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Abstract

The spatial structure of an urban area is characterized by the travel patterns resulting from
allocation of activities in the city. This structure is shaped by the interaction of urban policies
and the socio-economical context that drives real estate industry. Many of those policies can
be translated into land regulations, infrastructure investments, and taxation. The resulting
spatial organization influences feasibility and economic efficiency of different transport modes,
as well as their affordability and environmental impact. Hence, the analysis of spatial
outcomes of those policies may provide guidance for the design of new policies in order to
improve mobility in the urban area in the long term.

This work presents a critical analysis of the evolution of the spatial structure of Sdo Paulo
Metropolitan Area, bringing some possible directions of growth in order to increase spatial
mobility. After presenting definitions and impacts of spatial structures, we provide an overview
of the early growth of the metropolis, and transportation infrastructure and land regulations
during the 21* Century. The evolution of the spatial structure is analyzed by means of data on
allocation of activities and daily travels from origin-destination surveys during a period of 15
years, from 1997 to 2012. Accordingly, we present policies that have recently been approved
for Sao Paulo that intend to impact the spatial structure in order to increase mobility.
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1. Introduction

The metropolis of Sdo Paulo is the largest and most important urban agglomeration of Brazil
and is among the ten larger urban areas in the world (UN, 2012). Its 20 million inhabitants
account for 10% of Brazilian population, and generate 18% of Brazilian GDP. The capital
municipality alone has 6% of Brazilian population, and generates 12% of Brazilian GDP (IBGE,
2014). However, the metropolis faces deep urban problems. Its congestion levels are
estimated to cost 1% of Brazilian GDP annually, considering losses caused by pollution (Cintra,
2014).

This paper intends to study the evolution of the spatial structure of Sdo Paulo Metropolitan
Area, and discuss possible growth directions in order to improve spatial mobility. The main
data supporting this analysis origin-destinations surveys from 1997, 2007 and 2012 (Metro,
2014). Data were grouped by zones and macro-zones as shown in figure 1, distance were
estimated based on centroids of zones, and trip durations presented are the weighted average
of all trips times originated in the zones.

At the next sections, we provide an overview of the processes that shape the metropolis and
some basic concepts that are used in our analysis. Considering the characterization of spatial



structures, we discuss their impacts on major urban issues. Then, we provide a description of
the changes on the spatial structure of Sdao Paulo, focused on the time period of 1997 to 2012,
bringing the idea of the dynamics and the urgency to deal with these issues. Based on this
data, we present a critical analysis of some policies that are being implemented to reduce its
problems.

2. The City as a Process

Cities are shaped in continuous iterative processes which are a result of individual decisions of
land users: people and companies that perform their activities in the city. Their location
choices are bound by their preferences in the tradeoff between location and travel and are
affected by incentives provided by other agents, such as the real-estate industry, financial
markets, and the public administration (Batty, 2013; Fujita and Thisse, 2013; Bertaud, 2004).

The allocation of activities determines the displacements of land users, and shows how the city
is used. This information is usually described by the terms Urban Spatial Structure and Spatial
Organization (Bertaud, 2004; Anas, Arnott, and Small, 1998).

On the other hand, the built environment where those activities and displacements happen
has a much slower speed of change and is more permanent than the activities performed in it
(Wegener, 2002). For example, fully developed areas of the city may be underused due to
technological or social changes, while other areas may be more densely populated even if
lacking proper infrastructure. Then, it is important to differentiate the analysis of the built city
from that of the actual used city.

Describing the urban process, Hillier & Vaighan (2007) state that “The social city is either side
of the physical city: it brings it into existence, and then acts within the constraints it imposes”.
This “social city” is also affected by non-urban form factors: characteristics of land users and
incentives provided by other agents. Hence, it is the allocation of activities in space and the
way people move to participate on those activities that may indicate the level of sustainability
of the urban area.

