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Greenways are a measure of environmental remediation within a broad framework

aimed at promoting urban greening and adaptation to climate change. The typical

characteristics of large urban agglomerations, including land use (such as commercial,

industrial, and residential areas) with few public spaces and fragmented landscapes,

make it difficult to apply these solutions to the urban fabric, forcing decision-makers and

planners to act in informal settlements, highways, and industrial parks. One proposed

area is an enclave with unused or underutilized lots, where fragments of the Atlantic

Forest, parks, landfills, and rapidly expanding informal settlements can be found. This

manuscript examines the socioeconomic and environmental processes that shaped this

potential urban greenway between Santo André, Mauá, and Ribeirão Pires, which are

part of the São Paulo Metropolitan Region (SPRM), the largest in South America. A

survey was conducted based on municipal and regional plans, the environmental and

urban laws of Brazil, and the socioeconomic history of this part of the SPRM. In addition,

satellite images were used to analyze land use evolution through geotechnologies.

Finally, we prepared land use recommendations, considering opportunities and threats,

highlighting the possibilities of protection and expansion of the Atlantic Forest. To

this end, we examined the literature on environmental urban planning and design,

green infrastructure, and other concepts. This study intends to stimulate researchers,

planners, and decision-makers regarding the urban greening process in the Global

South. According to the recommendations, this stimulus would develop these concepts

according to the real situation of the region, which would combine the protection of wild

habitats and urban environmental amenities. However, this effort makes no sense if one

of the defining Global South characteristics not addressed is social inequality. Therefore,

we recommend that an effort be made to develop and incorporate processes from urban

greening in slum upgrading.

Keywords: Urban Greenways, Global South, Atlantic Rainforest, Green infrastructures, Informal settlements,

Dump sites, Landfills
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INTRODUCTION

Greenways have gained prominence among researchers,
planners, and activists as an important element in urban greening
that integrates design and ecology and makes a significant
contribution to more livable cities (Frischenbruder and
Pellegrino, 2006). In other words, they are an essential resource
for addressing contemporary urban socio-environmental
problems, many of which result from the twentieth-century
concept of the city in a scenario of uncertainty in the face of
climate change (Bonzi, 2017, p. 8; Chen et al., 2017; Moura,
2017). A greenway can be defined as a cluster of elements
(green spaces) that enhance the fundamental connectivity
between green urban areas and the remaining fragments of forest
throughout a landscape (Frischenbruder and Pellegrino, 2006).
This definition, which is adopted in this article, is broader than
the similar term conceived by Little (1995), which only links
green spaces or accessible areas that are established along natural
corridors such as streams or empty lots in parallel to roads and
railways. We understand the greenway as an element that is part
of a framework for multiscale green infrastructure interventions
(Chen et al., 2017). Tzoulas et al. (2007, p. 169) define it as:

(...) all-natural, semi-natural and artificial networks of

multifunctional ecological systems within, around and between

urban areas, at all spatial scales (. . . ) [it] emphasizes the quality as

well as quantity of urban and peri-urban green spaces.

Thus, multifunctional, and multiscale green infrastructure is
based on spatial patterns of connectivity in a natural network
(Ahern, 2007; Escobedo et al., 2019). Green urban spaces
considerably enhance urban water management and air quality,
reduce urban noise levels and human stress levels, create habitats
available for urban wildlife, and enhance the performance and
resilience of gray infrastructure (McPherson and Muchnick,
2005; Heynen et al., 2006; Tzoulas et al., 2007; Berland et al.,
2017; Dong et al., 2017). These benefits can be applied to food
production in urban areas (Jerome, 2017). However, the literature
on urban greening processes, especially green infrastructure,
rarely considers urban agriculture (Russo et al., 2017). This use
of urban areas for food production could also meet a growing
demand for vacant urban lots to be returned to citizens through a
variety of urban agricultural practices (Thomaier et al., 2015; Liu
et al., 2017).

In the region studied, the development of green infrastructure
plans is still slow (Serra-Llobet andHermida, 2017; Vásquez et al.,
2019). In contrast, the Global South has the world’s richest and
most diverse ecosystem, including several biodiversity hotspots
(Pauchard and Barbosa, 2013; Dobbs et al., 2019; Vásquez et al.,
2019). Nagendra et al. (2018) argue that urbanization impacts in
the Global South have adverse effects on rich ecosystems, mainly
on water sources and soils. In some cases, the consequences
can reach hundreds of thousands of kilometers (Nagendra et al.,
2018).

