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RESUMO

Diversos estudos foram desenvolvidos para avaliar a presenga de subcentros de emprego
analisando a sua distribui¢ao espacial no espaco urbano. Em sua maioria eles analisam paises
desenvolvidos e poucos estudos exploraram as cidades dos paises em desenvolvimento,
particularmente a América Latina. Além disso, a relacdo entre politicas de planejamento urbano
e sua influéncia na formag¢ao de subcentros pouco foi analisada em trabalhos empiricos. Nesse
sentido, a atenc¢do se volta para a cidade de Curitiba (Brasil). Desde a década de 1970, Curitiba
adotou uma politica de planejamento urbano orientada pelo transporte urbano que incentivou o
desenvolvimento de subcentros. O nucleo dessa politica ¢ o sistema BRT (Bus Rapid Transit)
que combinado com as politicas de uso da terra que foram estabelecidas nas Gltimas décadas
compdem as principais for¢as que influenciam a distribui¢do de pessoas e atividades
econdmicas na cidade. Este trabalho tem como objetivo avaliar a presenca de subcentros de
emprego em Curitiba e como eles se relacionam com o BRT. Para identificar os subcentros de
emprego e avaliar se o CDB permanece como o principal atrator de emprego na cidade
utilizamos a abordagem semi-paramétrica desenvolvida por McMillen (2001). A base de dados
contém informacodes sobre o emprego formal no nivel da empresa fornecido pela RAIS no ano
de 2010, contendo 50.553 empresas e 658.061empregados na cidade. Esses dados foram
georreferenciados em células de um quilometro quadrado sobre a cidade. Os resultados
mostram que Curitiba possui uma estrutura policéntrica composta por onze subcentros de
emprego. A distribui¢do espacial desses subcentros ¢ altamente correlacionada a rede BRT,
evidenciando o papel da politica de planejamento urbano na formacdo de subcentros de
emprego. Além disso, a analise gravitacional sugere que o CBD ndo ¢ mais o principal local na
atracdo de emprego, uma vez que a maior parte da variabilidade da distribuicao espacial da
densidade do emprego ¢ explicada pelos SBDs. Assim, os resultados do presente trabalho para
a cidade de Curitiba evidenciam que uma politica de planejamento urbano orientada pelo
transporte de longo prazo ¢ muito eficaz para promover a estrutura urbana policéntrica, sendo
uma estratégia que contribui para contrabalangar as forcas do mercado que favoreceriam a
estrutura urbana monocéntrica.

PALAVRAS CHAVE: Regressao semi-paramétrica, Densidade do emprego urbano,
Subcentros, Policentrismo.



ABSTRACT

Several studies have shown a trend away from monocentric city proposed by the Alonso-Mills-
Muth model through the spatial analysis of employment distribution in the urban space. Most
of these studies are concerned to cites in developed countries and few have explored the
polycentric urban structure of cities in developing countries, particularly to Latin America.
Further, the use of urban planning policies and their influence in promoting subcenters has been
left aside in empirical work. In that sense, the city of Curitiba (Brazil) emerges as focal point
in this analysis. Since the 1970’s Curitiba adopted a Transit-Oriented Development (TOD)
oriented urban planning policy searching to promote polycentricity. The core of this policy is
the Bus Rapid Transit (BRT) system in combination with mixed land-use patterns and are the
main force influencing the distribution of people and economic activities across the city.
Therefore, this paper aims to assess the presence of employment subcenters in Curitiba and how
it relates to the BRT system. In order to identify the employment subcenters and to assess
whether the CBD remains as the main employment attractor in a polycentric city we use the
semi-parametric approach developed by McMillen (2001). The employment database contains
data on formal employment at the firm level provided by the Ministry of Employment for the
year of 2010. These data were geo-referenced in grid cells of one square kilometer over the city.
The results show that Curitiba has a polycentric structure with nine employment subcenters.
The spatial distribution of these subcenters has a strong relationship to the BRT network,
evidencing the role of TOD urban planning policy in shaping the polycentric structure. Further,
the gravitational analysis suggests the CBD is no longer the main employment attractor since
most of the variability of the spatial distribution of employment density is explained by the
SBDs. Thus, our findings for Curitiba shows that a long-term TOD policy is very effective for
promoting polycentric urban structure, being a strategy that contributes to counterbalance the
market forces that would favor the monocentric urban structure.

KEY WORDS: Semi-parametric regression, Urban Employment Density, Subcenters,
Polycentrism.
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1 INTRODUCTION

The first models of economic urban theory developed by Alonso (1964), Mills (1967)
and Muth (1969) hypothesized a concentric city that concentrated employment in the Central
Business District (CBD). The theoretical foundations of the AMM model were the basis of
several studies in urban economics, but in recent years the urban spatial structure of large cities
has seen a trend away the monocentric model. The spatial analysis of employment location and
land use patterns in large cities has shown evidences that urban structure is better characterized
by polycentricity than monocentricity. Thus, employment tends to be relocated and
concentrated in different centers besides the CBD, raising the importance of the so-called
Secondary Business Districts (SBD).

Polycentricity has been empirically verified in several studies in major North
American cities (Giuliano and Small, 1991; McMillen, 2001; Yang et a/, 2019) and across
Europe (Veneri, 2013; Krehl, 2016; Mulicek and Maly, 2019). Other studies have explored the
urban configuration in developing countries, predominantly on Chinese municipalities (Yue et
al,2010; Lv et al, 2017; Xie et al,2019). Nevertheless, little has been explored in Latin America
(Fernandez-Maldonado et al, 2014; Campos and Chagas, 2017; Belmiro, Rodrigues and
Silveira-Neto, 2016). Mostly of these studies are mainly concerned in analyzing the distribution
of employment across the urban space and identify employment subcenters. However, urban
planning policies can play an important role in promoting employment polycentricity, an aspect
which have not been well explored in the literature.

