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The city of Curitiba in southern Brazil is considered to be the cradle of the Bus Rapid Transit 
(BRT) system. Curitiba has a population of around 1.9 million people and has a higher 
development index than Brazil in general. A master plan approved in the middle of the 1960’s 
has guided development of the city in a Transit Oriented Development (TOD) direction by 
zoning for high development densities close to the five BRT trunk lines in so-called structural 
axes. This thesis aimed at performing a spatiotemporal and statistical analysis of property 
development in Curitiba, to examine if the BRT system could have been a motivator for 
property development, and if so, to what extent. Spatial data including for instance a database 
of building permits, population densities, social housing locations and cost of land were used 
in the analysis. The analysis was divided into three themes to examine property development 
from three perspectives; Timing of Development, Density of Development and Social Housing 
Inclusion. Results for the entire BRT system showed that a greater “time lag” of property 
development following BRT development also meant that the property in question was located 
further away from a BRT line, suggesting that areas close to the BRT were popular. The 
individual lines showed different effects of timing of development, relating to the heterogenic 
surroundings and the characteristics of the time periods when the BRT was implemented. High 
development densities are found in the structural corridors, but high population densities are 
not only found there but also in areas in the South and Southwest parts of Curitiba. These areas 
coincide with areas of social housing, which historically has been planned in areas not served 
by the trunk lines of the BRT system. The conclusion of the thesis is that the BRT system 
certainly has been a motivator for property development, and that TOD planning with 
thoughtful zoning can be a powerful tool to direct property development. In order to counteract 
urban segregation, strategies for including social housing in the structural axes must be 
implemented.  
 
Key words: BRT, TOD, Curitiba, Social housing, Property development, Population Density, 
Minor Field Study  
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Staden Curitiba i södra Brasilien är känd för att vara den första staden som implementerade ett 
Bus Rapid Transit (BRT) system. Curitiba har cirka 1.9 miljoner invånare och ett högre index 
för mänsklig utveckling än Brasilien generellt. I mitten av 1960-talet godkändes en stadsplan 
som har lett bebyggelse genom Transit Oriented Development (TOD), d v s utveckling av tät 
och blandad bebyggelse nära kollektivtrafik. I Curitiba gjordes detta genom att tillåta hög 
koncentration av bebyggelse i stråk eller korridorer längs med BRT linjerna. Det här arbetet 
hade som mål att genomföra en rumslig och historisk analys av bebyggelseutveckling i Curitiba 
för att undersöka om BRT kan vara en motiverare för bebyggelse, och i sådana fall i vilken 
utsträckning. Rumslig data i form av bygglov, befolkningstäthet, subventionerade bostäder och 
markkostnad användes i analysen. Analysen delades in tre kapitel för att undersöka 
bebyggelseutvecklingen från tre olika perspektiv: Tidpunkt av Bebyggelseutveckling, Täthet 
av Bebyggelseutveckling och Inkludering av Subventionerade Bostäder. Resultaten för hela 
BRT systemet visade att en tidsförskjutning av bebyggelse efterföljande implementeringen av 
den närmaste BRT linjen också innebar att bebyggelsen placerades längre ut från BRT linjen. 
De individuella linjerna visade på olika effekter gällande tidsförskjutning, och det beror på stora 
olikheter i närliggande miljö för de olika linjerna, samt att de installerades vid olika tidpunkter. 
Hög bebyggelsetäthet återfanns i stråk längs med BRT linjerna, men hög befolkningstäthet 
återfanns inte bara i områden av hög bebyggelsetäthet utan också i de södra och sydvästliga 
delarna av Curitiba. Dessa områden sammanfaller med områden med hög koncentration av 
subventionerade bostäder, som historiskt sett planerats i områden som inte försörjs av BRT 
systemets stomlinjer. Slutsatsen är att BRT systemet har motiverat utveckling av bebyggelse, 
och att TOD-planering med genomtänkt detaljplanering kan vara ett starkt verktyg för att styra 
utveckling av bebyggelse. För att motverka segregation krävs strategier för att inkludera 
subventionerade bostäder i de kollektivtrafiknära stråken.  
 
Nyckelord: BRT, TOD, Curitiba, Subventionerade bostäder, Fastighetsutveckling, 
Befolkningsdensitet, Minor Field Study 
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More than half (54 %) of the world’s population live in urban areas, and the urbanization is 
expected to increase. In 2050, the United Nations project that 66 % of the world population will 
live in urban areas (United Nations, 2014). The growth of cities poses a great challenge for 
sustainability. Urban growth that occurs rapidly and uncontrollably can lead to situations where 
infrastructure can not keep up with the increase in population. This can lead to urban sprawl 
and as a consequence of that, pollution. It can also lead to unequitable situations where some 
groups of society, the so-called “urban poor”, have relatively less access to utilize the services 
provided in the city. Densification leads to a major benefit for transport planning. Dense cities 
have the benefit of providing sustainable transportation for the masses in a more affordable way 
than for a spread out population (United Nations, 2014). One of the public transport systems 
implemented in many parts of the developing world is Bus Rapid Transit (BRT). BRT is 
becoming an increasingly popular public transport system: between 1992-2001 23 cities had 
implemented it, whereas 115 cities has implemented BRT since 2002. Case studies from 
EMBARQ show that BRT can provide positive net benefits for society (Carrigan, King, 
Velasquez, Raifman, & Duduta, 2013).   
 
The city of Curitiba in southern Brazil is famous as the cradle of the first full BRT system in 
the world (Lindau, Hidalgo, & Facchini, 2010). The unique tube stations (estações tubo) and 
the bi-articulated red buses have become an intrinsic part of the urban landscape. But Curitiba 
is not only known for the BRT system in itself, but for the overarching urban planning that 
directed growth of the city. The urban planning that eventually led to a BRT system started with 
a master plan in 1966, developed by Jorge Wilhelm. His plan had three intertwined pillars: land 
use, roadways and public transit (Macedo, 2004). Public transportation was not planned as a 
single entity, but in connection to the city surrounding the transportation system. Land use 
zoning was used to guide population densities, as well as for providing services and work 
opportunities near where people lived. Part of the aim of the master plan that have guided the 
development in Curitiba was to control urban growth by allowing for high densities along 
structural axes (Macedo, 2004). 
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BRT is an acronym for Bus Rapid Transit, and can be defined as a high-quality bus service with 
capacities comparable to urban rail systems. Although the cost of BRT implementation can 
vary depending on the technique and materials used, BRT can in general be said to be a more 
affordable substitute to rail based public transportation (Carrigan, King, Velasquez, Raifman, 
& Duduta, 2013). BRT systems have three primary positive impacts: reducing travel times for 
public transportation users in a city by being an efficient bus system, increasing environmental 
benefits by reducing the number of vehicle-kilometers travelled by the population and 
increasing health benefits by reducing the number of accidents and increasing physical activity 
for users (Carrigan, King, Velasquez, Raifman, & Duduta, 2013).  
 
According to the Institute for Transportation and Development Policy (n.d.) there are five 
features that differentiate a normal bus system from a BRT system: 
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The built environment surrounding a public transport system affects and is affected by the flows 
of passengers utilizing the transport system. In order to promote public transport there needs to 
be a close connection between dense property development and development of public 
transportation (Guerra & Cervero, 2011).  
 