To understand the relationship between rapid and precarious
urbanization in the Global South, especially in Latin America, it
is fundamental to consider that capitalist development has not

occurred in this region in the same way as in major capitalist
economies (Marini, 2015). The process that led 80% of the
Latin American and the Caribbean population to live in urban
areas resulted from the incorporation of their societies into
the international system of the division of labor, helping to
consolidate the industrialization that was taking place in the
Global North (Pírez, 2013). The combination of a weak state, a
reduced internal market, and rapid urbanization has resulted in
large unplanned informal settlements in different places, giving
us a small sample of how the reproduction of capital in the
Global South is linked to the definition of territories for urban
expansion, including the occupation of sites for the disposal of
municipal solid waste (MSW), such as dump sites or landfills
(Ogata, 1983; Rafael, 2006; Rodrigues and Zanirato, 2021).

The consolidation of an urban greening agenda has evolved
since the 1970s. It requires and promotes reconciliation between
the anthropic and the natural processes. Therefore, it is worth
asking how we could induce the beginning of a human-nature
relationship reconciliation process in a context where so many
contemporary and historical socio-economic and political issues
damage this relationship, such as the formal and informal
pressures on the green areas still available in the largest
metropolitan region of Brazil.

In an attempt to answer this question, this article analyzes a
possible area for the establishment of an urban greenway located
between three Brazilian municipalities, Santo André, Mauá,
and Ribeirão Pires, in the southeastern part of the São Paulo
Metropolitan Region (SPMR). This is one of the world’s largest
urban agglomerations, consisting of 39 municipalities (Figure 1),
and the most urbanized and industrialized in Brazil. However,
2.1 million people of the SPMR live in precarious housing
conditions, many in at-risk areas (Travassos et al., 2021). The
three municipalities belong to the southeastern sub-region of the
SPMR, known as the “Greater ABC.” This region consolidated
itself as an industrial region in the twentieth century, along
the old railroad—the São Paulo Railway Company—from the
seaport at Santos via São Paulo to Jundiaí, a coffee-growing
region inaugurated in the 1860s.

According to the São Paulo State Data Analysis Foundation
(SEADE), in 2021, Santo André’s population totaled 693,897
inhabitants, Maua’s 463,338, and Ribeirão Pires’s 119,339.
Together, they include 6% of the SPMR population, with
21,252,384 residents (SEADE, 2021). It is worth noting that
the population of these municipalities is not evenly distributed
throughout the territory. More than half of the territory of Santo
André has been declared an environmental protection area—a
water-producing area–inhabited by <5% of its population. In
the urban area making up just over 40% of its territory, and
on which 96% of its people are concentrated, the population
density reaches 9,000 inhabitants per square kilometer. In this
sub-region, where there are fragments of the Atlantic Forest and
the old mining areas (some of them transformed into landfills),
several precarious settlements have drastically increased in
recent years due to the severe socio-political crisis taking place
in Brazil.

Swyngedouw et al. (2002) argue that environments are specific
historical results of socio-environmental processes. In their
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FIGURE 1 | Location of the State of São Paulo, Metropolitan Region of São Paulo, Greater ABC, and the Greenway. This map was made by Beatriz Dunder (IEE-USP).

words, “the character of the physical and environmental changes
and the resulting environmental conditions are not independent
of the specific historical, social, political, or economic conditions”
(Swyngedouw et al., 2002, p. 126). This statement explains what
drove the area that we study, which we refer to as the Greenway,
to take on its current characteristics. Based on the master plans of
the three cities and the Greater ABC regional plans, we delimited
an area starting from its northern end, which is a narrow strip
of riparian forest on the banks of the Itrapoã Stream that forms
the municipal boundary between Santo André and Mauá. We
incorporated the Barão de Mauá residential complex, close to
the limits of this riverine green space, because it was built on an
old industrial dump site. We consider that the recovery of the
soil quality of this residential complex is also part the integration
process of the Greenway, for reasons that will be addressed in the
later sections. The Pedroso Municipal Natural Park (PMNP) is
located almost 6 km south of the northern part of the Greenway.
To the east of the PMNP, we find the Lara Company Landfill in
Mauá and some forest fragments. This strip comprises∼1,207.79
hectares (not including the PMNP area). This large greenway area
has a history of different land uses, including mining, dump sites,
landfills, housing, and industrial activities. We developed this
review paper based on laws and municipal plans, especially the

PedrosoNaturalMunicipal ParkManagement Plan, an obligation
under the National System of Conservation Units (NSCU).
For this manuscript, we consulted the Climate Change Action
Plan guidelines proposed by the Consortium of Greater ABC
Municipalities. We selected green areas, among other types of
areas, that had some level of connectivity for the delimitation of
the Greenway situated no more than 20m away from each other.

Land-use maps were constructed using the free software
QGIS 3.16. The land-use classification was based on sattelite
imagery from 2005 to 2020 obtained through the Orbview-3
satellite (provided by the U.S. Geological Survey Earth Resources
Observation and Science [EROS] Center). From these images, a
semi-automatic classification was performed with the assistance
of the SCP program for QGIS based on a previous collection
of samples carried out by photo interpretation, corrections, and
on-site verification.