In that sense, the city of Curitiba (Brazil) emerges as focal point in this analysis. The
city has taken strong and consistent measures to promote subcenters and employment
decentralization from the CBD based on Transit Oriented Development (TOD) policies.
Curitiba was the first city in Brazil and the second in the World to adopt the Bus Rapid Transit
(BRT) system combined with mixed land-use patterns as a strategy of urban development. Since
the middle of the 70’s this this policy has been put in practice, reshaping the city’s landscape
and given to Curitiba a differentiated status among other Brazilian capital cities in terms of
mobility infrastructure and urban efficiency.

Also, within the country’s economy, Curitiba plays an important role. The city is
ranked as the fifth municipality that most contributes to the country’s GDP with 1.40% overalli.
Further, in 2010 Curitiba had an HDI of 0.823 and was ranked as the 10w highest among all

1 According to IBGE (from Portuguese, Instituto Brasileiro de Geografia e Estatistica) the first four municipalities
are: Sao Paulo (10.85%), Rio de Janeiro (5.85%), Brasilia (3.60%) and Belo Horizonte (1,46%) (IBGE, 2015).
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Brazilian municipalities and 4w considering only the state capitals2. Also, in the same year,
Curitiba had 1.917.185 million residents and was ranked as the eighth largest city in the country.

The historical context of urban policies and economic development put Curitiba as an
interesting space for investigating the spatial pattern of urban employment. This research has
four main objectives. The first objective is to assess whether the city of Curitiba has
employment subcenters. The second objective is to identify some socioeconomic characteristics
of each subcenter and the third to evaluate the gravity effect of CBD and SBDs in attracting
employment. The fourth objective is to investigate the correlation between the TOD policies
through the BRT network and the spatial distribution of employment across the city.

The main empirical strategy adopted in this study for achieving the first and second
objectives is based on the methodological approaches developed by McMillen (2001) and Krehl
(2016). However, there are other methodological strategies for identifying employment
subcenters and the literature has not yet settled over which method is the most suited for
estimating subcenters. Thus, we conduct a sensitivity analysis comparing the results with those
obtained by using the approach proposed by Giuliano and Small (1991). Additionally, in order
to achieve a better comprehension about socioeconomic forces behind the formation of urban
employment subcenters in Curitiba, a segmented analysis was carried out for identifying
employment subcenters. In this analysis, the employment segmentation consists in the
following categories: level of skill (related to the worker’s level of education), gender and
economic sector (will be analyzed the industrial, commercial and service sectors).

This study contributes to the empirical research of polycentric structures in the Latin
American context while examining a major Brazilian city. The analysis of Curitiba, which has
a strong urban planning culture, sheds light into the relationship of TOD and polycentricity.
The research adds to the literature over the debate in the choice of the most appropriate
procedures in order to assess employment subcenters with the comparison between the
methodologies proposed by McMillen (2001) and Giuliano and Small (1991). Further, in a
similar manner as the one proposed by Krehl (2016), the sensitivity analysis that was carried
for the proposed parameters in McMillen (2001) highlights the need for such task once the
urban shape and settlement of cities worldwide varies, therefore, the parameters initially set

might not account for such differences. Lastly, while most research focus in the identification

2 According to the Atlas of Human Development in Brazil (part of the United Nations Development Programme -
UNDP), the municipal HDI rank for Brazil in 2010 is (the state capitals are marked with an asterisk): 1st, Sao
Caetano (0.862); 2nd, Aguas de Sio Pedro (0.854); 3:4, Floriandpolis* (0.847); 4, Balneario Camburiu (0.845);
5t, Vitéria* (0.845); 6m, Santos (0.840); 7m, Niteroi (0.837); 8m, Joagaba (0.827); 9m, Brasilia* (0.827); 10,
Curitiba* (0.824).
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of employment subcenters (such as McMillen (2001), Redfearn (2007), Krehl (2016) and Lv e?
al (2017)), we deepen such topic with the segmentation analysis of specific economic sectors.

The employment database contains data on formal employment at the firm level
provided by the Ministry of Employment for the year of 2010, representing 50,553 firms and
658,061employees in the city. These data were geocoded based on information about ZIP codes
and using the street-level shapefile obtained from the Curitiba’s Institute of Research and Urban
Planning (Instituto de Pesquisa e Planejamento Urbano de Curitiba - IPPUC). The ZIP codes
allowed to match them with the employment database that also had the same variable for each
firm.

Including this introduction, this thesis is organized in six sections. Second section
describe historical aspects related to the TOD policy adopted by Curitiba. Third section is
dedicated to the literature review. Fourth section presents the empirical strategy used in this
research. Fifth section presents and discusses the results. The sixth section addresses the

conclusions.
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2 CURITIBA AND THE TRANSIT-ORIENTED DEVELOPMENT

Other aspect that distinguishes Curitiba from other Brazilian cities is the strong urban
planning culture, dating back to 1857. In that year efforts were taken in order to transform the
irregular urban sprawl from a circular to a planned quadrangular pattern. Other urban
transformations were related to enhance sanitary conditions occurred in 1886. Nevertheless, the
first urban plan implemented in the city was during the 1930’s (MACEDO, 2004).

During the following decade a new urban plan was designed and implemented in the
city. The plan proposed by Alfred Agache was elaborated between 1941-1943 and became
known as the Agache Plan (from Portuguese, Plano Agache). Among the plan’s premises was
the development of a radial network of roads connecting CBD to other locations of the city that
would be separated according to their functionss. This policy had in its premises the
development of employment subcenters in specific parts of the city, hence, promoting
polycentrism. A few years later this plan would be terminated, and a new one would take place.

In the beginning of the 1950°s Curitiba had over 180 thousand inhabitants and by 1980s
its population grown to 1.024.975, almost sixfold in a thirty-year period. The city also faced a
growth rate of 5.38% in the 1970’s, the highest in the country (MACEDO, 2004). This rapid
growth spurt influenced the proposal of a new Master Plan which was developed between 1964
and 1966 and started to be implemented in the early 1970’s. This new Master Plan was headed
by Jorge Wilheim and was known as the Wilheim Plan (from Portuguese, Plano Wilheim). This
new urban policy was a result of the problems that were already being faced by the rapid
populational growth. Within the core of the plan is the zoning regulations that intertwine a
mixed land-use pattern between commercial and residential use, the road system and the public
transportation networka.