Typologies of spatial structures can be defined as:

e Monocentric: one Central Business District (CBD) clearly more important than other
existing centralities with strong pendulum movements towards the center.

e Monocentric with diversity of uses: one CBD clearly more important than other
existing centralities, or compact polycentric structures with no clear geographical
separation between different centralities. In this case, it is expected less pendulum
movements towards the center.

e Polycentric: a number of relatively similar centralities, having high interaction with
each other.

e Polycentric fragmented: a number of relatively similar centralities, having low
interaction with each other.

The urban space is an arena where land is disputed. More compact spatial structures bring
activities closer, therefore increasing that competition. Even though it generates a direct
impact on land prices, built-up area can be expanded by building vertically, increasing supply
and reducing demand pressure. Excluding environmental and cultural factors, there is a
financial limit to that expansion, which is the cost of high-rise buildings in. On the other hand,
more dispersed and decentralized structures reduce competition for land, making it cheaper
but requiring large infrastructure investments to provide sanitation and good accessibility. So,
the poorer population face ups and downsides in both kinds of spatial structure.



Monocentric areas are able to provide high productivity due to connectivity and proximity,
which “seems to enable easier circulation of ... non-standardized knowledge and ideas”
(Meijers, 2013). This structure favors a peak of density at the main centrality, increasing
competition for land and concentrating negative effects of agglomeration. Polycentric areas
with high connectivity may provide a more advantageous relation between positive and
negative aspects of agglomeration, but does not substitute the proximity enabled by
monocentric areas. On the other hand, fragmented metropolitan areas are collections of small
cities not providing those benefits. Such fragmentation arises from the failure of transport
infrastructure on both monocentric and polycentric regions or by a deliberate planning
towards polycentrality.

Monocentric structures and mixed uses, bringing population and jobs together, are considered
more environmentally friendly because they reduce displacement and it consequences,
favoring mass transportation and non-motorized transport. However, if the infrastructure is
not properly planned and used, it can worsen problems as local pollution, congestion on
private and public transportation and lack of accessibility. Polycentric fragmented structures
also bring population and jobs together, within the centralities, but they reduce the benefits
brought by the urban agglomeration. Connection by mass transportation and dense nodes are
a way to avoid negative impacts of both structures above, but they require larger investments
on transport infrastructure.

3. Sdo Paulo Metropolitan Area

Sdo Paulo Metropolitan Area (SPMA) is an administrative classification that consists in 39
municipalities, and the largest and richest is the capital city, Sdo Paulo (figure 1). Although the
urban area is continuous, the municipalities have independent administrations. The
metropolitan area was created in the late 60’s, but now there is not an integrated
development agency. Transport infrastructure is a result city of planning and investments
carried on by individual municipalities, municipal consortiums and the state.
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Figure 1: Sdo Paulo Metropolitan Area. (a) At the satellite image, it is possible to notice the river network (in
blue), which was essential to the establishment of Sdo Paulo as a trade center connecting the countryside to the
coast. (b) The map shows zones and macro-zones considered in this study, and the current road infrastructure in

yellow.
Source: Prepared by author. Data: Metro (2014). Background image (a): Google, Data SIO, NOAA, U.S. Navy, NGA, GEBCO, Image Landsat.

3.1. Growth: 16t to 20t Century

The urban nucleus that originated the metropolis was established in the mid-16" Century, on a
plateau between the junction of Tamanduatei and Anhangabau rivers, 700 m above the sea
level and 70 km into the continent. Its topography and hydrography enabled the development
of waterways and roads, connecting the nucleus to the coast. By the mid-19" Century, S3o
Paulo was established as regional trade area concentrating religious, administrative and
commercial activities due to its strategic location on crossroads.

