3, 2014, Bogota, #026).”
This complexity in the interaction between the public and private sectors has created an
environment that makes not only difficult the management of any redevelopment or renewal
approach but also a communication gap given the lack of knowledge regarding their respective
expertise. The same urban planner adds on this issue the following:
“Urban renewal, I am convinced about the subject, and I think the international
examples show it, and it is that both (public and private) should go hand by hand,
because urban renewal departs from the principle of public interest (utilidad
pública in Spanish). So, when you (public sector) have a (bus rapid transit) station
and you (public sector) declare a zone of public interest, right there both (public
and private) have to go hand by hand. What has happened? It becomes an issue of
the public (actor) defending the community (from profit driven private actors)
from that intervention (urban renewal) or private initiative. That kills the project.
Because the private (actor) starts to purchase land, and the public (actor) begins to
warn landowners, tenants, and inhabitants of the zone…assuming that it would be
a problem only for the private. That kills any project and it has happened in many
areas of the city (Personal communication, February 3, 2014, Bogota, #026).”
Planners have the impression that developers are only driven by the profit driven
approach in development projects. Therefore, planners believe land use regulations are the
mechanism to capture some of the profits developers can make in a development project. The
capture of these profits in the mindset of planners can be used for public interest goals such as
funding public spaces, infrastructure and affordable housing. Developers have developed some
apprehension towards land use regulations because they see them as a time consuming process
without clear procedures. In words of an urban planner working at a large developer company in
Bogota:
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“For a building permit there are some requirements that come from the City
Planning Department, and these requirements (documents approving compliance),
even though there are some terms (three months), they take five or ten times more
than what they should take, an specific case, topographic incorporations, one
topographic incorporation has a time window of 20 days (for approval) according
to the law, but it can take between six and eight months. So these processes can
could differ depending on the complexity that they have and the extent by which
the City Planning Department has to be involved or not. The availability of public
services (requirement), for instance, the Water Supply agency basically, it has
been required that some of these processes (requirements for development) get
closed (stop approvals for building permits) because they do not give alternatives,
they do not sit down with the private (developer) to study alternatives to manage a
potential addition of housing units (Personal communication, March 5, 2013,
Bogota, #005).”
An urban planner with experience in the public and private sectors confirms the low
expectations about any potential developments impacts of the BRT system in the planning
community. This planner suggests a parallel between the ridership expectations for the BRT
system among transportation planners and the expectations urban planners had about potential
developments as a result of BRT investments. As it was mentioned before, urban planners
strongly believed in the development impacts of the subway stations but not the BRT system
itself. The parallel consists on the well-known expression that the BRT in Bogota became a
victim of its own success because the system reached ridership levels never expected by
transportation planners (Margolis, 2015); and, the real estate market reaction as a result of the
BRT system with private sector initiatives in close proximity to the BRT stations, especially
BRT terminals. This urban planner with experience in the public and private sectors expands on
this issue:
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“I think there was that knowledge (real estate development and mass transit
investments), in fact many of us working during that government period had some
experience in the private sector; but we did not anticipate with sufficient clarity
those impacts, first the traffic (number of passengers) ended up being much
higher than those expected in the demand curves….neither the market nor us
imagined such strong phenomena and so fast (development activity), otherwise
we would have been much more determined in seeking those (development)
opportunities for urban management (Personal communication, March 20, 2014,
Bogota, #031).”
The quantitative data analysis findings suggest the redevelopment processes have been
taking place parcel by parcel. As it was explained in the coordination theme, the interviews with
key participants in Bogota confirms that the development changes of the first phase of
Transmilenio were not complemented with land use planning regulation promoting renewal or
redevelopment measures. In already urbanized areas, like the corridors where the first phase of
Transmilenio was constructed, land use planning regulation that facilitates land readjustment or
assembly measures was not required in order to promote changes. In the absence of a public
agency promoting these type of redevelopment or renewal projects, the ERU was completely
focused on the “Parque Tercer Milenio” project, the developers expected some type of
incentives, especially for areas like “Av Caracas” where there is a fragmented land parcel
structure and ownership with the challenge of having several landowners where an agreement
among the majority of landowners is needed in order to move forward with urban renewal
measures.
In relation to the land use planning regulation, real estate experts coincide with
developers about the absence of regulations that promote changes in areas with fragmented land
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ownership like “Av Caracas”, where renewal measures require land readjustment or assembly
procedures. In words of a finance expert with experience on the real estate sector:
“There is nothing, there is nothing that incentivize that the city moves (in terms of
real estate activity) around the Av Caracas, what I mean is that if you go and see
the phenomenon of the Av Caracas, the Av Caracas today is almost the same Av
Caracas that it used to be before Transmilenio. The profile of the city has not
changed (Av Caracas), and it has not changed not because the Transmilenio has
not had the capacity to change it, it has not changed because the city has not had
(urban) norm in order to change it” (Personal communication, March 15, 2013,
Bogota, #024).
In the middle of a tense relationship between the public and private sectors, urban
planners have also moved towards more community involvement measures as a way to achieve
balance regarding the profit driven approach from the private developers. Urban planners also
have included the provision of public spaces, provision of affordable housing and public
facilities as part of requirements in the process to allow higher floor area ratios or a more intense
development. This view about the urban development benefits that developers usually get has led
to a complex relationship between the private and public sectors to the point that some of the
requirements determined by planning regulations make less attractive any potential investments
for developers. In words of a developer:
“There are very few (incentives), because the dynamic of the norm (regulation)
has not responded to that (redevelopment or renewal in already consolidated
areas). But, so let’s say that they (regulations) have very good intentions. But the
(regulation) environment does not allow it, it does not allow it because there is a
vision that the private (developer) gets rich easily, and thus, the requirements for
(public space) cessions and the requirements to achieve higher floor area ratios
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become absurd. (They are) absurd to the point that make the projects unfeasible
(Personal communication, March 14, 2013, Bogota, #023).”
Urban planners experienced a transition process since the formulation of the POT (2000).
This view suggests the architect and urbanist expertise was the main influence in the land use
planning process in the formulation of the POT (2000), during the first mayoral term of Enrique
Peñalosa. This view consisted in the macro design approach towards the city as a whole which
later led to the formulation and regulation with the UPZ units as it was explained in the
coordination theme. The POT (2000) seeks to consolidate a city without adequate infrastructure
citywide, but at the same time there was a concern with a monocentric city. The approach
consisted on identifying main activity nodes based on land use data. In the second interview, the
urban planner with experience in the public sector (City Planning Department) and private sector
(consultancy) expands on this issue:
“We saw that even though the city was very monocentric, there were some nodes
that were growing, and as a goal, we said, we have to consolidate a polycentric
city, we cannot continue (this way) we need to decentralize, at that time Peñalosa
said we are going to build a Super Cade (public facilities) in this site, and we are
going to do this in order to decentralize a lot of things (public sector offices)
because everybody has to come to the city center, and we can make more efficient
the mobility system and the commuting of people (by decentralizing), as long as
we take out all this (public services) from the city center (Personal
communication, March 18, 2014, Bogota, #002, Second interview).”
The modification of the POT in 2004 introduced aspects of urban economics as a result
of the influence of this approach in the second administration of Antanas Mockus. The new team
in the City Planning Department had an urban economics background who believed the land use
regulations included in the POT in 2000 were not the results of predictions based on land use
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models and the urban spatial structure of the city. The same urban planner expands on this issue
in the second interview:
“That was one of the main critics when they arrived (the new team in the City
Planning Department); they said those typical architects made up those
centralities from nowhere, so they began to do new studies about activity nodes
(centralidades in Spanish), which I think was very good, more accurate, more
econometric, with a more detailed analysis, especially because they had more
information (inputs) to do this (Personal communication, March 18, 2014,
Bogota, #002, Second interview).”
Some planners also suggest the shift towards the left of the political spectrum in the local
government of Bogota in 2004, after the second term of Mokcus, implied a change in the land
use regulation approach that ended in 2015 with the election of Peñalosa who was running for
city mayor for the third time. This view suggests planners working for left-wing city mayors
(Garzon, Moreno and Petro) changed the approach towards urban renewal and redevelopment
projects by moving towards community involvement in these types of urban interventions. This
view suggests the shift to the left implied the arrival of a group of academics to the City Planning
Department with the conviction of the important role of the public sector in capturing benefits
from the urban development process and mobilizing these benefits for the common good
(affordable housing, for instance). In words of the urban planner with experience in the public
sector (City Planning Department) and private sector (consultancy):
“I think that after the arrival of the three left wing governments, which had even
less knowledge about those missed (development) opportunities, this mainly
because their ideology and educational background, when you talk to them, you
listened to them talking about the approach, that the approach towards urban
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projects (renewal, redevelopment, revitalization) should include communities as
stakeholders” (Personal communication, March 20, 2014, Bogota, #031).
Even though there have been these transitions among mayoral administration, one partial
plan for urban renewal measures associated to BRT investments was formulated during these
“left-wing governments”. The implementation of land management tools associated to BRT
investments from a public initiative takes place for the first time in the project called “Estacion
Central”. In words of an urban planner this is probably the only land development project from
public initiative taking advantage of BRT investments:
“I would say the only one is Estacion Central, I know the decree is about to be
signed at the City Planning Department. I think it is the only one, the only project
conceived since the beginning in an articulated manner with urban transport, as a
tool” (Personal communication, March 4, 2013, Bogota, #002, first interview).
The exchange of knowledge between the public and private sectors has been materialized
in the formulation of the partial plan for urban renewal measures called “Estacion Central”. In
words of an urban planner working in the design of this public initiative:
“A project that the Urban Renewal Agency leads and it is called Estacion Central,
this project received approval (by the local government) in December of 2012; for
the first time in this city, the transport infrastructure and an urban design project
are joint, this is the first time that a transport system is understood as an
opportunity to generate public space (Personal communication, March 14, 2013,
Bogota, #022).”
Even though there is common agreement on how “Estacion Central” can be considered
as a BRT oriented development project, some participants suggest moving from the planning
stage to the implementation of the project is a process that is taking a long time. It is believed
that the implementation process takes a long time because institutional capacity issues of the
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ERU. In words of a transportation planner with experience at decision making positions in the
BRT agency during several administrations:
“The problem I think is that the agency (ERU) is stagnated in the planning dream,
but it has not implemented anything. This is precisely because I think the
implementation should be transfer to someone else. The agency does not have the
institutional capacity to implement it (Personal communication, March 8, 2013,
Bogota, #013).”
The formulation process of this partial plan was subject of changes between 2012 and
2013 in order to generate a mixed use development where affordable housing units could be
included as part of a cross subsidy scheme. In words of an urban planner with experience at
decision making positions in the City Planning Department:
“The Estacion Central project had a different vision (previous administration),
which we do not agree with. I am referring to the relocation of people, right? And
then give that (land) to third parties. That is terrible! We think that those who
have the right first to improve the quality of life are those who are already there!
They do not have to go! We are proposing a mixed use development including
housing; what I mean is different types of housing for different income levels,
including affordable housing (Personal communication, March 11, 2013, Bogota,
#016).”
The construction of knowledge as a result of the exchange of expertise between the
public and private sectors is a process that has taken a long time. The learning process about the
real estate business by urban planners has required not only that planners are moving from the
public sector to the private sector, but also their return to the public sector with that knowledge.
At the same time, the influence of planners in the methodologies and techniques conducted in
companies of developers has also implied a learning curve process that may take several years.
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This is the case of the partial plan “La Felicidad” that is described in the next section. An urban
planner who has experience in the formulation of this partial plan and has also worked in the
public and private sectors multiple times expands on this issue:
“There is an issue that might be difficult to understand, I am referring to the
construction of knowledge: definitely the private that develops projects has the
agility and it is much faster than the public, because the private is a specialized
agent, while the public sector is the sum of many heads. Every time a project is
presented you realize this is an issue of alphabetization, nothing is possible from
this side (private) you know a lot (about the real estate business) if from the other
side (public) there has not been implementation. Let’s say it is like a game in
which there should be a dialogue between equals but this is not taking place
because the preparation from both sides (public and private) of the table is not at
the same level. Therefore, it is needed to build knowledge and it is a very, very
slow process” (Personal communication, March 20, 2014, Bogota, #031).
5.3.2. Quito
The relationship between the public and private sectors regarding the urban development
process has been framed by the stages of the formulation of each Urban Master Plan and their
respective regulations as well as the mayoral terms of the city of Quito. As it is shown in Figure
23, when the Historic Center of Quito was inscribed in the World Heritage list by UNESCO in
1978, the city began a process that mainly focus on the preservation and protection of this area.
This designation by UNESCO implied a huge task for the Municipality in terms of conservation
and protection of the heritage. Several threats for the preservation and conservation of the
Historic Center were identified at the beginning of the 1990s such as the oversaturation of
commercial activities and street vendors, employment and housing issues (crowding conditions),
traffic and access, the physical decay of buildings, and the deterioration of the social quality of
life (Zaaijer, 1991). The city conducted multiple studies from a historic and preservation point of
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view including an inventory with pictures and detailed information about the architecture and
history of the city. The Atlas and the Diagnostic of the Historic Center published in 1992 are two
detailed studies conducted by the municipality with an assessment of the conditions and
characteristics of this area as part of the Metropolitan Plan (Quito, 1992).
Figure 23 Quito: land use, development and bus rapid transit investments
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The rest of the city had two types of urban growth. The formal development process
following the regulations and approval of building permits and the informal development process
that initially led to the urbanization of the hilly areas and later the expansion of the city towards
the north and the south. The regularization and legalization of these informal settlements has
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taken multiple years, especially due to the challenge to provide access to water supply to these
settlements on hilly areas at a higher elevation than the rest of the city. The fast urbanization
process without compliance of land use regulations, specifically on informal settlements, has
motivated planners in Quito to called this a “faits accomplish” situation, urbanization that creates
a “de-facto” scenario in which occupation of land takes place first and then the local government
face the challenge to regularize and upgrade these settlements. These informal settlements have
been classifies into three categories: peripheral neighborhoods (urban edge), “conventillos”
(overcrowded tenements in the Historic Center) and rural neighborhoods (Carrion & Vasconez,
2003).
The relationship between the public and private sector has been mainly a relationship of
compliance of a set of regulations designated by the municipality to each parcel. Before the
declaration of the Historic Center as part of the World Heritage by UNESCO, the two Urban
Master Plans formulated before 1978 (“Plano Director de Quito” in 1967 and “Plano Director
de Quito y su Area Metropolitana” in 1973) mainly focused on the physical aspects of the city
with a vision about the Historic Center as a space that was hindering the urban development
process (Zaaijer, 1991). After the inscription of the Historic Center in the World Heritage list, the
master plans dedicated a special section to the Historic Center seeking the preservation of the
historic properties. The Plan Quito formulated in 1980, determined land use regulations for urban
development in the city as well as preservation measures for the Historic Center. The process is
described by a developer with experience with projects for several decades in the city:
“The process used to be based on documents called lineas de fabrica, these
documents used to be requested before the municipality, and the document was
issued by the personero municipal who used to consult the plan and its maps,
which already registered the building heights and land uses. The personero
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municipal used to give to the developer what was authorized to be built in the
specific parcel (based on the consultation) the regulations also included the
required setbacks and land occupation, all these general norms used to be
provided in a written document. Once the Plan Quito was approved, there was an
effort to regularize the process based on an information system, and given that the
whole city was digitalized (cadaster id number), so the process consisted on
digitizing the cadaster number of the parcel in order to get the land use regulation
for that specific parcel. If what the regulation establishes was not in compliance,
the development could be demolished including the intervention of the control
agencies of the state (Personal communication, February 20, 2014, Quito, #030).”
The process in Quito has been mainly based on the compliance of a land use regulation
that was established by Master Plans. This approach implies a role for the public sector which
consists on determining the urban norm and provides building permits according to the
compliance; and, a role for the private sector which consists on consulting the norm and
designing the developments according to the urban norm. This relationship has changed more
recently with the involvement of the public sector in management measures such as incentives
and promoting redevelopments through land assembly. However, the land use planning in
Ecuador is less sophisticated than in Colombia because the absence of a city planning law similar
to the LTD (Colombia) or the “City Statute” (Brazil) with land management tools and legal
principles that could support interventions of the public sector on private properties like land
readjustment measures. There is a “Ley de Ordenamiento y Uso del Suelo” proposal similar to
the LTD of Colombia. In fact, the drafts of this project of law have received inputs from planners
from Colombia in multiple occasions (MIDUVI, HABITAT, Quito, & Ecuador, 2013; Quito,
2011). The “Ley de Ordenamiento y Uso del Suelo” has not been approved in Ecuador after more
than five years of debates and discussions at the National Congress as well as among multiple
spaces of discussion and debate, including the planning community. It is unclear if the “Ley del
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Suelo” project will be approved in the short term, but certainly this situation implies the set of
tools for urban management in the case of Quito are different than the set of tools Bogota has
been implementing for more than a decade.
The national legislation known as COOTAD (Codigo Organico de Organizacion
Territorial, Autonomia y Descentralizacion in Spanish) is the legal framework that transferred
the land use responsibility to all local governments in Ecuador in 2010. The COOTAD included
an important change in the political and administrative structure of power in Ecuador by creating
decentralized autonomous municipal governments known as GADs (Gobierno Autónomo
Descentralizado Municipal in Spanish). Within this new legal framework, these GADs have the
responsibility to establish the land use regime and norms for urbanization processes. The GADs
also have the responsibility to conduct the planning process by formulating the Territorial Master
Plans (Planes de Ordenamiento Territorial in Spanish) which determine the land use planning
regulation for urban and rural areas (Ecuador, 2010). The existence of the COOTAD as part of
the legal regime in Ecuador is one of the arguments mentioned by those who criticize the
initiative of the “Ley de Ordenamiento y Uso del Suelo” (Ecuadorinmediato, 2014). Another
controversial topic about “Ley de Ordenamiento y Uso del Suelo” has been value capture
mechanisms, which has been challenged by those who believe this mechanisms do not seek a
redistribution of land value increments but a threat to landowners and their assets (Orozco,
2015). The debate is not settled and the absence of “Ley de Ordenamiento y Uso del Suelo”
suggests cities like Quito have not been able to implement more sophisticated land use planning
tools like those implemented in Colombia such as partial plans and value capture.
As it was mentioned before, Quito as Metropolitan District already had the land use
responsibility and autonomy in terms of the regulation of the territory. However, the COOTAD
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became the legislation that is now used as part of the legal foundations for the issuance of any
“ordenanza” in Quito. This is the case of the “ordenanza” issued in 2013 for the “Parque
Bicentenario” urban project. The municipality is starting to get more involved in management
processes such as the “Parque Bicentenario” as a result of the relocation of the International
Airport and the generation of affordable housing projects through a local government agency
created for that purpose. These two recent changes are discussed further in the management
section. This section focuses on the findings from the semi-structured interviews regarding this
compliance relationship between the public and private sectors in relation to the urban
development process.
After the formulation and implementation of the Plan Quito, the city formulated a new
urban master plan called RUQ (Reglamento Urbano de Quito in Spanish) at the beginning of the
1990s. The RUQ became a significant effort of the municipality to conduct a comprehensive
planning process with built environment data such as land uses, building heights, housing
conditions, and designation of urban areas. The RUQ also introduced a special chapter for the
Historic Center including an atlas with a detailed inventory of the historic and preservation
properties, in line with the heritage preservation requirement after the designation as World
Heritage by the UNESCO. The RUQ also included the Trolebus project with the first corridor
from BRT Terminal “La Y” to the south BRT Terminal of the time “El Recreo”. As it was
mentioned in the coordination theme section, the RUQ only included the location of the
transportation infrastructure but the coordination with the land use planning process was weak.
The RUQ determined the foundations for future plans such as the PUOS (2005) and the later the
PMOT (2012). In relation to the zoning regulation exercise conducted by the municipality, the
same developer with several years of experience explains how the sequence of urban plans
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implied minor changes to the compliance of regulations relationship between the public and
private sectors:
“As I mentioned before with the Plan Quito, the RUQ is the urban regulation of
Quito which was made in the mayoral term of Rodrigo Paz. Later in the next
mayoral terms the ordenanzas were subject of changes but basically the spirit is
the same (regulations for development) with slight modifications with a recent
addendum that was made to the code of architecture and urbanism, which
includes more detailed norms regarding the architectural design, determining
characteristics such as the window height, norms that are more related to the
design of the project” (Personal communication, February 20, 2014, Quito, #030).
Once the Urban Master Plan has been approved by the City Council, the tools used by the
Municipality are legal measures called “Ordenanzas” which estipulate all the requirements for
the urban development process. This regulation tool is in the mind of all actors involved in the
formal urban development process, and developers always expect this is the way to introduce
incentives for changes in the development process. In words of another developer with
experience in projects conducted in the “Hiper-centro” and the North of Quito:
“ If the purpose is to give incentives to developers, that would be the moment to
issue one Ordenanza where we can really do the planning of especial projects, to
submit to the municipality and get the approval of that parcel (subject to the
special project), that would be the best logic (approach), over there I as developer
I have the incentive that I at least know that they will allow me to do a shopping
center, with some characteristics without moving away from the municipal laws,
that’s the logic” (Personal communication, February 28, 2013, Quito, #021).
The development tool “Special Urban-Architectonic Projects” this developer is referring
to is a small area plan tool included in the land use regulations of Quito that allows developers to
introduce substantial changes to the land uses, building heights and intensity of development.
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The “Special Urban-Architectonic Projects” have the requirement of project sizes of minimum
one (1) hectare. Developers have been using this development tool mainly for large scale
projects in urban expansion areas and the suburbanization process on the East Valleys (Los
Chillos, for instance). An incentive issued by the municipality in 2011 consists on selling density
bonuses to developers. This incentive allows developers to purchase development rights for two
additional floors in certain areas of the city, the distance or location of the parcel in relation to
the BRT has not been one of the factors considered for this regulation. A developer with
experience in the private sector in different development companies expands on these two issues:
“The change of the Ordenanza, which was issued to give two extra floors, it does
not consider those aspects (land readjustment or assembly, or distance to the
BRT). Regarding the relocation of the Airport (outside the city), what the
Ordenanza changed specifically about building heights is that over there 30 floors
will be allowed. It (the Ordenanza for Parque Bicentenario, where the old Airport
used to operate) gives the possibility, the ability, that parcels can be merged in
order to build larger projects (Personal communication, February 21, 2014, Quito,
#009).”
The dynamic between the public and the private sector in relation to the formal urban
development process is mediated by these “ordenanzas” prepared by the City Planning
Department and approved by the City Council with the previous agreement of the City Mayor.
The decentralization of land use regulations in Ecuador is more recent than in Colombia. Quito
has been a special case since the city is a metropolitan district, giving the authority over land
uses to the local government. However, the national government plays a key role in the
development process of the city with the land supply and demand for housing. On the supply
side the national government owns large parcels in the city, well located parcels that have been
kept vacant for future developments. With the convergence of the initiative from the national
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government about the “Government Platforms” and the new centralities paradigm in the mindset
of urban planners for decades, these platforms are becoming nodes for future development with
their own regulations. The national government holds the property of these well located large
parcels through stateagencies, one of them is the Social Security Institute (Instituto Ecuatoriano
del Seguro Social IESS in Spanish). The IESS holds a bank with the name BIESS (Banco del
Instituto Ecuatoriano del Seguro Social BIESS in Spanish) both are becoming important actors
on the demand side of the urban development process by granting mortgages to beneficiaries
who are saving their future pensions with the BIESS. The same developer expands on the
interaction between this entity of the national government and land use regulations in Quito:
“In fact, the BIESS is promoting in this sector (Hiper-centro), for instance here
close to the Av Eloy Alfaro there are properties that are kept by the IESS, the
Social Security, there is a construction, over there; there will be two towers of 40
floors. The national government also has, under development, the well-known
government platforms (Plataformas Gubernamentales Administritativas).
Likewise, these are going to be buildings, as far I know, they are going to be also
developments of 40 floors (Personal communication, February 21, 2014, Quito,
#009).”
While Bogota has decentralized the building permits process with “Curadurías
Urbanas”, private agencies reviewing the compliance of developments projects according to the
UPZ units; in the case of Quito, there has been a discussion about the implementation of a
similar model based on the experience of Bogota. The process in Quito is mediated by the
provision of a guarantee from the developer, who is required to pay an amount of money for this
guarantee in order to fulfill the compliance of the land use regulations. This process highlights
the complex relationship between the public and private sectors in the urban development
process. With this payment the municipality transfers the responsibility to the developer in the
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compliance of the land use regulations, a process in which the municipality conducts periodical
visits to review the construction process and fulfilment of the regulations. This process is
described by a developer with experience in projects in the “Hiper-centro”, the north and some
areas in the south of the city:
“Why there are delays with the building permit? This is because the municipality
has the requirement to issue a guarantee. The guarantee (seeks to make sure) the
construction is made according to the drawings and layout approved, registered, it
is a bit illogical the issue, we are controlled and when there is not compliance
(during construction work) the guarantee is made effective by the Municipality
and we are required to demolish…..we are talking about an amount of money
(guarantee), the guarantee is returned to the developer after compliance of the
construction, the municipality has realized this has caused many problems, the
idea is to change it to one single process, registration of drawings and layouts and
the issue of the building permit” (Personal communication, February 19, 2013,
Quito, #003).
The relationship between the public and private sector is mediated by the “Ordenanzas”
and these guarantees in order to make sure there is a compliance of what the urban norm
establishes. However, the level of involvement of the public sector could go beyond that by
having urban development agencies like in Bogota or by becoming a stakeholder like the case of
the governmental platforms where the national government owns the land. But the absence of a
legal framework with a set of tools promoting urban management measures with a higher level
of involvement of the public sector makes this difficult. An urban planner with experience in
decision making positions at the City Planning Department and in the private sector (consultant)
describes this complexity in the case of the “Parque Bicentenario” project where the
International Airport used to be located:
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“What we (public sector) are doing is promoting, stimulating to not allow the
development of certain polygons (in the Parque Bicentenario project) unless they
are (conceived) as a whole and approved by an urban public operator, which is
going to be a public company (agency), unless they associate between each other
(private developers). But, the problem is, the limitation we (public sector) have,
we would like to participate in the development, but we do not have legal support
that allow us to apply eminent domain in favor of third parties, because if we
enter the business (real estate), we enter in a way that could be at minimum level
because we do not have the funding for the whole area that left the Airport (after
the relocation). Therefore, it is preferable and we make sure, we give the incentive
that the norm allows, that the assembly of parcels could do, with the benefits of
that increase in building heights” (Personal communication, February 23, 2013,
Quito, #014, first interview).
In the absence of a legal framework and an urban development agency in Quito, the role
of the municipality has been mainly to conduct the rational approach of zoning. This zoning
process determined by “ordenanzas” leaves little room for management measures that are needed
if the goal is to transform already urbanized areas, which is where the BRT trunk corridors have
been implemented. In words of the urban planner with experience in the public sector (national
and local governments) and the private sector (consultancy):
“For the moment, no; until now there has been not (participation of the public
sector in developments taking place in close proximity to BRT terminals or
stations); what I mean is the municipality has limited itself to determine the
zoning. That means, now there will be a higher involvement of the public sector,
but this is mainly related to the relocation of the International Airport, more than
the implementation of the BRT corridors themselves. And there is participation of
the public sector with the subway, with the project for the subway (Personal
communication, February 20, 2013, Quito, #005).”
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Infrastructure projects like the relocation of the International Airport or the project for the
subway system have opened the door for the involvement of the public sector in development
projects associated to these changes in the city. However, the measures are always limited to the
issuance of “ordenanzas” in the absence of a legal framework that could allow more aggressive
measures such as land acquisition with principles like the social function of the property, the
public function of the urban development process, which are some of the principles the LTD and
the “City Statute” of Brazil have applied in order to intervene in the land development process.
In the absence of such a sophisticated regulation framework (referring to Colombia and Brazil),
land use changes that could increase land values are not associated to potential value capture
mechanisms, which do not exists in Ecuador. Quito has implemented betterment levy in order to
finance infrastructure projects such as roads and the provision of water supply and sanitation in
some areas of the city. However, value capture mechanisms as a result of land use changes via
urban norm have not been applied in Quito. In words of a transportation planner:
“There has been initiatives, discussions, proposals, without reaching a formal
legal framework or urban norms with management tools; there have been
discussions (about value capture); there have been interesting contributions, but in
the facts, in the urban norm, in the management mechanisms there is absolutely
nothing” (Personal communication, February 21, 2013, Quito, #011).
The public sector approach with zoning regulations via “ordenanzas” could lead
developers to undertake projects following the compliance with outcomes that can be different
from what was expected by the public sector. One example of this type of cases is the regulation
for Quitumbe, the urban expansion plan at the south of the city with a strong focus on affordable
housing. Developers were required to follow the zoning with multifamily developments between
4 and 5 floors and a continuum of commercial land uses, retail units, on the first floor along the
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whole development. Even though the developer followed the zoning regulations, after several
years of completion of these multifamily developments, several retail units on the first floor
remain empty. The developer with several years of experience on the affordable housing sector,
who also developed this multifamily residential project in “Quitumbe”, provides an explanation
about this situation:
“In relation to the norm, there is a problem; they (planners) did not want to
understand, right? When you see the project, you will see the buildings; you can
see from the distance that there are still units that might not be occupied. What I
mean is, we have been able to sell all the apartment units, but that has not been
the case of the retail units (first floor). So, the zoning regulation required us to
build down there (first floor) these galleries (portales in Spanish), we were
required to make all of them (first floors) retail units, the whole project, the whole
project (several blocks) has retail units. Later they (other developers) developed
the project (shopping center), that you must have seen, next to the BRT Terminal
“Moran Valverde”, the “Quicentro Sur” (shopping center), which is a huge
shopping center” (Personal communication, February 25, 2013, Quito, #015, first
interview).
The point this developer makes is basically the approval of a shopping center project by
the municipality in the vicinity of the multifamily mixed use development creating an oversupply
of commercial spaces which at the end the shopping center ends up absorbing all the demands
for commercial uses in that particular area of the city. Another example about this complex
situation in relation to zoning regulations and this compliance relationship between the public
sector and the private sectors is the housing market. This topic is further explored in the equity
theme but it is important to highlight the shift in terms of the level of involvement of the
municipality in the provision of housing in the city. In words of an urban planner working at the
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recently created Housing Development Agency of Quito (Empresa Publica Metropolitana de
Habitat y Vivienda in Spanish):
“This is not only about the existence of the housing company (agency) but also
the procedure and guidelines of the municipal policy were never strong, the city
was not planned, the reality overcame any planning, everything was planned
when everything was already occupied. There is the necessity to generate more
public space, to promote a greener city, to improve the habitat for the people, the
municipality did not have any interest in affordable housing, the housing has been
generated by private developers, and the municipality only generated the serviced
land. Now that it has been seen that there is not a reasonable affordable housing
supply, the municipality is getting involved in making the (housing) supply more
accessible (Personal communication, February, 18, 2014, Quito, #027).”
In the case of Quito, the exchange of knowledge has not reached the point of the
formulation of a BRT oriented development project like “Estacion Central” in Bogota. The
exchange of knowledge in Quito has taken place in the housing sector rather than in the urban
development sector. The city created the Housing Development Agency in order to operate as a
public developer given the constraints in the generation of affordable housing supply in the city.
The city also created an Urban Development Agency which was dissolved recently, a topic that
is further discussed in the management theme. Even though in Quito urban planners work at the
public sector for some years and later they work as consultants in the private sector, the absence
of a land use regulation and a management agency has made difficult to materialize a potential
exchange of knowledge between the public and private sectors. Without a sophisticated land use
planning system, developers are interested in the implementation of certain tools such as the
“Special Architectonic and Urbanistic Projects” within the compliance relationship that has been
described in this section.
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5.4.Development: redevelopment, renewal and urban expansion
5.4.1. Bogota
Renewal and redevelopment are related concepts but with different meanings in the
planning context of Bogota. Renewal is the treatment measure that can be determined by the
POT to one specific zone of the city where it is expected a change of the morphology of blocks
and parcels. The renewal measure was established as part of the “menu” of treatments in the
LTD. A well-known urban renewal project conducted in the 1990s before the LTD in Bogota
was “Nueva Santa Fe”, which is a large scale housing development few blocks east from the
Presidential Palace in the center of Bogota, and at the south of the Historic Center next to “La
Candelaria” neighborhood (Bogota, 2000). Renewal measures were introduced in the LTD as
one of the measures (tratamientos in Spanish) that could be implemented with a new land
management tool called Partial Plans (Planes Parciales in Spanish). The Partial Plan has been an
innovative land management tool in the toolkit of the planning system in Colombia that allows
the public and private sector (the project can be an initiative from any of the two sectors or both)
to introduce changes to the morphology of the streets, blocks, parcels, including land
readjustment measures for a more efficient land use occupation. Partial Plans also introduce the
concept of fair distribution of costs and benefits in urban development, a quantitative approach
that seeks to share the cost of the urban operation or partial plan and the benefits it provides such
as higher floor area ratios or changes on land uses that are subject of land value increments
(Colombia, 1997).
Redevelopment measures come from the previous land use regulation in Bogota
(Acuerdo 6 and Acuerdo 7 in Spanish) which consisted on the demolition of a structure in a
certain parcel and the redevelopment of that specific parcel with a more intense land use.
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Redevelopment measures were conceived as a parcel by parcel renovation of the urban
development process. The POT in 2000 determined that urban renewal measures could be
implemented with two types of interventions: redevelopment and reactivation (Bogota, 2000).
According to the POT, those areas subject for urban renewal measures via redevelopments
should be implemented with partial plans. Those areas subject of urban renewal measures via
reactivation could be conducted with building permits. The urban renewal measure via
reactivation is what later was called “consolidation with change of pattern” regulation that was
mentioned in the coordination theme in this chapter. In words of the urban planner with
experience in the public sector in the regulation and implementation processes of partial plans,
expands on this issue during the second interview:
“In the urban renewal nothing was said about minimum areas (polygons), what
the first POT used to say is that urban renewal areas classified as redevelopments
should go for partial plans, and those that were classified as reactivation should go
straight to building permits; which implied that renewal via reactivation was very
similar to the consolidation with change of pattern because both were very similar
(Personal communication, March 18, 2014, Bogota, #002, second interview).”
The designation of urban renewal processes exclusively with the implementation of
partial plans when redevelopment interventions were required limited the intervention areas to
the catchment areas of the future subway project (not built yet) and other areas like “Parque
Tercer Milenio” in the city center. This is the result of a vision by planners in terms of urban
renewal measures were required at those areas with signals of urban decay. The experience of the
“Parque Tercer Milenio” urban renewal project under the leadership of the ERU agency
confirms the complexity of such ambitious interventions in already consolidated areas, especially
those with signals of urban decay. The “Parque Tercer Milenio” urban renewal projeect has an
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area of 16 hectares and it took three years for its completion due to the demolition process and
resettlements of low income people and social work programs for drug addicts and homeless
people that used to be located in this hot spot of crime and insecurity in the city center (Suárez,
2011).
With little knowledge about partial plans for urban renewal among the planning
community, the private sector was not interested in getting involved in such complex processes
that could take many years with high levels of uncertainty. In addition to this uncertainty about
the regulations and rules about how to proceed with partial plans for urban renewal including
redevelopment measures, the fragmentation of the planning process into 112 UPZ polygons in
the city made even more complex any attempt to undertake urban renewal projects implementing
the planning tool of partial plans. The planning tool of partial plans evolved fairly fast for urban
expansion areas where the development measures (tratamiento de desarrollo in Spanish) were
less complex to calculate within the new set of rules of the fair distribution of costs and benefits
determined in the LTD. As a result, the redevelopment and reactivation interventions emerged in
the formulation and adjustments processes conducted in the UPZ polygons. The same urban
planner explains this process during the second interview:
“If they were in the zone that the POT said redevelopment it was required to do a
partial plan, but, when the implementation of all UPZ polygons began, people (in
the development sector) began to get scared a lot, because this (renewal with
redevelopment interventions) can only be done with partial plans, but they did not
know what the minimum scale and size for an urban renewal partial plan should
be so that the zone was huge and nobody wanted to get involved on such a large
scale. Then, began a process in which some zones started to experience even more
urban decay because that situation, because nothing could be done! Thus, in the
UPZ regulation it was allowed to offer some conditions, if you want to do
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redevelopment, there will be a very high floor area ratio, and if you want to do
reactivation, to avoid any freezing of these parcels and taking them out from the
market, so if you want to do reactivation, it is allowed to have a very low floor
area ratio but at least the norm allows you to do something (Personal
communication, March 18, 2014, Bogota, #002, second interview).”
The complexity of conducting urban renewal measures in a context where partial plans
were a new tool with which both, the public and private sectors, had little experience with made
developers to lean towards the reactivation approach, which at the end is redevelopment parcel
by parcel. The intensity of the land uses in the reactivation or redevelopment processes parcel by
parcel was determined according to the location of the parcel in relation to main arterial roads.
Urban planners established as criteria the location in relation to these main arterial roads under
the assumption that all these main avenues would be subject of mass transit investments. During
the second interview, the same urban planner also expands on this issue:
“The POT 2000 did establish in the (written) text, because it was not established
in the map about roads and the street network, and it did not refer specifically to
the transportation corridors (bus rapid transit), but we all were thinking that the
main roads network would eventually become public transport (bus rapid transit);
(therefore), it was established that it would be possible to develop higher floor
area ratios (along the main arterial roads), up to 2.75 which is what used to be
possible to do (at that time), but this (regulation) did not talk to the tratamientos
(measures such as development, redevelopment, renewal), because that was sort
of apart (of this part of the process); therefore, when you go and see the partial
plan La Felicidad, along Av Boyaca as well as along Av Calle 13, there is a floor
area ratio of 2.75 and within the development (not facing the main arterial roads)
the floor area ratio is 1.75 (Personal communication, March 18, 2014, Bogota,
#002, second interview).”
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As it was mentioned before, the vision of urban planners about renewal measures was
focused on the future subway stations and some areas such as the “Parque Tercer Milenio”
project. Planners who participated in the formulation of the POT decided to establish a new
zoning regime around the future subway stations for urban renewal measures, a regulation that
was not applied for BRT stations. The same urban planner expands on this issue during the
second interview:
“Yes, without any doubt (we thought about urban renewal), the issue was that
subway stations, first the scale of the intervention, and second, the implications of
such infrastructure work in the land market was going to generate higher demands
and supplies for that land in order to undertake urban renewal at those points, so
that we took that as a point of departure (Personal communication, March 18,
2014, Bogota, #002, second interview).”
This highlights the issue of how difficult could be to undertake redevelopment and
renewal efforts in comparison to how straightforward the expansion of the city process can be on
green fields in the city. An urban planner suggests:
“The city has been growing, the city has been growing towards the areas
designated by the POT at that point of time (2000), which means the urban
expansion land, and it has not been possible to contain that process (Personal
communication, March 13, 2013, Bogota, #018).”
The implementation of BRT corridors along already consolidated areas, or as we have
seen with land use regulations that promote the consolidation rather than renewal measures, a
city with lack of infrastructure, these circumstances makes more financially uncertain a
redevelopment project due to the land management issue. In words of an urban planner who
works at a large company of developers with experience in multiple residential projects:
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“Zones close to BRT Terminals or close to BRT Stations, those are zones highly
consolidated, its (urban) norm is applied to an existent reality at one point in time,
the existent (urban) norm, basically it represented a very horizontal city……I
think the local government (Distrito) should coordinate the possibility to work on
regulations, in which those (higher) floor area ratios could be seen, at least
something higher, in order to provide the financial balance (cierre financiero in
Spanish) for that type (redevelopment or renewal) of projects. At this moment,
enclosed in the consolidation issue, which is that the city is completely
consolidated towards the sides where these Portals are located, the land values,
well, obviously they are too high (Personal communication, March 5, 2013,
Bogota, #005).”
Despite the consolidation issue described above, developers have found opportunities in
close proximity to BRT stations, basically because there has been a growing demand as a result
of the accessibility benefits generated by the BRT. The same planner working with the
developers company expands on this issue:
“Independently of the socioeconomic stratum, what bolsters sectors (in the city) is
the opportunity for people to have access to a mass transit service close to their
residency. It is clear that the developments that have had more dynamism in the
city are those that are very close to BRT stations (Personal communication,
March 5, 2013, Bogota, #005).”
In relation to the complexity of undertaking development projects in already consolidated
areas, developers suggested there is always a preference for large parcels or land assembly of
undeveloped or vacant parcels. During the second interview, a developer with experience in the
formulation and implementation of partial plans from the private sector expands on this issue:
“In the case of La Felicidad (partial plan of development), to take 170 hectares,
and develop, urbanize and construct high-rise buildings,….so over there (La
Felicidad) we started to develop buildings of 12 and 14 floors, but starting from
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zero, taking several parcels, we assembled them, and once they are assembled, we
developed the urbanism (infrastructure provision), and then we sold macroparcels to other developers…..but to do the assembly of constructions as an urban
renewal plan, in a plan like that one (renewal), a little bit more aggressive, we
have not begun yet because there is lack of clarity about the (urban) norms
(Personal communication, March 21, 2014, Bogota, #010, second interview).”
An interesting aspect of “La Felicidad” partial plan development project (approved in
2008) is that the developer has been working on it before the future investment of the BRT
project along “Av Boyacá”. Even though it has been uncertain when the BRT corridor along “Av
Boyacá” will be built, the developer decided to conduct this project based on the knowledge
about the developments that have been taking place as a result of the first and second phases of
Transmilenio in Bogota. Also in the second interview, the same developer expands on this issue:
“The project was conducted thinking in Transmilenio because there is a future
development of the third or fourth stage of Transmilenio, which will be developed
along Av Boyacá, thus it was part of the arguments and attributes that we took into
account when launching the project (Personal communication, March 21, 2014,
Bogota, #010, second interview).”
As a result of this complexity in the land use planning regulation about redevelopment
and renewal measures, the development projects that took place in already urbanized areas were
mainly redevelopments parcel by parcel. At the extremes of the BRT corridors, where the BRT
Terminals are located, there was vacant land available as well as larger parcels that facilitated the
development of large scale projects of commercial land uses in front of the BRT terminals and
multifamily developments few blocks away from these main transportation hubs. Transportation
planners agree on this perspective of how this heterogeneous development that took place parcel
by parcel, and around BRT Terminals in large scale developments could have been better guided
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and channeled in a coordinated manner between redevelopment, renewal and development
processes. A transportation planner with experience at decision making positions in the BRT
agency of Bogota expands on this issue:
“There are multiple evaluations; Transmilenio has been studied from different
perspectives, including the urban development perspective; the recent study
conducted by the World Bank published by mister Suzuki, the study criticizes that
the city did not take that opportunity to make a higher or major action on urban
development, and I agree with that conclusion, but not in the way they presented
the results” (Personal communication, March 5, 2013, Bogota, #007, first
interview).
In the point of view of some transportation planners, accessibility is the key aspect
related to these development impacts. Following with this transportation planner discussing the
World Bank study:
“Transmilenio improves access, which is evident due to the increase on speed
and mobility for system users, it has generated value on its influence area, it is
much more attractive to have access to Transmilenio, especially for stratum three
and four………because it (the system) gives them the opportunity to access
quickly to destinations in the city (Personal communication, March 5, 2013,
Bogota, #007, first interview).”
Transportation planners believe the opportunity of these accessibility benefits were
captured by the private sector with current land use planning regulations. The same
transportation planner expands on this:
“That accessibility effect has been perceived in urban development projects, in
private sector activities, with the existent (urban) norms, in order to generate new
developments in the influence area (of the system), residential as well as
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commercial developments” (Personal communication, March 5, 2013, Bogota,
#007, first interview).”
There is common agreement among participants that land developments close to BRT
investments are taking place mainly around BRT terminals. In words by a transportation planner
with experience in the public sector at decision making positions in the BRT agency as well as in
the private sector as consultant:
“the inertia coming from making easier to commute on Transmilenio, the type of
roads that were built, the whole infrastructure that was built, the sidewalks,
boulevards, bike-paths that were built in parallel and connected to the system, all
these made very attractive to develop (or redevelop land) close to BRT terminals”
(Personal communication, March 6, 2014, Bogota, #028).
The second scenario is how to manage the development opportunities generated by BRT
Terminals. Urban management measures from a public sector initiative in this context are
required in order to undertake BRT Terminals as urban development projects and not just as
transportation hubs. Also, urban management in the development of urban expansion areas plays
an important role in terms of managing the change of densities. Participants agreed on the
influence that the BRT had on increasing densities on the periphery. In words of a transportation
planner with experience in the public sector (Transportation Planning Department):
“If we look at the urban expansion, what Transmilenio did with the system was to
densify peripheral areas (Personal communication, March 5, 2013, Bogota
#003).”
This transportation planner expands on this urban expansion issue and the location of
BRT terminals at the periphery:

242

“We knew that the periphery was dense, and the BRT Terminal were located over
there, where there used to be available land for development, so what happened
(is) that after the construction of BRT Terminals, which offer bus route services,
these interventions opened a whole land market around those areas. This
increased the land use intensity parcel by parcel (already developed areas) or
planned floor area ratios in partial plans for development (Personal
communication, March 5, 2013, Bogota #003).”
The redevelopments that have been taking place along these corridors are mostly from
private initiative, but large scale redevelopments or urban renewal projects like those suggested
by planners in Bogota for the subway could be conducted at these areas in order to guide the
development, manage densities depending to the proximity to the station and to include different
housing typologies for different income groups. In the case of redevelopment processes where
there is fragmented ownership, the partial plan for a commercial development in Bogota suggests
the potential this approach has. Participants agreed on the lower real estate activity along Av
Caracas, with some exceptions on those areas where there was land available for development or
when land management tools were implemented, such as the case of the commercial
development at Street 53 (“Exito” big-box development). During the second interview, the
transportation planner with experience at decision making positions in the BRT agency expands
on this issue:
“There are even commercial developments along the corridor, at Street 53 on Av
Caracas, the “Exito” brand made a big-box commercial development in almost
one whole block, so it is possible, to take several land parcels with urban decay on
Av Caracas and make one large parcel for development…..along this road there
are several small size land parcels, and it is difficult (to be develop without
pooling them) (Personal communication, March 3, 2014, Bogota, #007, second
interview).”
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There is an agreement among transportation planners regarding how the majority of these
developments have been private initiative; one transportation planner mentioned the challenges
of determining the scope of the public intervention:
“when I was part of the team with the city mayor Penalosa, he used to say we
have to acquire large land parcels around the BRT Terminals, for urban
development, so that everything gets connected, but for us, the bureaucracy, to
call it somehow, we already have enough problem with making Transmilenio,
please do not assign us that issue of doing urban development (Personal
communication, March 3, 2014, Bogota, #007, second interview).”
Transportation planners believe one way to see this impact consists on looking at the
publicity from developers promoting projects in close proximity to “Transmilenio”. In words of
the transportation planner with experience at decision making positions in the BRT agency:
“Part of the marketing strategy of developer companies in Bogota…(located) at
one, two, three or four blocks away from Transmilenio, it has been and it is still a
marketing strategy from the developer companies. When you see the magazine
Metrocuadrado, where you can see the marketing of housing and office projects
and commercial topics in the city, the big hook for the majority of projects is that
they are on the Transmilenio corridors, so even though I cannot tell you in what
percentage, without any doubt Transmilenio has a positive effect within the
influence area of the trunk corridors” (Personal communication, March 6, 2014,
Bogota, #027).
Bogota is a dense city; however, developer suggests the high density is not the result of a
planning process. This issue is related to the emergence of developments where there is an
opportunity, not where the planning process seeks to allocate those developments increasing
densities. This suggests the areas designated for development treatment (Figure 18 in the
coordination theme) have been expanding the city and according to the developer’s perspective,
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these densities achieved through an expansion process are not in balance with densities in
already urbanized areas. The idea of increasing densities through urban renewal measure was
only conceived around the future subway stations (never built) while the BRT corridors were
subject of consolidation, based on the fact that Bogota was a city with multiple deficiencies in
terms of infrastructure at the end of the 1990s. In words of the urban planner working in a large
company of developers with experience in multiple projects in the city:
“That is how it (the city) has been developing, with a densification, in this case,
not very planned; we have to be really clear about that process. Because the
Urban Master Plan (POT) was showing the execution of some projects, but it has
not given the basis to conduct, let’s say topics of a complete urban renewal and
consistent with what a mass transit system is proposing. Renewal has been taking
place parcel by parcel, which is not positive, because the public space continues
to be the same, if we continue densifying and the infrastructure is short on its
development (coverage), so those are the points that require a revision (Personal
communication, March 5, 2014, Bogota, #005).”
The capacity of the infrastructure in Bogota for re-densification dynamics has been a
concern among developers and planners for many years. Some areas in the North of the city have
experienced an increased in development densities (such as “Usaquen” district) without the
replacement and improvement of water and sewage infrastructure. This has been a controversial
subject because the increase in development intensity is not only a matter of enabling
regulations; it is a matter of public sector intervention in terms of increasing the capacity of the
infrastructure to accommodate significantly higher population densities. The same urban planner
working with developers expands on this:
“The whole axis on the Autopista Norte, what we see is that it has a development
on its sides, in which the re-densification processes have been taking place, but
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parcel by parcel, and that is not logical because obsolete infrastructures remain,
we are using water and sewage networks thought for a more horizontal city, so
obviously there is not an improvement (on infrastructure) and there is not a
general benefit for the city on these type of processes (Personal communication,
March 5, 2014, Bogota, #005).”
Real estate experts and specialists working at the financial sector coincide that
developments in close proximity to the BRT are more attractive in the market. In words of a
finance expert with several years of experience in the financial sector in relation to the real estate
activity in the city:
“The developments that are close to Transmilenio have a higher possibility of
sales, especially in these projects that target the middle class or lower class, let’s
say, more oriented towards affordable housing, or, projects up to 200 million
pesos……those developments are sold faster, they have better prices for the
developer than those further away from Transmilenio, there is an influence at the
poles of Transmilenio (Personal communication, March 11, 2013, Bogota,
#017).”
In terms of renewal processes, real estate experts also suggest this has been taking place
parcel by parcel, which confirms they have been initiative of the private sector, after the market
was influenced by the novelty factor. The parcel size also plays an important role considering the
differences between corridors, as it is shown in Figures 24 and 25. During the second interview,
the expert on the real estate sector expands on these issues:
“Once the system is operational, and it is seen its initial functioning and especially
it is expanded to those areas where there are somehow some available land close
by…..there is also some renewal one by one (parcel by parcel) which has been
done on Av Caracas and the same towards Autopista Norte, and let’s say the
necessity for transport people have, and (considering) that the city did not expand
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roads and there has been a collapse in terms of transportation (in general all
modes), which has a big difficulty, this is since five years ago or something within
that range. Then people began to give more value to be closer to this type of mass
transit system and this is how developers perceive it, and developers know it, so
they (developers) start to develop projects very close (to bus rapid transit stations)
(Personal communication, March 29, 2014, Bogota, #019, second interview).”
Another urban planner suggests the time frame in order to measure the impacts of
Transmilenio is important considering that the urban development process takes time, especially
redevelopment and renewal. In words of an urban planner with experience in the public sector on
the formulation of the POT and conducting studies about the land use planning system in
Bogota:
“there are not studies, Transmilenio began to function (have an impact) after
seven or eight years, because the first four or five years, no, not really, so that it is
a very short, very short period of time, so you can say that there some commercial
developments at the Portales (BRT Terminals), and you can say that there are
some housing developments in close proximity to some areas, but it is something
that it is very difficult to say until there are studies (Personal communication,
March 13, 2013, Bogota, #020, first interview).”
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Figure 24 Parcels “Av Caracas” (selected area) Bogota

Figure 25 Parcels “Autonorte” (selected area) Bogota
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Source: City Planning Departrment of Bogota, geodata processing Erik Vergel-Tovar (2016)

5.4.2. Quito
In the case of Quito, the definition of redevelopment and renewal measures are the
opposite than the definitions of the same concepts in the planning community of Bogota.
Redevelopment measures in Quito imply the change of the morphology of blocks and parcels in
a more aggressive transformation of land use occupation and intensity of development. That is
why urban planners in Quito refer to the “Parque Bicentenario” project as an opportunity for
redevelopment measures after the relocation of the International Airport outside the city. In
words of an urban planner with experience in different administrations at the City Planning
Department:
“Renewal has been defined as a measure that is implemented in sectors where the
public systems of support function and are consolidated and they are in the
capacity to absorb a higher load (of development), but the transformation
processes that are taking place challenge the current land use regulation, it could
be the result of land use conflicts without resolution, the regulation does not allow
to solve this conflicts, there you have a situation in which the norm is
questionable, the norm does not respond to the territorial dynamics anymore, but
the support systems (infrastructure and services) do not require changes
(replacement); what happens inside the blocks, change on building heights, floor
area ratios, mixture of land uses are needed, it (renewal) is something where the
focus is practically in the private area, in the private property but the public
services did not need a significant change (Personal communication, February 19,
2014, Quito, #028).”
This is why urban and transportation planners refer to changes occurring along “Av 6 de
Diciembre” as renewal processes, because developers are demolishing old houses in large size
parcels in order to renew land uses by increasing building heights with more intense
developments. On the other hand, redevelopment in the planning community in Quito refers to
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aggressive changes in terms of infrastructure that go beyond private property areas. The same
urban planner explains this difference:
“Redevelopment is a more extreme case, you have the same situation than in the
renewal case but the public systems (infrastructure) are not able to manage more
loads (development). In this scenario, you want a more intense land use, you want
more mixture of land uses, there is also a high degree of urban decay, and there
are empty properties. So any transformation proposal has to incorporate a
modification of public systems of support because the occupation is not
reasonable or the street network is insufficient (Personal communication,
February 19, 2014, Quito, #028).”
The difference between redevelopment and renewal is the same as the difference between
both concepts in Bogota. One concept implies changes with the private space or properties while
the other implies transformations in the public and private spaces with aggressive changes in the
urban morphology. Redevelopment in Quito implies changes to the public and private spaces in a
certain area (polygon) of the city, which is exactly the same approach for renewal in Bogota. The
intervention of renewal measures in Quito implies changes to one or more parcels without
changes to the public space or the urban morphology, which is precisely the definition planners
have for redevelopment in Bogota. The same urban planner summarizes the distinction as
following:
“The difference between the two concepts of renewal and redevelopment is that
(in the case of redevelopment) you have to intervene the public area because there
is no support (in terms of infrastructure) to sustain the changes in the private area
(Personal communication, February 19, 2014, Quito, #028).”
A renewal measure is what is happening along the “Ecovía” corridor. Participants agreed
on there has been an important dynamic along “Av 6 de Diciembre” in terms of urban renewal,
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but planners believe this is the result of the “Hiper-Centro” real estate dynamics, the parcel size
feature in this area and regulations that allowed developers to demolish former houses and renew
these parcels. In words of the urban planner with experience in the public sector (national
government) and private sector (consultancy):
“In the Av 6 de Diciembre, at the time the Ecovía was implemented, it was still
characterized by little houses, middle class, upper-medium-class….but very
rapidly it became….not entirely because the BRT, but it was combined with the
BRT…it was transformed into high-rise developments (Personal communication,
February 20, 2013, Quito, #005).”
The regulations along the “Corredor Central Norte” have been different making difficult
any renewal measure. The urban development process of Quito towards the North was restricted
in terms of building heights because the presence of the International Airport. In words of a
developer with experience in projects built in the “Hiper-centro” and the North of the city:
“The problem of urban development and planning process in Quito in terms of
vertical growth is that there has been a land use regulation with restrictions for
developments because we had the International Airport (Personal communication,
February 28, 2013, Quito, #021).”
This explains the concentration of high rise developments in the area between the Airport
and the Historic Center known as the “Hiper-Centro”, which is an area served by “Ecovia”.
However, as it was mentioned earlier, the relocation of the Airport has generated an opportunity
for redevelopment measures with the new regulations for the “Parque Bicentenario” project.
Developers and planners have discussed this as an opportunity to build vertically with high-rise
developments. The same developer expands on this:
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“Developers want to pressure an increase of building heights along the axes of
parks, the new park that is going to be built in what used to be the airport, it has
the Av La Prensa (Corredor Central Norte), and the Ecovía is also there, there
you have the projection, and coincidentally the future subway station will be there
(Parque Bicentenario) (Personal communication, February 28, 2013, Quito,
#021).”
There is a key difference between “Av 10 de Agosto” (Trolebús) and “Av 6 de Diciembre”
(Ecovía) in terms of the built environment and the land use planning regulation. A developer
with experience in projects built close to some BRT corridors explains this difference:
“The city is divided, the zoning, along Av 10 de Agosto it is allowed to build
attached buildings, but along Av 6 de Diciembre it is required to have set backs
between buildings, three meters between land parcels (Personal communication,
February 19, 2013, Quito, #003).”
This difference is also the result of differences on parcel sizes along BRT corridors
(Figures 26, 27 and 29). Land parcels tend to be smaller along “Av 10 de Agosto” and
developments are located along one of the main arterial roads of Quito connecting towards the
north exit of the city. On the other hand, the “Av 6 de Diciembre” has been a traditional
residential area with larger parcels where higher income groups used to live in large houses.
These differences explain how the real estate market is more dynamic along “Av 6 de
Diciembre” than in “Av 10 de Agosto”. Another aspect mentioned by participants about changes
on “Av 10 de Agosto” after the implementation of the BRT is the reduction of parking space
along the corridor. The same developer expands on this:
“It is a consolidated area, a commercial road, but there is an important factor,
along the whole Av 10 de Agosto there are not parking areas (street parking), so
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that the neighboring streets are completely saturated (Personal communication,
February 19, 2013, Quito, #003).”
Developers also mentioned the demolition of large houses is becoming a more common
practice given the shortage of land for development. A developer with several years of
experience in the city who has worked in projects built in close proximity to the “Ecovía” (“Av 6
de Diciembre”) expands on this issue:
“Quito is an elongated urban area, there are few terrains in the urban area, what
has been done is that exclusive areas with single family homes have been subject
of new regulations, so that new high-rise developments have been done after
demolition of those houses, so that we are growing upwards (Personal
communication, February 11, 2014, Quito, #023).”
Another aspect about density is how land use regulations have aimed to increase
developments and building heights along the main arterial roads that connect the city from South
to the North. Some of these main arterial roads became later BRT trunk corridors such as “Av. 10
de Agosto” and “Av. 6 de Diciembre”. Developers confirm the attraction along “Av 6 de
Diciembre” for development projects. The concentration of facilities and services along this
arterial road makes it more attractive for the real estate market. The same developer expands on
this:
“The great majority (of our projects) are located close to Ecovía. We have some
residential buildings. The capacity of transportation infrastructure for people,
there are high-quality roads, where large commercial developments have been
developed, there are areas for entertainment, such as cinemas, and all these
(features) generate a high attraction of people, and they seek for sites where they
have all services (Personal communication, February 11, 2014, Quito, #023).”
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Developers have focused on “Av 6 de Diciembre” because there are few restrictions for
building heights, parcel sizes are larger and the demolition of houses is easier that bigger
structures on “Av 10 de Agosto”. Land use regulations along “Av 6 de Diciembre” also require
setbacks on multiple sides of the development making possible to build high rise developments
with windows on all sides of the building. In addition to all these aspects, the “Av 6 de
Diciembre” where the “Ecovia” operates, is an arterial road that links the “Hiper-centro” with
the main transportation hub “La Marin” and the BRT Terminal “Rio Coca” at the North, both
transportation hubs provide access to other transportation modes that facilitate the connexion
with the suburban valleys as well as the further north and the south of the city. As it was
mentioned before, the “Hiper-centro” is the main activity node of the city. Urban planners
confirm that the same conditions are not present in other corridors like “Av 10 de Agosto” where
the “Trolebus” operates, and the “Av La Prensa” where the “Corredor Central Norte” operates.
During the second interview, an urban planner with experience in the public sector (national
government) and private sector (consultancy) expands on this issue:
“I think clear guidelines from the municipality are missing, (guidelines) in which
the treatments (renewal, redevelopment or development measures) and land use
changes for each of the main arterial roads (are clearly established); what I mean
is that the axis of the Av 10 de Agosto, the axis of the Av 6 de Diciembre, and the
axis of the Corredor Central Norte, and leave to the developer to promote
developments, as it happened in the axis of Av 6 de Diciembre. In the Av 6 de
Diciembre there have been more changes. There have been more changes because
this presence of main activity points and possibly because some developments
coincided with the construction of the axis (Personal communication, February
13, 2014, Quito, #004).”
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Another aspect mentioned by participants about the difference along “Av 6 de Diciembre”
is parking. Along the “Av 6 de Diciembre” is possible to park or there are parking facilities
provided by public buildings, office buildings and commercial developments. On the contrary,
along “Av 10 de Agosto” where the “Trolebus” operates, parking is not allowed. The same occurs
along “Av La Prensa” where the “Corredor Central Norte” operates; parking usually takes place
on the streets that are perpendicular to the BRT corridor. In words of a developer with
experience in projects in the “Hiper-centro” and other areas in close proximity to bus rapid
transit corridors:
“The project we were taking about (one of our projects); it is very close to Av 10
de Agosto, but the development faces the Av Mariana de Jesus, and thus it was
attractive (for car users), and that project, that type of projects have a lot of
success (Personal communication, February 19, 2013, Quito #003).”
The zoning regulation differs between corridors but it seems the requirement for setbacks
along “Av 6 de Diciembre” with the combination of larger parcels has been quite successful for
high-rise developments like those implemented along this main arterial road as well as in close
proximity to some of the BRT stations. The same developer expands on this:
“The city is divided, the zoning, along the Av 10 de Agosto it is required to have
attached developments (adosamientos in Spanish), next to each other. In the Av 6
de Diciembre it is required to have setbacks, and thus there are not attached
developments, but we have to be three meters away from the border of the
property. There are setbacks between parcels. If I want to develop a high-rise
building, I have to design the project with a front setback of 5 meters, and three
meters setbacks from the other four sides. This is generally (the zoning) in Quito
(Personal communication, February 19, 2013, Quito #003).”
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Transportation planners in Quito emphasized that they were working on the first BRT
system after the implementation of this type of systems in Brazil. In words of a transportation
planner:
“What we did was to go for it, because Quito was the first city to implement a bus
rapid transit BRT in an already constructed city, which was not the case of
Curitiba, because Curitiba was completely planned. Quito is the first example that
shows it is possible to implement this (BRT on already urbanized cities) (Personal
communication, February 20, 2013, Quito #006, first interview).”
This key difference from Quito highlights the initial challenge faced by transportation
planners, how to implement this system in a city that was already urbanized along some of its
main arterial roads. Transportation planners also suggest the time frame plays an important role,
similar to the novelty factor found in Bogota, an older system like the one in Quito has also a
decline. During the second interview, a transportation planner with experience in the design and
implementation of the first BRT corridors and with experience as consultant expands on this
issue:
“Our system here in Quito is not at its best moment, in the case of Quito perhaps
the best moment was more than ten years ago. The initial corridors were the
Trolebús on the Av 10 de Agosto, at the beginning of Ecovía corridors on Av 6 de
Diciembre; (those) were the catalysts of some land use changes, right? Also, the
urban development taking place in some sectors (Personal communication,
February 18, 2014, Quito, #008, first interview).”
The BRT system in Quito has been built in stages but each corridor differ from the other,
they do not share the same features. This is related to local politics, where each mayoral period
implemented different corridors having as a result a heterogeneous system seeking to consolidate
the idea of a metropolitan trinary system. Given the elongated structure of Quito from South to
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North, transportation planners envisioned three elongated BRT corridors that go parallel from
South to North. However, this vision took more than 15 years to accomplish. The same
transportation planner expands on this:
“There has been between three and four municipal governments and each one of
them wanted to make on its own way the BRT system, but there was a unique
typology, a unique model, and one unique conception of the system. Basically,
this has made that the land use and development impacts, concentration of
activities on the corridors, are not caused of the transportation system. On the
contrary, the transportation system it is today more deficient than its initial phase
(Personal communication, February 18, 2014, Quito, #008, first interview).”
The “Trolebus” project was constructed on its first stage with the BRT Terminal “El
Recreo”, where a commercial development took place. Later, the system got an extension
towards the South with the construction of the BRT Terminal “Moran Valverde”. In front of this
terminal the same phenomenon took place; a big-box commercial project was developed by the
private sector. In words of a developer:
“The Quicentro Sur, it could be said that the commercial development was built
once the BRT terminal was completed, the Trolebús (Personal communication,
February 21, 2013, Quito, #009).”
The land use change that took place in these developments was mostly from industrial
areas to commercial developments in front of new activity areas as a result of the transit
investment with these BRT Terminals. In words of a transportation planner with several years of
experience in the public sector (Transportation Planning Department):
“The case of El Recreo, it was an industrial area on urban decay, where the
commercial development is located, those areas used to be industrial areas
without any use, urban land to be recycled; over there took place the successful
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combination between the commercial development, the commercial supply and
the integration terminal” (Personal communication, February 21, 2013, Quito,
#011).
Both Terminals are part of the expansion of the “Trolebus” project towards the South. In
words of a transportation planner:
“The big-box commercial development El Recreo took place in front of a land
parcel that was an alternative for the BRT terminal itself. This is one of the most
successful commercial developments; it is currently on its fourth stage of
development (Personal communication, February 20, 2013, Quito, #006, first
interview).”
At the other side of the city, in the North, there has been a consolidation of
neighborhoods on the periphery; transportation planners think is related to the provision of
feeder routes at the end of the corridor with the BRT Terminal “La Ofelia”, in words of a
transportation planner:
“They (the bus rapid transit corridors) consolidated the peripheral settlements,
specifically more the Corredor Central Norte, because the Corredor Central
Norte with the BRT Terminal La Ofelia, the design established that the feeder
routes system to all high neighborhoods, all high neighborhoods at the Northwest”
(Personal communication, February 21, 2013, Quito, #011).
The redevelopment processes in Quito have been determined in the planning process as
part of large scale urban projects or operations, which is a similar to Bogota in relation to urban
renewal measures. The difference in Quito consists on redevelopment measures understood as an
aggressive intervention in already urbanized areas that require not only a high level of
involvement of the public and private sectors, but also a more sophisticated planning framework,
like Bogota, as well as a public agency that can promote management processes. This topic about
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the absence of agencies and urban management in Quito is further discussed in the management
theme section.
On the other hand, the renewal measures in Quito, in a similar way to Bogota, are taking
place where parcel sizes are larger, which combined with land use regulations facilitate the
demolition of previous houses in order to build a more intense use of mixed use developments.
This renewal measures have been taking place mostly along “Av 6 de Diciembre” where the
“Ecovia” serves the “Hiper-centro”. This is similar to the redevelopments (renewal in Quito) that
have been taking place along “Autonorte” in Bogota. However, corridors in Quito where land use
regulations do not require setbacks or parcel sizes are smaller have been less active or in some
cases frozen in terms of any renewal measures. This is the case of the “Av 10 de Agosto” along
which the “Trolebus” was constructed. The “Corredor Central Norte” was subject to building
heights restrictions because the proximity to the former International Airport. The redevelopment
initiative for this area known as “Parque Bicentenerario” project highlights the complexities of
having a rail-based paradigm as the transport systems that impacts urban development as well as
the challenges of promoting more aggressive measures to already consolidated areas without the
presence of a public agency in charge of the management process.
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Figure 26 Parcels “Corredor Central
Norte” (selected area) Quito

Figure 27 Parcels “Av 6 de Diciembre”
(selected area) Quito

Figure 28 Parcels “Corredor
Suroccidental” (selected area) Quito
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5.5.Management: leadership issues and the “how” question
5.5.1. Bogota
Between 1999 and 2000, urban planners working on the formulation of the POT of
Bogota were applying for the first time the principles, objectives and tools defined by the LTD.
They also faced the planning challenge of a city with an urban growth pattern characterized by
lack of infrastructure and informal settlements in the periphery. These urban planners had the
objectives of consolidating a city that was not fully developed in the formal sector and improving
a city that was informally developed on the periphery. The formal city was developed with a land
use regulation called “Acuerdo 6” of 1990, which was mainly focus on the physical development
of the city. A planning approach in which the state or public sector had the role of mediating in a
real estate process by issuing building permits, while on the other hand, an informal city had
been growing as part of an informal business called “urbanizacion pirata” (Ferro, 2007).
As it was discussed in the coordination theme, the approach of urban planners towards
the urban development process in already consolidated areas was mainly as regulators; these are
the areas where the BRT corridors of the phase one of Transmilenio were constructed. Urban
planners also mentioned the complexity between technical and political decisions in relation to
urban planning and management. The planning process can be understood from this perspective
in terms of an effort by planners to determine regulations, but the emerging issue has been the
“how” question, which is related to urban management. In words of an urban planner with
several years of experience with the public sector (national government):
“The POT determines the route, it draws over the map of the city, where the
(BRT) corridors are going to be developed, in general, but in order to accomplish
this (corridors drawn in the map) there is an issue of technical and political
decision making (process), as well as management. In this process, from the
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political decision, from the technical decision, there is confrontation between
political decisions versus technical decisions, there has been too much dilation
and eventually distraction, which has not led to guarantee that the large city
projects, in function with urban renewal, and in function with affordable housing
developments, fundamentally, they are not much more articulated to the
expectations to consolidate the system (Transmilenio) (Personal communication,
March 13, 2013, Bogota, #018).”
Another issue regarding to the mismatch between processes and outcomes is related to
the resettlement program implemented along “Av Calle 80” in order to achieve the road section
for a mass transit system on the surface. The effect on built-up area found in the quantitative
analysis (chapter 4) for “Av Calle 80” is explained by transportation and urban planners working
at Transmilenio and the IDU (Instituto de Desarrollo Urbano in Spanish). Built-up area was
changed along “Av Calle 80” as a result of the land acquisition required for the section needed
for two exclusive lanes on both sides of the arterial road. The land acquisition was also crucial in
order to secure space for the pedestrian bridges providing access to the BRT stations on both
sides of the arterial road. In words of a transportation planner with experience during several
mayoral administrations at the BRT Agency:
“Parcels were needed for the pedestrian bridges, the process was not easy because
to take people out of their own houses is very complicated, in general terms the
guarantees and compensations that the IDU gave them (residents) for their houses
and businesses, because in addition to use their properties as their residence,
(owners) they also had retail uses as part of their livelihood. So the district (local
government) paid a value very close to the real value (commercial value) and a
premium for their businesses, as a way to compensate for these two factors
(residence and livelihood activities). Those only with residential uses received the
value of the house only (Personal communication, March 13, 2014, Bogota,
#028).”
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This shows how the intervention along “Av Calle 80” was different than along “Av
Caracas” and “Autonorte”. In the phase one of the BRT system, transportation planners were
focused on the road, the provision of sufficient space for the exclusive lanes. However, along
“Av Calle 80” the access to the stations was designed similar to the access to the stations along
“Autonorte”, with the construction of pedestrian bridges. The land acquisition along “Av Calle
80” for pedestrian bridges and pocket squares required the implementation of resettlements
guidelines.
There is a common agreement between transportation planners in terms of the positive
impact of Transmilenio on commercial land uses as it was found in the quantitative data analysis
(chapter 4). Some of them suggest this implies a missing opportunity, in words of the
transportation planner with several years of experience at decision making positions in the BRT
agency:
“All these was used by the private sector, if a private developer, who are the top
business people, they go and open a Supermercado Olimpica just next to the
Portal 80, we never had imagined that over Av Ciudad Cali and Av 1 Mayo there
would be a Carrefour, and then they go and open an Exito on the Av Caracas. So
the question is that it (Transmilenio) had a positive effect on commercial land
uses, why we (public sector agencies) did not take advantage? It could be because
lack of knowledge and vision, right? It could be one of the answers; however, to
criticize today a system like Transmilenio is very easy, but to be able to make
something like Transmilenio in a city like Bogota implies a dedication of seven
days a week twenty four hours a day and twelve months a year over several years
and that one was at the end the task that we had in Transmilenio and to look at
any other thing was like to lose focus from the task and the aim we had as
objective” (Personal communication, March 6, 2014, Bogota, #027).
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However, transportation planners think the density has not been part of the management
in this process. A transportation planner with experience in the public sector (national
government) and projects funded by multilateral agencies suggests the discussion should be
based on the functional density in relation to the transportation system, suggesting the density
should be concentrated in areas with public transportation provision:
“If you see Autopista Norte, there is influence (on development), there is
development, there are developments, locating in the vicinity (of the system), but
the first thing was the lack of public management, to implement instruments, let’s
say, urban norm, in order to seize the opportunity of functional density (Personal
communication, March 7, 2013, Bogota, #008).”
In the absence of an agency in charge of the urban management process because the ERU
was mainly focused on the “Parque Tercer Milenio”, there was not a public agency promoting
redevelopment or renewal measures associated to the BRT investments. Planners also agree with
transportation planners in terms of the difficulties for the ERU to undertake these urban renewal
projects, in words of an urban planner:
“It took five years to the ERU to take shape (become an agency in full practice), it
was created as an urban development agency (in 1999), and at the City Council
they named it urban renewal agency; it is an agency created to make urban
development, which is what Peñalosa thought at that period of time, if I am not
wrong. That agency received some money in order to start to work but it
(funding) was all spent in the Parque Tercer Milenio (project), that agency (ERU)
was not created (in full practice) until five years later (Personal communication,
March 13, 2014, Bogota, #020).”
This leads to the urban management aspect, which consists on the importance of having
an agency in charge of the implementation process, an implementation body with the power to
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deal with landownership and regulation issues. In addition to difficulties regarding the urban
development process as a result the interaction issues between public and private actors at the
local level described in the expertise theme section; there has also been a difficulty in the
interaction between the public sectors at the national and local level. This is a contrast in
comparison to the transportation sector, where the national and local governments have been
partners in the implementation of BRT investments. In the case of land use planning, there has
been always a tense relationship between the national government and the city government of
Bogota. For instance, the national government implemented the Program “Mover Ciudad” in
order to implement “urban macro-projects” (a land management tool from the LTD) associated
to BRT systems under the design and implementation stages in different cities in the country. A
transportation planner with several years of experience in the public sector (national government)
expands on the implementation of the Program “Mover Ciudad”:
“In the mass transit systems (BRT), considering the moment in which they were
formulated, that element (transit oriented development) is not seen very clear.
However, at some point studies were conducted in order to develop urban macro
projects (law 388) linked to the systems (BRT)” (Personal communication, March
7, 2013, Bogota, #009, first interview).
However, Bogota was not part of the Program “Mover Ciudad” in order to receive
support from the national government in the implementation of “urban macro-projects” from the
LTD. This “urban macro-projects” from the LTD are part of the toolkit of land management
tools that local governments can apply as part of the POT. The urban macro-projects could
include multiple partial plans so that they are considered large scale urban operations. An urban
planner explains the issues related to including Bogota in the Program “Mover Ciudad”. This