According to Rabinovitch (1996, p. 53) the key principles involving the Master Plan
were: decongestion of the central area; infrastructure development; economic support to urban
development; demographic control and management; imposing a linear urban growth trend.
Furthermore, the plan had in view the regulation of economic activities through land use

policies and zoning restrictions. One example is the creation of a specific neighborhood to

3 According to Macedo (2004, p. 540-541), the plan would separate the city in secondary centers according to their
activities. There would be centers specialized in commercial, industrial, residential and institutional activities.

4 Curitiba has had international recognition for the Bus Rapid Transit (BRT) and the efforts around its development
since the 1970s when the first bus lines started to operate and the incentives towards mixed land-use pattern
alongside it. For further references see Cervero and Dai (2014), Duarte and Ultramari (2012), and Khayesi and
Amekudzi (2011).
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accommodate industrial venues, the Industrial City of Curitibas (from Portuguese, Cidade
Industrial de Curitiba — CIC), located approximately ten kilometers from the CBDs. Therefore,
this new Master Plan also stimulated polycentrism.

The main driving force of the linear growth was the relationship between the land-use
policy and the Transit-Oriented Development (TOD) policies. The linear growth was imposed
through five transit axes that departed from the CBD towards the north-south, east-west and
southeast directions. The plan was developed to consider the use of public instead of private
transportation as the main driving force while distributing people and employment in the city
through land-use regulations that were connected to the road hierarchy.

At that time, the municipal office faced budget restrictions which limited investments
in public transportation, such as light rail or subways7. The only option left was to use buses.
Nevertheless, the system was designed to mimic a subway network, transporting a large number
of people across the city in a small window of time through the use of buses with high passenger
capacity that travelled in segregated lanes. This concept was further referenced as the Bus Rapid
Transit (BRT) system, in which Curitiba was the second city in the world to develop.

In each transit axe was developed a trinary road system with a main road and parallel to
in one block away on each side there are fast lanes for cars travelling on opposite directions. In
the main road there are segregated bus lanes for the BRT system and alongside it two slow lanes
for cars (speed limit of 40 km/h) followed by parallel parking lanes. Also, the ordinance allowed
for high-rise buildings in main road, promoting population density among the axes. The master
plan also stimulated mixed land-use as it encourages to site commercial businesses in the first
two floors of those buildings, distributing economic activities away from the CBD and towards
other areas of the city. There was a strong incentive for buildings trough Floor Area Ratio
(FAR) bonuses for properties that hosted economic activity, leading to higher verticalization.

Further, the height of buildings decline in a linear manner as one locates further from the axess.

5 According to Rabinovitch (1996) the formulation of the CIC in 1973 stimulated the transition of Curitiba from
agriculture towards a industrial city. The CIC was created “in response to a policy of limiting further heavy
and/or hazardous industrial activities within the borders of the municipality, and to attract more non-polluting
industries to a specific industrial area” (RABINOVITCH, 1996, p. 52).

6 The previous Master Plan developed in 1941 and 1943 differed in the transportation strategy when compared to
the 1966 Master Plan, nevertheless the former plan also had contemplated the development of employment
subcenters. See Macedo (2004).

7 Cervero and Dai (2014) mention the capital costs-per-rider for BRT, light rail and heavy rail (metrorail) to be in
the top quartile of financing performance. For the BRT system it was needed 45 jobs or residents per hectare
within 800 meters of the stations while for light rail it was a density of 125 and for heavy rail a density of 150.
Further, according to the authors, the BRT system is also cost-effective for lower densities and suits well for
cities with lower densities or sparse distribution of population.

8 A recent report analyzing the construction patterns between the years of 2000 and 2016 developed by IPPUC
addressed that within that period was observed an urban sprawl in the number of construction developments.
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Considering the routes in the system, the BRT network follows a trunk-branch pattern.
The trunk of the system is the highly demanded express routes that depart from the CBD and
travel in the segregated corridors in each transit axe. The branch system has two main routes,
the feeder and the inner-district routes. The latter allows passengers to go from one
neighborhood to another without having to travel to CBD. Both travel in a concentric pattern
and connect to the trunk system in bus stations built in each axe every two to three kilometers,
exchanging passengers from the branches to the trunk. Once a person enters the system it can
swap bus routes as many times needed without having to pay for more than one fare. The main
bus terminals, trunk and feeder routes can be seen in Figure 1.

Other important point of the policy was the road hierarchy promoted by the BRT
network. The arterial roads were the five main axis and core of the system. Followed by the
priority roads whose purpose was to link the streets of the arterial axis. Finally, the collector
streets accounted for general purposes and to connect the structural roads to neighborhoods
without reaching the CBD (RABINOVITCH, 1996).

In the plan’s conceptualization, the high population density in the main road should also
contribute to the public transportation system to be self-financing since it would be expected
that the residents nearby the transportation network would be prone to use it. Nevertheless, the
work of Duarte and Ultramari (2012) show evidence of the contrary, with data for the 2009
Origin-Destination (OD) Surveyo, they point out that the system is utilized in its majority by
individuals that do not live nearby the network, and most start their journey in the feeder lines.

Other efforts went towards the redesign of locations that were already built to enable
better access of in the BRT facilities, increasing the efficiency of the systemio. Further, the
Master Plan assimilated in its zoning restrictions the expansion of the network into land parcels
that had not reached their full potential, thus ensuring the long-term commitment of the TOD.