Curitiba is a unique city in the sense that the BRT system there is considered to be the first in 
the world, implemented in the 1970’s, which gives an opportunity to see how property 
development and a BRT system develop in a city over 40 years. This has not previously been 
researched. The city is also known for its zoning law, which dictates which kind of land use 
development is allowed in specific zones in the city. This project has as its aim to investigate 
how and to which extent BRT can be a motivator for property development. The results of this 
project can hopefully give valuable insights for other cities hoping to implement a new BRT 
system or even a new BRT line, while at the same time planning for Transit Oriented 
Development (TOD). Even though each city is unique, the hope is that this analysis of property 
development in Curitiba can serve as inspiration for the building of sustainable cities for the 
future.  
 
To give a fuller picture of property development, three different focus areas were chosen, that 
look at property development from three different viewpoints. These focus areas were chosen 



 �

as they are based on factors that are important for understanding what the benefits and 
challenges of TOD with regards to BRT can be. These are the focus areas: 
 

1.� Timing of Development 
The first focus will be on analyzing the relationship between the number of years after 
construction of BRT lines buildings were constructed, and the distances of these 
buildings from the different BRT lines. This will hopefully shed some light on the 
popularity of the locations close to the BRT system, and which locations seemed to be 
most popular to develop after the construction of the respective BRT lines. It is 
interesting to investigate time and location as factors of property development, as this 
is key for TOD.  
 

2.� Density of Development 
The second focus is to analyze the density of property development in relation to the 
city zoning laws that specify the types of construction allowed in different areas of the 
city. This will give a visualization of property density and an evaluation of the 
observance of the zoning law. The Curitiba zoning law can, and is, serving as inspiration 
for other cities around the world trying to control and structure city growth. This focus 
area will visualize the construction densities of Curitiba to show if and where the 
development densities are according to the zoning law, and what characterizes these 
areas. Population densities are also included in the analysis of development density, as 
these are connected.  
 

3.� Social Housing Inclusion 
Finally, the third focus will be on social housing in Curitiba. This is the housing planned 
by a municipal agency to provide housing for those groups of society in need of support. 
Only looking at private property development does not paint the entire picture of how 
property development in Curitiba has looked like over the past decades. Social housing 
is an important segment of the property development, as the groups of society targeted 
with social housing often do not have the opportunity to choose their location of 
residence. This important as there needs to be policy within TOD to secure that cities 
do not become segregated, so that everyone can benefit from the sustainable cities of 
the future.   
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The focus areas explained in the previous section are condensed into the research questions 
presented here. This report will answer the following overarching research question, as well as 
the focus-specific questions:  
 
Does proximity to a BRT line make property more attractive to develop? 
 
 

1.� Is there a difference in popularity of property development between the respective 
BRT lines in Curitiba? 

 
2.� What areas in the city of Curitiba show a denser property development than other 

areas, and is it in accordance with the zoning law? 
 

3.� Where has social housing been located in Curitiba, with respect to the location of the 
BRT system?  

 
 
The outline of this report is as follows: the next chapter will present the research approach, 
followed by a presentation of the case study area, including a short summary of the history of 
planning in Curitiba. This chapter is followed by a literature review and an overview of the data 
used in this project. The three foci (Timing of Development, Density of Development and 
Social Housing Inclusion) will be presented in their own chapters including methodology, result 
and discussion. Finally, the main findings will be recapitulated in the conclusion chapter.  
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This chapter will give a motivation of the method chosen in this project, as well as an overview 
of the delimitations.  
 
As this project was divided into three specific focus areas, each of these focus areas has its own 
unique method for obtaining the results and answering the research question. Each of these 
methods are explained in more detail in chapters 6, 7 and 8. The overarching method was a  
combination of spatiotemporal analysis and statistical analysis, along with visualizations of 
spatial data. A unique dataset containing building permits for the city of Curitiba was obtained 
for this project, as well as spatial data containing cost of land, population densities and locations 
of social housing. The data available for each focus area guided the method chosen, so that the 
data would be analyzed in the most appropriate and correct manner. The data has been cleaned, 
organized and compiled in a database in the object-relational database PostgreSQL. This made 
handling and analyzing the data manageable, as the datasets were large. PostgreSQL has also 
been used in order to make selections and calculations of the data, which thereafter has been 
visualized using the GIS software QGIS. The software PostGIS has been used for storage of 
geometry and to enable spatial operations on the data. A multiple regression analysis was 
performed in the statistical analysis software SPSS, using the output of the selections made in 
the database.  
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This thesis does not cover technical aspects of the BRT system, nor the detailed interactions 
between user’s and the BRT service such as comfort level, bus frequency, information, price, 
etc. The interest of this thesis is the geographic location of the BRT lines in relation to property 
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In 2015 the city covered an area of 435.036 km2 (43 500 ha) which gave the average population 
density of 4 027.04 inhabitants/km2 (or 40.3 inhabitants/ha), based on population data of the 
year 2010 (IBGE, 2016). The city of Curitiba is divided into 75 neighborhoods (bairros) 
(IPPUC, n.d.). The metropolitan area of Curitiba consists of 29 municipalities and has around 
3.22 million inhabitants (Atlas do Desenvolvimento Humano no Brasil, n.d.). The following 
figure shows the metropolitan area of Curitiba as of 2016.  
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The metropolitan area of Curitiba has historically had an economic growth larger than or similar 
to the city of Curitiba. Table 3 shows the economic growth rates between the years 1970 and 
2000.  
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In the 1940’s, Curitiba had a bus system with low-quality service that was not connected for 
the entire city. Still, however, there was demand for the bus service as the buses were flexible, 
more flexible than a tramway. Curitiba had electrified trams until 1952, when they were 
removed (Ardila-Gómez, 2004).  
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In 1963 Curitiba saw a reaction by a young group of architects and urban planners (among who 
were the mayor to-be, architect and urban planner Jaime Lerner) that felt that the urban plan 
from the 1940’s needed to be updated (Ardila-Gómez, 2004). Curitiba’s density was low, and 
planners wanted to increase densities to lower cost of urban service delivery. A national 
competition for the new Master plan (Plano Diretor) was held in 1964 and the only contribution 
was sent by the Architect Jorge Wilhem’s firm SERETE from São Paulo. The new master plan 
can be said to have had three intertwined pillars: land use, road system and public transit. The 
radial system from the Agache plan was changed into a system where development would grow 
along linearly structural axes, mainly an axis in the Northeast-Southwest direction (Macedo, 
2004).  
 
In order to be able to implement the new plan, two institutions were created in Curitiba: The 
Affordable Housing Company of Curitiba (COHAB-CT Companhia de Habitação Popular de 
Curitiba) and the Urban Research and Planning Institute of Curitiba (IPPUC - Instituto de 
Pesquisa e Planejamento Urbano de Curitiba). IPPUC was created to work with the 
implementation of the master plan and was directly connected to the Mayor’s office, and 
therefore always directly linked to politics (Macedo, 2004). The Urbanization agency of 
Curitiba (URBS - Urbanização de Curitiba S/A) was created already in 1963 in part to 
implement the Agache plan (Ardila-Gómez, 2004), (URBS, 2009). It is today the agency 
responsible for public transportation in the city (URBS, 2016f).  

As previously mentioned, Curitiba had an existing bus system, but it was critiqued for providing 
a low level of service. In 1967-68 the system where buses use exclusive busways was first 
presented as a possible solution for the public transport along the structural axes. The master 
plan enabled high residential densities along the structural axes, and the people living along the 
axes would need public transportation (Ardila-Gómez, 2004).  
 