265

urban planner has several years of experience in the public sector (national government) in the
implementation of the LTD nation-wide as well as in Bogota:
“Bogota was not part of the program, unfortunately; instead of having an
articulation between programs, policies and investments, there was the same
tension that exists today. This (tension) can only be understood from opposite
positions but equally valid of technocrats that never though in finding middle
point” (Personal communication, December 12, 2014, Bogota, #036).
The involvement of the national government in any land use planning initiative in Bogota
has been considered at the local level an intromission and breaking the local autonomy that exists
as a result of the decentralization structure of the government in Colombia since the National
Constitution was issued in 1991. The implementation of urban renewal and redevelopment
measures around BRT terminals or stations in the middle of this tension with the national
government and lack of trusts between public and private actors has made difficult to accomplish
long term planning interventions that require support and continuity for more than one mayoral
term. This is an important contrast between land use planning and transportation investments in
the case of Bogota. This tension can be seen in the case of the intention of the national
government to implement housing programs like the “Macroproyectos de Interés Social
Nacional - MISN”, a national government initiative which did not receive support in Bogota, this
program ended up implementing a large scale housing project in “Soacha”, next to Bogota but
attends the housing demand in the region.
In the discourse of developers during the interviews, they usually refer to distance in
terms of being close but not in front of the BRT station. As it was found in the quantitative data
analysis (chapter 4), the probability of residential land uses is higher within ranges between 100
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and 500 meters from the stations, which is precisely the dynamic developers are talking about.
Another developer adds on this aspect:
“This as key phenomenon (density), so it becomes a conglomerate, so only the
fact of having a development project, and it has happened to us (developer’s
company) and the first benefit or the first attribute is (that we look at); if it is
within 500 meters from a BRT station (Personal communication, March 21, 2014,
Bogota, #010, second interview).”
The same developer expands on this issue regarding the distance to the BRT station:
“To be at least within 500 meters, because if it (the development project) is too
close is also conflictive. Conflictive in what way, the lights at intersections do not
have good capacity to distribute the flow of traffic, thus it creates conflict at the
peak hour, in order to access or go out (to or from the project), and thus, what it is
done consists on to leave minimum, one street in between, which is 1, 2, 3, 4, 5
blocks, 500 meters, in order to have (the project) relatively close within walking
distance, half kilometer is a distance that people do not consider long for walking
(Personal communication, March 21, 2014, Bogota, #010, second interview).”
The same developer explains how the BRT and distance to stations is part of the
attributes or factors developers use in the assessment of developments projects in terms of the
timing to sell the units:
“First, we make projections based on a marketing perspective, so that we sell
faster, if we offer on one way or another (a development project), the
denomination we use is, attributes, among these attributes we have as one of them
how close is it to a station of Transmilenio (Personal communication, March 21,
2014, Bogota, #010, second interview).”
Another issue raised by real estate experts consists on the novelty of Transmilenio. The
first phase of Transmilenio constitutes the implementation of a mass transit system that never
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existed before in the city. The real estate market and its actors did not know about the potential
this mass transit system could have on the land development market of the city. This novelty
factor suggests it was difficult to anticipate by the market what could have happened with the
implementation of the first phase of the BRT system. The real estate expert with experience
conducting studies about property prices and development dynamics in the city of Bogota
expands on this issue:
“The first (phase) is like the beginning, the start of Transmilenio, I believe that no
one bet much, nor there was much thought on the subject. In fact, several projects
developed afterwards, when it was already known that over there the routes of
Transmilenio were proposed, which were developed, it seems at the beginning no
one highlighted that plus, right? Partially, I think it was because an issue of
credibility, from the side of the developers that this (Transmilenio) could work,
which certainly we have seen after several years that it (Transmilenio) works!
(Personal communication, March 29, 2014, Bogota, #019, first interview).”
This is in line with the issue raised by transportation planners when they mentioned that
they were designing a mass transit system with a capacity that has never existed before. This
novelty factor is also related to the issue raised by urban planners in terms of their certainty
about urban renewal around subway stations (by designating urban renewal around future but
never built subway stations) because the experience of other countries with rail-based systems.
Real estate and finance experts also mentioned the issue about distance to BRT stations. After
the first phase was implemented, and developers realized the mass transit system was becoming
a success, then, the market has a reaction related to the distance to the station. The same real
estate and finance expert expands on this:
“What we see now, after all this time (12 years later), is that the development
projects that are located, in areas close to the transportation system (bus rapid
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transit), let’s say, they have an additional plus, it is highlighted as a plus, people is
told, this project is going to be (located), it is located close, close (to the bus rapid
transit), a reference in the marketing maps from developers, in the brochures that
they give you, they include the location where the stations of Transmilenio are
located (Personal communication, March 29, 2014, Bogota, #019, first
interview).”
As it was mentioned before by developers, to be close (not in front of) a station is a plus
in the real estate market and developers include this attribute in the marketing of the residential
development projects to attract potential buyers. Real estate and finance experts also mentioned
the land value increment issue. As a result of this dynamic of a successful mass transit system
with a market and developers seeking to promote development projects in close proximity to the
stations, the land value increments have been also part of the discussion. The same real estate
and finance expert expands on this issue:
“From the city point of view, I think that the land value increases, which has been
generated in terms of price, it has not been reflected to the city, but to the
development, right? To the project, let’s say that, it was not capture that benefit
(land value increment) for the revenue of the city, to give it a name like that, but
instead, that plus was given to the projects. I think that one has been an important
change, in the way to see the (real estate) business, I think (Personal
communication, March 29, 2014, Bogota, #019, first interview).”
The land use changes found in the quantitative data analysis (chapter 4) are related to
this. The land use change implies a higher profit for the developer, in the case of residential uses
with housing developments including multiple units, and in the case of commercial uses there is
always a land value increment for a more profitable use of land, which is now served by a mass
transit system generating accessibility benefits. Real estate agencies and financial agencies
conduct studies about the market in the city looking at different attributes that can influence
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prices. One of these attributes is the distance to the Transmilenio. The same real estate and
finance expert expands on this:
“We conduct some studies on which we recommend the type of product
(development) that can be developed, and it is already known that if the parcel is
closer to the Transmilenio (station), it can achieve a higher price than one that is
further away (from Transmilenio) (Personal communication, March 29, 2014,
Bogota, #019, first interview).”
Even though the private sector began to conduct studies as a result of changes in the real
estate market with the presence of BRT stations, TOD concept is a term that some participants
were not familiar with. Suggesting that in the year 2001, when the first phase began operations,
the TOD concept was not part of many of the experts working on the BRT system. A
transportation planner with experience in the public sector (Transportation Planning Department)
further discusses this issue:
“The first phases of Transmilenio were completed, thanks to some luck and
thanks to being successful in the implementation of this system in the right areas
of the city……….in the current modification of the POT (Urban Master Plan) we
are incorporating the methodology to design transit oriented development. This
implies a change in the way we conduct and implement the projects in the city.
The project executor is the IDU (Urban Development Institute) receiving
technical advice from other units such as Transmilenio SA, the Secretary of
Mobility and the Secretary of Planning; it is a kind of forced inter-institutional
coordination (Personal communication, March 5, 2013, Bogota, #003).”
Another transportation planner with experience in decision making positions at the BRT
agency further discusses the absence of a TOD regulation. This transportation planner suggests
that TOD is becoming a common topic among the transportation sector community but the lack
of regulation to promote this type of development is still an issue:
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“Everybody talks about it (transit oriented development) but no one makes the
regulation. The fear to control agencies that might say a civil servant who
authorize 20 stories to a private developer might say there is a business with the
private (person or entity). If a public agency issues a regulation that allows
buildings of 40 stories along Av Caracas, there are probabilities that the civil
servant promoting that regulation ends up in a law suit problem because someone
might imply that regulation is beneficial for certain landowners (Personal
communication, March 8, 2013, Bogota, #014, first interview).”
There is also a mismatch between the vision from the city mayor Peñalosa and what
experts, planners and public servants could do in a very short period of time. In the second
interview, the transportation planner with experience in decision making positions at the BRT
agency further discusses the difficulty to include urban development measures as part of the
management process of the BRT project:
“For instance, Peñalosa asked us to purchase parcels, but we disregarded this,
especially in phase one (of Transmilenio), at the sites were pedestrian bridges
landed, ramps, because they did not fit, we had to acquire parcels (land) for that.
Peñalosa used to say do not purchase only the little parcel where the ramp lands,
purchase the whole block in order to renovate the whole block, and there are two
practical constraints about this: first, the budget was very limited at the beginning,
later we became new riches and we had budget, because the approval of the
national government (Personal communication, March 3, 2014, Bogota, #007,
second interview).”
As it was mentioned before, the priority among transportation planners was to implement
a mass transit system that no one had implemented before in a short period of time for phase one.
Institutional coordination is another issue mentioned by transportation planners as part of this
process. Given that they had in mind the priority to implement a transportation system, they
expected other agencies would be in charge of the development process within the influence area
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of the system. Separate tasks but difficult coordination. In the second interview, another
transportation planner with experience in decision making positions at the BRT agency further
discusses this absence of leadership in the management process to promote urban development
measures associated to the BRT project:
“There was an institutional problem, there was not a lot of money in order to do
that (urban development) but there was an agency with the urban renewal name
(Empresa de Renovación Urbana ERU) which had the function to do that (urban
development), and at the end it could not do anything. And Transmilenio is an
agency specialized on transport and I always ended up waiting that those working
at the urban renewal (the ERU) agency would propose something, and they never
could make the institutional development for urban renewal, they did not have the
resources (Personal communication, March 7, 2014, Bogota, #014, second
interview).”
In line with what has been said by transportation planners, in the mind of urban planners
the relationship between urban renewal and transit had concrete examples in the rail-based
systems implemented in Europe and North America. However, in the mind of urban planners the
corridors of the bus-based system are located in areas of the city were consolidation measures
were the priority, rather than renewal measures. That is why the land use planning framework in
the POT designated these areas as consolidation with change of pattern. The land use regulation
“consolidation with change of pattern” promoted redevelopment processes parcel by parcel and
not urban renewal measures. Moreover, this land use regulation was conceived as a long term
process leaving the initiative mostly to the private sector. As it was mentioned earlier, the
formulation of the POT and the design and implementation of the first phase of the BRT took
place at the same time, in the year 2000. The absence of an institution in order to manage this
articulation in order balance the different timing dynamics of both sectors explains the difficulty
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of the dialogue between the City Planning Department and the BRT agency Transmilenio. The
urban planner with experience in the public sector (City Planning Department) and the private
sector (development agencies and consultancy) explains this difficulty in the dialogue between
the transportation and land use planning sector and the absence of a management agency in order
to bridge the dialogue between them:
“The problem we have in this country, what I mean is that this is part of the
problem, when we talk about infrastructure, because the rush of implementation,
the infrastructure goes apart from the planning process. Transmilenio began in the
administration of Peñalosa, the first POT of Bogota, based on the Law 388 is from
2000. And both things (POT and Transmilenio) never talked to each other! The
rush was to implement the BRT corridor, purchase the parcels, and later to look
from the planning point of view, the definition of land use intensity, the
development ratio, the urban renewal measures, how we could achieve that
development (Personal communication, February 3, 2014, Bogota, #026).”
This suggests the agency that was created to conduct urban renewal measures focused on
the “Parque Tercer Milenio” project, which coincides with what transportation planners
suggested. The ERU agency was seen by urban planners as the agency for doing the urban
management process, while the City Planning Department was in charge of the regulation
process with the expedition of the POT. The IDU is the agency in charge of implementation, land
acquisition in coordination with Transmilenio agency in relation to the construction of the BRT
project. What we see here is that from the point of view of those working at different agencies,
the agency in charge of the urban management process for renewal measures was focused on the
“Parque Tercer Milenio” project; this agency is the ERU and it was a recent agency at that time
without the leadership role the Transmilenio agency had as well as without the resources needed
to accomplish urban renewal projects. Another urban planner with experience in the public sector
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(City Planning Department) and private sector (developers) further discuss this complexity
between agencies:
“Around the BRT station Calle 74 (Av Caracas), we used to say, there will be
thousands of people over there because there is development at one side and the
other, but it was not possible to take the planning process and regulate it with the
POT to the same level Transmilenio (as a project) had, or simultaneously, and one
office (in charge of the process) because it was not created, which is the Empresa
de Renovación Urbana (Personal communication, March 20, 2014, Bogota,
#031).”
Finally, the coordination between the national and local government also shows
significant contrasts between the transportation and land use planning sectors. The coordination
between the national and local government worked well for the transportation sector as a result
of the funding mechanism that was defined between both levels of government. However, there
has been a tension between the national government and the local government in the land use
planning sector. As a result, the management process between both sectors at the local level is
not balanced. The transportation sector receives funding and support from the national
government for the BRT project.
The opposite has happened in the land use planning sector. In the case of the land use
planning sector, the coordination between the national and local government has been more
difficult. The implementation of policies, programs and projects in Bogota as part of national
government initiatives have been seen as an intromission in the local autonomy in the land use
planning sector. In addition to the complexity of coordination at the local level between the land
use and transportation sectors, the albescence of a synchronization between the nation and local
government raise questions about the extent by which the land use planning sector also needs the
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support from the national government, like in the case of the transportation sector with the BRT
project, in order to promote urban renewal and redevelopment projects.
In the middle of this tension between the national and local levels, the national
government created in 2011 the National Urban Renewal Agency in order to promote urban
development projects nationwide (Colombia, 2011). In Bogota, the National Urban Renewal
Agency began to formulate two urban renewal projects. The first project is the renovation of the
National Administrative Center (Centro Administrativo Nacional in Spanish or CAN) next to the
third phase of the BRT. Another initiative from the national government is the Ministries project
in the city center, next to “Parque Tercer Milenio” (Av Caracas) and the first phase of the BRT.
These two projects have required coordination between the Nation and the local government in
order to be approved at the local level but the creation of another agency also shows the
complexity about which agency takes the leadership role in urban redevelopment and renewal
processes in Bogota.
5.5.2. Quito
The management aspect is missing in Quito. Management issues in this city are not only
related to the “how” question but also regarding the “who” question. In Bogota, there is a group
of agencies, including the ERU agency that was created for urban renewal projects, but in Quito
the only agency that has been involved in the management process on urban development
projects for some years is the recently created Housing Development Agency. The City Planning
Department has played the regulator role, there has not been a public agency playing an active in
role in land acquisition, promoting renewal or redevelopment projects, coordinating with
landowners and residents. In the absence of a public agency to promote redevelopment measures
and a team of transportation planners with the time constraint of completing BRT corridors that
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had to be operational before the end of each mayoral term, the redevelopment or renewal
processes took place where private developers found the opportunities based on the issues
described in the expertise and development themes sections. Transportation planners were also in
a rush to implement BRT corridors, while the land use planning process usually takes more time.
In this scenario, the implementation and operation of BRT corridors became a priority leaving no
time to coordinate with the land use planning sectors. In words of a transportation planner:
“Our strategy, because it was a strategy, it was to put a landmark, at any cost and
later we are fixing, and there will be other days in the future, when we will have a
presence, and people will believe, (a day) in which we see the things, and we can
do the planning in a more orthodox way afterwards, more detailed, with the
necessity timing, right? (Personal communication, February 20, 2014, Quito,
#006, second interview).”
Like in Bogota, the novelty factor of a system that no one has seen before has been also
important understanding the management issues. “Trolebus” was the first BRT corridor, but
given that each corridor has been different from each other, the novelty factor has been playing
an important role in every mayoral term. This has also implied an additional time constraint for
the coordination between the transportation and land use planning processes. This requires the
presence of an agency that can take the leadership of urban redevelopment and renewal measures
at target points where the municipality is interested in generating new activity nodes.
In relation to “Corredor Central Norte”, urban planners mentioned an important change
that has been taking place in relation to the Airport. The “Corredor Central Norte” was built
bordering the west side of the International Airport. After the construction of the new Airport
outside the city, the large area of the former International Airport was subject of a planning
process in order to generate the “Parque Bicentenario”. The land use planning regulations of the
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new “Ordenanza” for the “Parque Bicentenario” not only will remove building heights
restrictions, in the absence of the Airport, but also will seek to introduce value capture measures
by offering higher building heights for redevelopments. In the first semester of 2013, the Airport
closed operations and the “Parque Bicentenario” project began to open some areas for public
access using the infrastructure that still exists from the empty Airport. In words of an urban
planner with experience in the public sector (City Planning Department) and in the private sector
(consultancy and academia) expands on this issue:
“There will be a development (redevelopment in practice) of the famous Plan
Bicentenario around the Mariscal Sucre Airport, an airport that has almost 120
hectares, and with an influence area of 800 or 900 hectares, that is the great future
of the city towards the North, which is linked to the longitudinal axis of transport
(Corredor Central Norte), and there are obviously those great potentialities”
(Personal communication, February 20, 2014, Quito #029).
The new land use regulation for parcels around the “Parque Bicentenario” has been a
planning exercise with some innovations such as value capture mechanisms including
inclusionary housing measures, but where the presence of a subway final station has left the
presence of six BRT stations in the shadow. In words of an urban planner with experience in
decision making positions at the City Planning Department and knowledge about the formulation
process of the “ordenanza” for the “Parque Bicentenario” project:
“The Bicentenario Plan (for the park with the same name) establishes that,
developments conducted within the redevelopment polygons (next to the Park),
there should be inclusionary housing measures of 20% of affordable housing. This
is next to the Corredor Central Norte (Personal communication, February 27,
2014, Quito, #014, second interview).”
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However, the land use regulations for “Parque Bicentenario” are not taking into account
the “Corredor Central Norte” as a mass transit corridor where it could be promoted higher
densities and redevelopments processes. In the vision of urban planners in Quito there is the
same approach that was implemented by urban planners in Bogota in relation to rail systems.
Urban planners in Quito are focusing on the potential development impacts as a result of the
presence of the future subway station at the south side of the “Parque Bicenteneario”. Therefore,
planners have been working on the land use regulations in order to make sure there will be
incentives for redevelopments processes around the future subway station. However, that is not
the case along “Av La Prensa” (Corredor Central Norte) which is part of the influence area of
“Parque Bicentenario”. During the second interview, the same urban planner expands on the
relationship between the “Parque Bicentenario” project and the BRT corridor “Corredor Central
Norte”:
“The Corredor Central Norte is close, 200 meters and in some cases 300 meters
from the Parque Bicentenario. But the Corredor Central Norte was not
considered in the Plan for Parque Bicentenario as a determinant factor (Personal
communication, February 27, 2014, Quito, #014, second interview).”
In contrast with Bogota, there has not been a public sector agency with the management
role to promote urban operations and projects such as the “Parque Bicentenario” Project. In
2010, the Urban Development Agency of Quito or UDAQ (Empresa Publica Metropolitana de
Desarrollo Urbano de Quito in Spanish) was created by the district in order to change the role of
the public sector towards an urban management approach (Quito, 2010b). However, this agency
had a brief history. The UDAQ was closed in 2014 after funding and management issues. The
large scope and wide range of responsibilities for this agency (from urban renewal to slum
upgrading and infrastructure provision) implied the UDAQ became a “parallel” local
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government, which led to reduce funding sources and later to the final liquidation. In words of an
urban planner:
“The company was created with the aim to conduct large urban interventions, but
it was criticized in the local administration because the agency began to have too
many responsibilities to the point that it looked like a parallel municipal
government. I think it was true, but solving the issue ended up by closing an
extremely good instrument: the public company for management and
implementation measures. It tried to be like the ERU of Bogota (Personal
communication, February 27, 2014, Quito, #014, second interview).”
In contrast to the public sector, there have been management initiatives between the
private sector and community based organizations in order to provide access to land and housing
for low-income groups. A community based initiative working on a coordinated manner with a
developer shows an example of a management initiative in an area later served by the BRT
system in the urban expansion area of Quitumbe. The area known as Quitumbe consists on a
planned urban expansion towards the south of the city. Some developers have been involved in
projects at different points of time. Some developers have collaborated with communities that
got access to land in Quitumbe. This is the case of the “Solidaridad” affordable housing project
further developed in the equity theme section. Communities got access to the land through a
housing cooperative. The developer who supported the community with the project discusses
these issues:
“Yes, we have (projects close to the BRT corridors), I would say the largest
project (I got involved) in Quitumbe is the Proyecto Solidaridad. We provided the
design, the 800 families that went to live over there, they got organized, we
organized them in four groups, 200 families each, and each group did community
work, one Sunday every month. With four groups we had covered every weekend,
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we had 200 families working on the creeks. Those creeks used to be dirty and all
first 20, 30 mingas consisted on taking out garbage, and taking out the garbage.
Later there are paths, protection of native vegetation, nowadays it is a garden; it is
a wonderful case (Personal communication, February 26, 2013, Quito, #017).”
The author conducted interviews with community leaders involved in this project. This
case suggests the access to housing and land through cooperatives has guaranteed the generation
of affordable housing units designed by a developer including the collective work of
communities who organized in order to improve public spaces and access to the site. This
affordable housing project shows a contrast with multifamily developments in “Quitumbe” that
have followed the urban norm in terms of having commercial land uses and multiple floors for
apartment units, based on the regulation defined by the municipality as it was described in the
development theme section.
Developers and planners agreed on the differences between the North and South of Quito.
Even though the urban growth towards the north of the city in the second half of the 20th century
facilitated the generation of the “Hiper-Centro”, at the south there has been more land available.
This is a key difference considering the challenge of implementing BRT systems in already
urbanized areas. In words of a developer:
“The (bus rapid transit) systems that have been introduced here, they have taken
place in an urban system already consolidated, that is why it has not been possible
to verify ….that these systems have generated several important real estate
projects. But there are punctual cases, for instance, it has helped, it can be seen
but at the South, for instance, there is the development of, very recent, perhaps
two years? The Quicentro Sur, a shopping center (Personal communication,
February 21, 2013, Quito, #009).”
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In fact, real estate experts also suggests that existence of some vacant land parcels around
the BRT Terminal “Rio Coca” (“Ecovía”) were also an important factor to offer development
opportunities, especially for multifamily developments that were built in close proximity to the
BRT Terminal. In words of a finance expert with knowledge about the real estate sector in the
city of Quito:
“At the North zone, in the BRT Terminal Rio Coca, there were a few, some
vacant land, and nowadays there are other uses, right? From small retail business,
until more complex developments such as schools…what is a fact and it cannot be
coincidental is that just before (the bus rapid transit terminal) nobody pays for
those parcels and now they have been developed, no? (Personal communication,
February 25, 2013, Quito, #016).”
It is precisely next to BRT Terminals at the south that these commercial developments
have been taking place as a result of more land availability. BRT Terminal “El Recreo” has “El
Recreo” commercial center, and BRT Terminal “Moran Valverde” has “Quicentro Sur”. Real
estate and finance experts also confirmed the building heights restriction in some neighborhoods
served by the “Corredor Central Norte” because the proximity to the Airport. In words the
finance expert with knowledge of the real estate sector in the city:
“In the case of Corredor Central Norte, it was complicated; they (neighborhoods)
are very close to the Airport, where the Airport used to be, one week ago. So
certainly they (neighborhoods) had a growth restriction, so the transformations, of
small retails or things like that, perhaps the maximum could be a building of two
three stories, so that redevelopment was very unlikely to take place, right?
(Personal communication, February 25, 2013, Quito, #016).”
As it was mentioned before, the “Parque Bicentenario” project is seeking to change
regulations in these neighborhoods close to the former Airport, through redevelopment
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processes. It is expected to have an increase in densities and growth in these areas in the near
future considering that the Airport completely closed operations in 2013. Another aspect
mentioned by real estate and finance experts is the significant change that the dollarization
process had on the real estate market. In the year 2000, Ecuador became an economy based on
the United States dollar as the official currency. Since then, all participants agreed on a more
stable economy that has created a more stable real estate market. In words the real estate expert
with knowledge about the land and property prices dynamics in the city:
“Ecuador is dollarized in 2000….with the dollarization, the real estate market
changes, it used to be focus on urbanizing land, but the market says, no land, a
house, nobody wanted to spend 10 years paying for a land parcel, after which 5
years for building the house, and then paying for it 30 years. So (the change) is if
I can have the house here, I pay it in less time, so what happened next?
Developers began to search for inexpensive land, in order to build houses. So, that
inexpensive land cannot be found in the consolidated city, and they (developers)
began to find it at the expansion and suburban areas (Valles), but these terrains are
not connected to the development (urban area) of the city (Personal
communication, February 19, 2014, Quito, #013).”
The TOD concept is also new among transportation planners in the city. The knowledge
about this concept has emerged as a result of the formulation of the subway project in Quito. As
a result of discussions related to the urban development measures around the future subway
stations, transportation planners have started to discuss the TOD concept. This situation has
generated discussions among transportation and urban planners related to the extent by which the
TOD concept had been applied in the design and implementation of BRT corridors. As a result
of this process, transportation planners in Quito are more interested in discussing the TOD
concept in relation to sustainable transport and the promotion of sustainable urban development.
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Similarly to Bogota, there has not been a TOD regulation in the city. The absence of this
regulation has been part of recent the discussion among transportation planners in the city,
especially as a result of the formulation of the subway project. In words of a transportation
planner with several years of experience in the public sector (Transportation Planning
Department):
“It (TOD) should be, but I do not know if it is (part of the implementation of
transport projects) but it should be. The mechanisms and strategies are not yet
stablished, there is not a strategy for land acquisition before the (transport)
investments, otherwise, there is no way (to promote TOD); there is no way to do
it. We are about to build the subway but land is not available, the public sector as
landowner, so who is going to benefit from the investment (subway)? We need
real estate agencies that have the capacity to acquire land around (transport
investments) (Personal communication, February 21, 2013, Quito, #011).”
The institutional capacity is another aspect mentioned by planners in Quito. A
transportation planner with experience in the public sector (Transportation Planning Department)
and the private sector (consultancy) expands on the management issue in the local government:
“The Municipality is mainly focused in the capture of data, the updating process
of the cadaster system and some policies. The main objective is to conduct urban
control leaving behind the strategic, financial and economic planning of the city
as well as territorial planning (Personal communication, February 18, 2014,
Quito, #008, second interview).”
The elongated structure of Quito has been a challenge for transportation planners in the
design and implementation of the BRT system. The “Trolebús” system was the first corridor
implemented in 1996. Transportation planners in Quito wanted to implement the trinary system
of Curitiba, but at a metropolitan scale. The same transportation planner expands on this:

283

“We took the south extreme, the north extreme, right, we generated the initial
corridor (Trolebús), the central corridor, it was a diagram of a trinary axis, and
what happened in the first phase? In the first phase this (Trolebús) worked very
well, in the second phase this was not implemented (the north east section) so it
was developed until here (Ecovía up to Rio Coca Terminal). In the third phase,
this was not developed (the west side) so it was developed until here (Corredor
Central Norte). It is a system by parts, so this topic here (Trolebús), is the
political moment one, this (Ecovía) is a moment two, and this (Corredor Central
Norte) is a moment three (Personal communication, February 18, 2014, Quito,
#008, second interview).”
The articulation of these corridors has been a challenged and more recently the decision
makers realized it was needed to complete the idea of the trinary system with the implementation
of the “Corredor Suroriental”, extending “Ecovía” towards the south, and developing the
“Corredor Suroccidental”, extending the “Corredor Central Norte” towards the South. All
corridors converged in the south at the BRT Terminal “Quitumbe”. The “Corredor Central
Norte” extends the system further north until “La Ofelia” BRT Terminal, which extends the
system with feeder routes further north. Some transportation planners think these feeder routes
consolidated the neighborhoods at the north peripheries, in words of a transportation planner
with several years of experience in the public sector (Transportation Planning Department):
“This is Corredor Central Norte; from here (La Ofelia) we connect it to the
tourist area known as The Center of the World (outside of Quito). Then, we
implemented the feeder routes, to the North and West, which is why I was telling
you that I think this, consolidated the high (North) neighborhoods (Personal
communication, February 21, 2013, Quito, #011).”
There is an agreement between planners about the heterogeneous impact BRT Terminals
had on land development. As it was mentioned before, those terminals located at the North of
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city in close proximity to the International Airport had restrictions on building heights, but BRT
terminals at the South have had significant impacts, especially on commercial developments. In
words of the urban planner with experience in decision making positions at the City Planning
Department in different mayoral administrations:
“Nothing much has happened in the surroundings of the BRT Terminal La Y, the
urban development around this terminal is limited to the approach cone of the
Airport; the development in close proximity to this terminal is restricted to four
floors” (Personal communication, February 18, 2013, Quito, #001).
However, at the south, two big-box developments from private initiative took place in
front of two BRT terminals: “El Recreo” and “Moran Valverde”. All these terminals are part of
the “Trolebús” corridors. The building height restrictions because the Airport in the influence
area of BRT Terminal “La Y” as well as an area already consolidated explain the limited
opportunities for changes on development. At the South, around BRT Terminals “El Recreo” and
“Moran Valverde”, the emergence of large scale commercial developments take places as a
result of land availability with large parcels, former industrial areas or undeveloped land. Around
the BRT Terminal “La Ofelia” at the end of the “Corredor Central Norte”, urban planners
suggest there are few changes in terms of urban development. In words of the urban planner with
experience in the public sector as well as conducting urban studies about the city of Quito:
“It is not because the transport terminal La Ofelia, within the influence area of La
Ofelia, it would have produced an urban impact, the (BRT) terminal functions
there, but in the surroundings there has not been an urban development that has
direct influence with the transport service” (Personal communication, February
27, 2014, Quito, #033).
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All these developments were not part of an urban management strategy. These
developments were mainly private initiative without the implementation of land management
tools. In words of an urban planner:
“Because it was not part of the strategy (transit oriented development), there were
not land management instruments. As far I know there was not a systematic
review of the norm in function of the BRT corridors, there was not, neither there
was the notion of the necessity to think about a revitalization strategy or
consolidation or neighborhood improvements in order to complement it (BRT).
There was not a vision for recovering the public investments as part of urban
transformation processes (linked to the BRT), that articulation never took place”
(Personal communication, February 19, 2014, Quito #028).
5.6.Equity: BRT investments in urban expansion vs consolidated areas and the provision of
affordable housing
This theme emerged when participants were asked about the relationship between BRT
and affordable housing. When discussing the first phase of Transmilenio, participants in Bogota
referred multiple times to the case of the BRT Terminal “Usme” and the “Nuevo Usme” large
scale affordable housing development. In the case of Quito, participants referred multiple times
to the case of the Plan “Quitumbe” when they were asked about the relationship between the
BRT and affordable housing. As a result, this theme focuses on the cases of “Usme” in Bogota
(Figure 29) and “Quitumbe” in Quito (Figure 30), specifically the BRT Terminals in both areas.
5.6.1. Bogota (BRT Terminal “Usme”)
“Usme” is located at the south of Bogota and it is one of the 20 local jurisdictions of the
city known as “Localidades”. “Usme” has an extension of 21,506 hectares, from which only
3,029 hectares are classified as urban land by the City Planning Department (Bogota, 2007).
“Usme” has a population of 382,876 inhabitants settled in already urbanized land (3,029
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hectares) as well as in rural areas (18,476 hectares). Some BRT Terminals provide access via
feeder routes to low-income groups, and that is the case of the BRT Terminal “Usme”. It was
located on the urban edge of Bogota but not at the heart of the affordable housing large scale
project “Nuevo Usme”, which has been an ambitious public initiative to compete against
informality by providing access to low-income groups to formal affordable housing solutions.
The BRT “Usme” Terminal changed the logic of this urban edge by generating accessibility
benefits that have been captured by developers and landowners of previously industrial areas
(Figure 29). This land use change from industrial to residential and/or commercial has generated
a new dynamic for communities settled in the area before the implementation of the BRT system.
These communities got access to urban land through informal processes by developing informal
settlements, which due to the lack of urban services (water and sanitation) have been subject of
regularization and upgrading processes.
The POT defined the “Nuevo Usme” project a strategic urban operation. This urban
operation is one of the zonal plans in the city in order to plan the urban expansion of Bogota. The
“Nuevo Usme” project is located next to the small town of the same name and seeks to develop
land before more informal developments take place in this local jurisdiction characterized by a
large low-income population (Bogota, 2007). The agency conducting the formulation and
implementation of this project is Metrovivienda, a public agency that is part of the City Housing
Department (Secretaría Distrital de Habitat in Spanish). Four partial plans are part of the
formulation of the “Nuevo Usme” project with a total area of 826.61 hectares (Bogota, 2007).
The other two large scale affordable housing projects formulatd at the same time as the first
phase of the BRT in Bogota are “Ciudadela El Recreo” and “Ciudadela El Porvenir”, both under
the coordination of Metrovivienda as well, but these two projects are served by the second phase
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of Transmilenio. Therefore, this section focuses on the case of “Nuevo Usme” and its relationship
with the BRT Terminal “Usme” (Figure 29).
The BRT “Usme” Terminal attends the demand for transportation via feeder routes to
current residents in the already built housing units in the “Nuevo Usme” project as well as to
communities from surrounding neighborhoods already settled in the area which has been mostly
urbanized informally. The BRT Terminal “Usme” was built before the “Nuevo Usme” large scale
project started, even though both public interventions were designed and formulated at the same
time. Even though the POT and the BRT system were in the formulation stages at the same time
the location of the BRT Terminal “Usme” does not coincide with the heart of the “Nuevo Usme”
project.
The “Nuevo Usme” project has faced several difficulties during its implementation such
as approvals by different agencies, negotiation process with landowners, environment issues due
to the overlap with environmentally protected areas, and issues in terms of inter-institutional
coordination. On the contrary, private developers have been undertaking affordable housing
projects in front of the BRT Terminal “Usme” as well as big-box developments. While these
private developments capture the accessibility benefits generated by Transmilenio, the public
initiative project (“Nuevo Usme”) has faced several difficulties and its future has been uncertain
for several administrations. The new administration of Bogota (second term of Peñalosa)
suggests there is the intention to continue with one of the partial plans of the “Nuevo Usme”
project (Bogota, 2016). The recent transformation in front of the BRT Terminal “Usme” as a
result of private sector initiatives for commercial and affordable housing developments, the
influence area of the BRT Terminal has been changing the dynamic of communities settled in the
area for more than 40 years.
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Public interventions and land ownership were two aspects mentioned by participants that
are related to the difficulty land prices impose on affordable housing projects in close proximity
to BRT corridors. Some participants suggested public interventions with land management tools,
provision of schools and incentives promoting inclusionary measures could influence this land
markets dynamic. An urban planner with experience in the public sector (national government)
describes these issues:
“There should be land use regulations promoting that (land) use (affordable
housing), the location of schools is another alternative, and mechanisms that aim
to facilitate real estate developments starting at the same time as the BRT. If you
built the BRT first and then after 10 years you want to build affordable housing,
just the (land market) dynamic, you have to subsidize the land, or the dynamic
pushes you out” (Personal communication, March 4, 2013, Bogota, #001).
Some BRT investments articulated with slum upgrading programs along feeder routes
were implemented in order to facilitate the improvement of infrastructure needed to expand the
public transportation services in the area. A transportation planner who worked in the design and
implementation of the BRT project in Bogota expands on this issue:
“It is a topic more related to infrastructure provision than transport services. I
have the knowledge that the multilateral agency included in the investment plan
the improvement of roads along feeder routes (Personal communication, March 3,
2014, Bogota, #007, second interview).”
Urban planners mentioned the debate about the public sector interest in reducing land
prices to promote affordable housing in already consolidated areas by increasing floor area ratios
instead of promoting the generation of more serviced land at urban expansion areas. Land
availability is linked to this dynamic. An urban planner described this issues in terms of equity
and social inclusion:
289

“Why these types of developments happen? (“Recreo”, “Porvenir”, “Nuevo
Usme”), just because the idea of, people with lower income should be push out of
the city, because the city is too expensive, and it must be for those who can afford
it! (Personal communication, March 11, 2013, Bogota, #016).”
The costs of building a BRT Terminal in a location with “negative trips” already implied
a financial loss for the operation of the transportation system. However, the “silo effect” also
played an important role due to transportation planners needed to implement in a short period of
time the BRT, as a result the BRT Terminal “Usme” was built before the “Nuevo Usme” project
started. In words of the urban planner with experience in the public sector in the regulation and
implementation processes of partial plans, expands on these issues during the first interview:
“The construction of the BRT Terminal was previously established than the
(Nuevo Usme) project, when the “Nuevo Usme” project was launched, the BRT
Terminal was already built (Personal communication, March 4, 2013, Bogota,
#002, first interview).”
In addition to the lack of coordination between transportation and city planners due to
different time schedules, Metrovivienda had to face the challenge of promoting affordable
housing large scale projects without the supply of public transportation. This challenge is a
common aspect between the “Nuevo Usme”, “Ciudadela El Recreo” and “Ciudadela El
Porvenir” projects. Metrovivienda had to make requests to Transmilenio in order to provide
feeder routes given that the BRT terminals and the large scale affordable housing projects do not
match geographically. The same urban planner expands on this regard:
“The BRT Usme Terminal was built before the Nuevo Usme megaproject, and
there was not coordination, we already knew what had happened in El Recreo and
El Porvenir, and finally it happened a bit the same than with Usme (Personal
communication, March 4, 2013, Bogota, #002, first interview).”
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This case highlights the discussion between extending BRT investments in urban
expansion areas where there is considerable amount of vacant land and informal settlements. In
words of a transportation planner with several years of experience in the public sector
(Transportation Planning Department):
“Portal Usme, there has been a development over there, even close to an
exploitation mining site, along the extension of Av Caracas, I am almost certain it
was a partial plan, with the arrival of the BRT Terminal, it generated an
interesting urban development dynamic, generated by private developers who
acquired the land, when the BRT trunk corridor reached that point, until that site,
the parcels acquired a significant valorization due to the activity of the system
(Transmilenio) (Personal communication, March 5, 2013, Bogota, #003).”
As it was mentioned before, the BRT Terminal “Usme” was built in a location where the
system generated “negative trips” due to the lack of enough passengers to keep the system
financially viable. This is precisely the challenge faced by transportation planners in urban
expansion areas; while at the same time; urban planners faced the challenge of generating
affordable housing supply in urban expansion areas where land prices are low, like “Usme”, but
without the provision of transportation services. This challenge explains why the BRT “Usme”
Terminal was not built at the heart of the “Nuevo Usme” megaproject in this urban expansion
area of Bogota. In words of a transportation planner with experience in decision making
positions at the BRT agency:
“When we began (the BRT Usme Terminal project), we installed a feeder route to
Usme, to the Town of Usme (where Nuevo Usme Macro project is located) to the
Metrovivienda project! Over there (Usme) we violated the norm (in urban
transportation planning) which consists on going to where the urban
transportation (system) gives us economic sustainability, but in that case (Nuevo
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Usme) we provided feeder routes because Metrovivienda offered to subsidy the
difference because it was interested in advertising the feeder routes (of
Transmilenio) as part of the affordable housing project (Personal communication,
March 7, 2014, Bogota, #014, second interview).”
Even though there has been a significant development activity in front of the BRT
Terminal “Usme” during recent years, planners considered these dynamics are a late response
relative to the year of construction of the BRT Terminal. A transportation planner with several
years of experience in the public sector (national government) expands on this issue:
“If you see at this point of time, although it was a bit late, in Usme (BRT
Terminal) very important commercial developments have started to take place,
and some housing developments, but it is still one of the BRT Terminals with
less, let’s say, passengers in the system, which suggests that still it has not
achieved….it must have a potential for more land developments, big, very big
(Personal communication, March 7, 2013, Bogota, #009, first interview).”
Even though for transportation planners there still room for more development around the
BRT “Usme” Terminal, certainly the perspective of the community is that not only commercial
developments are transforming the built environment and social dynamics, but also the provision
of schools and multifamily affordable housing units are generating a “ring” around the BRT
Terminal “Usme”. These developments are from private initiative. In words of an urban planner
working in the development company that formulated and implemented some of the
developments near the BRT Terminal “Usme”:
“The incidence of the BRT Terminal, it is a complete attraction focal point, as I
told you before, attraction focal point of people. It is an important point for the
marketing level because people want to be close, especially in that group of
population (low-income), close to the transportation supply; they are the users that
at the end are the people that use the transportation system the most. We prioritize
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that location because the marketing alternatives it provides. We also had the
fortune or the opportunity to have good relations with the landowner of the
parcels around the “ring” that ends there at the BRT Usme Terminal (Personal
communication, March 5, 2013, Bogota, #005).”
The recent developments in front of the BRT Terminal “Portal Usme” have also
increased the demand for services. In words of a community leader who represents residents in
informal settlements in close proximity to the BRT “Usme” Terminal:
“The amount of people that have arrived to the new (affordable) housing
developments, and so it is difficult to find a place for one child, I mean the child
care or the school, it is really difficult to achieve one place, and well, for us as
beneficiaries (social programs for slum dwellers), this process has been the
opposite, we have been trying to find a place for our children in schools further
away” (Personal communication, March 13, 2013, Bogota, #021).
Even though it is a desirable outcome from an equity perspective to have affordable
housing developments next to a BRT terminal, the absence of a public initiative in terms of an
urban management approach to the area as a whole implies issues in terms of the provision of
non-motorized infrastructure generating local accessibility issues for current residents form
informal settlements. The same community leader expands on some of these issues:
“We have to walk a lot, this is an issue when we had medical appointments with
our children because there are not feeder routes in our neighborhood……I would
say people is not coming to the neighborhood (informal settlement) due to
Transmilenio, people come because different circumstances in life, some are
(forced) displaced people from other places (out of the city) and they have found
shelter in Usme (Personal communication, March 13, 2013, Bogota, #021).”
In addition to the social complex phenomena, the generation of affordable housing by
private developers next to the BRT Terminal is also changing how people access to land and
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housing, especially in an urban area that has mainly urbanized through informal settlements. The
community leader adds on this matter the following:
“There is a lot of people that have been saving (money) all their lives, and given
that now there are many developer companies (in the area), and several housing
units (multifamily apartments), not only in Usme (Nuevo Usme) but also next to
the neighborhood, there are several areas where there are (housing) developments,
so that people decide to invest on one way or another their savings there (Personal
communication, March 13, 2013, Bogota, #021).”
The absence of a planning strategy from the public sector about how to develop in a
comprehensive manner the entire influence area of the BRT “Usme” Terminal is precisely
causing difficulties for those inhabitants living in informal settlements in the hills who now see
how these new land developments are blocking their pedestrian paths and unpaved roads in order
to get access to their neighborhoods and houses. In words of another community leader who
represents residents in informal settlements in close proximity to the BRT “Usme” Terminal:
“In fact, the landowner of the property between our neighborhood and the BRT
Terminal said that he is negotiating with a developer, what I understood is that it
is unclear when the developers are going to start the new affordable housing
developments, right? But looking at it from other point of view, the developer that
is building the multifamily housing units, in front of the big-box development,
from that point up to the hill, they have closed the properties, and thus, have
blocked the pedestrian paths we used to use in order to get to our houses…..and
the unpaved road that allow us to get to our neighborhood is also part of the
property of the landowner negotiating with the developer, so this is also a big
problem for us (Personal communication, March 15, 2013, Bogota, #025).”
Communities living close to the BRT “Usme” Terminal are organized and advocating for
a road and public spaces that allow them to walk from the BRT Terminal to their respective
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neighborhood. But the struggle is not only about accessibility and connectivity; the struggle is
for the survival of a neighborhood that seems to be under risk to disappear. The community
leader expands on this issue:
“The neighborhood is regularized, but the road (that connects it to the main
avenue) has not been legalized yet, but the concern I am facing now is the
challenge of being the community representative of a neighborhood that now I
realize is a neighborhood that tends to disappear (Personal communication, March
15, 2013, Bogota, #025).”
Recent affordable housing developments from developers in front of the BRT Terminal
“Usme” took place after the construction of the BRT. The developer who designed and
implemented some of these projects near the BRT “Usme” Terminal mentioned:
“The development took place because the location, that site…….and the
expectations of the landowner, both things matched (at the same time), if the
landowner would have said I want high income developments (socioeconomic
strata 5) it would have been impossible. We found a terrain that thanks to its value
it could be developed for a large affordable housing project, which had the access
to public transit (BRT), and in addition to that, access to schools and services. So,
the commercial land use works well over there because it becomes the meeting
point for people, in order to continue the commuting towards other neighborhoods
(informal developments) that were already there, we are developing
approximately 4,500 affordable housing units, and everyone will have all services
at hand (Personal communication, March 5, 2013, Bogota, #006).”
The case of the BRT “Usme” Terminal highlights the complexities of coordination
between the land use planning regulation and the transportation sector in the absence of
management processes when public investments take place in the urban expansion areas of the
city. The public sector coordinated the BRT investment with the “Nuevo Usme” affordable
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housing development project through the provision of feeder routes. After more than a decade,
the private sector began to develop the land near the BRT “Usme” Terminal with a big-box
development and multiple affordable housing units with multifamily developments. The BRT
“Usme” Terminal could have included a partial plan for urban expansion (development
measures) in which not only the generation of affordable housing could have been one of the
measures but also the provision of pedestrian infrastructure as part of slum upgrading measures.
At the same time, there is a regional connectivity issue with the “Nuevo Usme” project
given that planners working at Metrovivienda had to promote affordable housing developments
with a competitive disadvantage because the provision of feeder routes as the public
transportation option for future residents. Feeder routes for large scale affordable housing
projects might not be sufficient to attend the future transportation demand large scale projects
such as “Nuevo Usme”. This case highlights the challenge of investing on BRT infrastructure in
urban expansion areas where in the short term there could be negative trips for the system but in
the long term these investments could be used as a tool to promote compact housing
developments with affordable housing units.
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Figure 29 Location and map of BRT Terminal “Usme”, Bogota, Colombia
Location of BRT Terminal “Usme” (Bogota)