The city of Curitiba is the capital of the State of Parand, located in the southern part of
Brazil, as seen in Figure 1. The city has been widely known in the last decades through the

development of the BRT system, nevertheless the city has been implementing urban planning

Nevertheless, when considering the FAR, most of those developments concentrate in the areas near the structural
axes, as it would be expected since such restrictions are enforced by land-use policies (IPPUC, 2019).

9 The survey was conducted by IPPUC, for further details see Duarte and Ultramari (2014).

10 According to Rabinovitch (1996, p. 53) the development of the plan initiated in “previously existing streets and
only minor physical modifications”. Nevertheless, those modifications proved to be efficient in the increase of
travel satisfaction, as shown by Cervero and Dai (2014). When comparing to the BRT system of Bogota
(Colombia) to Curitiba’s, in the former the network is located in “in mostly economically stagnant zones that
were largely built out has suppressed land development. So has the sitting BRT in busy roadway medians, which
limited land supplies for leveraging TOD and resulted in mostly unattractive pedestrian environments immediate
to stations. Minimal pro-active station area planning or incentives for private property-owners to redevelop
parcels also tempered TOD activities” (CERVERO and DAI, 2014, p. 132).
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policies since mid 1850s and more strong measures after the 1940s. Within the Brazilian
context, in 2010 Curitiba had an IDH of 0.823 and was ranked as the 10n highest among all
Brazilian municipalities and 4t considering only the state capitalsii. Also, at the time it was the

eighth largest city in the country, with 1.917.185 million residentsi2.

Figure 1 — BRT Network and Main Feeder Lines
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Source: IPPUC (2019) and IBGE (2015). Elaborated by the authors.

As it can be seen in Table 1, the Metropolitan Region of Curitiba (MRC) has the fifth
(seventh) highest automobile (motorcycle) fleet in the country. While considering the data for
the BRT System across the highest populated cities in Brazil, the length of Curitiba’s BRT
network it of 74 kilometers, which ranks as the third largest system in the country, with a daily
demand of 566,500 trips, ranked fourth in the nation. Such numbers show the strength of the
system in the city, which in length lies behind only Sdo Paulo and Rio de Janeiro (which had a
population six and four times greater than Curitiba in 2010, respectively) and in the daily trips
demanded is also behind Belo Horizonte (which has a smaller system in length, but larger

population).

11 According to the Atlas of Human Development in Brazil (part United Nations Development Programme -
UNDP), the municipal IDH rank for Brazil is (the state capitals are marked with an asterisk): 1st, Sdo Caetano
(0.862); 2nd, Aguas de Sio Pedro (0.854); 3w, Florianopolis* (0.847); 4, Balneario Camburit (0.845); 5,
Vitoria* (0.845); 6m, Santos (0.840); 7w, Niterdi (0.837); 8m, Joacaba (0.827); 9w, Brasilia* (0.827); 10m,
Curitiba* (0.824).

12 According to IBGE (2018b) in the 2010 census the first seven cities ranked according to population are: S@o
Paulo (12.176.866), Rio de Janeiro (6.688.927), Brasilia (2.974.703), Salvador (2.857.329), Fortaleza
(2.643.247), Belo Horizonte (2.501.576), Manaus (2.145.444).
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Table 1 - Number of private vehicles and BRT Network information for the most populated metropolitan regions
of Brazil

. Private Vehicles BRT Network
Population ; .
Motorcycles Automobiles Length Passengers (daily)
Total % Total % Total % Total % Total %
Séo Paulo 19,683,975 10.32 592,696 531 3,201,784 14.14 180 2293 3,625,034 33,69

Rio de Janeiro 11,835,708 6.20 255,558 229 1,358,449 6.00 168 21.40 3,178,600 29,54
Belo Horizonte 5,414,701  2.84 236,236 2.12 785911 347 39 497 1,047,374 9,73

Porto Alegre 3,958,985 2.08 166,895 1.50 687,753 3.04 55 7.01 540,000 5,02
Recife 3,690,547 1.93 114,839 1.03 307,406 136 50 637 409,620 3,81
Fortaleza 3,615,767 190 141,834 127 290,410 128 10 127 186,777 1,74
Salvador 3,573,973 1.87 77214 069 305,753 135 - ; § .
Curitiba 3,174201  1.66 146,958 132 624417 276 74 943 566,500 527
Campinas 2,797,137 147 160,793 144 569,376 251 13 1.66 200,000 1,86
Goiania 2,173,141  1.14 182,060 1.63 339,391 150 24 3.06 328300 3,05
Brazil 190,755,799 100 11,152,161 100 22,641,598 100 785 100 10,759,654 100

Source: IBGE (2010) and BRT DATA (2020). Elaborated by the authors.

Considering infrastructure patterns and socioeconomic conditions, Curitiba is one of the
most developed cities in Brazil. For all the households in the country, 80,04% of them have
piped water, as seen in Table 2. This index is even higher for the richer regions in Brazil, the
South and Southeast, 84,58% and 88,59% respectively. Nevertheless, the state of Parana has a
higher access than within both regions with 98,04% and Curitiba is even higher, 99,04%.
Further, when considering the access of family units to durable goods, such as fridges, the city
has a higher index when compared to the other regions and the country. The same results apply
when considering the presence of televisions in householdsi3. An important variable to consider
the high development of the city is the access to internet in the family units through computers
which in Curitiba is 59,14% while in Brazil is 30,73%14.

Other positive indicator of the last Brazilian census relates to education, nevertheless
regional disparities play a significant role, as seen in Table 3. Among the proportions, the most
developed regions Southeast, South and Midwest have the best outcomes. While 50,24% of
Brazilians are either illiterate or have not completed elementary school, most are concentrated
in the Northeast, 59,06%, and North, 56,49%, while Curitiba has 31,69%, lower than any other
region. For those that graduated elementary school but not high school the national average is
17,40% and there is not much variation within the national average among the regions and in

Curitiba.

13 A particularity within the regions is the difference between the number of fridges and televisions, the north and
northeast regions (the poorest in the country) have significantly more televisions than fridges. While in Curitiba
is the opposite, but with a small difference.