The unique road system of Curitiba is called a Trinary system which consist of a central avenue 
dedicated to bus traffic, with local traffic that can access buildings and parking lots on the sides. 
Parallel to the central avenue (one block away in each direction) one finds roads for traffic with 
higher speeds, either driving towards the city center or away from it. Side blocks are zoned as 
high density mixed use, whereas blocks further away from the structural axis are zoned for 
lower density (Lindau, Hidalgo, & Facchini, 2010). The Trinary system would promote retail 
and commercial development as the slower traffic lanes alongside the busway would facilitate 
deliveries to businesses and promote access to shops from both car and bus users (Ardila-
Gómez, 2004). The following figure shows a simplified image of the Trinary system.  
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Table 4 shows some characteristics of the RIT system as of 2016, and a map of the entire RIT 
system can be found as an Appendix.  
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This chapter will give an overview of the previous and current research related to land use 
consequences of BRT, public transport in metropolitan regions and socio-economic 
characteristics of BRT users. These are all topics that are important in order to understand where 
and why property development takes place. The literature includes case studies from around 
the world, but focus has been on finding studies in Latin America in general and Curitiba in 
particular. The chapter is divided into four subchapters in the following order: BRT and land 
use, Metropolitanisation, Status of the car, Social housing and low-income exclusion and finally 
a summary where the knowledge gap is identified.  
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This chapter will present the research on the connection between BRT and land use and is 
divided into three sub chapters for a better overview: TOD, Dense Development and Cost of 
land.  
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One way of labeling planning that focuses on the connection between public transport and 
building densities is Transit Oriented Development (TOD). Perk and Catalá (2009) define 
TOD) as: “[…] compact, mixed-use development near transit facilities that is generally 
associated with high-quality walking environments”. TOD is used as an urban planning method 
to avoid problems such as urban sprawl, congestion, pollution and lack of affordable housing, 
to name a few (Perk & Catalá, 2009).  
 
One of the strengths with TOD, as Perk and Catalá (2009) also point out, is the close connection 
between land use zoning and public transit station areas (Perk & Catalá, 2009). Lindau, Hidalgo 
and Facchini (2010) write that the city of Curitiba has been successful in achieving TOD, by 
focusing high population densities close to public transportation and letting the BRT system 
guide development.   
 
Cervero and Dai (2014) discuss the opportunities and challenges faced when planning for TOD 
through a BRT system. They write that one way to increase mobility (especially for the low-
income population) while at the same time mitigating climate change, is to concentrate 
population growth along public transportation corridors, just as Curitiba is known for doing. 
However, they also state that: “[…] doubt remains over BRT’s ability to promote less car-
dependent, more sustainable patterns of urban growth in rapidly motorizing and suburbanizing 
cities.” (Cervero & Dai, 2014) 
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As was mentioned in the introduction, dense cities are easier and cheaper to provide with public 
transportation, and this has been researched in different settings in the Americas. Guerra and 
Cervero (2011) write that population and job density affect transit ridership in three specific 
ways: 
 
“[…]  
a) by increasing the number of potential origins and destinations served by the system  
b) by making it more likely that someone living near transit has attractive transit destinations 
and  
c) by increasing the congestion and parking costs of transit’s primary competitor, the car.” 
(Guerra & Cervero, 2011) 
 
But do people that live in dense areas use public transport? Research from Curitiba has shown 
that there is a positive relationship between high population densities and high BRT ridership, 
with an elasticity of 0,26 (Vergel-Tovar, 2014). Buildings with 5 or more floors close to BRT 
stations support high ridership. However, when the same analysis was conducted for a total of 
120 stations in 7 different Latin American countries, there was no significant relationship. The 
city of Guayaquil in Ecuador even showed a negative relationship between population densities 
and BRT ridership (Vergel-Tovar, 2014).  
 
Other cities in Latin America also holds interesting lessons about the connection between land 
development and BRT. In an article by Rodriguez, Vergel-Tovar and Camargo (2016), land 
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development in connection to BRT stops in Quito (Ecuador) and Bogotá (Colombia) are 
investigated over a period of 10 years. The land changes were observed before and after 
implementation of BRT (Rodriguez, Vergel-Tovar, & Camargo, 2016). The authors found that 
in most cases, areas connected to BRT had more land development than control areas (non-
intervention areas). Cervero and Dai (2014) also focused on building densities in relation to the 
TransMilenio BRT system in Bogotá. According to Cervero and Dai (2014), the building 
density for areas close to trunk and feeder lines along the TransMilenio in Bogotá increased 
with 6 % between 2004 and 2010 while building densities for the rest of the city increased with 
10 %. The authors show this example of Bogotá as as an example of a system that solve short-
term problems in transportation, while lacking the long-term focus needed for finding solutions 
for a sustainable city (Cervero & Dai, 2014).  
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The literature studied in this project has shown a clear connection between closeness to BRT 
and increases in land prices, and in turn, prices of property. Perk and Catalá (2009) investigated 
the effect of BRT on property values in Pittsburgh, USA, which was one of the first cities in 
the US to adopt BRT. They found an inverse relationship between property value and distance 
to BRT stations. As the distance increased, the property value decreased. A distance decrease 
from 101 to 100 feet from a station raised the price of a property with US $19 (Perk & Catalá, 
2009). Cervero and Kang (2011) found similarly interesting results from Korea. They 
performed an analysis of the impact of BRT on land values in Seoul, analyzing data before and 
after a regular bus line was converted to a median-lane busway. This is comparable to Curitiba 
as this system also consists of a median-lane busway. The authors found that land prices for 
residential use increased with between 5 and 10 % for areas within 300 m of a BRT station. For 
commercial use, land values increased between 2 and 26 % for areas within 150 m of stations.  
 
Munoz-Raskin (2010) has investigated the effect that walking accessibility to BRT stations can 
have on property values, with a case study from the TransMilenio system in Bogotá, Colombia. 
Middle-income households were the only ones who had property values increases in the 
immediate proximity of trunk lines. Munoz-Raskin explain these results by stating that the 
TransMilenio system was still seen as expensive for many of the low-income group, and the 
middle-income households were the ones who apparently could accept the trade-off between 
the negative effects of living close to the BRT system with the positive aspects of having greater 
accessibility (Munoz-Raskin, 2010).  
 
A study of the Green Line in Curitiba after the opening in 2009 showed that traditional 
businesses such as small industries and general services gave way to other more sophisticated 
businesses that could afford real estate in prime locations (Hardt, Derosso Chu, & Hardt, 2009). 
Lindau, Hidalgo and Facchini (2010) write that real-estate prices along Green Line increased 
by a factor of 3 when plans of the new line were released (Lindau, Hidalgo, & Facchini, 2010).  
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Metropolitanisation, the fast growth of metropolitan areas around cities, is a current struggle 
for city planners. It especially gives cause for a complex transport planning issue, where cities 
can no longer themselves individually plan for public transportation, but have to cooperate with 
neighboring cities to make sure public transport is serving the region. In Curitiba, suburban 
areas and neighboring municipalities have shown a high demographic growth, which creates 
new challenges for urban mobility (Mercier, Duarte, Domingue, & Carrier, 2015).  
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An article by Stanley (2014) discusses the case of the Australian city of Melbourne’s fast 
growing outer suburbs. Stanley’s worry is that this will lead to social exclusion in these areas 
as infrastructure and services are lagging behind the growth of inhabitants. When new suburbs 
are built, Stanley (2014) points out that it is of high importance that services are provided for 
people to move around in their own neighborhoods, but also that trunk and feeder services are 
available to reach a city center. He claims that non-existing public transport services lead to 
high car ownership and that social inclusion in the form of available public transport has a high 
monetary value (Stanley, 2014). This is also something that Cervero (2010) writes about. He 
claims that just population growth in itself will lead to metropolitan areas around the world 
spreading out over larger areas (Cervero, 2010).  
 