BRT Terminal “Usme” – Bogota
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5.6.2. Quito (BRT Terminal “Quitumbe”)
Quitumbe is one administrative zone of Quito located at the south of the city. It has five
“Parroquias” (jurisdiction structure inherited from the Spanish Colonial period) and it has a
population of 281,698 inhabitants. The BRT Terminal “Quitumbe” was opened in 2008 next to
the new ground transportation terminal with the same name. The BRT Terminal “Quitumbe”
connects three BRT corridors (Trolebús, Corredor Suroccidental and Corredor Sur-Oriental)
and is located on the “Av. Condor Nan” (Figure 30).
These five “Parroquias” (Guamaní, Turubamba, La Ecuatoriana, Quitumbe, and
Chillogallo) have experienced a significant population growth with an increase of 4.5% from
2001 to 2010. It is the first administrative zone in terms of population growth in the urban
periphery. It is the second in the entire metropolitan area, after “Calderon” administrative zone,
with 4.7% increase in population for the same time period (Quito, 2012). “Quitumbe” is one of
the “centralities” of Quito, a concept developed by local planners that seeks to generate activity
nodes in different areas of the city in order to decongest the so called “Hiper-centro”.
The concept of a new centrality at the south of the city comes from the formulation of the
“Quitumbe City Plan” in 1991. It is an ambitious master plan designed for guiding and planning
the urban expansion of Quito towards the south with a strong component of affordable housing.
The management scheme consisted in a land acquisition process by the public sector in which an
old “Hacienda” would become urbanized land as part of a planning process. In words of the
urban planner with experience in the City Planning Department in different mayoral
administrations:
“It was a public initiative project in which the Municipality had landownership,
where parcels were sold to private investors in order to undertake land
298

developments, but this project was before the implementation of the BRT system
in that area” (Personal communication, February 20, 2014, Quito, #029).”
In Quito, some affordable housing projects have also been served by feeder routes; this is
the case of projects at the south of the city in sectors such as “Quitumbe”, “Guamaní” and
“Turubamba” as well as at the north of the city in sectors such as “Calderón” and “Carcelén”.
However, the “Quitumbe Plan” took place before the implementation of the BRT system as a
public initiative to plan the expansion of Quito towards the south creating a new activity node
with several services including new housing developments, especially affordable housing.
The urban expansion at the south, it has been a slow process, especially in the area where
the “Quitumbe” Plan was designated by the city, a plan that promotes the development of
affordable housing. A real estate expert suggests this is the result of infrastructure investments by
the municipality in the 1990s and later in the 2000s with the extension of the BRT corridors. In
words of the real estate expert with experience conducting studies about land and property prices
in the city of Quito:
“In the 1990s, the city invested over there (Quitumbe) in roads, infrastructure,
water supply, electricity. Later in the 2000s, the city invested in transport
(Trolebús), and we are in 2013 and there is still vacant land (Personal
communication, February 22, 2013, Quito #013, first interview).”
As it was explained by developers, regulations and land price increments in “Quitumbe”
have made difficult to develop more affordable housing projects. The same real estate expert
expands on this:
“It is a matter of accessibility, the real estate industry does not generate the
projects for the ones who need them, for the people who would be willing to live
in Quitumbe, the credits from the Social Security Institute (IESS) provide in
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Quitumbe maximum a couple of housing credits for 30 million, right? (Personal
communication, February 22, 2013, Quito #013, first interview).”
Participants also agreed on how the BRT system attends similarly the transportation
demand at the north and south extremes of the city. The BRT corridors end at BRT Terminals
that receive several feeder routes from the peripheries. Some of these feeder routes come from
the periphery or urban expansion areas where low-income groups have been able to get access to
land and housing. In words of a transportation planner with experience at decision making
positions in the BRT agency of Quito:
“For those with lower income, I believe the public transportation work we do, it is
done with that vision, that it should provide more benefits for those who live
further away, I would not say the poorest, I think those without access, because
they live in those sectors where the roads are not in good shape; for them, we
have given them more access with feeder buses (Personal communication,
February 21, 2014, Quito, #007, second interview).”
The “Quitumbe Plan” has been conducted in several stages; the first stage began in the
1980s with land acquisition by the municipality of Quito. An urban planner with experience in
the public sector (City Planning Department) and in the private sector (consultancy) conducting
urban studies about the city of Quito mentioned the first stage became a development process by
parcels with some infrastructure works and the second stage in the 2000s implemented new
features such as multifamily housing developments:
“There are few areas (land) available, the project was abandoned, during the first
stage, what has been done does not correspond to the initial plan, it became
developments parcel by parcel. In 2000, the municipality retook the project by
including densification measures with the promotion of multifamily housing
developments with public auction procedures. Later, it was implemented the Trole
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(BRT), then parks were built, commercial developments like Quicentro, and then
the area became more expensive. The income of some groups increased as a result
of remittances and as a result some families were able to access land and housing
there…….some housing units purchased for 15 thousand dollars and nowadays
buyers offer almost 60 thousand dollars for housing units (Personal
communication, February 27, 2014, Quito, #033).”
The case of “Quitumbe” highlights the challenge of providing affordable housing before
and after the implementation of BRT systems. The generation of affordable housing projects as
part of the “Quitumbe Plan” facilitated access for low income groups to land and housing.
However, after the extension of the BRT (Trolebús towards the south, first the Moran Valverde
BRT Terminal and then the BRT Terminal Quitumbe) the land market dynamic changed as a
result of the accessibility benefits generated by this mass transit system. An urban planner with
experience conducting urban studies of the city of Quito expands on this issue:
“The south zone was always an area of low income and middle income groups,
who are users of public transit, which is a service that used to be not good in
Quito, but after all those investments on trunk corridors and terminals, travel
times became shorter and then you see all that area (south) and it became a more
middle income groups area, the housing units and apartments are more expensive
now, the cost of apartments is higher than what it is used to be the cost at Solanda,
over there in the same place (Personal communication, February 28, 2014, Quito,
#035).”
In addition to these investments on BRT corridors, the extension of the public
transportation services with feeder routes have not been linked to slum upgrading measures like
in some areas in Bogota. An urban planner with experience in the public sector (national
government) as well as in the implementation of slum upgrading projects in the city of Quito:
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“The fact that a road has been improved, the pavement along a road that used to
be unpaved, that does not mean it is slum upgrading. That is just an improvement
to facilitate access to transport in the neighborhood. I think there has been an
improvement on the roads communicating the BRT Terminals, especially in
Quitumbe, I have seen changes on the arterial roads, but what I have seen inside
the neighborhoods is that there has not been slum upgrading (Personal
communication, February 19, 2013, Quito, #004).”
The BRT “Quitumbe” Terminal has been built in an isolated manner that is not
generating connections through public spaces with current residents. The impacts differ from the
northern side of the BRT Terminal to the southern side of the property where the regional ground
transportation terminal is located. While the northern side of the property provides vehicular and
pedestrian access to the BRT Terminal, the community from the neighborhood organized strict
surveillance in order to avoid the attraction of commerce and crime, which is precisely the
phenomena taking place in the southern side of the property in front of the Regional
Transportation Terminal. In words of a community leader representing communities living in
close proximity to the BRT Terminal “Quitumbe”:
“The (regional transportation) Terminal was relocated here, in this sector of
Quitumbe, 5 years ago, no?........then the BRT Terminal was
constructed……..Quitumbe was selected many years ago as a sector for
affordable housing, but take a look at this case, here in Quitumbe, here in Quito,
the impact has not been from the Terminal towards the community, (the right
approach) is how this healthy community has generated an impact towards the
Terminal, so that this (area) does not degenerate (decay) (Personal
communication, February 28, 2013, Quito, #020).”
Not only the community prepared for the arrival of both transportation terminals in the
area, they organized surveillance services to guarantee the safety of the community against
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crime, especially for those public transportation users getting access to the BRT late at night. The
urban design of both terminals does not contribute to generate safe public spaces, especially at
night, so that even though the community made the formal request to authorities about the
importance of public safety against crime, the transportation terminals were built including
metallic bars to divide public space from the terminal itself, creating an “island effect”. Another
community leader who represents residents in the influence area of the BRT Terminal
“Quitumbe” expands on this:
“The panic was created when they said the transportation terminal is
coming…..we even had public meetings with local authorities here in the
community house in the neighborhood, and they said that we should not worried
about public safety against crime because the Terminal will take care of it, but
they (terminal) only look inside (not outside)….we think we should communicate
between neighbors (Personal communication, February 27, 2014, Quito, #020).”
The evidence suggests that affordable housing close to BRT Terminals is feasible before
BRT investments, which is the case of the communities loving close to BRT Terminal
“Quitumbe”. This is the case of the “Proyecto Solidaridad” described initially in the
management theme section. The community organized in a housing cooperative in order to
purchase the land from the municipality. Then, they got support from a developer with the design
of the project. Later, the community organized and worked in the construction of the project
including the interventions on the public spaces such as creeks that used to be dirty areas. The
same community leader expands on these issues:
“So we arrived there in Quitumbe, and then we purchased the land from the
Municipality, a terrain, which precisely coincides later with the BRT Terminal, I
mean, just in front of the BRT Terminal……the land had two little basins that we
have been cleaning and protecting for several years……the improvements in the
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little creeks were possible thanks to “mingas” (collective work organized by the
community, probably a word that comes from indigenous groups)……..when the
first housing project was under construction, people were still working on the
improvement of the Basin…….we (the cooperative) hired an architect who
designed the houses, later we helped in the construction of the housing units
(Personal communication, February 27, 2014, Quito, #020).”
Communities living close to the BRT Terminal “Quitumbe” are organized and advocating
for keeping the area as safe as possible from crime in an urban expansion area with still
significant vacant land. Given that they owned the property where there are still vacant parcels,
the community is starting to play the role of planners and developers. The community in the
“Proyecto Solidaridad” seeks to generate commercial and residential developments in front of
the BRT Terminal. The same community leader expands regarding this issue:
“So we said let’s try with some colleagues and planners from other cities in Latin
America (to talk about the development project), and some people came to
explore our project, and they said to the Municipality (of Quito) can you imagine
what this community-organization is suggesting? They are willing to give 9
thousand (square) meters to the city (with a public square), we want to develop
commercial and residential areas and this project will be the face of Quito in front
of the BRT terminal, we heard that the expectancy is to have high density
building at the south of Quito, which is what we want to do with our property
(Personal communication, February 27, 2014, Quito, #020).”
In 2001, the Municipality issued a new ordinance in order to reactivate the Quitumbe
Plan due to the lack of dynamism in terms of land developments. The new ordinance intended to
define the regulation for new developments but with a different scheme. Basically, the first
ordinance had two components; one of them was the generation of self-help housing by lowincome groups. This scheme failed due to lack of coordination for improvements in urban
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infrastructure, organizational and financial difficulties faced by communities settled in the area.
Also, land prices have been increasing in “Quitumbe”, as a result of regulations as well as the
extension of the “Trolebús” corridor in 2000 and 2008. In words of a finance expert with
experience in the real estate market of the city:
“Quitumbe is a very old municipal project, which partially captured the attention
from developers, and one of the causes is, most probably, the lack of
transportation supply, and there were not adequate roads and infrastructure in
order to get there. Land prices in Quitumbe are in average $90 dollars per square
meter (Personal communication, February 21, 2013, Quito, #010).”
The urban expansion in Quito in a monocentric city (Hiper-centro) has imposed
challenges for the planning process of this growth. The “Quitumbe” Plan has worked for some
developments but the regulation issues and the increments on land prices has made this area
difficult to generate more affordable housing projects. Several parcels still remain undeveloped
and some self-construction housing developments have not been as successful as the
“Solidaridad” project. The urban expansion beyond the areas served by the BRT corridors has
increased the transportation demand at the peripheries. To attend this increasing demand has
been difficult besides the supply of feeder routes. In words of an urban planner with experience
in the City Planning Department during different mayoral administrations:
“We have a dysfunction in relation to the urban structure because the movements
from the periphery towards the city center, the saturation of the mobility systems,
roads and public transport” (Personal communication, February 19, 2014, Quito,
#028).
This pattern explains why buses that serve along the BRT corridors leave completely full
from BRT Terminals, providing access to the city center to several commuters from the
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peripheries. In this context, the Quitumbe Plan and the case of the BRT Terminal highlights the
complexities of land use regulations that were difficult to implement because the requirements
focusing more on the design elements of the projects without coordination of large scale
commercial developments from private initiative such as “Quicentro Sur”. After the expansion
of the BRT corridors towards the BRT Terminal “Quitumbe”, the goal to promote more
affordable housing in this area is becoming more difficult because the increments on land prices.
The reaction of the land market is suggesting developers expect the land use regulation to change
towards different types of housing developments, which means to facilitate developments that
could not be classified as affordable housing. The case of the “Solidaridad” project taking place
next the BRT “Quitumbe” Terminal suggests the advantages of promoting affordable housing
before the construction of BRT investments. Similar to the complexities in the case of the BRT
Terminal “Usme” in Bogota, the absence of a land use planning tool such as partial plans or
special projects regulating the influence area of BRT Terminal “Quitumbe” shows missing
aspects such as nonmotorized transport infrastructure for local residents. This case also shows
the difficulty in the coordination between land use planning and transportation investments at
urban expansion areas, specifically the challenge to coordinate public initiatives between the
transportation and housing sectors.
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Figure 30 Location and map of BRT Terminal “Quitumbe”, Quito, Ecuador
Location of BRT Terminal “Quitumbe” (Quito)

BRT Terminal “Quitumbe” – Quito
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5.7.Discussion
5.7.1. Coordination
In Bogota, transportation planners were experimenting with a new type of transportation
system based on the experiences of Quito and Curitiba. They were implementing a high capacity
BRT system that has never built before so they were learning by doing in the first phase of
Transmilenio. Given the novelty of the system and the time constraint imposed by the mayoral
term of Peñalosa, the timing for transportation planners was short; the first phase of the system
had to be operational in the year 2001. Transportation planners facing this time constraint
decided to focus on the transportation infrastructure in a scenario in which the funding was also
limited to the transportation sector. The silo sector approach in terms of funding implied that the
design and implementation of the BRT corridors and their respective infrastructure was limited
to the transportation project. This silo sector view implies that transportation investments are
limited in terms of the scope of the intervention on the urban space; it could be limited to the two
exclusive lanes, the BRT stations and terminals, but in other cases, the scope of the intervention
includes additional lanes and sidewalks, this is called the façade to façade approach among the
transportation planning community. These two approaches did not include the intervention of
parcels, unless transportation planners needed to acquire land for the construction of pedestrian
bridges needed to provide access to BRT stations or in the case of BRT Terminals the land
acquisition process was crucial for the operation of the system because these transportation hubs
are larger in size requiring space for the transfer of feeder routes and in some cases the
connection to the parking lots of the buses operating in the system.
On the other hand, urban planners were experimenting with an innovative land use
planning framework as a result of the approval by the National Congress in 1997 of the LTD.
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Urban planners had for the first time a planning process based on principles such as the social
function of the property, the public function of the urbanism, the prevalence of the public interest
over the private interests and the power to capture land value increments as a result of land use
planning decisions. The LTD required all local governments in Colombia to approve by their
respective city councils the new POT by 2000 (Planes de Ordenamiento Territorial – POT in
Spanish). Urban planners leading the formulation and approval of the POT were mainly
architects and urbanists who approached this task by defining first a macro planning and design
framework for the city as a whole. Later, the planning approach was fragmented by dividing the
territory into 112 District Planning Units or UPZ (Unidades de Planeacion Zonal in Spanish);
these units later became the main urban norm to regulate the urban development process in the
city. This fragmentation of the planning process into 112 polygons was conducted by multiple
actors without any type of coordination. As a result, the first phase of BRT corridors is crossing
several UPZ polygons that are regulating the urban development process but without
coordination with the transportation planning process of the BRT project.
Under the LTD framework, urban planners decided to regulate the areas around the future
subway stations with partial plans (land management tools with value capture mechanisms) for
urban renewal measures. In the absence of the subway project, which has not been built yet, the
agency created to promote and implement urban renewal projects in the city (Empresa de
Renovacion Urbana ERU in Spanish) completely focused on the “Parque Tercer Milenio”
project in the city center next to the BRT corridor “Av Caracas”. Partial plans and urban renewal
measures within the new legal framework established by the LTD were completely new for
planners and developers and thus any initiative for redevelopment, not renewal which implies
modification of the urban morphology, took place parcel by parcel. The fragmentation of
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ownership with multiple parcels in some blocks in the influence area of the BRT corridors
implied that the land use planning regulation was the same for all corridors but parcel size made
the difference for any redevelopment initiative. As a result, private initiatives for redevelopment
measures took place where parcels were larger in size, which was the case along “Autonorte”,
some areas in “Av Caracas” and “Av Calle 80” and especially around BRT terminals on the
periphery where parcels are larger in size.
In Quito, transportation planners also focused on the provision of the transportation
infrastructure within a time constraint based on the mayoral terms. Each corridor of the BRT
system has been implemented in different mayoral terms. Given the political interest in making
each transportation investments distinctive for each mayoral term; the process was fragmented
into different BRT corridors which differ between each other in terms of bus types, stations and
design. All these corridors converge at BRT Terminals, such as “La Marin” in the city center or
“El Recreo” and “Quitumbe” at the south of the city. Transportation planners had to implement
these corridors before the end of the city mayor’s term. In this manner, the priority was the
transportation infrastructure and there was not funding for urban development measures as well
as there was no vision in terms of going beyond the two exclusive lanes needed for the mass
transit system.
On the other hand, urban planners worked on the formulation of urban master plans
without sufficient data as well as with the objective to decentralize a monocentric city. Urban
planners also had to give priority to historic and preservation measures as a result of the
inscription of the Historic Center in the World Heritage list by UNESCO in 1978. Therefore, all
efforts in terms of data collection and land use planning regulation were strengthened in line with
the priority of the Historic Center. The expansion of the city towards the North and the South
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implied the relocation of institutions and office buildings to areas where there were not historic
preservation and heritage protection constraints. This change generated the expansion of the
main activity node, which used to be the Historic Center, towards what is known nowadays as
the “Hiper-centro”. The “Hiper-centro” is the main activity node in Quito and it has been in the
mindset of urban planners the idea to deconcentrate the city from a monocentric structure
towards a polycentric structure. This idea of deconcentrate activities by creating new
“centralities” (Centralidades in Spanish) is a paradigm among urban planners, which consists on
focusing the land use planning regulation on the generation of new activity nodes at the north
and south of the city.
At the same time, urban planners had the challenge of an elongated city with the
geographical constraints for its urban growth (mountains and rivers) with a planning response
that consisted on strengthening the main arterial roads connecting the south and the north of the
city, having the Historic Center in the middle as a meeting point with accessibility issues. Urban
planners promoted a mixture of land uses along these main arterial roads, some of them became
later bus rapid transit corridors, and building heights were determined according to the
dimensions of the road section.
When the BRT corridors were implemented, urban planners in Quito already had the land
use planning regulation responsibility given that the city was declared a metropolitan district by
the national government. However, the approval of the COOTAD (national regulation
decentralizing several responsibilities to local governments including land uses) reinforced the
compliance planning practice conducted by urban planners in the city through the land use
regulation via “ordenanzas” approved by the City Council. The existence of the COOTAD has
also implied a debate in relation to the process that has taken place regarding the formulation and
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approval of the “Ley de Ordenamiento y Uso del Suelo”, a project of a planning law that seeks to
implement sophisticated tools based on similar principles like those included in the planning
systems of Colombia (LTD) and the “City Statute” of Brazil (Estatuto Da Cidade in Portuguese).
In the absence of a sophisticated planning framework, the land use planning regulation
has been the same along corridors regardless of some attributes such as parcel size. Similar to the
case of Bogota, private sector initiatives in close proximity to the BRT corridors are taking place
in parcels that are larger in size which facilitate a more intense development. In the case of
Quito, “Av 6 de Diciembre” is an example of the convergence of larger parcel sizes, the service
of a mass transit system in a main activity node which is the “Hiper-centro”, a dynamic real
estate market as a result of the concentration of activities and the implementation of the BRT
corridor “Ecovia”. But all these aspects along “Av 6 de Diciembre” are not the result of
coordination between transportation investments and land use planning regulations. Areas with a
fragmentation of ownership with smaller parcel sizes but with the provision of BRT such as “Av
10 de Agosto” (Trolebus) and “Av La Prensa” (Corredor Central Norte), they have not
experience the same redevelopment dynamics that have taken place along “Av 6 de Diciembre”.
5.7.2. Expertise
In Bogota, the construction sector had a crisis by the end of the 1990s. The mortgage
system collapsed and several homeowners could not continue with the payments of their loans
leading to a big crisis on the construction sector. This implied a shift on the development sector.
Developers began to implement projects with the “selling on the layout” approach which implies
that the construction process only starts once 51% of the housing units in the project have been
already sold. This shift implied that several developers began to learn about the construction
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sector through a real estate business approach including the influence of these types of schemes
from abroad.
At the same time, urban planners were moving from the traditional planning approach of
defining regulations for the development process based on physical and location characteristics
towards the implementation of a more sophisticated planning system in which the costs and
benefits should be fairly distributed between the parts involved. This more sophisticated system
began with the LTD and the formulation and approval of the POT. Urban planners began to see
developers as profit driven actors in the urban development process in contrast with the public
interest goals understood as the provision of public spaces and facilities, the generation of
affordable housing, and the participation of the public sector in land value increments that were
generated by land use planning decisions and not as a result of the effort of the landowner or the
developer. This scenario created a situation of mistrust in the urban development process
between developers representing the private sector and urban planners working at the local
government representing the public sector.
After several years, there has been an exchange of knowledge between both sectors.
Developers began to realize they needed the expertise of urban planners from the public sector in
order to get involved in the most sophisticated planning system with the design and
implementation of innovative tools such as the partial plans. Urban planners also began to realize
they needed the real estate business expertise in order to promote urban development projects in
the name of the public interest but with a cash flow balance that could be feasible for investors.
This exchange of knowledge has been mediated by the political background of each city mayor.
After 2003, the city mayors in Bogota had been identified themselves as left-wing politicians
with a less market friendly approach and therefore with a more public intervention perspective in
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relation to the urban development. However, the exchange of knowledge reached its momentum
with the “Estacion Central” project, which consists on a partial plan from public initiative but
formulated with the real estate business expertise of the private sector. The “Estacion Central”
project was approved in 2013, and it represents the first BRT oriented development project from
public sector initiative (Bogota, 2013). Before “Estacion Central” there has not been an explicit
TOD regulation applied on one specific project associated to Transmilenio.
In Quito, the inscription of the Historic Center in the World Heritage list by UNESCO
implied urban planners began to build expertise on planning issues related to the preservation of
historic centers. The data collection and inventory of the Historic Center had a special focus
during the formulation and approval of the RUQ (Reglamento Urbano de Quito in Spanish) at
the beginning of the 1990s. Multiple planners began to conduct research and publish on the topic
of historic centers based on their experiences with the case of Quito. At the same time, urban
planners in Quito defined a planning system based on master plans and the issuance of
“ordenanzas” which are approved by the City Council. The “ordenanzas” are the main
regulations for the urban development process. Quito has also been developed informally on the
hilly areas as well as at the south and north extremes with informal settlements. Land use
planning regulations have determined from a physical planning perspective where formal
development processes must fulfil the compliance of land uses, building heights, setbacks and
constructions procedures in order to obtain building permits. The informal development
processes has been subject of regularization efforts with the support of multilateral organizations
such as the Interamerican Development Bank (IADB). Two “ordenanzas” have been issued in
order to offer the opportunity to landowners to legalize the developments conducted without
building permits.
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The mistrust relationship between the public sector represented by urban planners in the
city planning department and developers has not only been mediated through the compliance of
the “ordenanzas” but also with the issuance of a guarantee. Developer must pay a certain amount
of money in order to obtain a guarantee (insurance) that transfers all the responsibility to the
developer in case the regulations are not followed during the construction process. The City
Planning Department conducts periodical visits to construction sites in order to crosscheck if the
project is constructed according to the layouts provided as part of the issuance of the building
permit. In case there are differences, the guarantee is used by the public sector in order to
penalize the developer.
The construction sector in Quito has also had a shift between the 1990s and the 2000s.
The economic crisis in Ecuador at the end of the 1990s ended up in the dollarization of the
economy. The construction sector was already working with the US dollar currency in the
acquisition of inputs such as cement and steel, when they were imported from abroad. The
dollarization of the economy implied several changes to the real estate market in Ecuador.
Developers began to work with business schemes where buyers could get mortgages for longer
terms than before the crisis. The construction sector and the financial system became more stable
with the dollarization of the economy creating a business environment in which developers had
the opportunity to sell projects similarly to the schemes implemented in Bogota, selling based on
the layouts.
The level of involvements of the public sector in the development process has been
limited to the approval of projects according to the “ordenanzas” and the issuance of the
guarantees transferring the responsibility of the compliance of land use regulations to the
development. The exchange of knowledge in Quito has not taken place in a similar way as it has
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happened in Bogota. To date, there has not been any BRT oriented development project
formulated or implemented in Quito. The subway project is the dominant transportation mode in
the discussions about the urban development impacts of mass transit systems in Quito. The
exchange has taken place in the creation of the Housing Development Agency of the city, a
public agency that is now implementing affordable housing projects with the real estate business
approach of the private sector but with the difference of mobilizing the profits towards land
acquisition and covering infrastructure costs of these projects. However, none of the large scale
projects currently under implementation by the Housing Agency are served by mass transit; these
projects are located on the periphery where land prices are low.
5.7.3. Development
In Bogota, redevelopment and renewal measures have taken place more recently than
development (expansion) measures. The POT designated urban expansion areas where partial
plans have been implemented in a more straightforward manner than partial plans for urban
renewal measures. Partial plans for development (urban expansion) have evolved rapidly given
the knowledge for public and private sectors about green field developments where not
urbanized areas can accommodate the future urban growth. The estimations of infrastructure
costs and appraisals are conducted for rural parcels are usually conducted in a more
straightforward process. This facilitates the coverage of the costs of the urban development
process.
However, this has not been the case for urban renewal measures. The learning curve for
both sectors, public and private, as well as the challenge to overcome the mistrust relationship
between them has implied that partial plans for urban renewal measures in the city usually take
several years to get approve. As a result of this complexity, redevelopment measures have been
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the protagonist of private sector initiatives along the influence area of BRT corridors. This
process has been called a “parcel by parcel” renovation. However, this process does not include
the provision of public spaces and facilities and thus it has been subject of controversy among
the planning community.
In the redevelopment scheme, the private sector has been proactive and the public sector
has been passive. Developers have been acquiring land parcels for redevelopment where the land
use regulations allow them to increase building heights and have a more intense development.
This redevelopment processes have been taking place within the “consolidation with change of
pattern” regulation determined by planners in the POT in 2000. Developers have developed a
pattern for this redevelopments in which residential redevelopments are located in close
proximity to BRT stations but not in front of them. The residential redevelopments usually take
place between 100 and 500 meters from the BRT stations, as it was estimated in the quantitative
data analysis. At the same time, the redevelopment for commercial land uses is taking place in
the closest ring around BRT stations which is usually within 100 meters from the BRT stations
and terminals. This process is also described by developers in the interviews confirming the
findings about commercial land uses in the quantitative data analysis (chapter 4).
The area where the development measures (tratamiento de desarrollo in Spanish) and
transportation investments overlap is at the periphery, where the BRT terminals have been
constructed. The existence of larger parcels and the location of BRT terminals in close proximity
to urban expansion areas have facilitated the emergence of private sector initiatives for
developments and in some cases redevelopments of commercial land uses next to the BRT
terminals or in close proximity to them. The feeder routes areas have included the improvement
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of road at the periphery where the infrastructure was lacking before the BRT. This has also led to
the increase of densities and developments at the periphery in areas served by feeder routes.
In Quito, renewal and redevelopment measures differ in terms of their definition in
comparison to Bogota. Renewal measures in Quito is what in Bogota is called redevelopment;
and, what is called redevelopment measures in Bogota is what is understood in Quito for renewal
measures. In this context, renewal measures have been taking place in close proximity to BRT
corridors in Quito where parcel sizes are larger and where the regulations allow for setbacks,
which is the case of “Av 6 de Diciembre”, where “Ecovia” serves the “Hiper-centro”. Like in
Bogota, the renewal process is also taking place parcel by parcel in Quito. In this “parcel by
parcel” approach, the private sector has been proactive and the public sector has limited its role
as the entity that provides building permits and issues guarantees in order to make developers to
fulfill the compliance of these regulations.
The construction of BRT Terminals in Quito has two opposite scenarios, the north and
the south of the city. At the north of Quito, BRT terminals have been constructed at already
urbanized areas where land availability is low. This is the case of the BRT Terminals “La Y” of
the “Trolebus”. In the case of the BRT Terminal “Rio Coca” at the end of the “Ecovia” corridor
on the “Av 6 de Diciembre”, some developments and redevelopments have taken place through
multifamily residential buildings after the BRT investment, but there still some vacant parcels
owned by the State that remained undeveloped waiting for the decision about how to use them by
the government agencies in charge of these parcels. Around the BRT Terminal “La Ofelia”, at
the end of the BRT corridor “Corredor Central Norte”, few redevelopments have taken place but
in a range of 500 meters there have been some multifamily developments. At the south of Quito
the urban expansion of the city has been complemented by the extension of the BRT corridors:
318