14 In this case there are strong regional factors to be considered with the North and Northeast with the households
in those regions having roughly half the national average.
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Households
Piped Water in at Durable Goods -
. .. Computer with
least one room Fridge Television .
Total (a) (%) internet access
a/b c/a d/a e/a
Total (b) %) Total (c) (%) Total (d) %) Total (e) %)
Brazil 57.320.555 100,00 45.881.593 80,04 53.696.250 93,68 54.486.243 95,06 17.615.480 30,73
North 3.977.362 6,94  1.934.588 48,64 3.331.124 83,75 3.468.069 87,20 613.992 15,44
Northeast 14.922.475 26,03 10.663.297 71,46 12.911.972 86,53 13.769.442 92,27 2.504.534 16,78
Midwest 4.332.833 7,56  3.440.923 79,42 4.160.875 96,03 4.105.760 94,76 1.362.339 31,44
Southeast 25.197.306 43,96 22.323.526 88,59 24.581.083 97,55 24.535.464 97,37 9.976.615 39,59
South 8.890.580 15,51 7.519.260 84,58 8.711.197 97,98 8.607.508 96,82 3.158.000 35,52
Parana 3.298.304 5,75  3.233.762 98,04 3.215.214 97,48 3.162.211 95,87 1.169.499 35,46
Curitiba  576.190 1,01  570.608 99,03 569.542 98,85 565.681 98,18 340.770 59,14

Source: IBGE (2010). Elaborated by the authors.

Further, 23,45% of Brazilians graduated high school but did not graduate college, in

Curitiba the number of individuals in this category is 29,86%. The national proportion of

college graduates in Brazil is 8,31%. In this case regional disparities are high, with the most

developed regions reaching almost the double of graduates than in the North and Northeast. In

Curitiba there were 20,05% of residents that graduated college. The results for Curitiba in either

of the latter two categories are expected. Major cities and metropolitan areas commonly report

higher levels of human capital and, consequently, wages when compared to rural and other

urbanized areas.

Table 3 - Education characteristics for individual-level data for 2010 in Brazil, state of Parana and Curitiba

Individuals
Education
Illiterate or has Completed Completed high
elementary school . Graduated
not completed but not high school but did not college
Total (a) (%) elementary school & graduate college &
school
Total (%) Total (%) Total (%) Total (%)
Brazil 161.981.299 100,00 81.386.577 50,24 28.178.794 17,40 37.980.515 23,45 13.463.757 8,31
North 12.669.874 782  7.156.980 56,49 2.127.288 16,79 2.669.387 21,07 639.482 5,05
Northeast 44.217.039 27,30 26.114.886 59,06 6.764.709 1530 8933.710 20,20 2.186.418 4,94
Midwest 11.870.960 7,33  5.654.109 47,63 2.097.927 17,67 2.882.315 24,28 1.155.082 9,73
Southeast 69.528.259 42,92 31.138.332 44,79 12.742.116 18,33 17.883.715 25,72 7.280.843 10,47
South 23.695.166 14,63 11.322.270 47,78 4.446.755 18,77 5611389 23,68 2201932 9,29
Parana 8962586 5,53 4.369.062 48,75 1623215 18,11 2054939 2293 869.660 9,70
Curitiba 1531838 0,95 485443 31,69 271.175 17,70 457452 29,86 307.175 20,05

Source: IBGE (2010). Elaborated by the authors.
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Another characteristic to be analyzed is the labor market of Curitiba. In Table 4 it was
considered only those individuals that are Economically Active (EA). Focusing on the Brazilian
context, there are 7,65% of people that are EA but are not working, while the lowest rates are
for the southern region (4,68%), the city of Curitiba is slight above (4,86%) but lower than the
state of Parana (5,01%). As it would be expected, the inverse relation is reported for those

individuals that have an occupation.

Table 4 - Labor market characteristics for individual-level data for 2010 in Brazil, state of Parana and Curitiba
Individuals (ten years old and above) that self-report as economically active
Individuals with an Occupation

Not working Working
Total (a) (%) bla o/a Formal * Informal *
Total (b) (%) Total (c) (%)  Total (d) d/c Total (¢) e/c

(%) (%)
Brazil 93,504,659 100 7,150,820 7.65 86,353,839 92.35 39,107,321 45.29 17,418,119 20.17
North 6,861,443 7.34 599,102 8.73 6,262,341 91.27 1,812,257 28.94 1,531,034 24.45
Northeast 23,106,950 24.71 2,252,649 9.75 20,854,301 90.25 6,553,319 31.42 5,711,069 27.39
Midwest 7,364,831 7.88 489,206 6.64 6,875,625 93.36 3,024,052 43.98 1,466,673 21.33
Southeast 41,221,668 44.09 3,109,868 7.54 38,111,800 92.46 20,624,519 54.12 6,631,654 17.40
South 14,949,766 15.99 699,994 4.68 14,249,772 9532 7,093,174 49.78 2,077,689 14.58
Parana 5,587,963 598 280,140 5.01 5,307,823 94.99 2,653,498 49.99 886,572 16.70
Curitiba 995,543 1.06 48,348 4.86 947,195 95.14 549,565 58.02 106,324 11.23
* Categories such as self-employed, entrepreneurs, employers, employees that do not receive any kind of
payments and workers that produce for own consumption were not considered. Formal workers are those
that have jobs ordered by legal framework the Consolidation of Labor Laws (from Portuguese,
Consolidagdo das Leis do Trabalho — CLT), while informal employees are not in the CLT.

Source: IBGE (2010), Elaborated by the authors.

Moreover, taking into consideration only the individuals that have an occupation, those
that have jobs ordered by legal framework the Consolidation of Labor Laws (from Portuguese,
Consolidacao das Leis do Trabalho — CLT) are formal while informal employees are not in the
CLT. The lowest rates of formal employees are in the North (28,94%) and Northeast (31,42%)
regions and are below the national proportion of (45,29%), while the Southeast (54,12%) and
the South (49,78) have the highest rates. Curitiba is above the national and regional averages
of formal employees, with 58,02%. The inverse relation applies for the informal workers.