Klink and Denaldi (2012) have critically analyzed the Curitiba model of sustainable urban 
planning (as the authors call it), specifically with a focus on the effect for the larger 
metropolitan region. They claim that too little focus has been on the metropolitan context that 
Curitiba is present in, as they say: “Metropolitan core cities are no islands and both affect and 
are influenced by what is occurring in their hinterland” (Klink & Denaldi, 2012). Klink and 
Denaldi (2012) mean that the metropolitan areas became a sort of “institutional vacuum” where 
neither individual cities nor the federal government were responsible for planning on this level. 
This is in line with Mercier, Duarte, Domingue and Carrier (2015) who claim that metropolitan 
areas are not recognized as one of the three levels of government in Brazil (Union, State, 
Municipality), which makes regulations and planning much more difficult (Mercier, Duarte, 
Domingue, & Carrier, 2015). Cervero (2010) also points out the difficulties in planning for 
transportation as the planning might be done locally, whereas effects of the planning are 
discovered regionally (Cervero, 2010).  
 
However, COMEC (Coordenação da Região Metropolitana de Curitiba), a state level planning 
agency for the metropolitan region, was in fact created in 1974. Klink and Denaldi (2012) argue 
that COMEC has neither had the power nor the resources to actually execute the planning 
necessary to combat the problems with metropolitanisation. In addition, there has been conflicts 
with URBS about where responsibilities end and begin. As the metropolitan area harbors the 
city of Curitiba this calls for a complex debate. Klink and Denaldi (2012) mean that the 
consequences of the fragmented planning has been sprawling, with low-income households 
located in environmentally sensitive areas, such as areas with high risk for flooding, in the 
fringe of the metropolitan area. They say: “[…] Growth is effectively occurring in the directions 
where it was not supposed to happen […]” (Klink & Denaldi, 2012). Macedo (2004) expands 
on this and says that Curitiba has been planned as an island, causing problems for nearby 
municipalities, claiming that a regional approach to planning is necessary (Macedo, 2004). 
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not only a question of flexibility and time management, it’s also a question of status. Fieldwork 
from Curitiba unraveled emotions from citizens about taking public transport that had to do 
with status and safety, rather than convenience. The attractiveness of living close to a BRT 
system is of course affected by the popularity of that same system.  
 
Gartman (2004) writes that humans nowadays are using consumption to feel autonomy, identity 
and individuality. He claims that the car has become the artifact that symbolizes all these traits. 
A similar conclusion is reached by Steg (2003), who performed an analysis of the attitudes and 
feelings about car versus public transport in The Netherlands. Results show that positive 
characteristics of the car outperformed the qualities of the public transport in all regards but 
one: public transport is perceived to be safer. Steg (2003) also found differences in travel 
behavior based on socio-demographic information in the Netherlands. High-income groups, 
older age groups, men and families of couples were more likely to travel by car than lower 
income groups, young age groups, women and single people. Steg claims that people do not 
only drive a car because they need to, but also because it is pleasurable, because the car has a 
higher status than public transport and makes the driver feel independent (Steg, 2003). Cervero 
(2010) adds to this discussion by stating that buses are often seen as transportation of the second 
class. With regards to the effects in the city, he writes that people might find areas of bus transit 
unattractive due to pollution and the socio-economic profile of other people using the system 
(Cervero, 2010).  
 
The possibility of public transport to be preferred over private car is researched in an article by 
Combs and Rodríguez (2014). They investigate the power of BRT systems to reduce car 
ownership in the areas served by the system, as this is often seen as one of the goals with mass 
transit. In their article they investigate car ownership in households before and after the 
implementation of the TransMilenio BRT system in Bogotá, Colombia. Results show that car 
ownership was less likely for high income households within 400 m from the BRT trunk line 
compared to the pre-test. The results showed an increase in car ownership closer to the feeder 
lines. Low income households show an increase in car ownership in areas that are served by 
the trunk line, unlike the scenario for the high income households (Combs & Rodríguez, 2014). 
The cost of owning a car, possibility for parking, service offered by public transport, etc. are all 
things that influence these results.  
 
In her article, Rosário (2016) reflects on the past 50 years of urban planning in Curitiba, and 
whether the city has accomplished to grow according to the ambitious ideas that guided the 
master plans. She writes that the reasons for the increased car ownership are both national 
incentives and the new middle class, the so-called C-class. She explains that the fact that 
Curitiba has the highest car ownership rate of all state capitals in Brazil is because Curitiba is 
primarily a middle class city (Rosário, 2016). Zanon (2009) also writes about the contradictory 
situation of the city of Curitiba’s focus on providing public transport for its inhabitants, and the 
fact that the rate of car ownership is so high (Zanon, 2009). 
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Social housing is planned to provide for the part of the population that is not able to find or 
afford regular housing. When we are talking about property development, we often talk about 
private incentives for construction, i.e. where it’s most attractive to live. But where is social 
housing planned in cities? Research shows that planning of social housing, planned by COHAB 
in Curitiba, is actually not located where there’s access to infrastructure that can give residents 
in social housing a higher quality of life. Bialecki (2008) has performed a historical study of 
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housing in Curitiba between the years 1940 and 2007, with a special focus on social housing. 
Bialecki writes that the first COHAB housing was built in 1967 and started the process of 
solving the problems with favelas (desfavelização). But the implantation of COHAB housing 
did not take into consideration current infrastructure, service location, facilities and house-work 
commuting distance. The COHAB social housing was built in the north and south of city, not 
close to the structural axes. This is also confirmed by Marcio Teixeira, coordinator of Urban 
Mobility and Transport at IPPUC, who admits the problematic situation where people without 
financial means are living far from public transportation, when they are the ones who would 
benefit greatly from living closer to the BRT system (personal communication, September 22, 
2016).  
 
Other research from Curitiba has focused on ridership data to paint a picture of where public 
transport users actually live. Duarte and Ultramari’s (2012) found that most people using the 
BRT system do not actually live along the structural axes. They were able to conclude that 82 
% of the passengers along the north-south axis had relied on an integrated feeder line to reach 
the terminal in question during their investigation. This then also means that this percentage of 
passengers live further away from the structural axis. Duarte and Ultramari explain this by 
referring to socio-economic factors such as income and the high cost of land close to the 
structural axis. Already when the system was first implemented (and there was no flat fare for 
the bus) Ardila-Gómez writes about social inequalities that occurred as inhabitants with a higher 
income could afford to live close to the axis, whereas poorer inhabitants needed to live in the 
more affordable areas of town, further out (Ardila-Gómez, 2004). This is also found by 
Rodriguez, Vergel-Tovar and Camargo (2016), who discuss the problematic situation where 
low-income housing is not located where it might be best suited (close to mass transit) because 
of the land cost of accessibility.  
 
Both the planning of social housing and the planning of public transport are executed by 
municipal agencies in Curitiba. Duarte and Ultramari (2012) explain this mismatch of social 
housing and public transport location not only with the fact that land prices are higher close to 
the axes, but also that COHAB has focused on reinforcing irregular settlements as these projects 
have been given funding by the federal government, rather than focusing on planning for new 
social housing where it would be most suitable from a TOD point of view (Duarte & Ultramari, 
2012).  
 