The first part of this paper presents a brief description of the
macro institutional framework and of the Climate Change Action
Plans of the Greater ABCConsortium, which proposes guidelines
and actions that we developed in this work, specifically in the
proposal for the buffer zone in the PMNPManagement Plan.

The next section discusses the Greenway area and its biotic,
physiographic, and socio-economic characteristics. In the second
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half of this section, we make a brief diagnosis of the natural and
man-made elements of the cities and the region that compose
the Greenway.

ASSESSMENT OF OPTIONS AND
IMPLICATIONS OF GUIDELINES

Institutional Framework
Analyzing the SPMR environmental plans and zoning, it is
noted that the Greenway area in southwestern of the “São Paulo
Green Belt Biosphere Reserve”. UNESCO recognized the Green
Belt of São Paulo as a Biosphere in 1994, by UNESCO’s “Man
and Biosphere Program”. UNESCO established the Biosphere
Reserves sites to host a network of areas on the globe with
relevant environmental value to humanity (UNESCO, 2021). The
São Paulo City Green Belt Biosphere Reserve is over 600,000
hectares of forests and other Atlantic Forest ecosystems (Ribeiro,
2015).

The first element of analysis is the PMNP, the largest
conservation unit in the Greater ABC, and its management
plan (SEMASA, 2016). The National System of Conservation
Units determines the mandatory elaboration of management
plans for all Conservation Units, and buffer zones are among
the many actions to be defined in these documents. They
correspond to “the surroundings of a conservation unit, where
human activities are subject to specific rules and restrictions,
to minimize the negative impacts on the unit” (Brasil, 2000,
p. 2). Therefore, their function is to protect the conservation
units from the possible impacts of human activities, or at the
very least to mitigate them, preventing their fragmentation and
edge effects. This strategic function is indicated by Dramstad
et al. (1996), who emphasized the importance of buffer zones
to minimize impacts on protected areas according to landscape
ecology. Thus, the PMNP management plan establishes two
categories of buffer zones: class 1, delimited around PMNP,
but restricted to the municipality of Santo André; and class
2, which goes through and beyond the city, being defined in
collaboration with neighboring municipalities while taking into
consideration the specific state law focused on the protection
of water sources: the watershed protection law of the Billings
Reservoir Hydrographic Basin (São Paulo, 2009), the largest in
the São Paulo Metropolitan Region.

The second element that supports our study is the
Greater ABC Consortium’s Action Plan to Combat Climate
Change (CIGABC and ICLEI, 2016). From this plan, we
highlight, from among the 52 potentialities, two items for
environmental and territorial planning: (1) the “Mosaic,”
which allows for a mosaic of regional conservation areas in
the watershed of the Billings Reservoir, and (2) ecological
corridors interconnecting the borders of parks, buffer zones,
and green spaces. However, our focus is on the buffer
zones, especially those suggested by the PMNP management
plan. This management plan delimits the transition sites
to the north as buffer zones, creating a corridor that
circumvents areas of high population density. The mosaics
need to be investigated, especially concerning the impacts

of the Rodoanel Highway (Ferreira, 2012; Brito, 2014). This
highway bypasses the SPMR and reaches areas of interest
for environmental preservation, which could serve as possible
connections with other conservation units and protected areas.
However, discussion of this issue lies outside the scope of
this study.

The following is a brief description of the region’s native
vegetation and its natural and man-made characteristics.

Atlantic Rainforest and Dense Montane
Rainforest
The urban areas presented in this study are located in a forest
formation classified as dense montane rainforest. This formation
has three main characteristics: (1) the high density of vegetal
organisms per square meter; (2) the fact that it can be found
at elevations between 500 and 1,500m; and (3) a high number
of rainy days, from 305 to 365 days with some level of rain,
and high mean temperatures (25◦C) throughout the year. Other
characteristics include its phanerophyte vegetation cover with a
mean canopy size of 20m, and the soil, which plays an important
role in determining the size of the vegetation (IBGE, 2012).
This particular forest formation is inserted in the Atlantic Forest
phytogeographic region. Being the second largest forest in South
America (Muylaert et al., 2018), the Atlantic Forest is crucial
for the conservation of biodiversity and for the preservation of
human wellness both locally and globally, as shown by Marques
et al. (2021).

Anthropic expansion and attendant habitat fragmentation
have driven the Atlantic Forest and its native biodiversity to
a critical level of danger. The weak environmental governance
and dismantling of environmental policies by the Brazilian
government reinforce the land-cover change, which is the main
source of damage to the biome (Abessa et al., 2019). The Atlantic
Forest has been degraded since the discovery of Brazil in the
sixteenth century. Historically, the Brazilian economy has been
based on the deforestation of this biome: the extraction of
brazilwood (Paubrasilia echinata) from the coast of the country
or precious metals from the mountains, sugarcane, and later
coffee farming cycles under the plantation system, and, since the
second half of the last century, rapid urban sprawl and increases
in population (Lira et al., 2021). This biome houses many of
the most densely populated state capitals and cities and two of
Brazil’s main megalopoli, São Paulo and Rio de Janeiro. Together,
they are inhabited by more than 50 million people, who directly
depend on the ecosystem services of the forests (Carlucci et al.,
2021; Pires et al., 2021).