“Trolebus”, “Corredor Suroriental” and “Corredor Suroccidental”. The construction of the BRT
Terminals “El Recreo” and “Quitumbe” have generated redevelopment and development
opportunities respectively. In these responses, the private sector has been an active actor in the
case of the BRT Terminal “El Recreo”, but in the case of the BRT Terminal “Quitumbe”, there
has been a mix of actors including not only the public sector but also developers and community
based organizations.
More recently, the relocation of the International Airport “Mariscal Sucre” out of the city
has generated an opportunity for redevelopment measures around the area of the former airport
which will become the “Parque Bicentenario”. This large scale urban operation has been one
the few opportunities for the city to implement sophisticated planning tools such as density
bonuses and mobilization of land value increments. However, the “Parque Bicentenario” project
has not taken into account the BRT corridor “Corredor Central Norte” which serves this area of
the city. The “Parque Bicentenario” project has given priority to the rail-based paradigm by
focusing on the south side of the park and the future subway station located at this point. Urban
planners in this case are introducing incentives for redevelopment measures around the future
subway station. This shows how the TOD concept has been implemented in Quito in relation to
the subway project but not in relation to the already operational BRT corridors. The only
exception has been two preliminary schemes for the articulation of two future subway stations
with the BRT terminals “El Recreo” and “Quitumbe”. But these redevelopment measures are
mostly initiative of the local government as a result of future transportation investments on the
subway project where the BRT infrastructure is already operational.
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5.7.4. Management
In Bogota, since Transmilenio began operations in 2001 there have been different local
government agencies with specific roles. Transmilenio is the BRT agency created to manage the
design, implementation and the management of operations of Transmilenio. The IDU (Instituto
de Desarrollo Urbano in Spanish) is an agency created in 1972 that has been mainly in charge of
the construction of public works and infrastructure in the city (Bogota, 1972). The IDU received
the responsibility to build the BRT infrastructure and thus the IDU has been in charge of land
acquisition measures associated to BRT investments. The City Planning Department has been in
charge of the formulation of the POT and all the land use planning regulations (Departamento
Administrativo de Planeacion Distrital DAPD in Spanish and after the administrative reform is
called Secretaria Distrital de Planeacion SDP in Spanish). As it was explained earlier, the City
Planning Department delegated the formulation of the UPZ land use regulations. The City
Planning Department created during the formulation of the POT in 2000 the public space office
in order to design the main standards and guidelines for the generation and construction of public
spaces in the city in a more industrialized manner. These guidelines have been applied in the
design and construction process of BRT corridors.
In this context, there were not agencies that could promote developments of public
initiative following the treatments (tratamientos in Spanish) defined by the LTD: renewal and
development. The local government of Bogota created two agencies. In 1998, the Housing
Agency of Bogota called Metrovivienda was created (Bogota, 1998). One year later, the Urban
Renewal Agency of Bogota called ERU was created (Bogota, 1999). Both agencies have taken
different paths in terms of institutional capacity and operations on development and renewal
measures respectively. The goal of Metrovivienda has been to develop affordable housing in the
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city as well as to generate serviced land for housing developments for low-income groups. The
creation of Metrovivienda was inspired in the idea of competing against informal developments
by promoting housing developments for low-income groups using land banks schemes in which
the public sector generated the serviced land and latter it was sold to private developers for
affordable housing projects. In this way, Metrovivienda focused on development measures
according to the LTD and the POT. The creation of the ERU (Empresa de Renovacion Urbana in
Spanish) was inspired in the idea of having a public agency in charge of renewal measures in
already urbanized areas where urban decay levels required the intervention of the public sector in
order to revitalize them. This agency was created to follow the application of the renewal
measures according to the LTD and POT.
As it was mentioned earlier, in the absence of the subway project the partial plans for
urban renewal around the future subway stations never took place. Given the novelty of the
partial plan tool for urban renewal measures, there were no private sector actors with the capacity
and expertise to conduct such complex large urban operations. As a result, the ERU agency
focused its resources (human and capital) to the “Parque Tercer Milenio” project included in the
POT of 2000. This urban renewal project became the urban renewal priority for the
administration of the city mayor Penalosa at that time. This urban renewal project has been a
complex project considering that the intervention area used to be one of the hot spots of crime
and drug trafficking in the city center of Bogota. The ERU agency devoted all its time and
resources to the “Parque Tercer Milenio” project next to the “Av Caracas” BRT trunk corridor.
This situation left the city without a public agency with the leadership to promote other urban
renewal associated to the BRT system.
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In addition to the absence of a management agency, there was also the absence of a TOD
regulation that could provide the legal framework needed in order to provide the rationale for
land use changes and more intense developments along the influence area of the BRT corridors.
Even though there has been an absence in term of a public sector agency promoting urban
renewal, the redevelopment schemes conducted by private developers described earlier are
becoming more common in the real estate market. Developer companies are including the
distance to BRT stations as an additional attribute among the factors for the success of a
development project, not only for the pre-sales scheme but also for the feasibility to acquire land
where parcels are large enough for a more intense development.
The TOD regulation has emerged in recent years in Bogota, as a result of the land use
changes and development impacts around certain BRT stations and Terminals. Similar to Quito,
the TOD regulation in Bogota is also the result of the emergence of most recent version of the
subway project. Planners have been conducting studies about increments in floor area ratios
around the future subway stations and the application of value capture mechanisms in order to
finance the subway project. As it was mentioned earlier, the exchange of knowledge between the
public and private sectors made possible the emergence of the first BRT-oriented development
project: “Estacion Central” at the intersection between the first and the third phases of the BRT
system (“Av Caracas” and “Av Calle 26”).
In Quito, the public sector has played the regulator role in a compliance relationship with
the private sector. The formulation of “ordenanzas” by the City Planning Department and later
their approval by the City Council constitutes a traditional planning approach in which the role
of the public sector in the management process is limited. However, the land use planning
regulation of Quito includes one planning tool that seeks to address the issue of developing or
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redeveloping several parcels, the name of this tool is “Special Urban and Architectonic Project”
or SUAP (Proyectos Urbano Arquitectonicos Especiales in Spanish). The land use regulation
establishes that the project must have a minimum of one hectare of gross area in order to qualify
as a “Special Urban and Architectonic Project”. Several developers have applied for this type of
projects mainly for urban expansion areas as well as for suburban projects in the Valleys. To
formulate a one hectare urban project in already consolidated areas implies to acquire several
parcels by a developer which makes extremely difficult the applicability of this tool for
redevelopment and renewal schemes. The “Special Urban and Architectonic Project” tool
generates a space of dialogue between the public and private sectors but in a similar way as the
issuance of building permits. Even though the presence of this tool, the public sector
involvement in the management process is also limited to the issuance of urbanization and
building permits for large scale projects.
As it was mentioned earlier, the exchange of knowledge between the public and private
sector in Quito has been different than in the case of Bogota. Planners who have worked in the
public sector usually become consultants after serving for a mayoral term. Other planners get
involved in academia, like in Bogota. Developer companies in Quito are not opening new
divisions in their companies completely focused on management issues, which has been the case
in Bogota. However, the housing sector shows a different dynamic. The generation of affordable
housing in Quito has been mainly a task conducted by private developers since the shift on the
housing sector in the 1990s. Ecuador, like many other countries in Latin America, had a shift on
the housing sector on which the public sector became a regulator of the housing market. This
role is known as the enabler in the housing literature. In this way, the public sector has been
performing an enabler role by applying incentives and subsidies in the housing market in order to
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promote affordable housing projects. In 2010, the District of Quito created the “Public
Metropolitan Agency of Habitat and Housing” (Empresa Pública Metropolitana de Hábitat y
Vivienda in Spanish) in order to give a more active role to the public sector in the housing market
(Quito, 2010b). The “Public Metropolitan Agency of Habitat and Housing” performs the role of
a developer, similar to Metrovivienda in Bogota. The main goal of the “Public Metropolitan
Agency of Habitat and Housing” is to promote affordable housing projects in the metropolitan
area of Quito. This agency has benefited from the exchange of knowledge with developers by not
only recruiting experts from the private sector but also by conducting activities similar to the
private sector such as land acquisition and urbanizing parcels. Given the land prices constraint in
the metropolitan area, the projects promoted by the “Public Metropolitan Agency of Habitat and
Housing” are mostly located at the peripheries and urban expansion areas of the north and south
of Quito. The only exception is a housing project in the south border of the Historic Center that
the “Public Metropolitan Agency of Habitat and Housing” is promoting as part of the policies to
revitalize this heritage area with the protection measures of properties in the influence area of the
Historic Center.
In 2010, the district also created the “Urban Development Agency of Quito” (Empresa
Publica Metropolitana de Desarrollo Urbano de Quito in Spanish). The “Urban Development
Agency of Quito” was a public management agency with the objective to design, implement and
evaluate plans, programs and projects for infrastructure provision, urban regeneration, slum
upgrading, among others (Quito, 2010a). This agency was created as a result of a merge that took
place between the Historic Center Development Agency and the “Quito Vivienda” Agency.
However, the current administration took the decision to dissolve it in 2014 (Quito, 2014). In the
absence of this urban development agency, the “Parque Bicentenario” project continues the
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compliance relationship between the public and private sectors. The City Planning Department
formulated one “ordenanza” for the “Parque Bicentenario” project that includes incentives for
redevelopment schemes such as density bonuses as well as inclusionary measures such as the
requirement of a percentage of affordable housing units per redevelopment project. As it was
mentioned earlier, the articulation between the “Parque Bicentenario” project and transportation
investments is only taking place by focusing on the future subway station that is located at the
south part of the metropolitan park project. However, there is not an urban development agency
or an urban redevelopment agency that could perform the management role, similar to the ERU
in Bogota. In the absence of a management agency in Quito, the public sector continues with a
passive role in the compliance relationship by issuing requirements that must be followed by
private developers. The management role by the public sector in Quito is currently performed by
the “Public Metropolitan Agency of Habitat and Housing” but this has been focused on the
promotion of affordable housing and the articulation with transportation sector and these large
scale developments is weak.
5.7.5. Equity
In Bogota, there has been a long process related to the provision of affordable housing in
close proximity to BRT investments. During the design and implementation of the first phase of
Transmilenio, there were efforts from the local government in order to generate affordable
housing supply in competition to the informal urban growth process that has characterized the
periphery of the city. The housing development agency Metrovivienda was created by the local
government in order to play a more active role in the housing market by acquiring land with a
land bank scheme for future developments where serviced land is sold in public auctions to
developers who would be responsible to generate the affordable housing supply. Metrovivienda
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conducted large scale affordable housing projects as well as promoted projects by offering in
public auctions serviced land to developers; all these projects were conducted in the periphery
with the aim to compete against informal urban growth. The urban expansion towards the south
was planned under the large urban operation known as “Nuevo Usme” which consisted on a
planned urban growth project with four partial plans under the management of Metrovivienda. In
the first phase of the BRT system, the “Av Caracas” corridor was extended towards the “Usme”
district but the BRT terminal was not constructed at the heart of the “Nuevo Usme” project.
The decision making process regarding the “Nuevo Usme” urban expansion operation and
the location of the BRT Terminal “Usme” highlights the coordination challenges between
transportation investments and affordable housing, both public initiatives. Transportation
planners were concerned about the costs of extending the trunk corridor towards urban expansion
areas without urban population densities, while planners and housing specialists were concerned
about generating affordable housing projects without access to public transportation. At the end,
both teams reached the agreement of attending the future demand with feeder routes from the
BRT Terminal “Usme”. After more than 10 years of operation of the BRT Terminal “Usme”,
private developers not only conducted a large scale big-box development in front of the BRT
Terminal but also they generated multifamily affordable housing developments within 500
meters from the BRT Terminal “Usme”. Communities located at informal settlements who got
access to land and housing before the BRT investments, they live in close proximity to the BRT
Terminal but have had difficulties in getting access to the public transportation system due to
topographical features, absence of proper infrastructure to extend the service with feeder routes
as well as lack of public space to facilitate access by pedestrians. The case of the BRT Terminal
in “Usme” also highlights the difficulties to promote public initiatives with tools such as partial
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plans around BRT Terminals in order to generate large scale urban development projects
including local communities as well as generating opportunities for private developers in a
coordinated manner with BRT investments.
In Quito, the provision of affordable housing has had three main stages. As it was
explained earlier, the national government was involved in the provision of affordable housing
before the 1990s through the development and management of large scale housing projects. Most
of these large scale affordable housing projects were developed at the south of Quito. Between
the end of the 1980s and the beginning of the 1990s, the district of Quito formulated a local
government initiative for a planned urban expansion operation towards the south mainly focused
on the provision of affordable housing; the name of this government project is the “Quitumbe”
Plan. This urban expansion plan was mentioned by several participants when they were asked
about the relationship between the BRT investments and affordable housing supply. After the
year 2000, the three BRT corridors have been extended towards the BRT Terminal “Quitumbe”
in order to provide access to this urban expansion area as well as to provide public transportation
to residents in the informal developments located at hills (east and west side) towards the south
extreme of the metropolitan area.
In a similar manner to Bogota, transportation planners and urban planners in Quito had
the discussion about extending the BRT system to urban expansion areas like “Quitumbe” where
population densities where very low. This extension has taken place by stages. First, the
“Trolebus” was extended to the BRT Terminal “Moran Valverde” in 2000. The “Corredor
Suroriental” started operations in the year 2010, a BRT trunk corridor that extended the
“Ecovia” towards the south with an extension to the BRT Terminal “Quitumbe”. The “Corredor
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Suroccidental” started operations in 2012; this trunk corridor extended the “Corredor Central
Norte” towards the south and also connects with the BRT Terminal “Quitumbe”.
The “Quitumbe” Plan has been subject of adjustments by different administrations. At the
beginning of this plan, the land use regulations were strict in terms of generating mixed use
multifamily housing developments with building heights between four and five stories. The plan
was later adjusted by the local government making it a land bank similar to the experience of
Bogota by offering in public auctions serviced land to developers. In this process, community
based organizations got also access to land through housing cooperatives. That is the case of the
housing development “Solidaridad” (Picture 16, Figure 44 in the appendix 2). Community
leaders from this housing development project were interviewed for this dissertation. The
experience of this project shows how before BRT investments was possible for low-income
groups to get access to land and housing, in this case as part of the “Quitumbe” Plan. Participants
also highlighted how land prices have increased overtime in the “Quitumbe” Plan area, making
difficult to generate new affordable housing projects. Even though in the case of Quito the
“Quitumbe” Plan coincides spatially with BRT corridors, the provision of affordable housing has
faced the challenge of increments on land prices. The experience of the “Solidaridad” housing
development before the extension of the BRT corridors explains the presence of this type of
development in an area where land prices dynamics make difficult to promote more of this type
of community based initiatives nowadays.
5.7.6. Land use and development changes and BRT
This section discusses the scenarios in which land use and development changes did
occur or not based on the summary of findings described previously. This summary is presented
in Table 35.
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Did occur
Land use and development changes did occur from public initiative when there was
coordination in the land use planning process for the “Parque Tercer Milenio” under the
leadership of ERU (picture 19, figure 45 in the appendix 2). This urban management agency was
able to demolish structures with high levels of urban decay next to the BRT corridor on “Av
Caracas” in order to generate a large scale park. There have been also land use and development
changes when the expertise from the public and private sector has been exchanged as part of a
partial plan. That is the case of the “Estacion Central” project (picture 35, figure 48 in the
appendix 2); this is an urban renewal partial plan of public initiative that has been under the
leadership of the ERU agency. This partial plan includes the generation of public spaces and
facilities as well as the provision of affordable housing, which constitutes main goals from the
public sector perspective. This project also shows the business model expertise from the private
sector in the formulation and estimation of a cash flow for a project that seeks to cover most of
the costs associated to infrastructure with land value increments as a result of land use changes
and a more intense land use. The “Estacion Central” project is an urban renewal partial plan
located at the intersection of two BRT trunk corridors: “Av Caracas” (first phase) and “Av Calle
26” (third phase).
The BRT Terminals were also interventions from the public sector that changed land uses
and development at the periphery. These large scale interventions were part of the BRT
investments. In the first phase of the system, the BRT terminals were constructed based on the
idea to generate a transfer hub between the trunk corridors and extends the public transportation
service with feeder routes. In time, near these BRT terminals have emerged large scale
commercial developments, which are discussed in the private initiative changes. Along the “Av
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Calle 80” the BRT project needed to achieve the road section recommended in the studies, two
exclusive lanes on both sides, in addition to the mixed traffic lanes. As a result, the BRT project
began land acquisition procedures of parcels that needed to be demolish in order to give space to
the road section.
Parcels were also acquired around BRT stations along the “Av Calle 80” for the
construction of pedestrian bridges, especially for the area needed on the sidewalks at both sides
of the BRT corridor. These land acquisition procedures implied resettlements processes that
Transmilenio and the IDU coordinated and managed in order to follow the guidelines established
by the World Bank. These interventions also generated land use and development changes as a
result of parcels demolished to provide space for the road section of the BRT system and its
supportive infrastructure.
Land use and development changes did occur from private initiative in multiple ways. As
it was mentioned earlier, private initiatives next to the BRT Terminals “Norte”, “Calle 80” and
“Usme” emerged after the BRT investments (pictures in figures 42 and 43 in the appendix).
After the construction of the first phase of Transmilenio, the private sector began to include
distance to BRT stations as an additional attribute in the feasibility studies for developing a
certain parcel. As it was mentioned earlier, this redevelopment in Bogota or renewal in Quito has
been taking place mainly parcel by parcel. In Bogota, developers mentioned residential
developments are better absorbed in the market within a range between 100 and 500 meters,
while commercial developments are promoted within a range of 100 meters from BRT stations.
This finding was tested in the quantitative data analysis (chapter 4). This finding confirms the
spatial heterogeneity of BRT impacts on land use and developments which constitutes a topic for
further research in the future.
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Did not occur
Land use and development changes did not occur from public initiative because
coordination and timing issues between land use planning and BRT investments. There was not
coordination in order to promote redevelopment or renewal measures in scenarios of high
fragmentation ownership along certain areas within the influence area of the BRT system. This is
the case of “Av Caracas” in Bogota (Figure 24), and “Av La Prensa” (Figure 26, “Corredor
Norte”) and “Av Mariscal Sucre” at the south (Figure 28, “Corredor Suroccidental”). The
opposite scenario can be found in the “Autonorte” in Bogota (Figure 25) and “Av 6 de
Diciembre” in Quito (Figure 27). The absence of a TOD regulation also made difficult for the
public sector to make decisions about changes on land uses and the intensity of development in
relation to transportation investments. Such decisions that can increase land values from an
administrative decision require the existence of a TOD regulation that gives the rationale and
legal framework to the public sector in order to allow those changes that imply land value
increments. This TOD regulation linked to value capture mechanisms is complex and requires a
high level of expertise from the public and private sectors, a level of expertise that is currently
growing in both cities. In the case of Bogota, the exchange of expertise combined with a
sophisticated land use planning framework paved the road for a TOD project (Estacion Central)
which is still facing the implementation challenge.
Another aspect to take into account is the subway paradigm. In both cities there has been
the emergence of TOD regulations but in relation to subway investments, which have not been
constructed yet. Urban planners also confirmed that the land use planning regulation was
designed with the purpose of expecting the private sector to assume the role of transforming the
built environment along arterial roads, but this type of transformations not only require the
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presence of the public sector agencies with management procedures but also incentives. In both
cities, the absence of a management agency assuming the role of redevelopment (Quito) or
renewal (Bogota) measures has limited the level of involvement of the public sector in
redevelopment and renewal measures respectively.
From the private sector perspective, land use and development changes did not occur
because the absence of incentives for redevelopments or renewal measures associated to BRT
corridors. The general assumption at the beginning of the implementation of these BRT systems
is that they were solving a transportation problem so that the urban development process was
assumed as one more arterial road in the city. Incentives have been present for redevelopment
and renewal measures around future subway stations, but these subway systems have not been
built yet. Even though the private sector added the distance to BRT stations as an additional
attribute in real estate business models, developers have been skeptical about the public interest
principles that urban planners advocate for.
In the case of Bogota, the necessity to learn more about partial plans and the LTD made
developers to hire urban planners as part of their teams. This exchange has influenced the view
of developers towards the public function of planning to the point that they have been including
the generation of public spaces and facilities in their development projects as part of dialogues
with the public sector. Developers in Bogota were able to formulate and implement the “La
Felicidad” partial plan in vacant land next to “Av Boyaca” as a result of this exchange of
knowledge. In this case, there was vacant land available, while along the BRT trunk corridors
land availability has been scarce with the exception of areas around BRT terminals and the
periphery in general. This fragmentation of ownership in combination with the lack of incentives
has also hinder any interests from the private sector to get involved in a redevelopment or
332

renewal project that requires to purchase several parcels. In this way, greenfield development
schemes such as “La Felicidad” partial plan or the development of parcels near BRT Terminals
have been more appealing for developers than dealing with multiple owners in already
consolidated areas, a process that could take a decade like the case of the “Parque Tercer
Milenio” partial plan.
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Table 35 Land use and development changes, public and private initiatives and themes
Theme
Coordination
Expertise
-

Did occur
Development

Management
-
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Coordination

-

Expertise
Did not

Development

-

Management

Public initiative
ERU in Bogota promoting the “Parque Tercer
Milenio” project as an urban renewal initiative next
to a BRT corridor.
“Estacion Central” partial plan initiative shows the
convergence of the public (LTD) and private
(business model) expertise.
BRT Terminals as development projects focused on
the transportation infrastructure and presence of
public facilities.
Transmilenio and the IDU focused on land
acquisition processes for BRT infrastructure such
as road section and pedestrian bridges.
Fragmentation of the land use planning and
regulation system
Absence of a TOD regulation and prevalence of the
subway paradigm for urban renewal measures.
Unbalance between public sector expertise on the
LTD and private sector expertise on real estate
business models
Road section and façade to façade intervention
scope of BRT investments.
Regulation approach leaving to the private sector
the urban development process.
Absence of a public agency promoting urban
developments around BRT investments.

-

Private initiative
Developments around BRT Terminals as a reaction
of the private sector rather than a planning strategy.

-

Inclusion of distance to BRT stations as one
attributed in the real estate business models.

-

Big-box developments in close proximity to BRT
stations and terminals
Redevelopments for residential land uses near to
BRT stations and terminals.
Developers internalized the accessibility benefits as
part of the marketing of their development and
redevelopment projects.
Absence of incentives for redevelopments in the
land use and planning regulation framework
associated to BRT corridors.

-

-

-

Expertise on real estate business models with a
skeptical view towards LTD principles and the
generation of public space and facilities.
Fragmentation of ownership and small parcel sizes.
Renewal measures associated exclusively to partial
plans and redevelopment measures constrained by
parcel size.
Feasibility for green field and infill development
opportunities versus renewal measures with partial
plans and redevelopment constraints (parcel size).

5.7.7. BRT influencing the access to land and affordable housing
There is a common pattern in both cities in relation to the generation of affordable
housing developments and BRT investments: these developments are not taking place near BRT
corridors and therefore participants mentioned urban expansion areas when they were asked
about this relationship. Table 36 shows the cases of BRT Terminal “Usme” and BRT Terminal
“Quitumbe” in terms of the influence of the BRT investments in the provision of affordable
housing within a before and after scenarios.
In the case of the BRT Terminal “Usme” in Bogota, affordable housing developments
located at urban expansion areas are served by feeder routes of the BRT system. This is the case
of the BRT Terminal “Usme” in Bogota where public sector initiatives in Bogota such as “Nuevo
Usme” promoted by Metrovivienda. In contrast, private initiatives for big-box developments and
affordable housing projects are taking place next to the BRT Terminal. Landowners of vacant
land next to the BRT Terminal were not part of a partial plan linked to the BRT investments and
thus the land was not subject of regulations promoting a more comprehensive development
process including pedestrian infrastructure, the provision of facilities associated to slum
upgrading measures of informal settlements in the area. Absence of regulations to change the
land uses of these vacant areas as well as to encourage developments gave landowners the
opportunity to keep the land vacant for future developments. As a result, the public initiative
“Nuevo Usme” is served by feeder routes and the private initiative of affordable housing
developments is next to the BRT investment.
In the case of the BRT Terminal “Quitumbe” in Quito, the generation of affordable
housing began to take place as part of the “Quitumbe” urban expansion plan. Initially, this plan
promoted multifamily affordable housing projects as part of a strategy to generate a new activity
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node at the south of the city. The project later implemented a land banking approach under which
developers and communities could get access to land and promote mainly three types of housing
developments: multifamily, attached housing and self-construction housing units. The area next
to the BRT Terminal “Quitumbe” has experienced commercial developments at the same time
the extension of the corridors has been taking place. There is still vacant land around the BRT
Terminal “Quitumbe”, including some parcels in the housing cooperative “Solidaridad” project.
This project proved to be a successful partnership between a developer who provided the
expertise (design and approval process) with a community based cooperative scheme that
facilitated to get access to urban land before the BRT. After the extension of the BRT corridors it
has becoming more difficult to develop more affordable housing projects, especially because the
increase in land prices.
The BRT Terminals of “Usme” (Bogota) and “Quitumbe” (Quito) have still vacant land
and there are still development opportunities to generate more compact urban forms oriented
towards the BRT. However, the presence of affordable housing in both BRT Terminals is due to
several factors. First, the presence of vacant land, a feature that is not common when BRT
systems are implemented because these transportation systems are usually built on already
consolidated urban areas. Second, low land prices, the influence area of the BRT Terminal
“Usme” still has land prices that facilitate the generation of affordable housing, but it seems this
situation will change soon due to current developments are already having impacts on land
prices. The influence area of the BRT Terminal “Quitumbe” has a similar trend; increments on
land prices making unfeasible to generate more affordable housing.
The experience of the BRT Terminals in “Usme” and Quitumbe show the conflicts may
arise due to the lack of coordination between the transportation and land use planning sectors.
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Both areas also show the significance challenge land prices bring into the picture in terms of
generation of affordable housing supply. Communities in “Usme” have been active advocating
for nonmotorized transport infrastructure in order to get access to the BRT Terminal “Usme”.
This community-led transition process not only generated a meeting with the landowner and
developers in the area, under the coordination of the local government, but also some
commitments by the developer in terms of socializing the new development plans in order to
reach an agreement with the community about public spaces and road connectivity.
Table 36 Bus rapid transit and generation of affordable housing developments, BRT
Terminal “Usme” (Bogota) and BRT Terminal “Quitumbe” (Quito)
-

Before BRT
The “Nuevo Usme” large scale
affordable housing project and the BRT
Terminal “Usme” did not match in
space and time.

-

After BRT
Vacant land next to the BRT terminal is
developed for a big-box development
almost ten years after the construction
of the BRT Terminal.

-

Informal settlements in close proximity
to the future BRT terminal lack
infrastructure and access to urban
services.

-

Affordable housing projects are
developed next to the BRT terminal in
former vacant land approximately ten
years later.

-

Vacant land next to the future BRT
terminal is undeveloped.

-

The “Nuevo Usme” project has
experience several bottleneck on its
implementation and currently only one
partial plan has been approved for
development.

-

The generation of affordable housing
developments took place following
regulations from the local government
with three housing typologies:
multifamily, attached housing units, and
self-construction housing (parcels with
services).
The housing cooperative “Solidaridad”
developed an affordable housing project
next to the future BRT Terminal
“Quitumbe”.

BRT
Terminal
“Usme”
(Bogota)

BRT
Terminal
“Quitumbe”
(Quito)
-
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After the extension of the BRT
corridors towards the BRT Terminal
“Quitumbe”, land prices and regulations
have made difficult to generate more
affordable housing projects in this
particular area.
The housing cooperative “Solidaridad”
has faced disruptive issues after the
construction of the BRT Terminal such
as insecurity and absence of
nonmotorized transport infrastructure.

Communities in “Quitumbe” also have shown the importance to get access to urban land
as a result of a collective effort (housing cooperative in this case) as a powerful mechanism to
generate affordable housing close to BRT stations. Landownership has given to this community
the possibility to plan in stages housing developments. The community project also facilitated
access to credit schemes to members of the cooperative as part of a community-led project that
includes collective work activities for the improvement of public spaces. These community-led
activities also show how an organized community with the sense of place can even reverse
potential negative impacts from transportation infrastructure and improve the living conditions of
an urban expansion area.
5.7.8. Limitations
The qualitative data analysis is based on a large number of interviews. There are 36
participants in Bogota and 35 participants in Quito who were personally interviewed by the
author. 7 participants were interviewed twice in Bogota. 7 participants were also interviewed
twice in Quito. Some of these participants were selected based on their experience at decision
making positions in the land use planning and transportation sectors in both cities. Several of the
participants were involved in the design and implementation of the BRT projects as well as in the
formulation of land use planning tools in both cities. This qualitative data analysis also includes
real estate and finance experts from both cities. In the cases of the BRT Terminals “Usme” and
“Quitumbe”, this qualitative data analysis also includes interviews with community leaders who
represent communities living in close proximity to these BRT Terminals. Several participants
were interviewed as a result of a snowball technique applied during the fieldwork visits in
Bogota and Quito.
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However, the qualitative data analysis is limited to this group of participants and even
though the analysis reaches a saturation level in which same topics and issues were mentioned by
several participants, it is unknown what aspects new participants could bring into the discussion.
In the case of participants who were interviewed once, the qualitative data analysis has the
limitation of additional opportunities to ask further questions based on the data analysis of the
first round of interviews. This qualitative data analysis addressed this limitation by interviewing
two times 14 participants with follow-up questions. The author had the opportunity to interview
these 14 participants twice including follow-up questions after processing the data in subsequent
visits to Bogota and Quito.
The findings from two cities that are pioneers of BRT systems, before this type of mass
transit was already known worldwide, provide the opportunity to contrast the complexities of
implementing this type of mass transit system in an experimentation process. Participants had
less knowledge in the past when they were facing the challenge of implementing innovative
transport solutions or sophisticated land use planning frameworks, the latter is especially
important in the case of the Bogota. Both cities are examples of learning by doing with
innovative approaches on land use and transportation planning. Despite some findings show
similarities such as parcel size, some issues are context dependent. Aspects like the dollarization
of the economy in Ecuador, or the politics of different mayoral terms on each city suggests the
limitation of external validity of the findings.
The comparison of two BRT Terminals with similar characteristics in the relationship
with the provision of affordable housing gives an opportunity to draw some inferences that
would not be possible in one single case study site. However, a limitation of the study is the
focus only on two BRT terminals with affordable housing projects. The two cases were selected
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because they emerged in multiple interviews when participants were asked about the relationship
between BRT and affordable housing. However, a limitation of this study consists on external
validity about the relationship between BRT and affordable housing at BRT Terminals in these
cities as well as in other cities implementing this type of mass transit systems.
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CHAPTER 6: RESULTS QUANTITATIVE DATA ANALYSIS (AIM 2)
6.1.Introduction
This chapter develops three data analyses in order to answer the following research
questions (Aim 2): 2.1. What is the association between population density and BRT ridership?
2.2. What are the associations between built environment attributes and BRT ridership? and, 2.3.
Are TOD features associated with BRT ridership?
First, this dissertation develops regression analyses on the relationship between
population density and BRT ridership in a sample of 120 BRT stations in seven cities in Latin
America. This research tests the association between population density, distance to the city
center and BRT Terminals with BRT ridership. The results of this analysis suggest the
association between population density and BRT ridership is not statistically significant in the
sample of 120 stations. At the city level, the association is positive and significant in the cases of
Curitiba, Bogota and Goiania. Guayaquil is the only city with a negative association between
population density and BRT ridership. This suggests additional attributes are influencing the
levels of ridership. In line with the hypotheses of this dissertation, these attributes could be built
environment features.
Second, this dissertation includes built environment attributes in the regression analyses
in addition to population density, distance to the city center and BRT terminals. The findings
suggest that population density may be necessary, in the cases of Curitiba, Bogota and Goiania,
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but it is certainly not sufficient for achieving high levels of BRT ridership. The addition of built
environment attributes increases the explanatory power of the model by 12.3% or 8 percentage
points.
Third, this dissertation develops an exploratory factor analysis that identifies 9 built
environment factors based on primary data. Then, 13 BRT clusters are identified after running
cluster analysis on the sample of 120 BRT stations based on the 9 built environment factors
identified. This analysis found a positive association between high-rise developments, mixed of
land uses, presence of facilities and pedestrian infrastructure around stations with BRT ridership.
The fourth analysis assess the joint impact that these 9 built environment factors have along with
density, in explaining ridership levels. The analysis also found that 5 clusters with high transit
orientation have positive associations with BRT ridership.
6.2.Mesoscale attributes and BRT ridership in 120 stations
This section shows the results that answer the research question: What is the association
between population density and BRT ridership? The results of the data analysis are shown based
on regression analysis with the sample of 120 BRT stations from seven cities in Latin America
testing the associations between BRT ridership with population density, centrality (distance to
the city center) and BRT terminals. The dependent variable is ridership at the BRT station level
as defined by the number of daily boarding per station. Descriptive statistics of ridership levels
are shown in Table 37. As expected, both ridership levels and population densities have a high
variation across BRT stations (mean 24,713 and standard deviation 49,998; mean 74.74 and
standard deviation 70.32, respectively).
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Table 37 Descriptive statistics BRT ridership and built environment variables (n=120)
Variable
Dependent variable
BRT ridership

Mean

Std. Dev.

Min

Max

Number of passengers per day
boarding the station
Natural logarithm of number of
passengers per day boarding the
station

24,713

49,998

210

272,829

8.96

1.49

5.35

12.52

Population by gross station area
(persons/hectare)

74.74

70.32

0.48

390.18

Ln(population density)

Natural logarithm of population
by gross station area

3.84

1.15

-0.73

5.97

Centrality

Distance to city center (Km)

5.40

3.65

0.00

15.64

Portal

1=BRT Terminal; 0=otherwise

0.27

0.44

0.00

1.00

City_i
Bogota (reference)
Sao Paulo
Curitiba
Goainia
Ciudad Guatemala
Quito
Guayaquil

City_i= 1 if station/terminal is in
city i, and 0 otherwise

3.74

2.18

1.00

7.00

Ln(BRTridership)
Independent variables
Population density

Definition

Source: BRT agencies, Transportation authorities (2013, 2014), DANE (Colombia), INEC (Ecuador), IBGE (Brazil), Local
governments, geodata processing by Erik Vergel-Tovar (2015).

The regression model is conducted with the natural logarithms of BRT ridership and
population density. The full model controls for city, having Bogota as the city of reference.
Results of the log-log regression model for the entire sample are presented in Table 38.
Following the approach described in the research methods (3.3.5. data analysis), the association
between population density and BRT ridership is not statistically significant across the four
models. After controlling for Centrality and BRT Terminals, the association between BRT
ridership and Centrality is negative (coefficient -0.0714, p<0.05) but the association with BRT
Terminals is positive (coefficient 2.3304, p<0.001). After controlling for cities, the same
associations for Centrality and BRT terminals with BRT ridership remain, but in this model both
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are statistically significant at the 0.001 level. The coefficients for all cities are negatively
associated with BRT ridership, which confirms the predominant role of Bogota as the city with
the BRT system that has the highest ridership among these seven cities.
Table 38 Log-log regression analysis results BRT ridership, population density, centrality,
BRT terminal and city (n=120)
Variable
Lnpopdensity

Crude Association

Adjusted
model

Further adjusted
model

Fully adjusted
model

0.1455

0.1380

0.1656

0.0229

(0.0963)

(0.0982)

(0.0933)

(0.0852)

0.0196

-0.0714*

-0.1040***

(0.0423)

(0.0321)

(0.0289)

2.3304***

2.6793***

(0.2341)

(0.2463)

Centrality
Terminal
Bogota

(reference)

Sao Paulo

-1.9112***
(0.5068)

Curitiba

-1.1165***
(0.2321)

Goiania

-1.9293***
(0.2804)

Ciudad de
Guatemala

-0.9098**
(0.2925)

Quito

-1.5931***
(0.1940)

Guayaquil

-1.4547***
(0.4218)

Cons

8.3966***

8.3195***

8.0833***

9.8315***

(0.3574)

(0.3872)

(0.3409)

(0.4354)

120
0.4472
0.4329
34.7915
1.09

120
0.6552
0.6270
29.4044
1.45

120
120
N
0.0126
0.0148
r2
0.0042
-0.0020
Adj-r2
2.2822
1.3426
F
1.01
VIF
Standard errors in parentheses * p<0.05, ** p<0.01, *** p<0.001
Fully adjusted model 1 heteroskedasticity test: chi2 (1) = 1.08, Prob > chi2 = 0.2992
Fully adjusted model 2 heteroskedasticity test: chi2 (1) = 1.10, Prob > chi2 = 0.2937

As expected, BRT Terminals play a significant role in this relationship considering that
BRT systems are designed in a way to concentrate several routes and transfers between different
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transportation modes at these nodes. Results for distance to the main activity nodes suggest that
for one kilometer increase in centrality ridership declines by 10.4 %.
In models stratified by cities (Tables 54-60 in the appendix 3), there is a positive
association between BRT ridership and population density (0.2147, p<0.001) in Bogota (Table
54 in the appendix 3, n=31). The results in Bogota confirm the high density that characterized
this city and the high levels of ridership of its BRT system. In the case of Curitiba (Table 56 in
the appendix 3, n= 16), there is a positive association between BRT ridership and population
density (0.3076, p<0.01). In Goiania (Table 57 in the appendix 3, n= 11), there is a positive
association between BRT ridership and population density (1.1640, p<0.05).However, in the case
of Guayaquil (Table 60 in the appendix3, n=11), there is a negative association between BRT
ridership and population density (coefficient -0.2496, p<0.01). The association between
population density and BRT ridership is not statistically significant in the sample of BRT stations
in Sao Paulo, Ciudad de Guatemala and Quito. The estimated elasticities are shown in figure 31.
Figure 31 Estimated elasticities per city
2.00
1.4640

elasticity

1.50
1.00
0.50

0.3076
0.2147

0.00
-0.50
elasticity

-0.2496

Bogota***
0.2147

Curitiba**
0.3076

Goainia*
1.4640

Guayaquil**
-0.2496

* p<0.05, ** p<0.01, *** p<0.001

In the next section, the analysis continues by adding built environment variables as
predictors of BRT ridership.
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6.3.Microscale attributes and BRT ridership in 120 stations
This section shows the results that answer the research question: What are the
associations between built environment attributes and BRT ridership? in order to answer this
question, three models testing associations between BRT ridership and built environment
attributes were conducted as following: i) land use; ii) urban development; and, iii) pedestrianparking and facilities.
Descriptive statistics of microscale attributes are shown in Table 39. Built environment
attributes are included and classified by domains. The first 5 domains have been previously
identified in the built environment and travel literature and are known as the 5Ds: density,
diversity, design, access to destination and distance to transit (Ewing & Cervero, 2010). There
are 4 additional domains which have been also identified in more recent studies about the
relationship between the built environment and travel: parking, non-motorized transport (NMT)
infrastructure, socioeconomic characteristics, and facilities with public spaces (Boarnet, 2001;
Estupiñán & Rodríguez, 2008; Handy, 2005).
The density domain suggests the majority of BRT stations are located in already
urbanized areas with low and medium building heights developments and only few with highrise developments within the buffer area. The diversity domain shows there is a high mixture of
land uses in the sample of BRT stations with a higher presence of supportive BRT land uses. The
design domain suggests there is high level of connectivity especially in already consolidated and
urbanized areas. The distance to transit domain suggests there is a high variation in the distance
of segments to BRT stations, and segments lengths correspond to the traditional block structure
that characterizes cities in Latin America. The parking domain suggests there is a considerably
high presence of parking around BRT stations. The NMT domain suggests the sample of BRT
346

stations is not homogeneous in terms of NMT and pedestrian infrastructure. The socioeconomic
characteristics domain suggests the presence of slums and affordable housing is low across BRT
stations. The facilities domain suggests the presence of facilities takes place only in some BRT
stations.
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Table 39 Descriptive statistics BRT ridership and built environment variables by domain (n=120)
Variable
1. Density
Building heights
No building height
Low building height
Medium building height
High building height
Very tall buildings
Built-up density
Low built-up density
Medium built-up density
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High built-up density
Development level
Low development level
Medium development level
High development level
High-rise developments
High rise developments
2. Diversity
Raw land use variables
Institutional
Industrial
Exclusively commercial
Mixed commercial
Residential single family (attached)
Residential multifamily
Mixed: Industrial-commercial
Mixed: commercial residential
Vacant
Open Green Area
Land use mixed variables
Land use index
BRT-oriented land uses
Other land uses
Entropy

Definition

Mean

Std. Dev.

Min

Max

Proportion of segment with building heights = None
Proportion of segments with building heights~ 1 story
Proportion of segments with building heights ~ 2 to 3 stories
Proportion of segments with building heights ~ 4 to 5 stories
Proportion of segments with building heights ~ 5 to 10 stories

0.17
0.33
0.71
0.18
0.14

0.14
0.24
0.17
0.14
0.19

0.00
0.00
0.22
0.00
0.00

0.71
0.91
1.00
0.56
0.83

Proportion of segments with low built-up density development
Proportion of segments with medium built-up density
development
Proportion of segments with high built-up density development

0.58
0.32

0.22
0.16

0.02
0.00

1.00
0.74

0.09

0.12

0.00

0.60

Proportion of segments with low development consolidation
Proportion of segments with medium development consolidation
Proportion of segments with high development consolidation

0.08
0.25
0.67

0.11
0.21
0.27

0.00
0.00
0.00

0.61
0.95
1.00

Proportion of segments with high-rise land developments

0.14

0.18

0.00

0.79

Proportion of segments with institutional uses
Proportion of segments with industrial uses
Proportion of segments with commercial land uses
Proportion of segments with commercial and other land uses
Proportion of segments with residential single uses
Proportion of segments with residential multifamily uses
Proportion of segments with industrial-commercial uses
Proportion of segments with commercial residential
Proportion of segments with vacant uses
Proportion of segments with undeveloped open green spaces

0.08
0.05
0.14
0.19
0.35
0.16
0.08
0.26
0.14
0.09

0.08
0.14
0.14
0.16
0.22
0.18
0.15
0.15
0.14
0.09

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.46
0.88
0.78
0.63
0.91
0.88
1.00
0.75
0.67
0.42

# of land uses in station (1-10)
Density of commercial, residential, and institutional uses
Density of industrial, industrial & commercial, and vacant uses
evenness in the distribution of commercial, residential and
institutional land uses

7.93
0.79
0.41
0.65

1.16
0.32
0.27
0.20

4.00
0.03
0.03
0.08

10.00
1.53
1.34
0.97

3. Design
Segment density
Number of blocks
Number of 2 lanes segments
Number of 3 lanes segments
Number of pedestrian segments

# of segments by gross station area
# of blocks within gross station area
# of segments with 2 lanes within gross station area
# of segments with 3 lanes within gross station area
# of pedestrian segments within gross station area

4. Destination accessibility
Centrality

Distance to closest activity node (Km)

5. Distance to transit
Vacant on BRT corridor
Average distance to station
Average segment length
Segment on BRT corridor density

Proportion of segments with vacant and on BRT corridor
Average distance of segments to BRT station
Average segment length within gross station area
# of segments facing the BRT right of way by gross station area

6. Parking
On-street parking
Off-street parking
Commercial and parking uses

Proportion of segments with parking on street
Proportion of segments with off-street parking
Proportion of segments with commercial and parking uses
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348.24
31.53
80.86
25.30
6.78

168.96
23.06
69.21
18.01
20.65

25.46
3.00
2.00
0.00
0.00

982.94
121.00
368.00
108.00
137.00

5.40

3.65

0.00

15.64

224.28
92.01
37.61

81.30
27.68
19.25

131.25
55.36
6.37

413.59
269.03
106.95

0.38
0.17
0.19

0.20
0.12
0.17

0.00
0.01
0.00

0.90
0.60
0.73

43.93

43.16

0.00

224.09

17.23
50.04

39.96
65.73

0.00
0.00

269.93
336.13

9582.66
19.52

6557.94
21.87

3161.36
0.00

57724.33
137.51

0.01
0.06
0.14
0.44
0.42

0.05
0.13
0.18
0.23
0.28

0.00
0.00
0.00
0.00
0.01

0.24
0.65
0.88
0.94
1.00

9. Facilities and public space
Public facility index
Index of seven facility types, excluding big box development (0-7)
2.76
1.50
0.00
Public facility density
Density of facilities (except big box development)
24.55
22.34
0.00
BRT-oriented facility index
Index of hospitals, libraries, markets/squares, churches (0-4)
0.90
0.85
0.00
BRT-oriented facility density
Density of hospitals, libraries, markets/ squares, churches
6.61
10.61
0.00
Source: BRT agencies, Transportation authorities (2013, 2014), DANE (Colombia), INEC (Ecuador), IBGE (Brazil), Local governments, GIS.