Cervero and Kang’s (2011) solution for aiding in social inclusion is to re-invest the profit made 
on real estate in the areas close to BRT due to land cost increase, and use it for social housing 
or other social inclusion projects (Cervero & Kang, 2011). Duarte and Ultramari (2012) suggest 
that the municipality should have reserved land for social housing in the more central parts of 
the city close to public transportation, in order to also strengthen the social role of the system.  
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The introduction and the literature review gave a background to the characteristics of the urban 
planning in the city of Curitiba, as well as the challenges faced by the city in terms of urban 
planning for the future. In the current research there is a lack of spatiotemporal studies when it 
comes to the development of property in relation to a BRT system. This work will draw on the 
work by Bialecki (2008) and Gregorini and Pereira (2014) who research the location of property 
in Curitiba, and Duarte and Ultramari (2012) and Vergel-Tovar (2014) who focus on the 
connection between BRT and property development. This research will extend their work with 
a historical perspective by performing an analysis of property development in Curitiba that 
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covers the decades since 1974 when the North-South BRT line was first implemented, to answer 
the question Does proximity to a BRT line make property more attractive to develop? 
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This chapter will present the data that has been used in this project. The following table shows 
the spatial data that has been used in this thesis, along with a description and the source of the 
data.  
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The constructions permit data included a great number of duplicates as well as buildings with 
negative coordinates, these were all removed from the dataset so as to only have one distinct 
geometry represent each building. This cleaned dataset included 147 765 properties in Curitiba. 
The spatial reference system used for this project is SAD69 (South American Datum) with 
EPSG 29182, as this best represents the region of Curitiba.  
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This chapter will present the methodology, method, result and discussion for the first focus 
area: Timing of Development.  
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This section describes the motivation for choosing the method, as well as a description of the 
method chosen to answer the research question:  
 
Is there a difference in popularity of property development between the respective BRT lines in 
Curitiba? 
 
The interest of this focus area was to investigate popularity of property development along the 
BRT lines. This was done through two perspectives: by visualizing cost of land, and by 
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analyzing the effect of time, i.e. how many years after implementation of BRT lines property 
was developed, and how close to the BRT line and city center respectively this property was 
located. A multiple regression analysis was chosen as the method for this focus area. This 
method was chosen as it is a well-proven and accepted method for modelling how one variable 
depends on a set of other variables. Time would be the dependent variable, and distance the 
dependent variables. This type of analysis, with both time and distance as factors, has not 
previously been done in Curitiba. The dataset containing construction permits for the city made 
it possible to analyze the effect of time on property development.  
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In order to analyze this relationship, a “time-lag” variable was constructed as the difference in 
years between BRT development and property development. This was then used as a dependent 
variable in the following regression analysis. The independent variables were chosen as the 
distance from the property in question to the closest BRT line, and the distance to the center 
from the property. The time-lag variable was the dependent variable for all models and was 
calculated as the positive difference in years between property development and BRT 
construction, so as to give the following regression equation: 
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The hypothesis is that the time-lag between property development and BRT development could 
be explained by the distance to the corridor and the distance to the center, assuming that 
developers would like to secure the most “popular” locations first, i.e. close to public transport 
and close to the center of the city.  
 
All properties in Curitiba could not be included in the analysis, as this would not have given 
interesting results with regards to the effect of the BRT system, as the BRT system does not 
cover the entire city (and feeder traffic was not included in this analysis). A catchment area 
containing properties where it would have been fair to assume that the BRT influences property 
development was chosen. There is no objective truth as to what is a correct catchment area. 
Munoz-Raskin (2010) used a catchment area of about 800 m for his analysis, and Vergel-Tovar 
used a catchment area of 250 m for each BRT station (Munoz-Raskin, 2010), (Vergel-Tovar, 
2014). The buffer around the BRT line used in this analysis covers an area reached within 
approximately 20 minutes walking, to try to capture all the properties in Curitiba where 
residents would be able to walk to the BRT trunk lines. A selection of properties from the 
building permits data within 1.5 km of any BRT line was included in the analysis. 
 
The Euclidean distance (straight-line distance) between each building and each BRT line was 
calculated in PostgreSQL. The shortest distance was considered to be the closest BRT line from 
that specific building, not taking into account the location of stations or terminals. By 
subtracting the construction dates of the BRT from the construction date of the buildings, the 
difference in years between the property development and the BRT development was obtained. 
This was calculated for each building and each line. Property that was built previous to the 
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construction of the closest BRT line to the property in question was not included in the study, 
as the purpose of the investigation was to look at land development after BRT development. 
The Euclidean distance between each property and the center of the city was also calculated as 
a measure of centrality. As Curitiba does not have a natural central station where all BRT lines 
merge, the center was chosen as the biggest square in an area where most lines are passing. This 
is Rui Barbosa Square (Praça Rui Barbosa). 
 
A multiple regression analysis was performed in SPSS with the results obtained from the 
selections and calculations made in PostgreSQL. In this analysis, 48 703 properties in Curitiba 
were included out of the total 147 765. Six different models were run; one for each individual 
BRT line and one model for the entire system.  
 
A Pearson correlation model was also run in SPSS to investigate if and to what degree the two 
independent variables are correlated. Pearson correlation values range between -1 (total 
negative correlation) and 1 (total positive correlation), where 0 means no correlation. 
 
Table 6 shows the construction dates for all BRT lines in Curitiba, the length of each line and 
the number of properties that had that line as “their” closest BRT line, based on the Euclidean 
distance. This is also visualized in figure 9, where properties are represented as points, and 
color coded based on the proximity to a BRT line.  
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In order to aid in the analysis of the regression results, the Curitiba zoning law of 1975 is 
included as figure 10 so that the BRT system development can be viewed from the perspective 
of the zoning provision. The areas coded SE are Structural axes (Setor Especial Estrutural) that 
allow for high building densities close to the BRT line according to the Trinary system. 
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Table 7 presents the results of the multiple regression analysis. The table shows the R square, 
intercept and beta-values for each model. t-values are presented in parenthesis.  
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R square is a measure of how much of the variance in the dependent variable is explained by 
the independent variables (UCLA: Statistical Consulting Group, n.d.). A value closer to one 
indicates that the model explains a large amount of the variance, whereas a value closer to zero 
indicates that the model can not explain the variance. The R square’s presented in table 7 show 
that the variance in the dependent variable can not be explained by the model to a high degree, 
but to some degree. The model for the entire BRT system has an R square of 0.01. The 
regression constant can be hard to interpret in a meaningful way, but mathematically it will be 
the value left if all variables are left zero. This might not always give meaning to the analysis 
however. The betas are coefficients for the variables and determine the contribution of that 
variable in the model. The first variable shows betas with both negative and positive 
relationships. The BRT system overall shows a beta of 0.628 whereas the Green Line shows a 
beta of -0.787. The second variable shows a similar mix of positive and negative coefficients. 
Here, the model for the BRT system shows a negative beta of -0.392. t-values test that the 
coefficient is significantly different from zero (UCLA: Statistical Consulting Group, n.d.). A 
greater magnitude (positive or negative) of the t-value suggests that there is a significant 
difference.  Significance is marked with stars; two for significance on 1% level and one for 
significance on 5 % level. The first variable proves to be significant in more models than the 
second variable.  
 