As Brazilian’s coffee exportation increased during the 19" Century, the economic influence of
the state of Sdo Paulo increased as well as its capital. Its tradition as a trade center turned also
that urban nucleus into a nodal point of transportation, attracting massive investments on
infrastructure as railways, paving the way for Brazilian industrialization that took place at the
end of that Century. By this time, rich farmers and industrialists moved to the city to enjoy
urban life and to do business, while poor peasants sought work in factories.

The historical core, that used to mix all city function, became a business and upper class
commercial and entertainment area, consolidating the first CBD of the metropolis, while other
uses expanded horizontally. Richer population went west, avoiding congestion and poor
sanitation conditions of the historical core, urbanizing lands with better topography. Factories
and poorer population went east, following the railways which provided easy transportation
and also had cheaper land that had been avoided due to its flooding hazard.



For one Century, the economy of S3o Paulo grew mainly based on its industries. A high number
of national and international immigrants were attracted to work on factories, making the city’s
population grow 130 times from 1890 to 1980 (figure 2).
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Figure 2: Cumulative population growth in Sdo Paulo Municipality, SPMA and Brazil, through the 20" and 21%

Centuries.
Source: Census (IBGE, 2014).

In the first half of the 20" Century, the CBD grew in size, expanding vertically and horizontally
towards southwest. In that process, the historical core lost its affluence and became known as
“Old Center”, while a “New Center” that served upper classes emerged towards southwest
(Villaga, 2001). Other new commercial sub-centers destined to poorer population emerged
further from the CBD. Residential areas closer to the CBD grew vertically as well. Upper classes
lived in the southwest and poorer population lived at the CBD and east, close to the factories
and at increasingly peripheral areas. The railways also enabled factories to be located outside
Sdo Paulo municipality and ABC region (at southeast) became the strongest industrial cluster
outside Sao Paulo municipality.

Road transport had a high impact on transport of people and freight. Until the 1900s, animal
traction streetcars were the only providers of mass urban transportation, but in the beginning
of the 20" Century, the operation of electric tramways enabled an initial sprawl of the urban
area. From the 1920’s on, road modals became the focus of development policies and railways
and electric tramways were gradually deactivated or underinvested. That led automobiles and
buses to become the main providers of transport at the same time that the electrical
tramways were abandoned. Road transport provided more flexibility for the urban tissue’s
growth in all directions, but it also meant more congestion, pollution, bigger avenues and the
decadence of public realm. The road modal also changed the location of factories, which
located near new high-speed avenues.

The urban expansion did not happen contiguously. Parcels of land and urbanized lots were left
empty, while lots at peripheral areas were sold to poorer population. It was expected that,
when there was enough population density, bus lines and other infrastructures would be
extended to those areas, making the empty lots between them and the consolidated urban
tissue more valuable. That process led to a sprawled morphologically fragmented growth of
the city (Bacelli apud Barbosa, 2001).

At the second half of the 20" Century, Sdo Paulo’s “Old Center” decayed even more, and there
was an increase in number of slum tenements. Commercial and business activities expanded
beyond the “New Center”, with more technological buildings and the widespread of shopping
malls.

During the two last decades of the 20" Century, the economy of SPMA became increasingly
based on business to business services, such as financial services, IT services, consultancies,



law firms, and publicity agencies (Meyer, Grostein and Biderman, 2004). The city provided a
highly diverse environment, with many potential clients and specialized workforce. As the
economy of Sdo Paulo shifted from industrial based to services based, industrial cities of the
metropolitan area became dormitory towns, while factories gradually relocated to smaller
urban agglomerations in the inner state.

3.2. Transport in the 21t Century

The road system of SPMA is organized in a number of rings centered at the historical core
(figure 1b). It is the basis for the main transport modals throughout the metropolis:
automobiles for richer population and buses for the poorer. A road metropolitan ring is also
being implemented in order to divert road traffic between the inner state and the coast from
the metropolitan core, but it has also being used for internal trips in the metropolitan area.