6.00
122.23
3.00
61.12

7. Nonmotorized transport infrastructure and pedestrian infrastructure
Green areas’ density
Density of # parks, squares, pocket squares, green areas,
boulevards
Pedestrian segments density
# of pedestrian segments by gross station area
NMT friendliness
Density of parks, squares, pocket squares, boulevards, pedestrian
segments, pedestrian bridges, bike-paths
Average block size
Average size of blocks within the buffer area in square meters
Park density
Density of # parks, squares, pocket squares
8. Socioeconomic characteristics
Affordable housing
Informal settlements
Urban decay
Medium condition & maintenance
High condition & maintenance

Proportion of segments with affordable housing
Proportion of segments with informal settlements
Proportion of segments in low condition of maintenance
Proportion of segments in medium condition of maintenance
Proportion of segments in high condition of maintenance

The variables included in these three models (land use, urban development and
pedestrian) were selected after running nine regression models for each domain testing
associations with BRT ridership. Variables with p-values equal or under 0.20 (p<0.2) were
selected for further analysis.
Results of the log-linear regression land use model are presented in Table 40. Results of
the land use model show a positive association between entropy and BRT ridership. This result
suggests the proportion of segments with evenness in the distribution of commercial, residential
and institutional land uses support the ridership levels of the BRT. Results from the land use
model show a negative association between BRT ridership and the proportion of segments with
industrial-commercial, vacant land parcels, and open green spaces (large undeveloped areas).
This suggests industrial areas even mixed with some commercial land uses are not supporting the
BRT system in terms of ridership. As expected, the proportion of segments with vacant land or
open green spaces such as empty areas forming round points or at intersections between large
roads are not supporting the BRT system either. This suggests BRT stations and terminals could
benefit from land use planning tools encouraging the development of vacant land parcels nearby.
This model also shows a negative association between BRT ridership and the proportion
of segments with residential single family (attached) land uses. This finding suggests residential
areas of low density housing developments without a mixture of land uses do not support the
BRT system in relation to the ridership levels. The land use model explains the level of BRT
ridership with R-square 0.73 (adjusted R-square 0.69. Figure 32 shows predicted BRT ridership
and the proportion of segments with evenness distribution of residential, commercial and
institutional land uses or entropy by percentile.
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Figure 32 Predicted BRT ridership, entropy, residential and vacant attributes (percentile)
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Table 40 Log-linear regression of BRT ridership, selected land use attributes, and cities (n=120)
Variable
Lnpopdensity
Centrality
Portal

Base model†

Land use attributes

Land use attributes and entropy*NMT

0.0229

-0.1344

(0.0852)

(0.1188)

-0.1560
0.0055

-0.1040***

0.0025

0.0055

(0.0289)

(0.0337)

(0.0321)

2.6793***

2.6421***

2.6888***

(0.2507)

(0.2605)

Land use index

(0.2463)

-0.1322

-0.1422

(0.0887)

(0.0864)

Industrial

-1.2890

-1.6388*

Residential single family (attached)

(0.8086)

(0.8017)

-1.3474*

-1.4360*

(0.5467)

(0.5539)

Multifamily residential

-0.6178

-0.6829

(0.4584)

(0.4244)

Industrial commercial

-1.5312*

-1.7839**

(0.5999)

(0.5956)

Vacant

-1.3452*

-1.4996*

(0.6127)

(0.6047)

Open green space (undeveloped)

-2.5450*

-2.6677*

(1.1415)

(1.2605)

Entropy

1.8185**

1.1720

(0.6472)

(0.7244)
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NMT Friendliness

-0.0089*

Entropy*NMT friendliness

0.0134**

(0.0036)
(0.0047)

Bogota
Sao Paulo

(reference)
-1.9112***
(0.5068)

(0.4491)

(0.4616)

Curitiba

-1.1165***

-0.9805***

-0.9804***

(0.2321)

(0.2504)

(0.2546)

Goiania

-1.9293***

-2.1998***

-2.2637***

Ciudad de Guatemala

(reference)
-1.3000**

(reference)
-1.2943**

(0.2804)

(0.3717)

(0.3647)

-0.9098**

-0.9984**

-1.0572**

(0.2925)

(0.3221)

(0.3231)

Quito

-1.5931***

-1.9268***

-1.9156***

(0.1940)

(0.1900)

(0.1913)

Guayaquil

-1.4547***

-1.4369***

-1.4540***

Cons
r2
Adj-r2
F
VIF (mean)

(0.4218)

(0.3438)

(0.3335)

9.8315***

10.9732***

11.6547***

(0.4354)

(0.7574)

(0.8376)

0.6552
0.6270
29.4044
1.45

0.7353
0.6912
24.4427
2.24

0.7458
0.6975
23.5448
3.72

†As in research question 2.1. Standard errors in parentheses, p-values: *p<0.05, **p<0.01, ***p<0.001. Base model heteroskedasticity test: chi2 (1) = 1.08; prob>chi2 = 0.2988.
Land use model heteroskedasticity test: chi2 (1) = 1.07, prob>chi2 = 0.3006. Interactions were tested and only those that had a p-value<0.20 were retained and included in the
model. Land use model interactions: 4 Interactions tested: i) Entropy * high-rise developments; ii) Entropy * very high heights; iii) Entropy * segments on BRT density; and, iv)
Entropy * commercial and parking uses.

Results of the log-linear regression urban development model are presented in Table 41.
The urban development model introduces variables with positive and negative associations with
BRT ridership, as well as variables with p-values lower than 0.20, which were identified in the
regression models in the following domains: density, socioeconomic characteristics, design,
distance to transit, and facilities. A positive association was found between BRT ridership and
the proportion of segments with high-rise developments. This suggest land developments with
building heights of more than five stories in close proximity to BRT stations support the
performance of the transit system in relation to the level of ridership. In this model, the density
of segments facing the BRT right of way is positively associated with BRT ridership. This
finding suggests a higher amount of segments facing the BRT trunk corridor implies a higher
level of connectivity in terms of providing a better access to BRT stations. Figure 33 shows the
predicted BRT ridership and the proportion of segments with high-rise developments in
percentiles. Figure 33 also shows the interaction between Portal and high-rise developments.
Figure 33 Predicted BRT ridership, proportion of segments with high-rise developments
(percentile)
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Table 41 Log-linear regression of BRT ridership and selected urban development attributes and cities (n=120)
Variable
Lnpopdensity
Centrality
Portal

Base model†

Urban development attributes

Urban development attributes and interaction
(Portal * high-rise developments)
0.0418

0.0229

0.0553

(0.0852)

(0.0859)

(0.0837)

-0.1040***

-0.0161

-0.0014

(0.0289)

(0.0374)

(0.0377)

2.6793***

3.5587***

2.8771***

(0.4489)

(0.4614)

Number of blocks

(0.2463)

-0.0081

-0.0081

(0.0090)

(0.0086)

Pedestrian segments

-0.0089

-0.0102

(0.0058)

(0.0059)

Segments on BRT corridor density

0.0139*

0.0111

(0.0066)

(0.0063)

-1.0412

-1.0237

Informal settlements

(1.4024)

(1.3236)

Urban decay

-0.7987

-0.7796

(0.7870)

(0.7402)

High-rise developments

1.1583*

1.0506*

(0.4911)

Portal * High-rise developments

(0.4651)

6.6956*
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(2.8146)

Bogota
Sao Paulo

(reference)
-1.9112***

(reference)
-1.5308**

(0.5068)

(0.4825)

(0.5021)

Curitiba

-1.1165***

-1.3750***

-1.4484***

(0.2321)

(0.2349)

(0.2359)

Goiania

-1.9293***

-1.7843***

-1.6336***

Ciudad de Guatemala

-1.7173***

(0.2804)

(0.2651)

(0.2681)

-0.9098**

-0.4197

-0.4598

(0.2925)

(0.3004)

(0.3033)

Quito

-1.5931***

-1.5735***

-1.5691***

(0.1940)

(0.2060)

(0.2017)

Guayaquil

-1.4547***

-1.0011*

-0.9701**

Cons

(0.4218)

(0.3936)

(0.3604)

9.8315***

8.6957***

8.7210***

(0.4354)

(0.5190)

(0.5065)

0.6552
0.7247
0.7461
r2
0.6270
0.6850
0.7067
Adj-r2
29.4044
23.2085
25.3759
F
1.45
2.68
2.80
VIF (mean)
†As in research question 2.1. Standard errors in parentheses, p-values: *p<0.05, **p<0.01, ***p<0.001. Base model heteroskedasticity test: chi2 (1) = 1.08; prob>chi2 = 0.2988.
Urban development model heteroskedasticity test: chi2 (1) = 0.73, prob>chi2 = 0.3937 Interactions were tested and only those that had a p-value<0.20 were retained and
included in the model. Base model interactions: 5 interactions tested and only one retained. Interactions tested: i) Portal * entropy; ii) Portal * very high height; iii) Portal * highrise developments; iv) Portal * BRT-oriented facility index; v) Portal * commercial and parking uses.

Results of the log-linear regression pedestrian, parking and facilities model are presented
in Table 42. The pedestrian, parking and facilities model includes variables whose coefficients
had p-values 0.20 when explaining BRT ridership identified in the regression models of the
parking, NMT pedestrian infrastructure and facilities domains.
The pedestrian model shows a positive association between NMT friendliness and BRT
ridership. The associations of green areas density and pedestrian segments density with BRT
ridership are negative, but they are not statistically significant when including parking and
facilities variables. In the pedestrian and parking model, the results show a positive association
between commercial and parking uses with BRT ridership. This result suggests the proportion of
segments with on-street, off-street parking and commercial land uses is positively associated
with BRT ridership, which might be related to the emergence of big-box developments next to
BRT Terminals. In the pedestrian, parking and facilities model, the results show a positive
association between BRT oriented facilities index (hospitals, libraries, markets/squares,
churches) and BRT ridership. This result suggests the presence of hospitals, libraries,
markets/squares and churches support the BRT system in terms of the ridership levels.
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Table 42 Log-linear regression pedestrian, parking and facilities model, BRT ridership, selected attributes and cities (n=120)
Variable
Lnpopdensity
Centrality
Portal

Base model†

Pedestrian model

Pedestrian and parking
model
0.0783

Pedestrian parking and
facilities model
0.0498

0.0229

0.0810

(0.0852)

(0.0934)

(0.0872)

(0.0884)

-0.1040***

-0.1022***

-0.0816**

-0.0661*

(0.0289)

(0.0285)

(0.0310)

(0.0316)

2.6793***

2.7450***

2.6535***

2.4606***

(0.2463)

(0.2609)

(0.2799)

(0.2962)

-0.0100*

-0.0068

-0.0059

(0.0040)

(0.0046)

(0.0046)

-0.0147**

-0.0105

-0.0106
(0.0058)

Pedestrian attributes
Green areas density
Pedestrian segments density
NMT friendliness

(0.0049)

(0.0060)

0.0124**

0.0086

0.0079

(0.0043)

(0.0053)

(0.0051)

-0.7959

-0.8277

(0.5599)

(0.5876)

Parking attributes
On-street parking
Commercial and parking uses

1.4525*

1.1500

(0.7147)

(0.6773)
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Facilities
BRT oriented facility index

0.2328*
(0.0970)

Bogota
Sao Paulo

(reference)
-1.9112***
(0.5068)

(0.5304)

(0.5190)

(0.4962)

Curitiba

-1.1165***

-0.9360***

-1.0076***

-1.0345***

(0.2321)

(0.2546)

(0.2523)

(0.2438)

Goiania

-1.9293***

-1.7938***

-1.7516***

-1.7508***

Ciudad de Guatemala

(reference)
-1.7946**

(reference)
-1.6516**

(reference)
-1.6582**

(0.2804)

(0.2943)

(0.3343)

(0.3462)

-0.9098**

-0.7589*

-0.7776*

-0.9975**

(0.2925)

(0.3208)

(0.3287)

(0.3345)

Quito

-1.5931***

-1.4045***

-1.5220***

-1.5939***

(0.1940)

(0.2126)

(0.2189)

(0.2101)

Guayaquil

-1.4547***

-1.1672**

-1.2260**

-1.2817**

Cons

(0.4218)

(0.4274)

(0.4234)

(0.4147)

9.8315***

9.5245***

9.4669***

9.4463***

(0.4354)

(0.4329)

(0.4494)

(0.4356)

0.6552
0.6747
0.6868
0.6992
r2
0.6270
0.6382
0.6450
0.6558
Adj-r2
29.4044
30.1127
26.6636
28.2664
F
1.45
4.91
4.91
4.73
VIF (mean)
†As in research question 2.1. Standard errors in parentheses, p-values: *p<0.05, **p<0.01, ***p<0.001. Base model heteroskedasticity test: chi2 (1) = 1.08; prob>chi2 = 0.2988.
Pedestrian model heteroskedasticity test: chi2 (1) = 2.11, Prob > chi2 = 0.1465. Pedestrian and parking model heteroskedasticity test: chi2 (1) = 2.19, prob>chi2 = 0.1388.
Pedestrian, parking and facilities model heteroskedasticity test: chi2 (1) =1.12, prob >chi2 = 0.2899.

6.4. TOD features and BRT ridership in 13 station typologies
This section answers research question: Are TOD features associated with BRT
ridership? The analysis examines the associations between BRT ridership and population density
controlling for the nine built environment factors identified (Table 61 shows factor analysis
results in the appendix 3). This analysis also examines the relationship between BRT ridership
and the built environment by cluster (Table 62 shows results of the cluster analysis in the
appendix 3). The analysis also seeks to identify city specific factors by controlling for cities in
the regression analyses.
The list of built environment factors is shown in table 43. In addition to BRT ridership
and population density in their natural logarithm forms, centrality and BRT terminals; this part of
the analysis includes the nine built environment factors identified in the EFA. This analysis seeks
to test the association between BRT ridership and the 9 built environment factors. Then, the
analysis introduces the 13 clusters grouping the BRT stations in order to test the association with
BRT ridership per cluster.
Table 43 Built environment factors
Number
1
2
3
4
5
6
7
8
9

Built environment factor
High-rise multifamily BRT-oriented mixed land uses
Vacant unconsolidated urban environment
NMT green areas consolidated
Industrial commercial large blocks off-street parking
Non-core single residential low building heights
BRT-oriented facilities mixed use nearby
Parking
Institutional facilities facing BRT corridor
Non-core affordable housing & informal settlements

Source: Factor analysis results in appendix 3.

Results of the log-linear regression are presented in Table 44. High-rise multifamily
BRT-oriented mixed land uses has a positive association with BRT ridership (coefficient 0.2184,
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p<0.05). This result suggests BRT stations surrounded by urban development characterized by
multifamily residential buildings, high rise developments within an environment of mixed land
uses oriented towards the BRT are expected to have higher levels of ridership. On the contrary,
non-core single residential low building heights is negatively associated with BRT ridership
(coefficient, -0.3250, p<0.01). This result suggests BRT stations located far from activity nodes
surrounded exclusively by single residential (attached) developments without facilities are
expected to have lower levels of ridership. Institutional facilities facing BRT corridor is
positively associated with BRT ridership (coefficient, 0.2836, p<0.01). This result suggests BRT
stations surrounded by urban development characterized by the presence of institutional
facilities, facing the BRT corridor, with high heights (~ 4 to 5 stories) are expected to have
higher levels of ridership.
Table 44 Log-linear regression results BRT ridership, population density, centrality, BRT
terminals, built environment factors and cities (n=120)
Variables

Built environment factors

Lnpopdensity

0.0133
(0.1347)

Centrality

0.0169
(0.0453)

Portal

2.8073***
(0.3406)

High-rise multifamily BRT-oriented mixed land uses

0.2184*
(0.1050)

Vacant unconsolidated urban environment

-0.1225
(0.0816)

NMT green areas consolidated

-0.1363
(0.1035)

Industrial commercial large blocks off-street parking

-0.0906
(0.1009)

Non-core single residential low building heights

-0.3250**
(0.1141)

BRT-oriented facilities mixed use nearby

0.0644
(0.1257)

Parking

0.1317
(0.1012)
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Institutional facilities facing BRT corridor

0.2836**
(0.0947)

Non-core affordable housing & informal settlements

-0.2099
(0.1157)

Bogota

(reference)

Sao Paulo

-1.4423**
(0.5404)

Curitiba

-1.2693***
(0.2449)

Goiania

-1.9266***
(0.3878)

Ciudad de Guatemala

-1.1001*
(0.5089)

Quito

-1.7979***
(0.1931)

Guayaquil

-1.2999**
(0.4040)

Cons

9.2060***
(0.6606)

120
0.7184
0.6682
27.6031
2.69

N
r2
Adj-r2
F
VIF (mean)

Standard errors in parentheses * p<0.05, ** p<0.01, *** p<0.001
Built environment factors model heteroskedasticity test: chi2 (1) = 0.74, Prob > chi2 = 0.3900

Figure 34 shows the relationship between predicted BRT ridership and built environment
factor 1 (High-rise multifamily BRT-oriented mixed land uses); built environment factor 3 (Noncore single residential low building heights); and, built environment factor 8 (Institutional
facilities facing BRT corridor). The increase in built environment factor 1 percentiles suggests
the combination of higher building heights with multifamily residential developments, within a
mixture of land uses oriented towards the BRT (commercial, residential, institutional), has a
positive association with BRT ridership. The increase in built environment factor 8 percentiles
suggests the combination of institutional land uses, land developments of high building heights
facing the BRT right of way, within the presence of several public facilities (schools, hospitals,
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churches, libraries, markets/squares, recreational, hotels), has a positive association with BRT
ridership.
Figure 34 Predicted BRT ridership and built environment factors 1, 5 and 8
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Table 45 shows the results of the log-linear regression model using clusters. This model
takes as reference cluster 4, which is considered a cluster with a very low transit orientation
according to mean values of built environment factors and TOD features (Table 62 in the
appendix 3). The results suggest that there are six clusters with positive associations with BRT
ridership. The clusters with a positive association with BRT ridership are clusters 2, 5, 6, 7, 8 and
12. Given that the clusters variables are dummy variables, the coefficients were transformed to
obtain unbiased estimators (Kennedy, 1981).
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Cluster 8 has the strongest positive association with BRT ridership. This cluster
represents mainly BRT terminals. This result suggests BRT terminals surrounded with urban
development characterized by facilities and mixed land uses can boost the levels of BRT
ridership because this type of built environment merges a transportation hub with a destination
given the mixture of uses and more intense development. Cluster 12 represents BRT stations
with presence of informal settlements in already consolidated and urbanized areas. The results
suggest the presence of informal developments with non-motorized transport infrastructure and
residential land uses is positively associated with BRT ridership.
Table 45 Log-linear regression results BRT ridership and clusters (n=120)
Variables and clusters

Clusters model

Lnpopdensity

†

-0.0707
(0.1307)

Centrality

-0.0723
(0.0371)

Portal

2.1091***
(0.2763)

Cluster 1

0.3331

0.2599

(0.4518)

Cluster 2

0.9556**

1.4404**

(0.3562)

Cluster 3

0.6579

0.7324

(0.4656)

Cluster 4

(reference)

(reference)

Cluster 5

1.0065**

1.5679**

(0.3561)

Cluster 6

0.8112*

1.1040*

(0.3670)

Cluster 7

0.9833**

1.5054**

(0.3601)

Cluster 8

1.5405***

3.2563***

(0.4292)

Cluster 9

0.4096

0.3182

(0.5164)

Cluster 10

0.7367
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0.8141

(0.5312)

Cluster 11

0.5559

0.5906

(0.4284)

Cluster 12

1.0989*

1.6111*

(0.5275)

Cluster 13

0.0435

-0.0913

(0.5278)

Bogota

(reference)

(reference)

Sao Paulo

-2.0573***

-0.8891***

(0.5323)

Curitiba

-1.4427***

-0.7726***

(0.2771)

Goiania

-2.2158***

-0.8972***

(0.3427)

Ciudad de Guatemala

-1.0806*

-0.6948*

(0.4610)

Quito

-1.9247***

-0.8578***

(0.2283)

Guayaquil

-1.8499***

-0.8605***

(0.4897)

Cons

9.5427***
(0.4940)

120
0.7102
0.6481
2.65

N
r2
Adj-r2
VIF (mean)

120

Standard errors in parentheses * p<0.05, ** p<0.01, *** p<0.001
†Adjusted coefficient, after Kennedy (1981)

Figure 35 shows the percentage change on BRT ridership for each cluster (change from 0
to 1) in relation to the cluster of reference (cluster 4). Cluster 8 which groups mainly BRT
terminals has the highest percentage change (325.63%). Cluster 12 groups BRT stations from
Bogota (3), Quito (2), and Guayaquil (3) characterized by the presence of informal
developments, big-box developments, high population densities and some non-motorized
infrastructure NMT. In this cluster the expected increase on BRT ridership is 161.11% in relation
to Cluster 4.
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Cluster 5 groups BRT stations from Bogota (7), Quito (10), and Guayaquil (1)
characterized by the presence of facilities, multifamily residential and commercial developments,
and moderately high population densities. The expected increase on BRT ridership in this cluster
is 156.79%. Cluster 7 groups BRT stations from Quito (4), Curitiba (4), Bogota (2) and Sao
Paulo (1) characterized by high-rise multifamily and commercial developments with a mixture of
land uses oriented towards the BRT (commercial, residential and institutional) with moderately
high population densities. In this cluster the expected increase on BRT ridership is 150.54%.
Figure 35 Predicted percentage change on NRT ridership by cluster
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Cluster 2 groups BRT stations from Goiania (6), Bogota (3), Guayaquil (1), Ciudad de
Guatemala (1), Curitiba (1), and Quito (1) characterized by a consolidated urban dense
environment with presence of several facilities and commercial developments, high-rise
developments and moderately high levels of parking. The expected increase on BRT ridership in
this cluster is 144.04%. Cluster 6 is represented by a unique single BRT station, Plaza Grande in
the Historic Center of Quito. Plaza Grande BRT station is characterized by a dense urban
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environment with several pedestrian segments connecting to the main square at the heart of the
Historic Center with a strong presence of facilities and government office buildings. The
expected increase on BRT ridership in this cluster is 110.40%.
6.5.Discussion
The three major findings of this research are discussed in three sections following the
structure of the research questions: population density, built environment attributes and TOD
features. These findings are important for decision makers, planners, researchers and policy
makers given the important role the built environment, beyond density, is playing in explaining
BRT ridership. The results also suggest some similarities between BRT and rail-based system in
terms of associations between built environment attributes and transit ridership. The positive
associations with BRT ridership found in this dissertation are also useful for local governments
interested in making BRT systems more successful considering that some built environment
attributes commonly considered as part of TOD features are positively associated with BRT
ridership.
Population density
To begin, this dissertation found the association between population density and BRT
ridership did not prove significant in the sample of 120 BRT stations across seven cities in Latin
America. This could be related to the urban growth pattern in cities in Latin America where
peripheries usually have higher densities. At the city level, the population density elasticities
found in this dissertation are similar to those found for metro and light rail transit stations.
Elasticities in Bogota (0.21) and Curitiba (0.30) are similar to elasticities found in NYC (0.30)
and Seoul (0.33 and 0.12), but they are higher than elasticities found in Nanjing (0.15) and light
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rail systems in North America (from 0.11 to 0.26). This suggests that high density cities or BRT
trunk corridors serving areas where densities are higher, like the cases of Bogota, Curitiba and
Goiania, the elasticities of population density in relation to BRT ridership are similar or even
higher than elasticities found for rail-based mass systems.
Built environment attributes
Next, this dissertation has found that the addition of built environment attributes in the
analysis of the sample of 120 BRT stations increases the explanatory power of the model by
12.3% or 8 percentage points. This suggests that while population density is an important
variable to consider when determining where to build BRT corridors, other built environment
attributes are also playing an important role explaining the levels of ridership at the BRT station
level.
Therefore, these attributes could be used by local authorities in order to increase the level
of transit orientation around BRT stations. Built environment attributes such as entropy (the even
distribution of commercial, residential and institutional land uses), the proportion of segments
with high rise developments, the presence of facilities, and connectivity levels regarding the
number of segments facing the BRT right-of-way are some of the measurements that have a
positive association with BRT ridership.
Transit-oriented development features
The exploratory factor analysis (EFA) that was employed in order to reduce the large
built environment variable dataset identified nine built environment factors. These factors have
the opportunity to inform and enrich the metrics in future revisions of the TOD standard (ITDP,
2014b). Each factor is comprised of several built environment variables. These variables
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include, but are not limited to, the following: entropy, building heights, high-rise developments,
indexes of facilities and pedestrian infrastructure and presence of informal settlements. In table
46, the nine factors are mapped against the TOD domains that they stand to influence.
Explanations for these alignments are further provided.
The built environment factors identified in this research are an empirically based source
to determine metrics of TOD features at two levels. At the raw variable level, some variables that
loaded within each factor could become metrics for the TOD domains determined in the TOD
standard (ITDP, 2014b). The walk and cycle domains could include the density of public spaces
and NMT variables within the catchment area as part of the metrics. The connect domain could
add additional metrics such as segment density, average segment length and segment on BRT
corridor density. Average block size is already part of the metrics in the connect domain. The
transit domain could benefit from metrics such as the level of NMT friendliness, distance to the
closest activity node and average distance of segments to the BRT station.
The mix domain could include land use variables such as institutional, residential
multifamily or single residential, the mixture of land uses measured in terms of entropy, land use
index, commercial-residential, industrial-commercial, The mix domain already has the presence
of affordable housing but it could include the presence of informal settlements and the
maintenance condition of the built environment in order to identify signals of urban decay. The
densify domain could also benefit from the entropy measure as well as from those variables
measuring the presence of facilities. The compact domain could include variables measuring
building heights, presence of high-rise developments and variables which can help to identify
land development opportunities such as the presence of vacant land. The shift domain could also
include variables measuring different types of parking within catchment areas. At the built
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environment factor level, there are two factors with positive associations with BRT ridership.
The positive associations of factor one (High-rise multifamily BRT-oriented mixed land uses)
and eight with BRT ridership suggests the TOD domains connect, mix, densify and compact
constitute important metrics to test associations regarding the TOD bonus on ridership.
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Table 46 Transit-oriented development domains (TOD standard) and built environment factors identified in this dissertation
TOD
standard†

Factor 1
High-rise
multifamily
BRT-oriented
mixed land uses

Factor 2
Vacant
unconsolidat
ed urban
environment

Cycle

Connect
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Transit

Densify

Compact

Shift

Factor 4
Industrial
commercial
large blocks
off-street
parking

- Green areas
- Avg. block size
density
- Park density
- NMT friendliness
- Green areas
density
- Park density
- NMT friendliness
- Segment
density
- Avg. segment
length
- Segment BRT
corridor density
- Avg. block size
- NMT friendliness

Walk

Mix

Factor 3
NMT green
areas
consolidated

- Residential
multifamily
- BRT-O land uses
- Entropy
- High condition
maintenance
- Entropy

- Urban decay

- Very high
building height
- High-rise
developments

- No building
height
- Vacant on
BRT corridor
- Vacant

- Low
development
level

- Industrialcommercial

- Population
density
- High
development
level

Factor 5
Non-core
single
residential
low building
heights

Factor 6
BRT-oriented
facilities
mixed use
nearby

Factor 7
Parking

Factor 9
Non-core
affordable
housing &
informal
settlements

- Segment on
BRT corridor
density

- Centrality
- Residential
single family

- Low built up
density

- Avg. distance to
BRT station
- Land use index

- Centrality
- Institutional
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The cluster analysis identified 13 BRT station typologies. After these typologies were
identified, they were tested in conjunction with the nine built environment factors detailed above
in order to determine the joint impacts of built environment factors and transit level of
orientation on BRT ridership. BRT typologies 2, 5, 6, 7, 8 and 12 become reference points for
the design, planning and implementation of small-area plans that could be implemented around
current and future BRT stations. In addition, the six clusters below offer additional valuable
insights for the relationship between the built environment and BRT ridership per typology.
Cluster 2 suggests an urban development characterized by a strong presence of facilities
in combination with industrial-commercial developments mixed with some residential land uses
could constitute a favorable environment for the BRT. Cluster 6 suggests a supportive
environment for BRT stations located in Historic Centers is characterized by a strong presence of
pedestrian infrastructure connecting public spaces and providing access to facilities and
commercial land uses. Cluster 8 suggests there are still industrial developments with large size
blocks generating connectivity issues in order to get access to BRT terminals. The moderately
high presence of single residential developments with low building heights also implies
additional challenges to BRT terminals in order to attract riders living in close proximity to these
transportation hubs.
Cluster 12 suggests a consolidated low-income area with informal settlements could
become a supportive environment for BRT systems. These areas are characterized by high
population densities, NMT infrastructure, and high concentration of segments as a result of
informal land occupation process with small blocks. However, this cluster lacks a mixture of
land uses and presence of facilities, which in addition to the absence of vacant land constitute a
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challenge for slum upgrading measures in order to promote TOD features to increase the level of
transit orientation of this typology.
The results of this dissertation are similar to findings from rail based studies looking at
the relationship of TOD features and ridership. Railway stations in Hong Kong with a high
orientation towards transit including mixture of land use and nonmotorized transport
infrastructure increases the ridership levels at the station level (R. Cervero & Murakami, 2009).
This finding is similar to the results of this dissertation regarding clusters five and seven. Cluster
5 has a high level of transit orientation and suggests a built environment characterized by a
mixture of land uses with presence of facilities, high-rise developments, with a high density of
segments is a desirable urban development to make BRT successful. Cluster 7 has a high level of
transit orientation and suggests the presence of high-rise multifamily developments, in
combination with commercial land uses and moderately high population densities is a desirable
urban form in order to make the BRT successful.
6.6.Limitations
Even though station-level analysis provided more detailed information about associations
between built environment attributes and ridership, cross sectional data analyses brought forward
the limitations of this study. The station-level-aggregated data type of analysis employed in this
dissertation cannot claim causality. The expected increase or decrease on BRT ridership
identified in each analysis suggests positive or negative associations, but not a causal relationship
because, for example, the mass transit system could have influenced the generation of high-rise
developments near BRT stations. Also, there may be other variables that could increase the
explanatory power of the models which were not included. Further research with before-and-
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after analyses and longitudinal data could not only increase the explanatory power of the model,
but also provide insights related to causality.
Another limitation of this study is the definition of the catchment area. Even though in
the literature catchment areas vary from 250meters to 1km and from 1/4 mile to 2 miles, the
catchment areas defined in this research aimed to address three key aspects. First, the efficiency
of primary data collection prioritized the increase in the sample of BRT stations by maintaining a
250 meters buffer area for single BRT stations so that more stations could be visited during
fieldwork visits. However, this research defined a 500 meters catchment area for data collection
around BRT Terminals. Second, this research also aimed to avoid overlaps with neighboring
BRT stations in the calculation of different built environment variables, including population
density. Nevertheless, the walking distance to BRT stations could define used as another
parameter for investigation to be implemented in further research. The definition of the
catchment area is even more complex if variables such as number of jobs are introduced in the
model. The close proximity between BRT stations, usually every 500 meters from each other, in
comparison to some rail-based systems implies the challenge to address methodologically
catchment areas larger than 250 meters for single BRT stations. This challenge also implies a
tradeoff in data poor areas between the sample size of transit stations for data collection versus
the amount of built environment data that could be collected within larger catchment areas such
as the 500 meters used for BRT terminals in this study.
Finally, an additional limitation of this study was the selection of BRT stations. Due to
the key role primary data collection played in the generation of the built environment database,
the selection process of BRT stations was heavily dependent upon the feasibility of conducting
fieldwork activities. Moreover, the selection process of BRT stations also relied upon the
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availability of supporting secondary data, such as census data, to calculate population densities,
as well as availability of ridership data collected by counting passengers entering the BRT
stations. With additional resources, access to census data and time availability, a larger sample of
BRT stations could have been visited within each city. With a larger sample of BRT stations per
city, it would be possible to test in a more robust analysis the association between population
density and BRT ridership.
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CHAPTER 7: CONCLUSIONS
7.1.Introduction
The BRT boom over the past 15 years has been a significant step toward achieving
sustainable urban transport, particularly in rapidly growing cities. Understanding the land use
and development impacts of BRT system is critical not only for planners and policy makers but
also for decision makers and communities in cities where this mass transit systems are under
implementation as well as cities that are considering the implementation of BRT systems.
Likewise, understanding the built environment factors that make BRT successful is critical for
not only improving the cost-effectiveness of BRT, but also ensuring strong ridership, which
influences on key performance variables like travel time, operational savings, road safety, and
emissions.
As it was mentioned in chapter one, there is a growing interest in looking at the
reciprocal relationship between the built environment and BRT systems. Little is known about
this reciprocal relationship between the built environment and BRT systems. Emerging studies
are looking at land use and development impacts of BRT systems as well as how the built
environment influences BRT ridership. Land use and development impact studies often require
detailed data at the parcel level which is usually difficult to obtain and process. Also, the study of
changes on the built environment in terms of development and land uses requires a time window
of several years in order to observe changes, especially in already urbanized areas. This is a key
difference between the study of land use and development impacts and the study of property and
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land prices. Given the boom of BRT systems during the last 15 years, this dissertation seeks to
address gaps on the land use and development impacts of BRT systems literature by examining
two pioneer systems, Quito and Bogota, inspired by Curitiba but implemented outside Brazil.
This dissertation also seeks to contribute to the emerging research agenda looking at travel
behavior issues in relation to BRT systems, since existing studies have generally examined the
impact of the built environment on transit ridership within metro and light rail systems. This
leaves a serious gap in our understanding on how the built environment influences BRT
ridership, especially because it has been assumed that population density alone determines BRT
ridership.
The dissertation contributes to fill gaps in the literature and develop a set of
recommendations for policy, practice and research. This chapter presents the conclusions in two
sections. The first section focuses on the key findings of the land use and development impacts
of BRT corridors in Bogota and Quito according to the quantitative and qualitative approaches.
Then, the key findings of the relationship between the built environment and BRT ridership are
discussed. Presenting the conclusions according to this structure seeks to complete the circle of
the reciprocal relationship examined in this dissertation between the built environment and BRT
in Latin America.
The second section focuses on the recommendations of this dissertation based on the key
findings. The recommendations are structured in three parts. Recommendations for cities
implementing BRT systems are discussed based on the lessons drawn from data analysis from
Bogota and Quito. Then, recommendations are presented based on the results of the second aim
of this dissertation about how the built environment supports BRT ridership. Third, a group of
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recommendations are discussed for further research about land use and development impacts of
BRT as well as travel behavior studies of this type of mass transit system.
7.2.Key Findings
7.2.1. Land use and development impacts of bus rapid transit (Aim 1)
This section summarizes the key findings answering the “what” and “why” research
questions about land use and development changes as a result of the implementation of BRT
(Aim 1). In Bogota, this dissertation found that the built-up area of the first phase of the BRT
system (“Av Caracas”, “Av Calle 80” and “Autonorte”) had minimum effect on the growth
pattern in relation to control areas (“Av 68” and “Av Boyaca”). The qualitative data analysis
explains how these effects are heterogeneous along the BRT corridors. The public sector focused
on the “Parque Tarcer Milenio” urban renewal project on “Av Caracas” in the city center. The
public sector also intervened along “Av Calle 80” with land acquisition measures in order to
achieve the road section needed for the BRT system as well as space for pedestrian bridges at
both sides of the BRT corridor. The private sector lead redevelopment initiatives in close
proximity to stations, commercial projects next to BRT stations and terminals while residential
developments have been mostly conducted within a range between 100 and 500 meters.
Developers also mentioned how “Autonorte” has been a more attractive corridor for
redevelopments, mostly parcel by parcel, because parcels are larger in size in contrast to “Av
Caracas”.
The analysis found a positive effect on the conversion to commercial uses in the
treatment areas (“Av Caracas”, “Av Calle 80” and “Autonorte”). Taking into account how land
use change has been part of the debate about value capture in Latin America, this finding
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suggests BRT systems constitute a land use change tool that could be linked to value capture
measures as a result of the conversion of parcels to commercial uses.
The mixed results regarding the effect of the BRT on built-up area and land uses is also
explained by participants in terms of the fragmentation of the planning system into 112 UPZ
units in the city without coordination with transportation investments. In addition to this
fragmentation and lack of coordination of the planning system, participants also mentioned the
tension in the relationship between the public and private sectors regarding the urban
development. The public sector vision has mainly focused on the public function of the
urbanism, which is seen as opposite of the profit driven approach from developers. The low
institutional capacity of the Urban Renewal Agency or ERU also explains the absence of more
public initiatives like “Parque Tercer Milenio”. This weak institutional capacity is also the result
of this tension between the public function of the urbanism and the profit driven approach. Two
opposite views that have been part of an exchange of knowledge between both sectors with the
emergence of the first public and private urban renewal partial plan called “Estacion Central” in
the city center of Bogota.
In Quito, this dissertation found mixed results of the average treatment effects of BRT on
new built-up area. Along the “Ecovia” corridor, the growth in new built area was higher than the
“Corredor Central Norte” after 2005. The qualitative data analysis explains these differences.
Participants in the semi-structured interviews mentioned the monocentric structure of Quito
explains how parcels along “Av 6 de Diciembre”, which is the “Ecovia” corridor, not only are
located in the “Hiper-centro” but also the parcel sizes are larger in comparison to other corridors.
Even though “Ecovia” (treatment) and the “Corredor Suroccidental” (control) provide access to
the “Hiper-Centro”, there is a higher concentration of public buildings, facilities, office buildings
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and commercial developments along “Av 6 de Diciembre”. In relation to the “Corredor Central
Norte”, participants in the semi-structured interviews mentioned how the building heights
restrictions for parcels in close proximity to the former International Airport explain not only the
low building heights found along “Av La Prensa” (“Corredor Central Norte”), these
developments tend to be between three and four stories, but also the fewer redevelopments found
in the quantitative data analysis.
These new developments along the BRT corridors areas in Quito are not homogeneous in
terms of location and space, like in Bogota; findings about new developments suggest there is
spatial heterogeneity. This also suggests the spatial heterogeneity of new developments
(redevelopments in Bogota and renewals in Quito) are in close proximity to stations but the most
intense development is not right in front of the BRT corridors like the trinary system promoted
by Curitiba. Therefore, this key finding suggests that the implementation and expansion of BRT
is more challenging in already urbanized areas. An increase in ridership is also associated with
an increase in development density, as it is further described in the key findings of Aim 2.
Emerging themes from the qualitative data analysis not only provide an in depth
explanation about the quantitative data analysis results discussed above, but also highlights
issues in terms of timing difficulties between the land use and transportation sectors; the complex
relationship between the public and private sectors and their differences in relation to their views
towards the urban development process; the complexities related to redevelopment and renewal
measures in already urbanized areas, the general perception of the subway or metro as the “t” in
a foreign concept recently introduced in Bogota and Quito and known mainly by transportation
planners, the transit oriented development TOD concept.
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The emerging themes also highlight how planning practice in Latin America differs from
the planning practice in the United States. In Latin America, the planning practice with the State
playing a regulator role in the land use planning process suggests is not enough in order to
promote redevelopment and renewal measures associated to transportation investments on mass
transit systems such as BRT. Both cities were experimenting with innovative mass transit
systems never built before outside Brazil. Bogota was experimenting with a new toolkit of
planning instruments recently adopted by the LTD in 1998. The learning curve in Bogota has
been long from both, public and private sectors. The study of the built environment impacts of
the second and third phases of Transmilenio in Bogota certainly will provide new insights
regarding changes about these experimentations and innovations on land use and transportation
planning. In the case of Quito, the study of the built environment impacts of the “Trolebus”
including the Historic Center, will also provide more insights about these experimentations and
understand further how the compliance relationship about land use planning emerged from a
historical and preservation approach towards the built environment.
The presence of a strong public agency playing the role of an implementing body
promoting urban management measures for redevelopment (Quito) or renewal (Bogota) in the
influence area of mass transit seems to be a condition in order to make possible a comprehensive
transformation of the built environment associated to BRT investments. A transformation of the
built environment that is not only a parcel by parcel development process, but also includes
modifications to the urban morphology, land use occupation and intensity of developments,
interventions on the public space promoting nonmotorized transport infrastructure and the
generation of public space and facilities as part of mass transit investments.
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The case of the BRT terminals “Usme” in Bogota and “Quitumbe” in Quito highlights the
complexities of extending BRT investments to urban expansion areas and the generation of
affordable housing supply. In the case of the BRT Terminal “Usme”, the absence of a partial plan
to promote an urban development process in coordination with the transportation investments
made possible to landowners to wait for several years in order to offer their properties for
development projects to private developers. The discussion between transportation and urban
planners regarding negative trips to the “Nuevo Usme” project in Bogota and the “Quitumbe”
plan in Quito highlights the complexities of different approaches between the housing and
transportation sectors. For instance, the housing cooperative experience in Quito with the
“Solidaridad” project provides interesting insights about potential measures other cities can
promote before the arrival of mass transit investments. Before mass transit investments,
cooperative schemes where low-income groups not only can contribute with capital investments
from cooperative schemes but also with “mingas” or community work certainly suggests this
could become an innovative approach in order to achieve a spatial match between affordable
housing developments and mass transit investments.
7.2.2. BRT ridership depends on how cities are designed (Aim 2)
The results of this dissertation suggest the relationship between population densities and
BRT systems in Bogota, Curitiba and Goiania are similar to the associations found in studies
about rail-based systems. This suggests that the relationship between the built environment and
BRT ridership in some rapidly-growing cities in Latin America is similar to what has been found
in some cities with metro and light-rail systems in North America and Asia. However, this is not
a common pattern across the sample of BRT stations in all seven cities studied. Rapid
urbanization in Latin America has been mainly characterized by informal urban growth
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generating peripheries with higher densities (Smolka & Mullahy, 2007). BRT trunk corridors are
implemented mainly along main arterial roads and these mass transit systems attend the demand
of these high density areas located at the periphery with feeder routes from BRT terminals. This
is a key difference in terms of urban structure between cities in North America and Latin
America.
Regarding the association of population density with ridership, the elasticities of 0.30 and
0.21 found in Curitiba and Bogota respectively, are similar to the elasticities found for heavy rail
stations in New York City, elasticity of 0.30 (Loo et al., 2010) as well as for metro stations in
Seoul, elasticity of 0.33 (Choi et al., 2012); but they are higher than the elasticity found for metro
stations in Nanjing, elasticity of 0.15 (Zhao et al., 2013). The elasticity found in Curitiba (0.30)
is higher than elasticities found for some commuter rail systems in North America, elasticity of
0.26 (Lane et al., 2006). The elasticities found in Curitiba and Bogota are higher than the
elasticities found for some light-rail transit (LRT) systems in North America, elasticity of 0.18
(Lane et al., 2006) and elasticity of 0.19 (Cervero, 2006).
However, this dissertation found that population density is not enough in order to achieve
high levels of BRT ridership. High-rise developments, mixed land uses, non-motorized transport
infrastructure, and public facilities like hospitals, libraries, markets, plazas, and churches
surrounding BRT stations also play an important role explaining ridership. This has significant
implications for designing successful BRT systems in varying urban environments:


An urban environment characterized by a strong presence of public facilities in combination
with industrial-commercial developments mixed with some residential land uses could
constitute a favorable environment for BRT.
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BRT lines that connect commuter destinations—like financial districts and universities—and
dense, multi-family developments can benefit from policies supporting pedestrian-friendly
public spaces and access to offices and businesses.