Table 8 presents the results from the Pearson correlation modelling of the two variables. The 
values are all positive and greater than 0, indicating that there is a positive correlation between 
the two variables for all lines.  
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For the individual models, The North-South corridor does not have a significant beta for the 
first variable, so no conclusion can be drawn on the distance from the property to the corridor. 
It is however the only corridor that shows a positive significant beta for the distance to the 
center, implying that this is the only corridor where a greater time lag in construction also means 
a construction with a greater distance from the center. Certainly this can have different 
explanations. The North-South BRT line was not implemented on a blank canvas, there was 
already infrastructure and property development in place when the BRT was installed. This 
could have influenced developers in the sense that certain existing neighborhoods might have 
been more attractive to develop in. Development occurred scattered throughout the line, which 
is 19 km long. As ridership most likely also increased gradually from the start, property 
developers must have decided on the most strategic locations to develop also in a longer time 
perspective. The economic growth in the 1970’s presented in table 3 suggests that this was a 
prime time for development, and that perhaps locations close to the center were possible to 
obtain early on due to the economic growth in the city.  
 
None of the variables are significant for the Boqueirão corridor, so there is no clear conclusion 
to draw from the time-lag of property development along this corridor. What can be said though, 
when analyzing the zoning map in figure 10, is that the Boqueirão corridor (built 1979) was not 
zoned as a Structural axis in 1975. It is however clear in figure 10 that some stretches of what 
would later be the East-West corridor (in 1984) was zoned as structural axes. The East-West 
corridor shows a positive beta for distance to corridor, meaning that a longer time lag in 
development also increases the distance of construction from the BRT line, and in turn increases 
the walking distance to the BRT stations for residents living in these properties. The cost of 
land could be a factor here, as with the other lines. When the BRT system became increasingly 
popular, the land surrounding the system most likely followed the same trajectory. The 
literature review showed that real estate prices had tripled along the Green Line, and case 
studies from Korea and the US showed land price increases of areas close to the BRT systems 
(Lindau, Hidalgo, & Facchini, 2010), (Cervero & Kang, 2011), (Perk & Catalá, 2009). The map 
in figure 11 shows current value for cost of land in Curitiba 2016, just to give an idea of what 
areas of the city are the most expensive today. It is clear that the central parts of the city and 
the corridors following the BRT in the North-South and East-West directions have the highest 
cost. As seen in table 3, the economic growth in the city was not as high as in the 70’s, but it 
was higher during the 80’s than the later decades, implying that the East-West line was 
implemented during a time of strong economic growth.  
 
Distance to center is not significant for any of the individual lines except for the North-South 
line. This means that no clear conclusion on the contribution of the distance to the center can 
be drawn for the other models. As was mentioned above, the BRT lines are long (up to 20 km) 
and development occurred along the lines. There are also small centers with services further 
out on the axis, often in connection to BRT terminals, suggesting that distance to the center 
chosen in this analysis (Rui Barbosa) does not necessarily have to have been influencing 
property development. It could be that these smaller centers by BRT terminals were just as or 
even more attractive.  
 
The South Circular and Green Line both show negative betas for distance to the closest 
corridors, meaning that a longer time lag of property construction meant construction closer to 
the corridor. The Green line is the newest line, characterized by its industrial surroundings. The 
possibility of property development is dependent on the current industrial facilities. This might 
have affected the analysis so as to give negative betas. Since the Green Line was built in 2009, 
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it also does not have the same amount of property data. Property development takes time, so an 
analysis only 7 years after construction might not give truthful results. Initially property 
developers might be hesitant to invest in an area characterized by industrial surroundings. The 
results do however indicate that in the later years, property construction has been located closer 
to the Green Line and South Circular line, as developers see the potential in the vacant or 
industrial plots.  
 
The analysis of the BRT system as a whole demonstrated significant beta’s on the 1 % level. A 
greater time lag in property development seems to imply a greater distance from the BRT 
corridor. However, a time lag in property development also means that locations closer to the 
center are chosen for construction. This could of course have many explanations that are not 
explored in this thesis. It is also important to note that the explanatory power of the model is 
indeed weak, due to the number of factors that are influencing property development other than 
public transport closeness. The BRT lines of Curitiba all have different characteristics and 
designs that may influence the property development around them.  
 
As previously mentioned, car ownership rates in Curitiba are one of the highest in the country 
and public transport is still associated with lower income-groups of society (Azevedo, 2016), 
(Cervero, 2010). Therefore, closeness to BRT might not be or have been something that 
inhabitants valued, if given the option to choose their location of residence. The case study from 
Bogotá by Combs and Rodríguez (2014) did show that high-income residents were less likely 
to own a car if they lived close to the TransMilenio, implying then that the system was part of 
the attraction for the location of property. No such conclusion can be drawn for Curitiba without 
a more detailed study of car ownership in relation to the BRT system. The corridors already 
had roads intended for car traffic, as well as services and commercial facilities because of 
activity along the road, as this was provisioned in the zoning law. As was mentioned in the 
literature review, the car is a strong player in the city of Curitiba (Rosário, 2016), (Zanon, 2009). 
Closeness to parking and major roads might have been an equally strong or even stronger reason 
for property development than the BRT system.  
 
The Pearson correlation analysis showed that the East-West (0.325), South Circular (0.379) and 
Green Line (0.447) showed the greatest correlation between the two independent variables, for 
example indicating that an increase in the center distance also meant an increase in distance 
from the property to the corridor. The reason for this might be the location of the lines, mainly 
that they all are located in the east-west direction. The majority of the properties included in 
the analysis for the South Circular and Green Line are located south of the BRT line, which 
leads to a higher correlation as the properties then are both further from the corridor and further 
from the center. The relatively high positive correlation between the independent variables can 
make the parameter estimates for the regression less reliable.  
 
Table 9 shows that the pace of property development within the catchment area peaked after 
the South circular line was built in the late 1990’s. Construction after the Boqueirão and East-
West lines also saw a similar high pace, with a significant decrease in the years after 2010. The 
financial crisis in the late 00’s and political insecurity in the later 2010’s can probably be a 
contributing factor to this. Another explanation is that construction took place, just not inside 
the catchment area that’s being analyzed here.  
 
The conclusion and answer to the first research question is that the different BRT lines show 
different results for the regression analysis, meaning that there definitively seems to be a 
difference in popularity of property development following the construction of the BRT lines. 
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This popularity is however difficult to separate from the zoning law that in fact provisioned 
certain development. The lines have heterogeneous surroundings and are constructed in 
different decades, during different economic growth periods. The regression model for the 
entire BRT system showed that a greater time lag in property development also meant that 
property was developed further away from the axis in question. Even though the explanatory 
power of the model is weak, this does give a suggestion that closeness to the BRT system is 
valued. High correlation between the independent variables for the Green Line and South 
Circular Line might be influencing the regression model results.  
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This chapter will describe the methodology, method, results and discussion of the second focus: 
Density of Development.  
 

A<;<���)%�%'%�1��
This section will describe the methodology and method for answering the research question:  
 
What areas in the city of Curitiba show a denser property development than other areas, and 
is it in accordance with the zoning law? 
 
The method chosen for this focus was a visualization of density calculations, as this could be 
compared to the zoning law of the city. In other research from Curitiba, population densities 
[persons/ha] and number of floors in buildings are used for analyzing the relationship between 
property development and BRT (Gregorini & Pereira, 2014), (Vergel-Tovar, 2014), (Duarte & 
Ultramari, 2012). But this does not fully explain the density of properties, i.e. areas of high 
concentration of constructed areas. For this purpose, the method for this focus area was a spatial 
analysis of building areas and plot areas. The zoning law is guiding development, and so it was 
motivated to compare the density calculations with the zoning law to visualize the observance 
of the zoning law.  
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This analysis covers the total extent of Curitiba and all accumulated construction permits 
between the years 1881 and 2016. All buildings in the entire city, represented as points, were 
related to the plot of land, represented as polygons, where they were located. The total 
constructed area of the buildings on each plot was then divided with the plot area, to obtain a 
ratio of built area/land area. This shows the density of development, as a high ratio would 
indicate that tall buildings are located close together. If a plot of land had more than one 
property, the area of all properties on that plot were summed. A ratio of 1 would mean that a 1-
storey building covered an entire plot, or that a 2-storey building covered half the area of a plot, 
and so forth. This method was chosen as it gives a clear visualization of the density of 
development in the city of Curitiba.  
 