In the beginning of the 21°" Century, mass transportation received large amount public
investments on transport systems. However, much of those investments were spent on
subsides instead of increasing transportation capacity (Rolnik and Klintonwitz, 2011). In the 15
years analyzed, there was an increase in 72% in length and of 90% in trips for subways, and an
increase of 76% in trips in railways (figure 3).
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Figure 3: Transportation Infrastructure in 1997 (a) and in 2012 (b).
Source: Prepared by author. Data: SPTRANS (2014); Metro (2014); EMTU (2014); CPTM (2014). Background image: Google, Data SIO, NOAA, U.S.
Navy, NGA, GEBCO, Image Landsat.
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3.3. Land Regulations in the 21t Century

Throughout its history, land regulations in Sdo Paulo were focused on its central and richer
areas. It intended to exclude unwanted uses from those areas and formalize existing land uses,
instead being used to shape a different future (Rolnik, 1997).

In 1997, Sao Paulo municipality settled the zoning approved in 1972, allowing higher density
and mixed uses around the New and Old center, where most of the tertiary activities were
located until the 1960’s, and at the east, where there was a larger amount of poorer
population and factories. That zoning also restricted density and uses towards the west, where
richer population were located (Feldman, 2005).

In 2002 and 2004 a new master plan and zoning (figures 4 and 5) were approved, keeping
higher densities along main avenues and transportation lines (grey). It still protected areas
where richer population was located (yellow), while providing more flexibility to more
peripheral areas.
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Figure 4: Land uses (a) and densification nodes and axes (b) defined by Sao Paulo’s master plan.
Source: Municipio de Sdo Paulo (2002) and Municipio de Sdo Paulo (2004), modified by author.

3.4. Spatial Structure of Sdo Paulo in the 21t Century

Population

The population of SPMA has been experiencing a slower pace of growth, going from 1.5% per
year from 1997 to 2007, to 0.5% per year from 2007 to 2012 (figure 5). During the last 15

! Proportion to lot size. For example, a coefficient of 2 means that it is allowed the construction of a
building that has 2 times the lot’s area.



years, it was observed an increase in population on the three lower income brackets, while the
upper classes reduced. For instance, the income bracket 4 (from USD 613 to USD 1,226)
increased 77% from 1997 to 2012, while the income bracket 2 (from USD 2,451 to USD 4,596)

reduced 23% in the same period (Metro, 2014).

This change of scenery is also observed when employment opportunities are observed. From
1997 to 2012, there has been an increase of 41% in jobs, while the population increased 19%
(figure 6). The facts that jobs are increasing in comparison to population and that the
population is becoming poorer may indicate an emigration of richer population. However, that

problem requires a deeper analysis that exceeds the scope of this paper.
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Figure 5: Inhabitants of SPMA per monthly income bracket (in UDS of Oct. 2012).

Source: Prepared by author. Data: Metro (2014).

Employment Inhabitants Emﬁ:ﬁ:;’:: /
1997 6,959,394 16,792,421 0.41
2007 9,065,736 19,534,620 0.46
2012 9,813,373 20,011,703 0.49

An immediate consequence of these changes is the urban settlement. By 1997, the historical
core and expanded center city were characterized by high density levels of population density.
Ten years later there was a reduction of population density and in another five years, it turned

Figure 6: Employment and Inhabitants of SPMA.
Source: Prepared by author. Data: Metro (2014).

to grow again, reflecting the complex dynamic of the city (figures 7, 8 and 9). The opposite
pattern was observed in some zones of peripheral areas.
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Figure 7: Population density at SPMA (inhabitants per hectare)
Source: Prepared by author. Data: Metro (2014).
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Figure 8: Differences in population density at SPMA (inhabitants per hectare).
Source: Prepared by author. Data: Metro (2014).
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Source: Prepared by author. Data: Metro (2014).