Furthermore, Curitiba is the main economic driving force within the region, as it can be
seen in Table 4. Curitiba comprises 73.49% of the formal employees within the region while it
only has 59.36% of the economically active population. The difference between the data in the
2010 Census in Table 3 and the MTE-RAIS data in Table 5 sheds light that there are that are
formal workers and also inhabitants of Curitiba and there are others that reside in neighboring

cities but commute to Curitiba to their formal employment. Therefore, it should be expected
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that there are employees that reside in other neighboring municipalities and commute to
Curitiba to work.

These characteristics of Curitiba and its comparison between the percentages for Brazil,
the five country regions and the state of Parana provide a brief context of whether the city is
developed when considering a Latin-American developing country that has major regional
disparities. The considerable percentage of households with access to water, the high level of
human capital (within the country) and the strong labor market where the majority of the
economically active are working and a low percentage of informal workers provide a brief

context of Curitiba.

Table 5 - Total Employment and Economically Employed Population in the RIT (2010)

Employment (formal) Economically Active

Total % Total %
Bocaiuva Do Sul 1,509 0.13 9,134 0.35
Campo Magro 3,688 0.32 20,852 0.81
Rio Branco do Sul 4,559 0.39 25,48 0.99
Mandirituba 5,137 0.44 18,519 0.72
Campina Grande do Sul 7,547 0.65 32,401 1.26
Piraquara 7,664 0.66 77,085 2.99
Quatro Barras 8,848 0.77 16,754 0.65
Fazenda Rio Grande 9,671 0.84 67,119 2.60
Almirante Tamandaré 11,272 0.98 85,51 3.31
Campo Largo 25,275 2.19 96,196 3.73
Colombo 37,529 3.25 178,212 6.91
Pinhais 41,461 3.59 99,181 3.84
Araucaria 51,802 4.48 100,428 3.89
Sao José dos Pinhais 90,277 7.82 222,039 8.60
Curitiba 848,85 73.49 1,531,838 59.36
Total 1,155,089 100 2,580,748 100

Source: MTE-RAIS 2010; IBGE, 2019. Elaborated by the authors.

To summarize, the Master Plan of 1966 envisioned to have a mixed land-use policy
associated with the BRT System but also considering the distribution of residents and
employment, redesigning the shape of the city. As pointed by Cervero and Dai (2014) other
cities, such as Bogota (Colombia) and Ahmedabad (India), that implemented the BRT System
focused in mobility and not city-shaping investments as in Curitiba. As mentioned by the
authors, both cities lack incentives to promote high population densities and to redevelop the
surrounding areas alongside the transit corridors.

The BRT system started to operate in 1974 in the 20-kilometer-long north-south axis, it
carried over 54.000 passengers per day (RABINOVITCH, 1996). With the expansion of the

network towards the southeast, east-west, the RIT and the green line (started being developed
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in recent years) in recent number for 2019 it carried an average per weekday of 1.365.615
passengers and a coverage of 300.773 kilometers. Further, the total fleet has 1.229 operating
buses with a total fleet of 1.601 buses (URBS, 2019). Nowadays, the BRT network expanded
to other municipalities around Curitiba. The adjacent cities embraced by the BRT including
Curitiba are known as the Integrated Transport Region (from Portuguese, Regido Integrada de
Transporte — RIT).

The definition of Dou et al (2016, p. 380) for a Transit-Oriented Development (TOD)
must include three dimensions: design (ease pedestrian use to improve travel satisfaction),
density (commercial and residential activity in specific areas) and diversity (mixed land-use
searching to reduce travelling time and increase ridership rates). Curitiba’s urban development
contemplates those three aspects. Moreover, the policy was designed in order to decentralize
economic activity from the CBD in direction of the transit axes, while also combining land-use
regulations, public transportation and high population density. This resulted in a highly
demanded and self-financing public transportation while also matching high commercial and
residential active in specific areas of the city.

Therefore, the 1966 Master Plan was not only conceived to promote an efficient public
system transportation, rather it has been a plan implemented over the last fifty years that

redesigned the shape of the city1s.

15 Cervero and Dai (2014, p. 135) cite the comparison in the implementation of the BRT system in Bogota
(Colombia) and Ahmedabad (India) where both cities have failed to “leverage compact, mixed-use development
near stations stems from BRT systems being viewed mainly as mobility rather than city-shaping investments. In
both cases, engineering, costs-minimization principles generally won out over urban-planning, development-
maximization ones. In the drive to economize on investment costs, the path of least resistances was often
chosen”.
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3 FROM THE MONOCENTRIC TO THE POLYCENTRIC URBAN PATTERN

The literature review in this chapter is subdivided into two sections, a theoretical and
an empirical. The former analyzes the seminal studies in urban economics of Alonso (1964),
Mills (1967), Muth (1969) and the theoretical model of urban structures of Fujita and Ogawa
(1982). The latter subsection considers the studies that focus in land use and polycentricity such
as Shukla and Waddell (1991) and Waddell and Shukla (1993); the studies of McDonald (1987)
and Giuliano and Small (1991) which develop methodologies that identify employment
subcenters through the analysis of employment densities. Finally, the estimation of subcenter
through methodologies that consider nonparametric models as in Craig and Ng (2001),

McMillen (2001) and Redfearn (2007).

3.1 THEORETICAL LITTERATURE REVIEW

The classical theoretical model depicted in Fujita (1989) and Brueckner (2011) was
established by the seminal works of urban economics by Alonso (1964), Mills (1967) and Muth
(1969). Their framework depicted a city where businesses locate in center, the Central Business
District (CBD) and where workers reside around the CBD and commute to it in radial manner.
This theoretical model was entitled as the monocentric model.