The built environment can support historic centers if there is strong pedestrian infrastructure,
connected public spaces, commercial land use, and access to public facilities.



High-rise multifamily developments, in combination with commercial land uses and
moderately high population densities can help make BRT successful.



Stations that serve low-income areas and informal settlements see greater ridership when
they offer amenities important to low-income residents, such as adequate pedestrian
infrastructure, mixed land use, and accessible public facilities.



The results of the study also suggest that BRT terminals could benefit in terms of ridership
levels if they function as nodes of larger urban development projects, including high-rise and
mixed land use developments that are connected with non-motorized transport infrastructure.
This last point relates to the TOD concept. Another key finding in this dissertation

consists on how BRT stations can expect a positive change in ridership if the built environment
around BRT stations has TOD features. A diverse mixture of land uses—like tall, multi-family
residences, commercial businesses, and offices concentrated around stations—has been shown to
strengthen ridership, as well. Given that several cities are considering integrating TOD principles
into the planning, implementation, and evaluation of their BRT stations, these insights will help
substantiate the case for prioritizing TOD as a means to build more prosperous, sustainable
cities.
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7.3.Recommendations
The first set of recommendations of this dissertation is related to the key findings of land
use and development impacts of bus rapid transit systems in Bogota and Quito.
Recommendation 1: Implement bus rapid transit systems as urban development projects
integrating land use and transportation.
The key findings of the quantitative and qualitative data analyses have shown how the
lack of coordination between land use and transportation investments generated responses from
the private sector that could have been guided and promoted by the public sector. The
development impacts of these systems have been taking place parcel by parcel along the BRT
corridors, but these initiatives could have been part of urban operations where interventions in
the private and public spaces could achieved the promotion of nonmotorized transport
infrastructure and the generation of activity nodes. The finding about differences on built-up
areas between 100 meters and 500 meters relative to built-up areas within 100 meters from BRT
stations (current or future) also suggests how these impacts have been scattered in the territory in
response to attributes such as parcel size and regional accessibility. The absence of a BRT
oriented development policy also highlights how in Bogota and Quito the subway paradigm is
still strong among the planning community as well as between policy and decision makers.
Both cities have been experimenting in the implementation of innovative transportation
systems that emerged in Latin America and the lack of evidence about the impacts of BRT
systems, results like the findings provided by this dissertation, have made difficult to change the
mindset of decision makers about the land use and development impacts of this type of mass

382

transit systems. In line with this change of paradigm, the conception of BRT systems as land use
tools is the next recommendation from this dissertation.
Recommendation 2: Conceive bus rapid transit systems as a land use tool with value capture
mechanisms with an equity perspective.
As it was discussed on chapter two, the majority of studies about impacts of BRT systems
have focused on property and land prices. The emergence of studies looking at land use and
development impacts of BRT systems suggests not only the interests in the research community
on this subject but also the time window that is needed in order to start this type of evaluations.
The study of land use and development impacts requires the analysis of parcels after several
years of implementation of mass transit systems. The experience of Bogota and Quito, two of the
oldest systems studied in this dissertation, suggests that 10 years is a good time frame in order to
study these impacts. One of the key findings of this dissertation in the specific case of Bogota is
the positive impact of the BRT system on land use conversions to commercial uses. As it has
been discussed in the planning community in Latin America, land use changes constitute a key
change factor for land value increments and therefore for value capture mechanisms (Smolka,
2013).
Considering that this dissertation found that BRT systems can become land use tools in
terms of having a positive effect on the conversion of parcels to commercial uses, the second
recommendations of this dissertation is to explore value capture mechanisms as a result of land
use changes generated by the implementation of BRT systems. However, given the high levels of
inequality that characterized cities in Latin America, this recommendation is framed in terms of
having an equity perspective when mobilizing the value capture as part of inclusionary housing
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BRT oriented development projects (recommendation 7). In this manner, the value capture
approach as a result of commercial land use changes could be used within a clear polygon
(influence area of a BRT Terminal or station) where the distribution of costs and benefits among
multiple actors can be distributed fairly. This value capture mechanisms could also address the
funding issue about BRT oriented development discussed by participants in the semi-structure
interviews.
Recommendation 3: Formulate bus rapid transit oriented development policies including land
management and financial mechanisms with inclusionary measures.
The case of Bogota and Quito implementing BRT systems highlights the challenges to
integrate urban development with this type of mass transit investments in the absence of a BRT
oriented development policy. The BRT oriented development policy should promote land
readjustment schemes in already urbanized areas and planned urban development schemes in
urban expansion areas. Participants in the semi-structured interviews mentioned how difficult is
for the public sector to change land use regulations for a specific area of the city without the
necessary legal background. The formulation of urban renewal partial plans like “Estacion
Central” shows how the policy framework for this type of planning tools provides the necessary
legal background to undertake aggressive urban renewal measures that include the demolition of
old structures, relocation of current residents, the contribution of land by owners in the area, and
the implementation of cross subsidy mechanisms in order to generate affordable housing supply
as part of this partial plans.
However, in the context of a BRT oriented development policy, the experience of
“Estacion Central” could even go further by implementing value capture mechanisms that could
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not only finance the infrastructure but also to generate revenue for the local government to
finance public interest goals such as public spaces and facilities, affordable housing in multiple
urban renewal areas of intervention in the city. As it was discussed in the previous
recommendation, BRT systems as land use planning tools could generate revenue with value
capture mechanisms related to the conversion of parcels to commercial uses. This effect could be
part of the framework of a BRT oriented development policy applying instruments like partial
plans around BRT stations. The selection of BRT stations could be conducted by following the
recommendation 10 of this dissertation.
Recommendation 4: Create or strengthen urban management agencies with the power to
undertake urban renewal projects associated to mass transit investments.
In some countries like Japan, transportation agencies have a real estate division that is in
charge of redevelopment schemes around railway stations. This real estate projects are part of the
railway station infrastructure and become part of the portfolio of projects (Hiroaki Suzuki,
Murakami, Hong, & Tamayose, 2015). By contrast, the experience of Bogota and Quito suggests
an urban management agency is needed in order to undertake these complex urban operations
associated to BRT stations. This suggests that there is not an optimal institutional structure for
TOD. It also suggests that it is context specific.
In both cities, BRT Terminals became an attractive point for private initiatives including
big-box commercial developments and multifamily housing projects. The timing BRT agencies
have in the design and implementation of these mass transit systems suggests their resources and
capacity could not fill the gap of the absence of this urban management agency. An urban
operation around BRT terminals could be implemented under the leadership of an urban
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management agency with the capacity to coordinate public and private investments, manage and
transfer land ownership, receive all types of contributions such as land and community efforts
(“mingas” in Ecuador), and provide the stability needed for a long term effort. The expertise of
the housing agencies of Bogota (Metrovivienda) and Quito (Empresa Publica Metropolitana de
Habitat y Vivienda) regarding the land management process with the private sector certainly
offers the knowledge needed for this type of interventions around BRT terminals as urban
development projects. The type of urban environment that could be promoted around these BRT
terminals is further described in the recommendation 10 of this dissertation.
Recommendation 5: Determine innovative financial mechanisms to provide funding for the
implementation of bus rapid transit oriented development projects.
As it was discussed by some participants in the semi-structured interviews, there has not
been funding for urban development measures associated to BRT investments. The scope of the
intervention of a surface mass transit system has been under debate by planners regarding to
what extent the investment should focus on the exclusive lanes and stations, or, if the investment
should go beyond that by including public spaces and private parcels. Certainly, the cost of
urban development projects could be difficult to finance completely from the public sector.
However, the finding of this dissertation regarding heterogeneous impacts on built up
areas and land use changes as a result of BRT investments suggests the financial mechanisms of
urban development projects associated to this type of mass transit systems could be land-based.
The recommendation of this dissertation consists on using land based mechanisms to fill the
funding gap for urban development projects associated to BRT systems. The land-based financial
mechanisms could not only include value capture mechanisms associated to the conversion of
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parcels to commercial uses as it was described in the previous recommendation, but also the
accessibility benefits as a result of BRT investments. The land-based financial mechanisms could
also be determined by the two spatial rings found in this dissertation in terms of having
commercial land uses within 100 meters from BRT stations (current and future) and residential
land uses between 100 meters and 500 meters from BRT stations (current and future).
Recommendation 6: Implement inclusionary housing policies as part of bus rapid transit
oriented development policies.
Bogota has implemented BRT Terminals at the periphery, while Quito has implemented
BRT Terminals at certain points within the city. In this aspect, Quito is more similar to Curitiba,
a city where BRT Terminals are transfer points and main activity nodes not only at the periphery
but also at key locations in the city. This dissertation recommends implementing BRT Terminals
as urban development projects not only at the periphery but also at key areas of already
urbanized areas where these large transportation hubs could become main activity nodes. These
transportation hubs in already urbanized areas should also incorporate inclusionary housing
measures in order to replicate the experience of BRT terminals in the periphery with the
promotion of affordable housing units. This requires the combination of expertise between the
public and private sectors that has been found in the case of Bogota and Quito, especially the
experience of the public housing agencies.
The BRT Terminals located within the city should be part of the portfolio of projects
promoted by public housing agencies, where the knowledge about the housing sector including
mechanisms and subsidies could be applied in order to make attractive these BRT terminals for
the private sector, and at the same time, to formulate affordable housing projects that are feasible
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financially. These BRT terminals with inclusionary housing policies in already consolidated
areas of the city could also become tools to reduce spatial segregation in cities in Latin America.
Some of the measures recommended in this dissertation for these inclusionary housing policies
include cross housing subsidy schemes and density bonuses for affordable housing units.
Recommendation 7: Design bus rapid transit systems as a tool to promote inclusionary
compact development in urban expansion areas.
Participants in the semi-structured interviews suggested affordable housing projects are
taking place far from BRT trunk corridors. When they were asked about the location of
affordable housing projects, they mentioned areas located at the periphery, especially the case of
“Usme” in Bogota and “Quitumbe” in Quito. Developers also mentioned that the opportunity
cost to develop affordable housing near to BRT corridors is extremely high in comparison to
promoting larger affordable housing projects at the periphery where land prices tend to be lower.
The provision of affordable housing is a public sector goal and a development niche for the
private sector. In order to make coincide these two views, BRT investments have shown in the
case of “Usme” that accessibility benefits can certainly attract developers to generate affordable
housing units near BRT terminals. In the case of Quito, community based initiatives and private
sector developments have shown the advantages of promoting affordable housing projects before
the extension of BRT investments.
This dissertation recommends two scenarios for urban expansion areas. The first scenario
consists on conducting affordable housing projects with compact urban forms including the
location of future BRT Terminals at the heart of these large scale developments. In this way
future residents will be able to get access to these mass transit systems without the transfer of
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feeder routes. The second scenario consists on including inclusionary measures as part of the
implementation of BRT terminals as urban development projects. The generation of affordable
housing supply as part of BRT terminals designed and implemented as urban development
projects could certainly create new activity nodes with a diverse population and offer
opportunities to low-income groups to get access to land and housing. These urban operations
should include community efforts like “mingas” in Quito, as part of the contributions
communities can make as part of the costs and benefits of what these BRT Terminals can be as
core elements of large scale urban operations.
A second set of recommendations is based on the key findings of the second aim of this
dissertation looking at the relationship between built environment attributes and BRT ridership in
seven cities in Latin America. The first two recommendations (8 and 9) are related to
measurements that could be taken around future and current BRT stations in the design,
planning, implementation and operation stages of BRT systems. The third recommendation (10)
is related to the empirically based BRT typologies identified in this dissertation and the level of
transit orientation of BRT stations.
Recommendation 8: Assessment of future BRT stations based on existing built environment
attributes for predictions on ridership and possible actions.
Based on the predictions of BRT ridership conducted in this dissertation, one scenario for
recommendations is focused on future BRT systems and the design of station area plans around
future stations. Local governments could benefit from this research by collecting data around the
location of future BRT stations in the design and planning stages. If the data reveals that the built
environment around future BRT stations lacks those attributes positively associated with BRT
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ridership such as evenness of land uses oriented towards the BRT or a weak pedestrian
environment, the findings of this research could guide potential changes to the built environment
that could be promoted in advance or in parallel to the development of the BRT system. For
instance, land use planning regulations around future BRT stations could be adjusted in order to
promote higher building heights or the presence of public facilities.
Local governments could additionally evaluate station area plans around future BRT
stations based on some predictions of BRT ridership shown in this study such as high-rise
development around BRT terminals. Based on these predictions, BRT station area plans could be
formulated in order to promote land use planning measures such as land readjustment schemes to
guarantee more efficient land use occupation, higher building heights, the generation of public
spaces with nonmotorized transport infrastructure, and the presence of facilities facing the BRT
right of way.
Recommendation 9: Assessment of current BRT stations based on existing built environment
attributes for predictions on ridership and possible actions.
The second scenario focuses on existing BRT systems and current stations. Local
governments could benefit from this research by using the data collection technique implemented
in this study to assess the built environment around current BRT stations. A baseline of the
current condition of the built environment could be determined and then potential changes could
be identified based on the predictions of BRT ridership focusing on those built environment
attributes with positive and negative associations identified in this study. A description of these
variables and the associations found in this dissertation are described below.
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Positive associations; built environment variables with positive associations with BRT
ridership identified in this study that should be promoted around BRT stations are as following:
very high building heights (>5 stories), high-rise developments, entropy, NMT friendliness,
public facility index and density, BRT oriented facility index. Negative associations; built
environment variables with negative associations with BRT ridership identified in this study that
should be addressed around BRT stations are as following: no building height, low built-up
density, industrial, residential single family, mixed industrial-commercial, vacant, open green
area (undeveloped), number of blocks, green areas and pedestrian segments (unconnected to
BRT stations), informal settlements, and urban decay. These variables should be addressed with
land use planning measures by determining an appropriate combination following the framework
provided by the built environment factors and clusters described in the next recommendation.
Recommendation 10: Assessment of the level of transit orientation of BRT stations based on
empirically based BRT station typologies and possible actions.
In relation to the associations found between clusters and BRT ridership, this dissertation
has recommendations for BRT terminals and stations. Based on the results of this dissertation,
cities could promote BRT stations with high urban densities combining facilities with
commercial land uses and determine moderate levels of parking (cluster 2). Cities facing the
challenge of implementing BRT systems in historic centers could take advantage of the BRT
typology identified in this research (cluster 6) by transforming into pedestrian streets the adjacent
areas around BRT stations in this historic and heritage areas. These pedestrian streets should be
designed in a way that they provide access to facilities and institutional land uses. Cities could
promote non-motorized transport infrastructure around BRT stations with multifamily and
commercial developments with mixed land uses and high population densities (clusters 5 and 7).
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Local governments could promote high-rise developments around BRT terminals as part
of station area plans that could employ land use planning tools in order to promote the desired
type of urban form around the main transportation hubs of BRT systems (cluster 8). BRT stations
serving low- income areas with the presence of informal settlements could formulate slum
upgrading programs associated with transportation investments in order to increase the local
connectivity with a network of pedestrian infrastructure serving both the BRT system and the
upgrading process of informal areas (cluster 12).
Future studies (Aim 1)
This dissertation constitutes one of the first studies at the parcel level looking at the land
use and development impacts of BRT systems in Latin America. In fact, studies looking at land
use changes over time have been mainly conducted for the impacts of rail-based transit systems,
not BRT systems. As a result, this dissertation develops eight recommendations for the future
agenda on the study of land use and development impacts of BRT systems.
First, this dissertation recommends conducting further studies analyzing the spatial
heterogeneity found in the quantitative and qualitative data analyses of this dissertation. The land
use and development impacts of the BRT systems in Bogota and Quito are not homogeneous.
Therefore, further studies should look at the effect of this type of mass transit system on land
uses and development in terms of distance to the BRT stations. The results of the qualitative data
analysis also suggests that in addition to local accessibility variables, further studies should test
hypotheses about the effect of zoning regulations such as the restriction on building heights
found along “Corredor Central Norte” in Quito. This restriction on building heights is a good

392

opportunity to isolate the effect of transportation investments on development changes by
removing the endogeneity zoning regulations.
Second, this dissertation recommends further studies looking at the built-up area per land
use type. For instance, future studies should look at the impacts of BRT systems on commercial
and residential square meters. This dissertation is important since this dissertation found mixed
effects on built-up area as a result of the implementation of BRT systems but at the same time it
was found a positive effect on the conversion of parcels to commercial land uses. Therefore, a
useful approach in order to further explore the development changes is by looking at how these
developments take place according to different land uses.
Third, this dissertation recommends conducting studies at the BRT terminal and station
area level. This approach should be based on the propensity score analysis methodology applied
in this dissertation. In the case of the BRT terminals, a set of independent variables or covariates
of areas selected for future BRT terminals and current BRT terminals could be used in
estimations of propensity scores in order to find balance between parcels on treatment and
control areas. In this way, land use and development changes over time could be assessed in
order to estimate the effects of the transit investments. In the case of BRT stations, also a set of
independent variables or covariates at the parcel level of future and current BRT station areas
could be used in order to estimate propensity scores that will be used in weighted regression
models to estimate the effect of the BRT investment. This dissertation suggests the main
hypothesis for this approach consists on a strong impact of BRT terminals on land use and
development changes in contrast to BRT stations.
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Fourth, this dissertation recommends conducting studies of how fast land use and
development changes occur. The timing of transit impacts on land uses and development has
been a subject of study for rail based systems but there are not studies looking at this relationship
in the case of BRT systems. Further research on the timing of land use and development changes
as a result of BRT investments can provide additional findings in relation to hypotheses that
emerged from the current dissertation such as potential anticipation effects of the transit
investment. This is an interesting area for further research considering that land development
takes years, if not decades to occur, while transportation projects (particularly BRT) may be
implemented more expeditiously. This study is also important in order to test the feasibility of
value capture mechanisms, especially by including the analysis of the effect on land and property
values over time.
Fifth, this dissertation recommends conducting studies of the land us and development
impacts of the second and third phases of the BRT system in Bogota. The second and third
phases of “Transmilenio” in Bogota were implemented with different approaches as it was
discussed in the qualitative data analysis such as widening the intervention from façade to façade
and sidewalks, squares and other public space features. The study of the second and third phases
of Transmilenio using the same methodology employed in this dissertation could also tests
hypotheses related to how developers reacted before a system that they already knew. This is a
big contrast with the novelty factor of the first phase of Transmilenio considering that no one had
knowledge about the type of mass transit system that was going to be implemented. This
dissertation also recommends studying the impacts of the “Trolebus” corridor in Quito
depending on data availability at the parcel level before the year 1996. In this case, the data
analysis could be conducted by finding parcels along the “Trolebus” corridors depending on the
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year of implementation of each of its three sections. The data analysis in the case of the
“Trolebus” could also develop the estimations of propensity scores with corridors implemented
later as part of the whole system.
Sixth, this dissertation recommends conducting further research by employing propensity
score matching. Given the large number of observations in the quantitative data analyses of
Bogota and Quito, the development of propensity score matching methods could be used without
the concern of removing a large number of observations. Multiple matching methods could be
employed in further research in order to compare the results with the key findings obtained in
this dissertation.
Seventh, this dissertation recommends further studies on mass transit investments and
their impacts on Historic Centers inscribed in the World Heritage list by UNESCO. Currently,
there are 27 cities in Latin America with more than 100,000 inhabitants that have historic centers
inscribed in this list and Quito is one of them (UNESCO, 2016). However, the study of mass
transit impacts on World Heritage Historic Centers is a field largely unexplored, especially in
Latin America. For instance, the land use and development impacts of mass transit on historic
centers in Latin America are unknown. This dissertation provides methodological and design
procedures that could be implemented in the study of these impacts on Historic Centers by
identifying parcels served with mass transit (treatment) and parcels without access to these
investments (controls) and then conducting quasi-experimental studies similar to the quantitative
data analyses developed in this dissertation.
Eight, this dissertation recommends conducting further studies on the impacts of BRT on
equity outcomes by looking at travel times, transportation costs for households, the mixture of
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uses targeted to low-income groups in close proximity to BRT stations, and access to affordable
business within the influence area of this type of mass transit systems.
Applicability to other countries (Aim 2)
The author of this dissertation has already tested outside Latin America the applicability
of the data collection technique used for this dissertation (Aim 2). The author collected in India
built environment data in a sample of 33 BRT stations from the cities of Indore and Ahmedabad.
The analysis of 33 single BRT stations from Indore and Ahmedabad, using the same process
described for assessing seven cities in Latin America, found 12 BRT typologies (Vergel-Tovar,
2015). The typologies identified in Indore and Ahmedabad provides an approach to promote
TOD features that can make BRT successful.
The data collection technique designed and implemented to generate the data based used
in this dissertation is a first step towards an inventory of the built environment around BRT
stations in the world. This dissertation recommends the creation of a BRT station data base
similar to the TOD data base developed in North America for mass transit stations (CTOD,
2012). The first step would be to determine two buffer areas, 250 and 500 meters around BRT
stations using Google Earth. Then, the data base could be enhanced by adding features such as
census data for population densities and socioeconomic characteristics, employment data, land
use data, road space, among others. Street view is an additional tool that could be used in order
to collect more data about built environment attributes such as building heights, public spaces
and facilities. However, street view has limitations since it depends on the date the pictures were
collected and it does not offer the possibility of participant observation such as the fieldwork
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visits conducted by author of this dissertation which facilitated the preparation of GIS maps for
each station with all the rich attributes collected by walking around the BRT stations.
Based on the successful test about the applicability of this work in India described above,
this dissertation recommends conducting additional data collection in other countries including
additional BRT features. Mexico, China, Turkey and South Africa are countries that have been
implementing BRT systems based on the experience of the cities studied in this dissertation and
therefore emerge as the most obvious candidates for additional investigation and testing in
different environments. By collecting data around a sample of BRT stations in these countries, it
would be possible to test hypotheses and compare the results obtained in this dissertation.
Future studies (Aim 2)
This dissertation examined the relationship between built environment attributes and
BRT ridership in a sample of 120 BRT stations in seven cities in Latin America. The key
findings of this dissertation emphasize the important role of the built environment on BRT
ridership. This dissertation also found that population density is not enough in order to achieve
high levels of ridership. In this way, the first recommendation for further research consists on
conducting the study of the relationship between population density and BRT ridership in all
stations in Curitiba, Quito and Bogota. The study of all stations will provide key findings in
order to conclude the role population density plays on these three pioneer cities in the
implementation of BRT systems. This dissertation also recommends conducting further studies
testing associations with density of jobs within the influence area of BRT stations.
Second, further research on this area is recommended by developing a transit oriented
development index or “TODness” based on data collected around BRT stations. In order to do
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this analysis, it is recommended to collect data around additional BRT stations not only in Latin
America but also in other countries in order to generate a TOD index from multiple cities in the
world. In this way, local governments could consider not only the physical built environment
features discussed here, but also how these elements can be combined to create more transitoriented and pedestrian-friendly environments. By collecting data around current and future BRT
stations, local governments could also assess the changes on the built environment needed in
order to make BRT systems more successful. In this manner, planners and designers should
ensure that the areas surrounding BRT stations have compact, mixed-use development, high
building heights, quality public spaces, and safe infrastructure for pedestrians and cyclists.
Regarding this second recommendation and in line with seventh recommendation from
the previous section about land use and development impacts of mass transit on Historic Centers,
the second aim of this dissertation found a unique BRT station typology: BRT station “Plaza
Grande” located in the Historic Center of Quito. This type of station is characterized by a highly
pedestrian environment with a mixture of institutional and commercial land uses. Further
research about mass transit stations in Historic Center are recommended in order to identify
variations on this typology.
Third, further research is needed in relation to self-selection of residents living within the
influence area of BRT stations. This dissertation recommends conducting surveys with residents
living within the influence area of the 120 BRT stations studied in the seven cities. These
surveys could be designed based on previous studies that seek to address the self-selection bias
of living in close proximity to transit stations that have been conducted in North America
(Cervero, 2007).
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Fourth, further research could also include additional variables related to BRT design
features in the analysis already tested in previous studies. Some BRT design features such as
weekday bus frequency, employment density, car ownership tested in previous studies could
enhance this type of research about the relationship between the built environment and BRT
travel behavior (Currie & Delbosc, 2011). Other patronage drivers of BRT systems included in
previous studies could also be included in further research on the relationship between the built
environment and BRT ridership, specifically the distance between stations, and modal
integration at BRT stations (Hensher & Li, 2012). With a global perspective of the relationship
between the built environment and BRT ridership, it would be possible to continue the
comparison between BRT systems with rail-based systems in relation to the factors including
ridership. This global perspective could also contribute to decision making processes to integrate
land use planning and promote TOD in cities implementing BRT systems.
Fifth, further research conducting analyses with longitudinal data could address the
limitation of causality identified in this dissertation. Longitudinal data can provide better
measures of changes in travel behavior in BRT station areas. Also, secondary built environment
data (e.g. census data, etc.) could be matched with primary data collected around current and
future BRT stations in order to develop station-level studies before and after the implementation
of BRT systems. Such an analysis could build upon this research by taking the next step from the
recognition of positive associations to developing a deeper understanding of which built
environment factors actually cause higher levels of ridership.
With 202 cities in the world in the process of planning, expanding or operating already
BRT systems, understanding the impacts of BRT systems on shaping urban development
becomes an important task. Empirical studies about the potential of BRT systems to shape cities
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and change urban form are limited and this dissertation contributes to reduce this gap and
develops recommendations for further research. Emerging issues related to access by lowincome groups to BRT systems in terms of location of affordable housing and informal
settlements in relation to transit investments also motivated this dissertation. The findings
suggest the inclusion of an equity perspective in the relationship between bus rapid transit and
the built environment is an important perspective that need to be taken into account in order to
make cities more accessible not only environmentally but also socially equitable and inclusive.
The findings of this dissertation also highlights the importance of building institutional capacity
at the local level as well as the importance of capacity building of all actors involved in the urban
development process. In this manner, could be achievable in line with the recommendations of
this dissertation.
The year 2016 marks the beginning of a new era of the urban agenda in the world. This
year constitutes the point of departure of the Sustainable Development Goals (SDG) approved by
the United Nations. The Goal 11 of the SGD seeks to make cities inclusive, safe, resilient and
sustainable (United-Nations, 2015). The findings and recommendations of this dissertation
provide inputs for two targets of goal 11: to ensure access for all to adequate, safe and affordable
housing and basic services and upgrade slums; and, to provide access to safe, affordable,
accessible and sustainable transport systems for all. The recommendations of this dissertation
suggest an inclusive transit-oriented development approach can facilitate access to land, housing
and transport within a sustainable framework. This dissertation also seeks to contribute in the
discussion of the New Urban Agenda that will be discussed in the HABITAT III conference that
takes place this year in Quito (UN-Habitat, 2016). The findings and recommendations of this
dissertation seek to provide inputs for the discussions of the ten policy papers regarding the
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reciprocal relationship between the built environment and urban transport. Based on previous
research, this dissertation seeks to inform policy at the Habitat III conference about BRT effects
on shaping urban development and the identification of built environment characteristics that
should be considered by planners in order to make BRT a successful alternative of public
transport, especially in less developed cities. In order to promote sustainable transport, this
research will continue informing policy and practice about the lessons we can learn from these
seven cities in Latin America about the implementation of BRT systems.
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APPENDIX 1
Table 47 Descriptive statistics variables and observations used for the estimation of the propensity scores without interactions
(year 2000), Bogota, Colombia
Variable
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Distance BRT
Station
≤100 m
>100 m ≤200 m
>200 m ≤300 m
>300 m ≤400 m
>400 m ≤500 m
>500 m
Ln Distance
CBD
Ln Distance
BRT corridor
Land Uses
Residential
Industrial
Commercial
Facilities
Vacant
Other
Mixed-use

Treatment (N=56,892)
Mean
Std. Dev.
Min

Max

Mean

Control (N=41,284)
Std. Dev.
Min

Max

Significance of difference†
Stand.Diff
t|z
p-value

0.034
0.138
0.226
0.251
0.231
0.120

0.180
0.345
0.418
0.434
0.421
0.325

0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00

0.017
0.094
0.178
0.254
0.277
0.179

0.129
0.293
0.383
0.435
0.447
0.384

0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00

0.107
0.137
0.119
-0.007
-0.106
-0.166

15.76
20.72
18.27
-1.06
-16.48
-25.82

0.000
0.000
0.000
0.288
0.000
0.000

8.666

0.599

4.32

9.67

8.942

0.119

8.52

9.35

-0.639

-106.98

0.000

5.416

0.689

2.36

6.21

5.433

0.657

2.87

6.21

-0.026

-3.97

0.000

0.734
0.160
0.041
0.021
0.009
0.002
0.034

0.442
0.366
0.198
0.142
0.094
0.046
0.181

0.00
0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00
1.00

0.813
0.115
0.023
0.016
0.005
0.003
0.025

0.390
0.319
0.151
0.124
0.072
0.054
0.156

0.00
0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00
1.00

-0.189
0.130
0.099
0.038
0.044
-0.015
0.053

-27.06
23.12
16.57
5.18
6.67
-2.85
8.01

0.000
0.000
0.000
0.000
0.000
0.004
0.000
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Ln Parcel Area
Ln Properties

4.968
0.178

0.837
0.707

-4.61
0.00

13.21
7.02

4.974
0.095

0.790
0.514

-4.61
0.00

13.14
6.95

-0.008
0.135

-1.20
21.41

0.231
0.000

Socioeconomic
stratum
One
Two
Three
Four
Five
Six

0.016
0.208
0.586
0.132
0.048
0.010

0.125
0.406
0.493
0.338
0.213
0.100

0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00

0.000
0.162
0.674
0.094
0.039
0.031

0.010
0.368
0.469
0.291
0.194
0.173

0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00

0.179
0.120
-0.184
0.121
0.042
-0.148

10.22
18.32
-28.10
18.46
6.38
-22.60

0.000
0.000
0.000
0.000
0.000
0.000

3.993

0.905

-2.03

10.56

4.081

0.720

0.18

10.74

-0.108

-16.94

0.000

5.383

0.607

-4.27

6.31

5.439

0.700

-1.06

6.18

-0.086

-13.17

0.000

8.348
-0.375
-3.668
-1.190

0.759
0.082
1.817
0.637

-3.87
-0.76
-9.21
-4.61

13.36
-0.01
-0.08
0.06

8.379
-0.366
-3.265
-1.506

0.715
0.067
1.705
0.575

-1.93
-0.57
-9.21
-4.61

13.32
-0.01
-1.35
-0.41

-0.042
-0.117
-0.228
0.522

-6.56
-18.35
-35.49
81.36

0.000
0.000
0.000
0.000

0.083

0.125

0.00

0.79

0.105

0.167

0.00

1.00

-0.145

-21.88

0.000

0.121

0.168

0.00

1.00

0.165

0.155

0.00

1.00

-0.270

-41.97

0.000

0.427

0.363

0.00

1.00

0.454

0.299

0.00

1.00

-0.081

-12.70

0.000

Ln Property
Value
Ln Population
Density
Ln Block Size
Ln Roads Ratio
Ln Parks Ratio
Ln Facilities
Density
Built square
meters
New square
meters
Square meters
under
construction

† Significance of difference is the result of regression and logistic regression models having the covariate as dependent variable and treatment as independent variable.
Distribution Land Uses (Treatment): Residential (43,320); Industrial (9,885); Commercial (2,698); Facilities (1,321); Vacant (530); Other ( 1,122); Mixed-use ( 1,928).
Distribution Socioeconomic Level (Treatment): One (909); Two (11,847); Three (33,351); Four (7,507); Five (2,703); Six (575).
Distribution Land Uses (Control): Residential (34,383); Industrial (4,952); Commercial (1,094); Facilities (759); Vacant (227); Other (923); Mixed-use (1,032)
Distribution Socioeconomic Level (Control): One (4); Two (6,679); Three (27,843); Four (3,864); Five (1,612); Six (1,282).
Stand.Diff =Standardized difference

Table 48 Logistic regression results of BRT (treatment=1; otherwise=0) without interactions (N=98,176), Bogota, Colombia
Treatment

Coef.

Std. Err.

z

P>z

[95% Conf.