The analysis of the changes in settlement standards for each income bracket reinforces the
idea of the impoverishment of the city (figure 10). Richer population (income brackets 1 and 2)
experienced a reduction in density, more intense at the first decade whilst population with
middle and lowest income increased in density in most areas.
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Figure 10: Differences in population density at SPMA (inhabitants per hectare).
Source: Prepared by author. Data: Metro (2014).

Through the analysis of two representative groups it is possible to notice similar tendencies
during the periods of 1997 to 2007 and 2007 to 2012. Richer population (income bracket 2)
moved towards peripheral areas at the first moment and returned to more central areas after
2007, particularly at high income neighborhoods (figure 11). Lower income population (income



bracket 4) presented the same pattern, but with less intensity and locating closer to the
historical core (figure 12).
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Figure 11: Differences in population density at SPMA (inhabitants per hectare) — Income bracket 2 (USD 2,451 to

4,596/month).
Source: Prepared by author. Data: Metro (2014).
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Figure 12: Differences in population density at SPMA (inhabitants per hectare) — Income bracket 4 (USD 613 to

1,226/month).
Source: Prepared by author. Data: Metro (2014).

Economy and Jobs at SPMA

Since the 1980’s, the economy of SPMA increasingly concentrated in the third economic
sector. In 2011, 54% the GDP generated by the tertiary sector was almost 3 times the GDP
generated by the secondary sector (IBGE, 2014). However the metropolis still has a significant
concentration of industries: 11 of the 100 more industrialized municipalities of Brazil belong to
SPMA, and it produces 13% of Brazilian industrial income (IBGE, 2014).

Employment at SPMA is mostly concentrated at the expanded center (figure 13) where it has
been increasingly growing (figure 14) mostly due to the increase in jobs in the tertiary sector.
Jobs in the secondary sector suffered a small reduction throughout SPMA, being substituted by
dwellings. That happened mainly in the last 5 years (2007-2012), particularly in areas
experiencing a growth of lower income population, such as in the south of S3o Paulo
municipality (Metro, 2014).
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Figure 13: Employment density at SPMA (jobs per hectare)
Source: Prepared by author. Data: Metro (2014).
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Figure 14: Differences in employment density at SPMA (inhabitants per hectare).
Source: Prepared by author. Data: Metro (2014).

This situation leads to high density of jobs per inhabitants at the expanded center, whereas
this density is smaller at peripheral areas (figure 15). The changes observed however, follow a
quite distinct tendency towards both periods analyzed. Between 1997 and 2007, there was a
significant increase in the number of job opportunities per 100 inhabitants but this tendency
reduced from 2007 to 2012 (figure 16), due to the increase of population at the expanded
center which was not followed by a proportional growth in job opportunities.
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Figure 15: Employment per 100 inhabitants at SPMA (jobs per hectare)
Source: Prepared by author. Data: Metro (2014).
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Travel patterns at metropolitan area

A third descriptor of the spatial structure of the city is the travel pattern of trips performed
daily. The differences in these patterns are, once more, directly connected to the income
brackets. Figure 17 shows that population with higher income prefer using individual
transport, even when trips are originated at more central areas. However, at the historical
core, there is a higher use mass transportation by that population. By its turn, lower income
population makes more use of mass transportation at the historical core and expanded center.
whereas non-motorized transport is more significant in peripheral areas.
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Figure 17: Modal share at SPMA in 2012 by income bracket and region where trip is originated.
Source: Prepared by author. Data: Metro (2014).

Due to the concentration of jobs at central areas, it can be noticed intense pendulum
movement from peripheral areas to the expanded center, both in mass and private transport.
In 2012, mass transportation trips were strong between expanded center and east and south
of S3o Paulo municipality. It was also observed that private transport was more used for trips
within each region and that long trips among zones trips were rather performed by mass
transportation (figure 18).



(a) (b)
Figure 18: Trips at morning peak in 2012 (5:00 a.m. to 8:00 a.m.) — 80% of the most significant routes. (a) Mass

transportation. (b) Private transport. The thickness of each arrow is proportional to the density of flow.
Source: Prepared by author. Data: Metro (2014).