The work of Anas, Arnot and Small (1998) verifies that the current spatial structure of
North American cities was modeled by the advances in transport and communication. The
authors analyze the development of cities prior to the 1840’s. At that time, economic activities
settled near waterways where products were shipped through harbors faced lower freight costs.
With the use of railroads, firms also searched to locate near stations to reduce their shipping
costs. Nevertheless, intraurban shipping occurred mainly through horse and wagon which
consumed a substantial amount of time and were unreliable depending on the weather
conditions. In either case, scale economics through transportation costs of played a significant
role in determining the location of firms near harbors and railroad stations, favoring a single
business district. At the same time, the workers resided near the CBD and commuted by foot
due to the limitation of individual transportation which occurred mainly by horses and horse
carriages.

The evolution from horse-drawn to electric street cars and then the development of
subway systems between the 1850s and the first years of the 1900s facilitated the concentration

of residences far from the CBD but near radial transportation networks. Although, even with
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the technological evolution of the telegraph which reduced the costs of communication between
firms, they still relied on messenger in the intra-city communication, still reinforcing the
clustering of economic activity. As Anas, Arnot and Small (1998) detail, within the CBDs the
firms concentrated according to their business sector where the center was then divided into
specialized districts. Thus, the city’s spatial structure was monocentric with the middle-income
workers residing far from the CBD and commuting to their jobs in a radial manner.

The internal combustion engine played a key role in the changes in the urban structure.
The use of trucks and automobiles in intra-city transportation reduced commuting and
transportations costs. The widespread of the assembly line in horizontal buildings, and with it
the mass production of goods, encouraged firms to reduce the capital-land ratio and search for
locations with low land cost. The reduction of communication costs with the advent of
telephony and infrastructure investments in the and the expansion of rail and highway systems
in suburban areas, enabled the firms to locate far from the city core. In this process of industrial
firms relocating, the main economic businesses in the CBD transitioned to the service and
commercial sectors.

Nevertheless, this process only intensified after the World War II. Therefore, Alonso-
Mills-Muth monocentric (portrayed in the following paragraphs) was not far from the urban
pattern seen in the major cities.

The models proposed by Alonso (1964) and Muth (1969) focus in the household that
maximizes its utility function between the quantity of housing (a measure of the intensity of
land-use) and other commodities (except transportation). According to Goldstein and Moses
(1973) both models are quite similar. Both models consider the costs of transportation to the
CBD equal in all directions and as a function of the wages and the distance. The commutes to
consumption of goods and their cost of transportation within urban limits were not considered.
This formulation allows to assess the trade-offs involved in the transportation costs and
accessibility to the CBD. Furthermore, all markets are considered to be competitive; the
consumption of housing has no constrains or externalities; and the prices of goods, wages and
housing in the CBD are given.

The solutions of the utility maximization problem show that, in equilibrium, the
reduction of the costs of living further away from the CBD are neutralized through a raise in
the transportation costs, which increase the further a household locates form the CBD. This
statement was formulated by Alonso (1964) as the bid-rent curve. With the latter argument in
mind, in order to maintain the equilibrium, the model also indicates that the price of land must

decrease with distance to the CBD.
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The model proposed by Muth (1969) analyzes the price of land and the prices per unit
of housing through the behavior of firms that produce housing. Those firms combine land and
non-land inputs in a Cobb-Douglas production function. The optimal solution of the problem
results in a price gradient for land.

In this formulation Muth (1969) assumes a unitary price-elasticity of the demand for
housing and the marginal cost of transportation to also be constant. With these assumptions,
Muth (1969) demonstrates that the intensity of land-use per unit of land declines the greater the
distance from the CBD. This allows us to infer that the closer to the CBD the higher the
population density and the smaller the dwellings.

The proposition made by Mills (1967) involves the interaction between three production
sectors within a concentric city: goods, intracity transportation and housing. Their production
functions are assumed to be in the Cobb-Douglas form. Besides, his model relaxes the
hypothesis of constant returns to scale and land homogeneity.

If land is not homogeneous it raised the possibility that the parameters in the production
function are not constant to all firms within a city and that they might vary depending on the
location. In the case of a city with a positive efficient parameter the firms have decreasing
returns to scale, but they will locate in the site where the parameter is positive. If the parameter
has no influence on the production function, firms will have increasing returns to scale. The
result in either case is that firms concentrate in a neighboring area, the CBD.

The model also assumes that all factor markets are competitive, the wage rate and capital
rental rate are exogenously defined, the amount of labor and capital of a city is determined by
the number of workers and capital stock that it can bid for. The land rent is determined
endogenously and is related to the distance from the CBD.

The goods market is assumed to be a monopoly where the firm produces given a fixed
demand. Furthermore, the rent paid in the CBD removes any possible monopoly profits the firm
might gain. Given the production function determined by the model, the greater the increasing
returns of scale of the firm the more demand inelastic they are in order to pay for the marginal
products of the factors. The limiting case of a perfectly competitive market, which his
formulation might account for, requires that the coefficient parameters to determine constant or
decreasing returns of scale.

The intracity transportation links the suburbs to the CBD in a radial structure. As Mills
(1967) states, there is a great possibility of substitution of input-output coefficients between
land, labor and capital. Although, he acknowledges the possibility that different sites might

require a different combination of coefficients in order to the transportation system to be
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efficient. Nevertheless, he assumes that land is the only input in the transportation, therefore
workers only commute to the CBD by cars.

The production of housing occurs in rings distant from the CBD. The housing
production function considers not only the production of housing but also the production of
goods near customers in order to avoid transportation costs. Therefore, those goods are
produced in the residential area.

The use of land in the suburbs is determined through land bids. In case that the CBD
desired to expand its area, it must bid land away from the suburbs. And in the city fringe the
suburbs must be able to bid land away from agricultural production. The land rent of the
agricultural land is exogenously given.

The housing market is assumed to be competitive in the input and output market. Mills
(1967) assumes that the variations in the demand for housing consumption do not vary but the
proportion in which land and capital are consumed in order to produce housing does.