A number of properties did not have registered constructed areas, and therefore gave the ratios 
of 0. These datasets were excluded from the analysis. All ratios greater than 20 were also 
excluded from the analysis since an inventory of the data showed that the few plots with a ratio 
above 20 in most instances were erroneous due to unrealistic plot areas, this led to the exclusion 
of nine observations. The number of properties included in this analysis was 109 678, out of 
the total of 147 765 properties.  







 �
�

 
 

A<=<���*,')*�
The following maps give a visualization of the construction ratios as well as the population 
densities in Curitiba. A darker color of the plot indicates a higher ratio, i.e. a dense property 
development. The first map shows the density of development with the BRT system. The 
second map shows the density of development with the zoning of 2015. The third map 
visualizes the population densities of Curitiba for the years 1980, 1991, 2000 and 2010. Data is 
aggregated into census tracts. 
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Two areas are of focus in the map in figure 14; one area along the West corridor and one along 
the South corridor. These areas show high ratios in a band following the BRT corridor, which 
coincide well with the zones that promote high building densities, the structural axes (coded SE 
in the map). The only areas with these high ratios can be found in the structural axes just as the 
zoning law dictates. Many of the buildings in the ratio span between 9 and 20 are buildings 
with between 15 and 25 floors, even up to 30 floors in some instances. The plots with these 
ratios are depicted as the darkest grey in figure 14. However, there are areas within the structural 
axes that leave room for further densification, especially further out from the city center along 
the North-South line.  
 
The zoning map in figure 15 gives an explanation to why certain extents of the BRT lines are 
not as dense: they are simply zoned for different building densities. The zoning is the 
municipality’s way of controlling the urban density and making sure that the city grows in a 
TOD manner. Figure 7 also showed the different busways in Curitiba, following the zoning.  
 
Vergel-Tovar (2014) did find a positive relationship between building density and passengers 
in the BRT system in Curitiba, suggesting that the structural axes have an effect on ridership. 
However, as was pointed out by Zanon (2009), there are areas in Curitiba where building 
densities might be high but where ridership does not seem to match the surroundings. The 
surroundings are not homogenous and differ a lot among the BRT lines. The mix of commercial 
and residential properties can be important for the attractiveness of an area, and influence BRT 
ridership in a positive way (Vergel-Tovar, 2014). This is something this analysis will not show, 
as the utility of the properties is not a part of the analysis.   
 
The map in figure 16 shows that high population densities have moved out to the peripheral 
areas of Curitiba as the years have passed since 1980. There has been an especially high growth 
of population in the South, Southwest and Southeast parts of Curitiba. This is in line with the 
findings of Gregorini and Pereira (2014), who found the same population development.  
Curitiba and Pinhais are in conurbation, and there is an extension of the BRT line from Curitiba 
to Pinhais connecting the two areas. High population densities in the easternmost part of the 
BRT system is therefore expected.  
 
The map in figure 16 shows population density whereas the maps in figures 14 and 15 show 
development density. It seems natural to assume that a high development density would also 
give high population densities, and in general this is probably true. However, as was mentioned 
earlier, the properties included in the analysis are not solely residential, but a mix of commercial 
and residential properties. Although commercial facilities work as attractors for work or 
services, they will be the destination and not the origin point of the residents in the city. This is 
something that can affect the population densities. Socio-economic factors can certainly also 
affect the population densities, where a higher quality of living may also include a greater 
number of square meters per person.  
 
The conclusion and answer to the research question is that especially two bands of intense 
property development can be found along the East-West axis and the North-South axis. These 
areas show that the Structural axes can be visualized through construction ratios based on 
accumulated construction permits up until the year 2016, and that it can be visualized through 
the spatial unit of the zoning. High population densities do not only occur within these areas of 
intense property development, but also in more peripheral areas of the city. Socio-economic 
factors are thought to be the reason for this.  
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The final focus area will present the methodology, method, results and discussion of the third 
focus: Social Housing Inclusion.  
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This last section will describe the methodology and method for answering the research question:  
 
Where has social housing been located in Curitiba, with respect to the location of the BRT 
system?  
 
To answer the research question of this last focus area, visualizations of spatial data and 
comparisons to the zoning law of 2015 were made. Visualizations were also made by Gregorini 
and Pereira (2014), but the dataset for this analysis was updated in 2015 and so therefore was 
believed to add information to the previous analysis. The visualization of the zoning law adds 
value in the same way as it did for the analysis in chapter 7; development in Curitiba is guided 
by the zoning law and so a discussion on the compliance of this law is necessary.   
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Visualizations of spatial data were made in QGIS, to graphically present the location of social 
housing accumulated between 1967 and 2015 and the location of the BRT system. To further 
investigate the problem with high population densities in peripheral areas, population densities 
for the census year 2010 were also visualized to give an idea of where the highest population 
densities are located with respects to social housing. No operations were performed on the data, 
as the dataset only included polygons representing areas of social housing, without numerical 
information. Hypothetically, a large polygon could therefore include numerically fewer social 
housing properties than a smaller polygon. 
 
 

�	�	���������
The following three maps show social housing in Curitiba from different perspectives. The first 
map in Figure 17 shows the zones in the zoning law of 2015 that are reserved for social housing. 
The second map, figure 18, shows where social housing has been built by COHAB since 1967 
and up until 2015. The final and third map in figure 19 visualizes where COHAB social housing 
is located with respect to population densities of the year 2010.   
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seen in the map in figure 11). The question is if this benefits society in the long run, taking into 
account the costs of having an already exposed segment of society living in areas far from 
services and infrastructure.  
 
When the population density map is compared with the map over social housing, it becomes 
apparent that the locations with high population densities in 2010 coincide with areas where 
social housing is located, as can be seen in figure 19. As was discussed in chapter 7.3, socio-
economic factors can be one explanation for these high population densities in areas of social 
housing.   
 
One key component for a functioning public transport system that has been mentioned this 
report is mass. No mass, no mass transit. So why is it so that Curitiba has areas of high 
population density far away from the city center and the BRT system, areas that have been 
planned by the municipality, the same municipality that at the same time promotes TOD?  
 
Ardila-Gómez (2004) wrote about Lerner’s “buy-up” program which was supposed to give part 
of the revenue earned by the municipality from selling land close to the BRT system to COHAB 
and use it for social housing. When examining at the map in figure 18, it becomes apparent that 
the “buy-up” program did not lead to social housing being located primarily close to the BRT 
lines or the city center. Other researchers mentioned previously in the literature review had 
other suggestions for policy tools so as to include social housing in central areas of the city. 
Both Cervero and Kang (2011) and Duarte and Ultramari (2012) suggest re-investment schemes 
and land reservation, where there’s always focus on providing social housing in areas close to 
the BRT. From a social aspect, this assimilation can hopefully lead to a less segregated city.  
 