Interval]
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Distance BRT Station (ref: ≤100 m)
>100 m ≤200 m
>200 m ≤300 m
>300 m ≤400 m
>400 m ≤500 m
>500 m

-0.472
-0.798
-1.209
-1.589
-1.991

0.055
0.055
0.057
0.060
0.062

-8.62
-14.55
-21.26
-26.61
-32.01

0.000
0.000
0.000
0.000
0.000

-0.580
-0.906
-1.321
-1.706
-2.112

-0.365
-0.691
-1.098
-1.472
-1.869

Ln Distance CBD
Ln Distance BRT corridor

-1.778
0.502

0.026
0.016

-67.23
30.71

0.000
0.000

-1.829
0.470

-1.726
0.534

Land Uses (ref: Residential)
Industrial
Commercial
Facilities
Vacant
Other
Mixed-use

0.352
0.550
0.369
0.631
0.016
-0.076

0.025
0.049
0.060
0.098
0.148
0.052

13.84
11.34
6.12
6.43
0.11
-1.47

0.000
0.000
0.000
0.000
0.915
0.143

0.302
0.455
0.251
0.439
-0.274
-0.178

0.402
0.646
0.488
0.823
0.305
0.026

0.057
0.182

0.015
0.018

3.94
10.29

0.000
0.000

0.029
0.147

0.086
0.217

-5.787
-6.027
-5.589
-4.266
-6.359

0.502
0.503
0.504
0.505
0.507

-11.52
-11.99
-11.09
-8.45
-12.54

0.000
0.000
0.000
0.000
0.000

-6.772
-7.013
-6.576
-5.255
-7.353

-4.802
-5.042
-4.601
-3.276
-5.365

Ln Parcel Area
Ln Properties
Socioeconomic Stratum (ref: One)
Two
Three
Four
Five
Six

-0.404
-0.042
-0.087
3.334
-0.117
0.976
-0.699
-1.717
-0.177
25.151
-54964.00
23680.93
0.00
0.18

Ln Property Value
Ln Population Density
Ln Block Size
Ln Roads Ratio
Ln Parks Ratio
Ln Facilities Density
Built square meters
New square meters
Square meters under construction
Constant term
Log likelihood
LR chi2(29)
Prob > chi2
Pseudo R2

0.016
0.017
0.012
0.111
0.005
0.015
0.053
0.048
0.025
0.582

-24.93
-2.47
-7.27
30.14
-24.92
63.33
-13.29
-36.12
-6.97
43.22

0.000
0.014
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

-0.436
-0.075
-0.111
3.117
-0.126
0.945
-0.802
-1.810
-0.227
24.011
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Figure 36 Propensity scores estimated without interactions, Bogota, Colombia
Histograms of Estimated Propensity Scores

Boxplots of Estimated Propensity Scores
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Table 49 Balance check with ATE weights (propensity score estimated without interactions), Bogota, Colombia
Variable
Distance BRT
Station
≤100 m
>100 m ≤200 m
>200 m ≤300 m
>300 m ≤400 m
>400 m ≤500 m
>500 m

Treatment (N=56,892)
Mean
Std. Dev.
Min

Max

Mean

Control (N=41,284)
Std. Dev.
Min

Max

Significance of difference†
Stand.Diff
t|z
p-value
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0.026
0.117
0.206
0.252
0.252
0.147

0.163
0.332
0.417
0.447
0.448
0.365

0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00

0.023
0.112
0.204
0.249
0.257
0.154

0.145
0.303
0.388
0.416
0.420
0.348

0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00

0.014
0.018
0.006
0.006
-0.012
-0.021

1.79
2.26
0.51
0.64
-1.37
-2.72

0.074
0.024
0.612
0.521
0.171
0.007

8.832

0.558

4.32

9.67

8.930

0.115

8.52

9.35

-0.243

-37.05

0.000

5.447

0.712

2.36

6.21

5.432

0.626

2.87

6.21

0.022

1.63

0.103

Land Uses
Residential
Industrial
Commercial
Facilities
Vacant
Other
Mixed-use

0.788
0.150
0.042
0.026
0.008
0.023
0.037

0.421
0.368
0.206
0.163
0.094
0.155
0.194

0.00
0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00
1.00

0.802
0.131
0.046
0.023
0.009
0.021
0.030

0.383
0.324
0.201
0.145
0.089
0.138
0.164

0.00
0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00
1.00

-0.034
0.057
-0.020
0.016
-0.003
0.015
0.038

-2.76
3.98
-2.17
0.76
-0.25
1.57
2.00

0.006
0.000
0.030
0.450
0.805
0.116
0.046

Ln Parcel Area
Ln Properties

5.056
0.181

1.005
0.737

-7.02
0.00

13.20
7.02

5.009
0.153

0.809
0.660

-4.85
0.00

13.15
6.95

0.052
0.041

2.59
2.87

0.010
0.004

Ln Distance
CBD
Ln Distance
BRT corridor

Socioeconomic
stratum
One
Two
Three
Four
Five
Six
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Ln Property
Value
Ln Population
Density
Ln Block Size
Ln Roads Ratio
Ln Parks Ratio
Ln Facilities
Density
Built square
meters
New square
meters
Square meters
under
construction

0.009
0.191
0.594
0.137
0.047
0.022

0.096
0.405
0.506
0.355
0.217
0.152

0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00

0.010
0.176
0.641
0.097
0.053
0.022

0.096
0.367
0.461
0.285
0.215
0.142

0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00

-0.014
0.037
-0.097
0.124
-0.028
0.000

-0.29
4.26
-9.15
15.16
-3.26
-0.04

0.776
0.000
0.000
0.000
0.001
0.970

4.089

0.978

-2.03

10.56

4.049

0.706

0.18

10.74

0.047

3.23

0.001

5.373

0.652

-4.27

6.31

5.425

0.730

-1.06

6.18

-0.074

-5.76

0.000

8.397
-0.371
-3.560
-1.417

0.845
0.096
1.824
0.772

-3.87
-0.76
-9.21
-4.61

13.36
-0.01
-0.08
0.06

8.380
-0.364
-3.481
-1.451

0.728
0.067
1.715
0.551

-1.93
-0.57
-9.21
-4.61

13.32
-0.01
-1.35
-0.41

0.023
-0.089
-0.045
0.050

1.33
-8.68
-5.35
3.40

0.185
0.000
0.000
0.001

0.093

0.124

0.00

0.79

0.093

0.145

0.00

1.00

-0.004

-0.48

0.634

0.157

0.217

0.00

1.00

0.151

0.148

0.00

1.00

0.031

2.83

0.005

0.434

0.364

0.00

1.00

0.437

0.299

0.00

1.00

-0.009

-1.10

0.272

The balance check was conducted by estimating the standardized difference between the covariates in the treatment and control parcels using the following
weight: Average Treatment Effect (ATE) weight: 1/propensity score if Treatment=1; 1/1(1-propensity score) if Treatment =0.
† Significance of difference is the result of regression and logistic regression models having the covariate as dependent variable and treatment as independent
variable
Stand.Diff =Standardized difference

Figure 37 Standardized difference raw and weighted variables (propensity scores without interactions), Bogota, Colombia
Raw variables without propensity score (without interactions)
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Figure 38 Socioeconomic stratum map (year 2000), Bogota, Colombia
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Table 50 Descriptive statistics variables and observations used for the estimation of the propensity scores without interactions,
Quito, Ecuador
Treatment (N=6,058)
Variable

Max

Mean

0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00

0.044
0.142
0.222
0.220
0.218
0.153

0.443
0.738

6.90
2.75

9.21
6.21

5.613

0.988

-2.26

Age of construction
2001-2010
1991-2001
1981-1991
1971-1981
1961-1971
Before 1961

0.273
0.320
0.212
0.104
0.065
0.026

0.446
0.466
0.408
0.305
0.246
0.160

Land Uses
Residential
Mixed

0.714
0.251

0.452
0.434

Distance BRT Station
≤100 m
>100m ≤200 m
>200m ≤300 m
>300m ≤400 m
>400 m ≤500 m
>500 m
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Ln Distance CBD
Ln Distance BRT
corridor
Ln Parcel Area

Mean

Std. Dev.

0.043
0.144
0.226
0.233
0.196
0.158

0.202
0.351
0.419
0.423
0.397
0.365

8.542
5.379

Min

Control (N=7,493)
Std. Dev.

Stand.Diff

Significance of
difference†
t|z
p-value

Min

Max

0.205
0.349
0.415
0.415
0.413
0.360

0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00

-0.01
0.01
0.01
0.03
-0.06
0.01

-0.38
0.30
0.69
1.72
-3.20
0.71

0.708
0.761
0.493
0.085
0.001
0.476

8.382
5.372

0.425
0.760

7.26
2.25

8.97
6.21

0.37
0.01

21.37
0.58

0.000
0.565

8.98

5.379

0.678

-0.05

10.20

0.28

15.69

0.000

0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00

0.179
0.346
0.228
0.145
0.062
0.040

0.383
0.476
0.419
0.352
0.242
0.197

0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00

0.23
-0.06
-0.04
-0.12
0.01
-0.08

13.10
-3.26
-2.24
-7.00
0.60
-4.45

0.000
0.001
0.025
0.000
0.545
0.000

0.00
0.00

1.00
1.00

0.703
0.061

0.457
0.240

0.00
0.00

1.00
1.00

0.02
0.54

1.44
28.92

0.150
0.000

Institutional
Other
Ln Population Density
Ln Block Size
Ln Roads Ratio
Ln Parks Ratio
Ln Facilities Density

0.010
0.025

0.098
0.156

0.00
0.00

1.00
1.00

0.015
0.220

0.123
0.415

0.00
0.00

1.00
1.00

-0.05
-0.62

-2.92
-27.62

0.004
0.000

4.025
9.581
-0.188
-3.942
-1.582

1.845
1.265
0.032
1.474
0.619

-4.61
-4.61
-0.25
-9.56
-4.61

6.44
11.90
-0.11
-0.57
-0.54

3.048
9.556
-0.176
-3.795
-1.544

3.149
1.285
0.043
1.371
0.834

-4.61
-4.61
-0.33
-6.68
-4.61

8.92
13.11
-0.07
-0.59
-0.22

0.38
0.02
-0.33
-0.10
-0.05

22.50
1.17
-19.27
-5.97
-3.06

0.000
0.243
0.000
0.000
0.002

† Significance of difference is the result of regression and logistic regression models having the covariate as dependent variable and treatment as independent
variable
Stand.Diff =Standardized difference
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Table 51 Logistic regression results of BRT (treatment=1; otherwise=0) without interactions (N=13,551), Quito, Ecuador
Treatment
Distance BRT Station (ref: ≤100 m)
>100m ≤200 m
>200m ≤300 m
>300m ≤400 m
>400 m ≤500 m
>500 m

Coef.

Std. Err.

z

P>z

[95% Conf.

Interval]

0.164
-0.158
-0.207
-0.294
-0.095

0.114
0.118
0.128
0.140
0.141

1.44
-1.34
-1.62
-2.10
-0.67

0.149
0.181
0.106
0.036
0.503

-0.059
-0.390
-0.459
-0.569
-0.371

0.388
0.074
0.044
-0.019
0.182

1.423
0.400
0.378

0.056
0.045
0.026

25.51
8.92
14.52

0.000
0.000
0.000

1.314
0.312
0.327

1.533
0.488
0.429

Age of construction (ref:2001-2010)
1991-2001
1981-1991
1971-1981
1961-1971
Before 1961

-0.318
-0.353
-0.764
-0.428
-0.480

0.055
0.060
0.072
0.088
0.118

-5.80
-5.88
-10.65
-4.85
-4.09

0.000
0.000
0.000
0.000
0.000

-0.425
-0.471
-0.905
-0.601
-0.711

-0.210
-0.235
-0.623
-0.255
-0.250

Land Uses (ref: residential)
Mixed
Institutional
Other

1.544
-0.529
-2.156

0.066
0.174
0.094

23.46
-3.04
-22.99

0.000
0.002
0.000

1.415
-0.870
-2.340

1.673
-0.188
-1.972

0.210
0.067
0.521

0.009
0.018
0.595

22.98
3.67
0.88

0.000
0.000
0.381

0.192
0.031
-0.645

0.228
0.103
1.686

Ln Distance CBD
Ln Distance BRT corridor
Ln Parcel Area
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Ln Population Density
Ln Block Size
Ln Roads Ratio

-0.017
-0.006
-17.400

Ln Parks Ratio
Ln Facilities Density
Constant term

0.015
0.030
0.559

-1.12
-0.22
-31.13

0.262
0.830
0.000

-0.046
-0.065
-18.496

-7482.994
3667.44
0.00
0.20

Log likelihood
LR chi2(21)
Prob > chi2
Pseudo R2

Figure 39 Propensity scores estimated without interactions, Quito, Ecuador
Histograms of Estimated Propensity Scores

Boxplots of Estimated Propensity Scores
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Table 52 Balance check with ATE weights (propensity scores estimated without interactions), Quito, Ecuador
Treatment (N=6,058)

Control (N=7,493)
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Variable

Mean

Std. Dev.

Min

Distance BRT Station
≤100 m
>100m ≤200 m
>200m ≤300 m
>300m ≤400 m
>400 m ≤500 m
>500 m

0.063
0.168
0.225
0.206
0.202
0.136

0.224
0.345
0.385
0.373
0.370
0.316

0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00

8.380
5.276

0.477
0.789

6.90
2.75

5.205

1.375

Age of construction
2001-2010
1991-2001
1981-1991
1971-1981
1961-1971
Before 1961

0.237
0.334
0.232
0.113
0.054
0.030

Land Uses
Residential
Mixed
Institutional

0.715
0.287
0.051

Ln Distance CBD
Ln Distance BRT
corridor
Ln Parcel Area

Max

Mean

Significance of
difference†
t|z
p-value

Std. Dev.

Min

Max

Stand.Diff

0.052
0.148
0.226
0.221
0.198
0.154

0.239
0.384
0.452
0.449
0.431
0.390

0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00

0.047
0.054
-0.003
-0.037
0.009
-0.051

1.69
1.77
-0.12
-1.69
0.38
-2.56

0.091
0.053
0.906
0.091
0.701
0.010

9.21
6.21

8.412
5.340

0.422
0.855

7.26
2.25

8.97
6.21

-0.069
-0.078

-2.86
-2.24

0.004
0.025

1.62

8.51

5.417

0.717

1.63

8.52

-0.193

-3.78

0.000

0.392
0.435
0.389
0.291
0.209
0.157

0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00

0.226
0.340
0.221
0.123
0.056
0.033

0.452
0.512
0.448
0.355
0.249
0.194

0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00

0.025
-0.012
0.026
-0.032
-0.009
-0.019

0.96
-0.49
1.01
-1.43
-0.45
-0.92

0.337
0.621
0.311
0.153
0.655
0.356

0.416
0.646
0.357

0.00
0.00
0.00

1.00
1.00
1.00

0.703
0.290
0.042

0.494
0.761
0.381

0.00
0.00
0.00

1.00
1.00
1.00

0.026
-0.005
0.024

0.88
-0.20
1.05

0.379
0.840
0.294

Other

0.499

1.218

0.00

1.00

0.551

1.490

0.00

1.00

-0.039

-0.96

0.336

Ln Population
Density
Ln Block Size
Ln Roads Ratio
Ln Parks Ratio
Ln Facilities Density

3.680

2.120

-4.61

6.44

3.534

3.303

-4.61

8.92

0.053

2.35

0.019

9.405
-0.185
-3.663
-1.581

1.753
0.032
1.338
0.580

-4.61
-0.25
-9.56
-4.61

11.90
-0.11
-0.57
-0.54

9.491
-0.183
-3.730
-1.579

1.307
0.046
1.441
0.900

-4.61
-0.33
-6.68
-4.61

13.11
-0.07
-0.59
-0.22

-0.055
-0.043
0.048
-0.003

-1.82
-1.82
2.11
-0.14

0.069
0.069
0.035
0.891

The balance check was conducted by estimating the standardized difference between the covariates in the treatment and control parcels using the following
weight: Average Treatment Effect (ATE) weight: 1/propensity score if Treatment=1; 1/1(1-propensity score) if Treatment =0.
† Significance of difference is the result of regression and logistic regression models having the covariate as dependent variable and treatment as independent
variable
Stand.Diff =Standardized difference

415

Figure 40 Standardized difference raw and weighted variables (propensity scores without interactions), Quito, Ecuador
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APPENDIX 2

Macro forces
Socioeconomic conditions

Figure 41 Theoretical framework

Institutions – Land Use Planning Regulations
Public Interventions

Accessibility
benefits

City characteristics
Cultural Norms Technology
Social movements

BRT

Land
development

Transit-orienteddevelopment TOD

Ridership

Built
Environment

Demand

Land Markets – Real Estate
(Formal and Informal)

Table 53 Categories and main codes – Inductive and deductive approaches

A-2

Categories
Transit-oriented
development
Urban transport

B

Bus rapid transit

C

Built Environment

D

Urban Development

E
F

Housing
Land Markets

G

Institutions and local
actors

H

Macro forces

I

Local characteristics

A-1

Main codes
Bus rapid transit-oriented development BRT-OD; subway-metro-oriented
development; compact urban form
Transportation demand; transportation supply; public transport; private
vehicles; origin-destination; private operators; subsidies
BRT system (phase of the system); BRT trunk corridor; BRT Terminal; BRT
single station; BRT feeder route; BRT ticket cost; BRT travel time
Density; Diversity; Design; Destination accessibility; Distance to transit;
Parking; NMT; Facilities and public space
Land development types; land ownership; land availability; land acquisition;
eminent domain; Land uses; land use planning and regulation
Affordable housing; informal settlements; multifamily; housing subsidies
Formal; informal; real estate; land and property values; appraisals and taxes;
land value increments
National government institutions; local government institutions; planners;
developers; financial institutions, multilateral organizations; community based
organizations; non-government organizations
Economy; socioeconomic conditions; government regulations; public sector
interventions
local characteristics; crime and safety; urban and social services; Historic
Center
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Figure 42 Set of pictures 1 of developments near BRT corridors in Bogota and Quito
Bogota
Picture 1: Av Caracas
(new development)

Quito
Picture 3: Av 6 de Diciembre
(new developments)

Picture 2: Autonorte
(new developments)

Picture 4: Av 6 de Diciembre
(new developments)
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Figure 43 Set of pictures 2 of developments near BRT corridors in Bogota and Quito
Bogota
Picture 5: Av Calle 80
(new developments)

Quito
Picture 8: Corredor Norte
(developments between three and four stories)

Picture 6: Autonorte
(new developments)

Picture 9: Corredor Norte
(low building heights)

Picture 7: Av Calle 80
(new big box development)

Picture 10: Corredor Norte
(low building heights in close proximity to the
former International Airport)
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Figure 44 Set of pictures 3 of developments near BRT trunk corridors in Bogota and Quito
Bogota
Picture 11: Av Calle 80
(demolition of properties to make room for
pedestrian bridges)

Quito
Picture 14: Av 6 de Diciembre
(new developments)

Picture 12: Av Calle 80
(demolition of properties to make room for
pedestrian bridges)

Picture 15: Av 6 de Diciembre
(new developments)

Picture 13: Portal Usme
(new affordable housing developments and
informal settlements at the back)

Picture 16: Terminal Quitumbe
(housing development “Solidaridad” – community
initiative - cooperative)
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Figure 45 Set of pictures 4 of developments near BRT trunk corridors in Bogota and Quito
Bogota
Picture 17: Autonorte

Quito
Picture 20: Av 6 de Diciembre

(new developments more than 100 meters away
from the bus rapid transit station)

(new developments of office buildings facing the
bus rapid transit corridor)

Picture 18: Autonorte

Picture 21: Av 6 de Diciembre

(new developments more than 100 meters away
from the bus rapid transit station)

(new developments in front of the bus rapid transit
corridor)

Picture 19: Av Caracas

Picture 22: Corredor Norte

(Parque Tercer Milenio)

(Close to the future Parque Bicentenario)
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Figure 46 Set of pictures 1 of BRT terminals and developments in Bogota and Quito
Bogota

Quito

Picture 23: BRT Terminal Norte

Picture 26: BRT Terminal Rio Coca

(Autonorte)

(Ecovia)

Picture 24: BRT Terminal Norte

Picture 27: BRT Terminal Rio Coca

(big-box developments)

(residential within 200 and 500 meters)

Picture 25: BRT Terminal Norte

Picture 28: BRT Terminal Rio Coca

(residential within 200 and 500 meters)

(vacant land owned by the government)
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Figure 47 Set of pictures 2 of BRT terminals and developments in Bogota and Quito
Bogota

Quito

Picture 29: BRT Terminal Calle 80

Picture 32: BRT Terminal Quitumbe

(Av Calle 80)

(Convergence of Trolebus, Corredor Suroccidental,
Corredor Suroriental)

Picture 30: BRT Terminal Calle 80

Picture 33: BRT Terminal Quitumbe

(big box development)

(big box development)

Picture 31: BRT Terminal Usme

Picture 34: BRT Terminal La Ofelia

(big box development)

(developments within 500 meters)
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Figure 48 Set of pictures “Estacion Central” BRT oriented development project in Bogota
Bogota

Picture 35: “Estacion Central”
(Av Caracas and Av Calle 26)
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APPENDIX 3
Table 54 Log-linear regression analysis results BRT ridership, population density,
centrality and BRT terminal, sample in Bogota (n=31)
Variable
Lnpopdensity

Crude Association

Adjusted model

Fully adjusted model

0.2934***

0.3106***

(0.0692)

(0.0618)

(0.0413)

-0.0218

-0.1421**

Centrality

(0.0482)

Portal

0.2147***
(0.0442)

2.4013***
(0.4010)

Cons

8.4202***

8.4727***

9.2363***

(0.2397)

(0.3134)

(0.2273)

31
31
N
0.1519
0.1576
r2
0.1226
0.0974
Adj-r2
17.9629
12.7891
F
1.00
1.09
VIF mean
Standard errors in parentheses * p<0.05, ** p<0.01, *** p<0.001
Fully adjusted model heteroskedasticity test: chi2 (1) = 4.50, Prob > chi2 = 0.0338

31
0.6189
0.5766
97.4322
1.38

Table 55 Log-linear regression analysis results BRT ridership, population density,
centrality, and BRT terminal, sample in Sao Paulo (n=12)
Variable
Lnpopdensity

Crude Association

Adjusted model

Fully adjusted model

-1.1949

-1.1886

-0.3587

(1.2339)

(1.2914)

(0.3185)

Centrality

-0.0587

0.0114

(0.5839)

(0.0728)

Portal

5.3961***
(0.4749)

Cons

13.7752*

13.8751*

8.0959***

(5.0856)

(5.2461)

(1.1000)

12
12
N
0.0817
0.0834
r2
-0.0102
-0.1202
Adj-r2
0.9378
0.4574
F
1.00
1.00
VIF mean
Standard errors in parentheses * p<0.05, ** p<0.01, *** p<0.001
Fully adjusted model heteroskedasticity test: chi2 (1) = 0.34, Prob > chi2 = 0.5597

12
0.9376
0.9143
53.2137
1.03

Table 56 Log-linear regression analysis results BRT ridership, population density,
centrality and BRT terminal, sample Curitiba (n=16)
Variable
Lnpopdensity

Crude Association

Adjusted model

Fully adjusted model

0.2550

0.3943

(0.4104)

(0.3087)

(0.0847)

0.2170*

-0.0565

Centrality

(0.0802)

Portal

0.3076**
(0.0382)

3.1233***
(0.2081)

Cons
N
r2
Adj-r2
F
VIF mean

8.4409***

6.6435***

7.2282***

(1.5499)

(1.2276)

(0.3921)

16
0.0228
-0.0470
0.3861
1.00

16
0.2672
0.1544
4.8640
1.03

16
0.8950
0.8687
154.5997
1.44

Standard errors in parentheses * p<0.05, ** p<0.01, *** p<0.001
Fully adjusted model heteroskedasticity test: chi2 (1) = 0.05, Prob > chi2 =
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0.8194

Table 57 Log-linear regression analysis results BRT ridership, population density,
centrality and BRT terminal, sample in Goiania (n=11)
Variable
Lnpopdensity

Crude Association

Adjusted model

Fully adjusted model

-1.1196

1.0579

(0.8636)

(1.6916)

(0.5090)

0.5111

0.3355**

Centrality

(0.2975)

Portal

1.4640*
(0.0820)

2.5556***
(0.2338)

Cons

12.6124**

3.4392

1.5279

(3.1860)

(6.7117)

(1.8545)

11
0.1211
0.0234
1.6806
1.00

11
0.3331
0.1664
2.3218
3.16

11
0.9459
0.9227
60.2523
2.57

N
r2
Adj-r2
F
VIF mean

Standard errors in parentheses * p<0.05, ** p<0.01, *** p<0.001
Fully adjusted model heteroskedasticity test: chi2 (1) = 0.26, Prob > chi2 = 0.6097

Table 58 Log-linear regression analysis results BRT ridership, population density,
centrality and BRT terminal, sample in Ciudad de Guatemala (n=9)
Variable

Crude Association

Lnpopdensity

Adjusted model

Fully adjusted model

0.1812

0.1871

-0.0093

(0.2168)

(0.2446)

(0.0901)

Centrality

0.0300

0.0012

(0.1287)

(0.1411)

Portal

1.8348**
(0.2721)

Cons
N
r2
Adj-r2
F
VIF mean

8.4752***

8.3706***

8.7944***

(0.4400)

(0.7923)

(0.5545)

9
0.0620
-0.0720
0.6988
1.00

9
0.0674
-0.2435
0.2966
1.01

9
0.5977
0.3563
.
1.10

Standard errors in parentheses * p<0.05, ** p<0.01, *** p<0.001;
Fully adjusted model heteroskedasticity test: chi2 (1) = 0.58, Prob > chi2 = 0.4454

Table 59 Log-linear regression analysis results BRT ridership, population density,
centrality and BRT terminal, sample in Quito (n=30)
Variable
Lnpopdensity

Crude Association

Adjusted model

Fully adjusted model

-0.1701

-0.1736

(0.4308)

(0.4389)

(0.3181)

0.0157

-0.0685*

Centrality

(0.0515)

Portal

-0.1139
(0.0317)

1.7342***
(0.2396)

Cons
N
r2
Adj-r2
F
VIF mean

8.8451***

8.7530***

8.7346***

(1.7483)

(1.7518)

(1.2610)

30
0.0083
-0.0271
0.1560
1.00

30
0.0113
-0.0620
0.1080
1.00

30
0.5538
0.5023
19.4003
1.11

Standard errors in parentheses * p<0.05, ** p<0.01, *** p<0.001
Fully adjusted model heteroskedasticity test: chi2 (1) = 1.02, Prob > chi2 = 0.3120
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Table 60 Log-linear regression analysis results BRT ridership, population density,
centrality and BRT terminal, sample in Guayaquil (n=11)
Variable

Crude Association

Lnpopdensity

Adjusted model

Fully adjusted model

-0.2500***

-0.2465**

(0.0417)

(0.0508)

(0.0583)

-0.0483

-0.0429

Centrality

(0.0264)

Portal

-0.2496**
(0.0342)

-0.1155
(0.2666)

Cons
N
r2
Adj-r2
F
VIF mean

9.2520***

9.5650***

9.5702***

(0.1312)

(0.2227)

(0.2587)

11
0.4292
0.3658
35.8572
1.00

11
0.5840
0.4800
18.4721
1.00

11
0.5908
0.4155
11.5452
1.19

Standard errors in parentheses * p<0.05, ** p<0.01, *** p<0.001
Fully adjusted model heteroskedasticity test: chi2 (1) = 0.02, Prob > chi2 = 0.8986

Factor analysis results
Exploratory factor analysis (EFA) was run with 43 variables shown in table 61. These
factors were determined based on the covariance between variables where this covariance is high
within each factor but the covariance between factors is low. Factor analysis relies exclusively
on the correlation between variables where the weight between factors summarizes the
correlation (Kim & Mueller, 1978). The measure of sampling adequacy for this factor analysis
was adequate. The EFA scree test suggested the retention of 9 factors based on the eigenvalues
criteria which consists on keeping the number of factors scoring ≥1.00 (Kim & Mueller, 1978).
This result is consistent with the 9 factors previously identified with 81 observations that are part
of the sample of 120 BRT stations in this study (Rodriguez & Vergel-Tovar, 2014). All variables
loaded > |0.40| on at least one factor except high building heights as it is shown in Table 57. The
nine factors account for 83.34% of the variance of all 43 variables. Even though the Cronbach’s
alpha for factors 7, 8 and 9 are below 0.7, the average standardized Cronbach’s alpha value for
all factors is 0.78, within a range from 0.68 to 0.88. Some variables were excluded because they
were not adding new information to the analysis given that they were perfectly predicted with
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other variables within the same category (acting as dummy variables) or they were already
included in other variables. The variables excluded from the analysis are exclusively
commercial, number of blocks, total number of segments, segments types (2 lanes, 3 lanes, and
pedestrian), population, medium development state, medium built density, and medium built
maintenance. This EFA includes additional variables not used in the previous EFA: vacant and
off-street parking, average block size (sq-mts), affordable housing, informal settlements, average
distance to BRT station and average segment length.
Factor 1 is defined as “High-rise multifamily BRT-oriented mixed land uses” as a result
of the loading values for very high building height (0.7732), high rise developments (0.7803),
residential multifamily (0.8633), BRT-oriented land uses (0.8533), and entropy (0.7271). Built
environment factor 1 is characterized by land developments of 5 stories or more in a mixed land
use urban environment, especially multifamily residential, with land uses oriented towards the
BRT and constructions in high maintenance conditions. Factor 2 is defined as “Vacant
unconsolidated urban environment” as a result of the loading values for no building height
(0.8033), low development level (0.7996), vacant (0.8740), and vacant on BRT (0.7169). Built
environment factor 2 is characterized by vacant land, lack of urban infrastructure and some
deterioration as a result of low development levels.
Factor 3 is defined as “NMT green areas consolidated” as a result of the loading values
for green areas density (0.9336), park density (0.8912), and NMT friendliness (0.8551). Built
environment factor 3 is characterized by the presence of non-motorized and pedestrian
infrastructure with parks and green areas within a highly connected urban environment. Factor 4
is defined as “Industrial commercial large blocks off-street parking” as a result of the loading
values for mixed industrial-commercial (0.4896), average segment length (0.8724), off-street
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parking (0.5503), and average block size (0.8544). Built environment factor 4 is characterized by
industrial and commercial developments with low connectivity due to the presence of large
blocks and off-street parking facilities as part of these developments.
Factor 5 is defined as “Non-core single residential low building heights” as a result of the
loading values for low building height (0.4884), low built-up density (0.7978), residential single
family attached (0.6609), and centrality (0.5365). Built environment factor 5 is characterized by
single residential land uses, attached housing units mainly with 1 floor, and thus within a low
building heights urban environment far from activity nodes.
Factor 6 is defined as “BRT-oriented facilities mixed land uses” as a result of the loading
values for land use index (0.4963), average distance to BRT station (0.6537), public facility
index (0.8463) and BRT-oriented facility index (0.7366). Built environment factor 6 is
characterized by facilities oriented towards the BRT (hospitals, libraries, markets/ squares,
churches) within a mixed land use urban environment nearby but not close to the BRT station.
Factor 7 is defined as “parking” as a result of the loading values for on-street parking (0.6295),
off-street parking (0.5295), commercial and parking (0.8048), and vacant off-street parking
(0.5168). Built environment factor 7 is characterized by the presence of commercial land uses
associated to parking on the streets and on vacant parcels.
Factor 8 is defined as “Institutional facilities facing BRT corridor” as a result of the
loading values for institutional land uses (0.6387) and public facility density (0.6550). Built
environment factor 8 is characterized by the facilities with high heights (~ 4 to 5 stories) with
institutional land uses. Factor 9 is defined as “Non-core affordable housing & informal
settlements” as a result of the loading values for mixed commercial-residential (0.4592),
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centrality (0.4294), affordable housing (0.4603), informal settlements (0.6239). Built
environment factor 9 is characterized by the presence of affordable housing units and slums with
a mixture of commercial land uses far from activity nodes with some deterioration due to
informal occupation in slum areas.
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Table 61 Factor analysis results (rotated factor loading >|0.40|, n=120)
Factor 1
High-rise
multifamily
BRToriented
mixed land
uses
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Density
Population density
No building height
Low building height
Medium building height
High building height
Very high building height
Low built-up density
High built-up density
Low development level
High development level
High rise developments
Diversity
Institutional
Industrial
Residential single family
(attached)
Residential multifamily
Mixed: Industrialcommercial
Mixed: commercial
residential
Vacant
Open green area
Land use index
BRT-oriented land uses
Other land uses
Entropy
Design
Segment density
Access to destination
Centrality
Distance to transit

Factor 2
Vacant
unconsolidat
ed urban
environment

Factor 3
NMT green
areas
consolidated

Factor 4
Industrial
commerci
al large
blocks offstreet
parking

Factor 5
Non-core
single
residential
low building
heights

Factor 6
BRToriented
facilities
mixed use
nearby

Factor 7
Parking

Factor 8
Institutional
facilities
facing BRT
corridor

Factor 9
Non-core
affordable
housing &
informal
settlements

0.4130
0.8033
0.4884
-0.4995

0.4070
0.4406

0.7732

-0.4658
0.7978
-0.7436
0.7996
-0.5027

0.4848

0.7803

-0.4208
0.6387
-0.4167
0.6609

0.8633
-0.4456

0.4896
0.4592
0.8740
0.6251
0.4963

0.8533
-0.4985
0.7271

0.4205

-0.7599
0.5365

0.4294

Vacant on BRT corridor
Average distance to BRT
station
Average segment length
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Segment on BRT corridor
density
Parking
On-street parking
Off-street parking
Commercial and parking
Vacant off-street parking
NMT pedestrian
infrastructure
Green areas’ density
Park density
NMT friendliness
Average block size
Socioeconomic
characteristic
Affordable housing
Informal settlements
Urban decay
High condition &
maintenance
Facilities and public space
Public facility index
Public facility density
BRT-oriented facility index
BRT-oriented facility
density
Eigenvalue
Cronbach's Alpha

0.7169
0.6537
0.8724
-0.4826

-0.4036

0.4048
0.6295
0.5294
0.8048
0.5168

0.5503

0.9336
0.8912
0.8551
0.8544
0.4603
0.6239
0.5075

0.4994
0.6257
0.8463
0.6550
0.7366
8.49
0.88

Note: factor loadings <0.40 are left blank.
*Variables with all factor loadings <|0.40|

5.59
0.85

4.50
0.85

3.14
0.85

-0.4448
3.00
0.85

2.33
0.71

2.08
0.69

0.4205
1.39
0.69

1.16
0.68

Cluster analysis results
The cluster analysis was run with the nine built environment factors identified in the EFA
and the population density variable (standardized), which did not load in the EFA. Three types of
hierarchical cluster analysis (average-linkage, single-linkage and ward-linkage) were run in order
to identify the most suitable for data grouping of BRT stations. First, it was run the averagelinkage or agglomerative cluster analysis, which is based on the average of all distances between
the elements of each cluster and then taking the mean distance between them. This cluster
analysis suggested 10 and 12 groups according to the Calinski-Harabasz and Duda tests (Everitt,
2011). Second, it was run the single-linkage or bottom-up cluster analysis, which is based on the
nearest neighbor clustering of single elements within each cluster, process in which each cluster
grows by adding elements. This cluster analysis suggested 8 groups according to the CalinskiHarabasz and Duda tests (Everitt, 2011). Third, it was run a ward linkage or agglomerative
cluster analysis which seeks to minimize the total within-cluster variance. This cluster analysis
suggested 11 and 13 groups according to the Calinski-Harabasz and Duda tests (Everitt, 2011).
After comparing the results of these three cluster analyses, the 13 groups cluster analysis (wardlinkage) was identified as the most suitable for the present study given the similarity between
stations within each cluster in terms of regional geography (distance to CBD), built environment
attributes and population density. The mean values per cluster are shown in Table 62.
The first cluster includes thirteen BRT stations, one from Sao Paulo, ten from Bogota,
and two from Guayaquil. This cluster is characterized by stations with a strong presence of nonmotorized transport infrastructure, some presence of single residential and multifamily
residential developments mixed with BRT-oriented land uses. The second cluster includes
thirteen BRT stations, six from Goiania, three from Bogota, one from Quito, one from Ciudad de
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Guatemala, one from Guayaquil and one from Curitiba. This cluster is characterized by the
presence of facilities, some oriented towards the BRT, but with an important presence of
parking. The third cluster includes three BRT stations, one from Guayaquil, one from Quito and
one from Goiania. This cluster is characterized by a strong presence of non-motorized transport
infrastructure but at the same time with high levels of parking. The fourth cluster includes nine
BRT stations, five from Bogota, one from Quito, and three from Curitiba. This cluster is
characterized by industrial areas with some presence of non-core residential developments and
high levels of parking. This cluster has a low transit orientation due to all TOD features within
this cluster have negative mean values.
The fifth cluster includes eighteen BRT stations, seven from Bogota, one from
Guayaquil, and ten from Quito. This cluster is characterized by a concentration of institutional
facilities mixed with residential land uses and some presence of non-motorized transport
infrastructure. The sixth cluster includes only one single BRT station, “Plaza Grande” located at
the heart of the Historic Center of Quito (inscribed in the list of World Heritage List by
UNESCO). This cluster is characterized by a high concentration of institutional facilities and
non-motorized infrastructure as a result of the pedestrian streets. The seventh cluster includes
eleven BRT stations, four from Curitiba, two from Bogota, four from Quito, and one from Sao
Paulo. This cluster is characterized by the concentration of multifamily residential developments
within a mixed land use environment oriented towards the BRT.
The eighth cluster includes twenty BRT terminals and one single BRT station (Getulio
Vargas in Sao Paulo Metropolitan Area). This cluster groups two BRT terminals from
Guayaquil, seven from Curitiba, three from Goiania, six from Sao Paulo and two from Quito.
This cluster groups only BRT terminals, except from one BRT station, and it is characterized by
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a strong presence of BRT oriented facilities in some proximity to the BRT corridor within a
mixed land use environment. The ninth cluster includes ten BRT stations, one from Curitiba, two
from Ciudad de Guatemala, three from Sao Paulo, two from Quito, one from Goiania, and one
from Guayaquil. This cluster is characterized by the presence of vacant land, some low building
heights residential developments far from activity nodes. The tenth cluster includes six BRT
stations, all from Ciudad de Guatemala. This cluster represents the “paired” BRT stations located
in Guatemala which are separated one block from each other. In this way, the BRT corridor in
Ciudad de Guatemala splits into two streets separated one block from each other. This cluster is
characterized by the presence of institutional facilities within a mixed land use urban
environment.
The eleventh cluster includes six BRT stations, five from Quito and one from Bogota.
This cluster represents BRT stations located in urban expansion areas within an unconsolidated
urban environment with vacant land, a strong presence of informal settlements and affordable
housing developments, far from activity nodes. The twelfth cluster includes eight BRT stations,
three from Bogota, three from Guayaquil, and two from Quito. This cluster is characterized by a
strong presence of informal settlements, with some presence of non-motorized infrastructure as a
result of pedestrian segments connecting informally developed areas. The thirteenth cluster
includes only one single BRT station, “Cecom” in Sao Paulo Metropolitan Area. This BRT
station is unique due to the exclusive industrial land use present with large blocks and high levels
of parking.
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Table 62 Mean values for built environment factors and selected TOD features per cluster

#
1
2
3
4
5
6
7
8
9
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1
2
3
4
5

# of BRT stations in cluster
Built environment factors
High-rise multifamily BRT-oriented mixed land uses
Vacant unconsolidated urban environment
NMT green areas consolidated
Industrial commercial large blocks off-street parking
Non-core single residential low building heights
BRT-oriented facilities mixed use nearby
Parking
Institutional facilities facing BRT corridor
Non-core affordable housing & informal settlements
TOD indicators †
Population density
BRT-supportive land uses
Entropy
Segment density
Vacant land

†Standardized values

1
13

2
13

3
3

4
9

5
18

6
1

0.17
-0.42
1.34
-0.22
0.49
-0.43
-0.44
-0.92
-0.44

-0.22
-0.31
-0.07
0.10
-0.88
0.41
0.70
0.17
-0.34

-1.01
0.14
2.63
-0.62
-2.07
-0.31
1.63
-0.34
0.39

-0.94
-0.80
-0.44
0.40
0.69
-1.00
1.41
0.15
-0.20

0.58
-0.40
0.09
-0.58
0.65
0.17
0.07
1.18
-0.23

-0.88
-0.53
1.75
-0.05
-1.20
-0.38
-1.53
5.17
-0.28

0.73
0.11
-0.34
0.30
-0.59

-0.43
-0.52
0.20
-0.16
-0.38

-0.12
-0.92
-0.95
1.51
-0.60

-0.68
-0.80
-0.87
-0.60
-0.34

0.32
0.88
0.90
0.61
-0.40

-0.50
-0.13
-0.64
0.68
-1.00

Clusters
7
11

8
21

9
10

10
6

11
6

12
8

13
1

1.97
-0.04
-0.51
0.09
-1.00
-0.61
0.06
-0.75
0.15

-0.10
0.24
-0.37
0.51
0.45
1.28
-0.06
-0.50
-0.30

-0.53
1.06
-0.72
-0.93
0.40
-0.74
-0.68
-0.27
-0.83

-1.31
-0.37
-1.07
-0.10
-1.86
0.32
-1.37
0.43
-0.33

-0.07
2.59
0.13
0.69
0.27
-0.29
-0.45
0.46
1.70

-0.35
-0.38
0.30
-0.25
0.26
-0.45
-0.23
-0.23
2.26

-0.69
-1.44
0.04
6.44
-0.35
-1.97
-0.44
1.10
1.79

0.22
1.25
0.76
-0.46
0.06

-0.41
0.10
0.18
-0.65
0.33

-0.18
-0.26
-0.68
0.62
0.89

-0.81
-1.44
-0.85
0.43
-0.84

0.20
-0.17
0.15
-0.69
2.63

1.22
-0.34
-0.41
0.42
-0.26

-0.81
-1.21
-0.89
-1.91
0.39

Figure 49 Map Bogota BRT stations studied and ridership levels (n=31)
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Figure 50 Map Sao Paulo Metropolitan Area, ABD Corridor, BRT Stations studied and ridership levels (n=12)
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Figure 51 Map Curitiba BRT stations studied and ridership levels (n=16)
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Figure 52 Map Goiania BRT stations and ridership levels (n=12)
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Figure 53 Map Ciudad de Guatemala BRT stations studied and ridership levels (n=9)
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Figure 54 Map Quito BRT stations studied and ridership levels (n=30)
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Figure 55 Map Guayaquil BRT stations studied and ridership levels (n=11)
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