The model proposed by Mills (1967) follows the assumption made by Alonso (1964) and later
incorporated by Muth (1969) that in equilibrium a household might reduce its cost of
transportation moving closer to the CBD, but this reduction will be offset by the raise in the
housing cost.

Further assumptions made determine that all land should be used. In the case of the land in the
CBBD, it will be used in transportation and in the production of goods. Similar, the land in the
suburbs used to produce housing and transportation. Finally, the model does not take into
account any geographical or topographical obstructions in the city.

The solutions of the model proposed by Mills (1967) to the size of the CBD imply that
the amount of land dedicated to the production of goods increases in decreasing rates the greater
the distance to the city center. The results for the model analyzing the demand side of the goods
market and assuming the firm maximizes profit. Mills (1967) states that the demand for land in
the CBD in order to produce goods is inversely related to their prices. In other words, the higher
the land values in the CBD, the lower their demand for the production of goods.

Also, if the prices of factor ratios of input and output of the firms are in competitive
markets the size of the CBD will be such that the land around it will be enough to transport
workers to the CBD. This result sheds light in the impacts of traffic congestion and its
implications for the model only allow for the transfer of land from the production of goods to
the transportation.

The result for the equation estimated for the land-rent in the suburbs show that there is

a decline in the prices according to their distance from the CBD. Until Mills' (1967) land-rend



28

values decreasing in an exponential function was the standard assumption. Nevertheless, his
model indicated a slower-than-exponential decline, even though his model considered the
possibility of an exponential decline.

The implication of the land-rent curve to be slower-than-exponential allows for the

possibility of houses closer to the CBD to have a smaller area without a sharp rise in their prices
as one approaches the city center, as it would happen in the exponential model.
Another conclusion derived from Mills’ (1967) model relates to the population density. A
common assumption made before him was that population also declined in an exponential way.
Again, the equation yielded by his model pointed to a linear decline in population density from
the city center.

The Alonso-Mills-Muth Modelis, nowadays considered the classical theory of urban
economics, analyses a concentric city where a predetermined single location concentrates the
firms, the Central Business District (CBD). The households locate in the other concentric circles
around the CBD, the suburbs. Another assumption One of model is that the land is
homogeneous and ready to be occupiedis. Further, the transportation system is assumed to be
in a radial form in which there are no congestions and is used by workers exclusively to
commute to the CBD.

The model departs from the analysis of a household utility maximization between

housing and a numeraire composite good. Income is assumed to be the same for each worker
independent of their location and it is spent in the numeraire, land and transportation costs.
Within the utility maximization the distance from the CBD is accounted for in the costs of
transportation and the land rent (also known as bid-rent curve).
The latter argument in the previous paragraph implies that the costs of transportation raise the
greater the distance traveled to reach the CBD. The inverse can be verified in terms of the prices
of housing which reduce the greater the distance to the CBD. Therefore, within the model
framework it can be inferred that there is an inverse relationship between the costs of
transportation and costs of housing.

Nevertheless, the model states that maintaining a fixed utility independent of the
distance to the CBD, the raise in the cost of transportation is offset by the reduction in the price

of land-rent. The opposite applies in the case of household located close to the CBD.

16 For an extensive explanation of the model see Fujita (1989) and Brueckner (2001).
17 One the problems faced by their models is assuming that the city is homogeneous, not taking into consideration
the topography, which might influence possible results given that it might affect the location of households.



29

Another result that can be shown in the model relates the land rent and the sizes of land plots.
The land rent declines as the distance from the CBD increases. While the opposite can be
inferred about the sizes of lots, they become larger the greater the distance to the city center.
Notwithstanding, Alonso (1964), Mills (1967) and Muth (1969) acknowledged the possibility
that cities could incorporate other concentrations of employment within its limits besides the
CBD. Moses and Golstein (1973) indicate the modification that Muth (1969) made to his model
in order to incorporate smaller centers of employment located in the residential area. However,
they are considered too small and have no effect on prices or land area occupied to exert any
influence over space.

Likewise, Mills (1967) cites an example of shopping centers and their possibility to
exhibit increasing returns to scale sufficient enough to hinder housing from an area, but this
force is not enough to be defined as a central location. According to the author, considering the
framework of the proposed model, considering such modifications would complicate its
solution once it would be necessary to consider the distance between such economic activity
and its distance to the CBD and its neighbors.

The review by Berry and Kim (1993) and Anas, Arnot and Small (1998)1s sheds light
to the polycentric urban pattern. Both researches display several works that corroborate that
polycentricism is not a phenomenon, it is a recurring urban pattern in major American cities.

Theoretical model developed by Fujita and Ogawa (1982) and empirical research by
Shukla and Waddell (1991) and Waddell and Shukla (1993) explore modifications to the
monocentric model. One of their modifications to the model is the possibility of cities that
concentrate workers in more than one employment center.

The work developed by Fujita and Ogawa (1982) proposed a theoretical static
microeconomic model focused in the analysis of land use in a non-monocentric city. In their
framework the location of the firms and households are defined endogenously.

The city is assumed to be linear and the economic agents are firms and households. The
interaction between firms is known as within-sector interactions, resulting in agglomeration
economies. The interactions between households and firms take place in the labor market,
where households supply labor and firms pay wages. The market in both forms of interaction
are considered to be perfectly competitive throughout the city.

Households are assumed to maximize their utility between land and a composite good.

Three main assumptions of the model are: (1) in each family unit it is assumed that only one

18 The work of Anas, Arnot and Small (1998) comprises a section describing the historic conditions of the urban
structure in the United States.
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individual supplies its work; (2) the wage from its labor is the only income of the household;
(3) there is only one type of travel within the family, the commute from home to work. The
wages are determined by the land rent at a site and the size of lots (assumed to be a positive
constant) consumed , the price and quantity of the composite goods that are consumed and the
relationship between the commuting time and the distance from the household to the work site.
Therefore, if households maximize their utility by the consumption of the composite