The conclusion and answer to the research question of this chapter is that social housing 
historically and currently is located far from the BRT system and the city center, except from 
an area of social housing along the South Circular line. Visualization of population densities 
also showed that the census tracts where social housing is located also have the highest 
population densities in Curitiba. COHAB needs stronger policy instruments to build future 
social housing closer to public transport, to secure a more equitable urbanization. URBS have 
to investigate how it is possible to provide these current high-density areas in the south of 
Curitiba with high quality public transportation.  
 
 
 
 
 
 
 
 
 
 
 
 
 



 �
�

�	� �����������
This final chapter will recapitulate the main findings in this thesis, in addition to the policy 
implications this work has and the caveats of the thesis. Finally, future research will be 
suggested.  
 

�	�	����������������
This thesis had as its aim to answer the question:  
 
Does closeness to a BRT line make property more attractive to develop? 
 
The question was answered with the help of field work in Curitiba, Brazil. The answer to the 
question is not a clear “yes” or “no”, but rather a collection of findings that support the answer 
“it depends”. Three foci were chosen to analyze the question from different viewpoints: Timing 
of Development, Density of Development and Social Housing Inclusion. The first focus was 
performed as a multiple regression analysis and visualization of the effect of time on the 
property development around the BRT. The conclusion of the first focus is that there seems to 
be a positive relationship between the time lag of property development after BRT 
implementation with the distance between the property in question and the closest BRT line for 
the entire BRT system. This implies that areas close to the BRT corridor are developed first, 
suggesting popularity of the prime spots next to BRT. This was not the case for all lines when 
they were analyzed individually, in fact, only the East-West line showed the same relationship 
as the system as a whole. The Green Line and the South Circular line even showed negative 
relationships, suggesting property development closer to the BRT line as the time lag increased. 
This was explained with the relatively recent implementation of the Green Line, and the fact 
that property development takes time. The industrial characteristic of these areas are also 
thought to be influential.  
 
The second foci analyzed density of development, to try to capture the areas where building 
densities are high close to the corridor. Results showed two clear bands of high density 
following the BRT corridor in the West and South axes, which perfectly matched the zoning of 
2015. There were no areas of high development density ratios outside of the structural axes (the 
zones intended for intense development). However, the visualization of population densities 
suggest that there certainly are high population densities in the areas with high development 
density, but that there are areas in the South and Southwest parts of Curitiba that have just as 
high population densities without having the development zoning for that. Socio-economic 
factors are thought to influence these findings.  
 
Finally, the third focus area covered the inclusion of social housing in the TOD planning. 
Previous work from both Curitiba and other areas had pointed out the common mismatch 
between social housing location with respect to public transport location. Results showed that 
most social housing was located outside of a 1.5 km catchment area of the BRT system. The 
BRT line that had the most social housing within the catchment area was the South Circular 
line. Results further showed that areas of dense social housing coincide with areas of high 
population density.  
 
For private property development, it seems like the BRT system is certainly an attractor, 
implied by results from the first and second focus. But the property development is not 
equitable. Social housing is generally planned far from the BRT system, far from the 
infrastructure that could greatly benefit the segment of society in need of housing support. As 
the metropolitan region of Curitiba is growing, the system of feeder lines connecting high 
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population densities in remote areas with the trunk lines are becoming important. The literature 
review showed both that that there is a positive correlation between population density (inferred 
by property density) and BRT ridership, but also that a majority of the passengers on the North-
South trunk lines had relied upon feeder lines as their first trip leg (Vergel-Tovar, 2014), 
(Duarte & Ultramari, 2012).  
 
The contributions of this thesis is mainly that TOD policies such as the zoning with structural 
axes along BRT lines can have an effect when trying to densify public transport corridors, but, 
included in this policy must be a plan for including social housing for counteracting urban 
segregation.  
 
 

�	�	����������������������
The policy implications of this thesis mainly refer to enforced policy for including social 
housing in the dense corridors where the BRT trunk lines are located. IPPUC and COHAB need 
to consider new ways of planning for social housing in central areas, so as to densify the city 
while also contributing to less segregation among different income groups of society. 
Suggestions by Cervero and Kang (2011) and Duarte and Ultramari (2012) such as reserving 
land and re-investing in revenue from sold land in new property are good for inspiration, the 
crucial step is to actually realize the plans and make them feasible in the long-term perspective. 
Planning a new BRT line for a densely populated area, such as the western parts of Curitiba, 
may of course also be a solution. A new corridor could be formed in an area of already high 
population densities.  
 
Zoning of social housing close to BRT lines is important for the social sustainability of a city, 
and the example of Curitiba’s social housing can serve as a valuable lesson for other cities 
hoping to implement a similar zoning law based on public transport. Providing affordable 
housing close to public transport (BRT in this case) is an equity concern: all groups of society 
should have the same opportunity to use public transport. It might even be of special importance 
that low-income groups of society can utilize public transport as this might be a way to get and 
keep a job, to access healthcare, to have options regarding education, etc. These are all things 
that affect the economic pillar of sustainability, as exclusion of groups of society will prevent 
them from contributing by working and paying taxes, and end up costing the state in financial 
aid of different sorts.  
 
The status of owning a car is problematic in Latin America, and Curitiba. Even though people 
live in areas close to the BRT corridors, owning a car is a symbol of success in some regards.  
Curitiba has the highest rate of cars out of all the Brazilian state capitals. This trend needs to be 
broken for Curitiba to become ecologically sustainable. High building densities close to BRT 
corridors is a first step for promoting the use of BRT. The next step must be to make the service 
attractive, so attractive that it conquers the car. Population growth and density increases around 
the BRT system will lead to crowded buses, something that was already mentioned as a current 
problem by BRT users during the fieldwork of this report. URBS need to make sure that the 
system is up-to-date to handle the passenger load. If car usage should be discouraged and BRT 
usage promoted, there needs to be room in the system for new users. A modal shift from private 
vehicles to public transport could also lead to development on the empty plots around the city 
currently used for parking, maybe they can be freed up for residential development?  
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Errors in data could have affected the outcome of this analysis. All data was cleaned and 
analyzed, but with a large dataset it is impossible to be sure that only accurate data was included, 
or that accurate data was not accidentally omitted. The classification method chosen for 
visualization of data is a big determinant for how the data will be perceived. There is no 
objective way to visualize data as choices on classification will visualize different phenomenon. 
Spatial units chosen for analysis in this report can lead to errors such as the modifiable areal 
unit problem.  
 

�	 	�����!�������!����
For future research, it would be interesting to analyze the behavioral aspects of BRT in Curitiba. 
To gain a better understanding on why people choose or do not choose BRT as their mode of 
choice could be useful for understanding how to best design the system for the future. The status 
of the BRT versus the car has certainly been a factor in this analysis, since it is impossible to 
adhere to the planner’s vision of the optimal city where public transport dominates, if the 
population does not consider public transport a viable transport mode. Most literature consulted 
in this thesis claimed that the status of the BRT was low, but maybe this is changing with a new 
environmentally aware generation and advances in BRT technology?  
 
For future studies it would be interesting to gain information on car ownership on a detailed 
level of Curitiba so that BRT ridership data could be analyzed in parallel with car ownership.  
 
If it was possible to obtain historic data over cost of land relating to the construction of the 
BRT, analyzes could be made on to what extent the BRT in Curitiba has changed land values. 
A similar analysis could be made with regards to the existence of property before and after 
implementation of BRT. The utility (commercial, residential) of the properties could be 
valuable information for such a study. 
 
Finally, a proper Origin-Destination model for the city of Curitiba would be useful for 
understanding where people live and where they travel.  
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