There is a wide dispersion in travel times for the same distances traveled, which is higher for
mass transportation. Mass transportation presents smaller average travel times while
maximum times area higher (figure 19).
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Figure 19: Trip durations (min) per distance classes and modes in 2012.
Source: Prepared by author. Data: Metro (2014).

4. Improvement through Policies

The current spatial structure presents a monocentric configuration at a metropolitan level and
there are geographical growth constraints for the metropolis, turning real polycentricism
unrealistic for SPMA.

The city has recently approved a new master plan that sets basis for policies and regulations
for the city’s development through the next 16 years. One of the main issues dealt by that
master plan is the direction of growth that will be allowed in the municipality. Its main
objectives towards the spatial structure of the city are:

e Contain horizontal growth (sprawl)
e Promote densification of underutilized areas with infrastructure
e Reduce displacements, balancing the relationship between local employment and housing

This plan intends to keep higher densities - maximum densification coefficient of 4 - along
mass transportation lines, following a more transit-oriented approach than previously (figure
20). Outside those areas, the maximum densification coefficient is 2. However, those
coefficients are similar to the previous regulation.



Nonetheless, the new master plan brings some innovative instruments on the densification
axes:

e Incentives for mixed-use buildings and non-residential uses on ground floor of
residential buildings, making transit more interesting and providing commercial
spaces.

e Requirement and incentives for buildings to donate part of its lot for public uses, in
exchange of larger built area above the donated part, increasing space for transit.

e Minimum amount of units per lot, what reduces the decrease of expected density due
to the construction of larger units.

e Restriction in number of parking spaces not considered in the total built area allowed.

Figure 20: Densification axes proposed at the Master plan for Sao Paulo of 2014. Existing and future growth axis
and nodes are shown, where it will be allowed a maximum densification coefficient of 4.

Source: Municipio de Sdo Paulo (2014).
Similar instruments have been proposed and used in a number of cities in order to improve
transit and restrict automobile use. However, they will only be effective in the long run, and
require other issues to be addressed, such as:

e Safety on non-motorized transport
e Overload of transport infrastructure and slow development of new infrastructure
e Inclusion of lower income population on central areas

The new master plan plants the seed of inclusionary zoning, by requiring large real estate
developments to build the equivalent of 10% of its built area in social housing at places close
to the expanded center, or to donate 10% of the lot’s value to the public administration to do
that.

5. Conclusion

The metropolitan area of Sdo Paulo suffers from lack of mobility and its adverse effects. At a
metropolitan level, S3o Paulo presents a monocentric travel pattern, in which people from
peripheral areas of the metropolis and the capital city travel daily to the expanded center. This
area presents the largest amount of jobs per inhabitant, tendency that is being increased over
the years. Although being improved during the period of analysis, the mass transportation
system still suffers from and historical delay and the poorer population face long and
uncomfortable trips on this crowded infrastructure. Meanwhile, higher income population



lives closer to jobs and uses more frequently individual motorized transport despite having
access to a better mass transportation infrastructure.

In order to increase mobility through the spatial structure, integrated actions are proposed.
The increase in share of dwellings within the expanded center, by means of increasing density,
and increase in non-motorized trips within that area would reduce overcrowding inside public
transportation system. Besides that, the improvement and growth of peripheral structure
around transportation infrastructures would enable intermodal trips — both with individual
vehicles or non-motorizes ones, encouraging higher income population to change from
individual to mass transportation in the crowded central areas.

Further studies on the topic may concern: a deeper analyzes of changes in land policies and
their effects on the spatial structure of SPMA,; test the hypothesis that the reduction in quality
of life provided by mobility may have caused an emigration of richer population; and test the
hypothesis that lack of mobility led to an increase in population density in central areas at the
period of analyses.
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