Parks, Streams, and Geomorphology in the
Proposed Greenway Through Santo André,
Mauá, and Ribeirão Pires
The Atlantic Forest covers almost half of the Santo André and
Ribeirão Pires land area, a high percentage of their territories
than in other cities in the state of São Paulo. Data from the
Forest Information System of the São Paulo State (São Paulo,
2020) show that, in the case of Mauá, the area we defined
as part of the Greenway area holds around 65% of its forest
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FIGURE 2 | View of the Pedroso Municipal Natural Park (PMNP), (SEMASA, 2016).

cover. The city of Santo André, whose territory is almost three
times as large as that of Mauá (18,100 vs. 6,700 hectares), has a
higher percentage of Atlantic Forest still standing (35.78%), but
the largest concentration of forests is to the south, away from
the Greenway.

Ribeirão Pires, with a minor fraction of its territory in the
Greenway (only 63.1 hectares), has an area of 10,700 hectares.
Mauá contributes to the Greenway with 824.6 hectares, almost
the totality of this forested land located in the industrial
district (Mauá, 2007, 2016). Santo André has 318.2 hectares in
the Greenway. Although forested areas are under considerable
pressure from urban sprawl, they still maintain considerable
biodiversity. For example, a survey of birds shows more than 300
species close to the Santo André landfill, some of which are at
risk of extinction (SEMASA, 2021). It is worth mentioning that
the three municipalities have a significant part of their territories
in the watershed protection area—Ribeirão Pires has 100% of

its territory in that area, with Santo André and Mauá having 55
and 19%, respectively (Figure 1). The overlap of the Greenway

territory with watershed protected areas (the Billings Reservoir

Basin) makes up only a small part of its southern area. To

the west, the PMNP borders Santo André and Ribeirão Pires,

where there are some fragments of the native forest and some

exotic species reforestation (silviculture), according to the Forest
Inventory of the State of São Paulo (São Paulo, 2020).

The main element to be connected to the Greenway, Pedroso

Municipal Natural Park (PMNP), is an 812-hectare park created
in 1944 to safeguard a fragment of the native forest and protect

the watershed for the water provision for the city of Santo André
(Figure 2; Freitas, 2011; SEMASA, 2016). As the PMNP is close to
the neighboring municipalities, its buffer zone goes beyond Santo
André’s municipal limits. This conservation unit serves a variety
of human uses, including a leisure area, for the population of
neighboring regions, many of which are precarious settlements.
There is also a sanctuary of Umbanda, an Afro-Brazilian religion,
which was officially established in the PMNP with a concession
by the Santo André municipal government in 1985. It occupies
an area equivalent to 7.42% of the total area of the park
(SEMASA, 2016). Within the PMNP perimeter, there are still
other structures with different uses: a Catholic chapel, “Santa
Cruz dos Carvoeiros”; a Japanese garden; a water pumping
station for provision purposes; and the municipal vivarium.
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This conservation unit is under significant anthropic pressure
because it is close to densely populated areas, especially on its
northern limits (Freitas, 2011), and suffers from the impacts of
the Rodoanel Highway, built in the early 2000s (Ferreira, 2012).

There are two parks within the Greenway’s limits. The first
is Guaraciaba Park, also in Santo André, which is smaller than
PMNP, with 52 hectares. Guaraciaba Park is a micro drainage
watershed with remnants of the Atlantic Forest inside (SEMASA,
2004). The lake is the result of a sand extraction operation that
took place between the end of the 1950s and the beginning of the
1980s (Figure 3). This lake has only 7.7 hectares with satisfactory
ecological and sanitary quality (Mucci et al., 2004; SEMASA,
2004). Momm-Schult et al. (2014) identified a potential green
corridor that could connect this park to PMNP to its south, as
well as the already known environmental benefits that its creation
could secure. Finally, in the proposed Greenway area, there is
a small park to be considered, Marek Park, north of the Santo
André landfill, with an area of 2.93 hectares.

Regarding the geomorphological domain of the region,
the environmental impact study evaluated the possibility of
expanding the Santo André landfill (SEMASA, 2008) into an area
of low-lying hills with closed valleys (Poletto, 2006; SEMASA,
2008). The water springs in this region form the tributary streams
of the Tamanduateí River, the main river in the southeastern
region of the Greater ABC (Santo André, 2004; SEMASA, 2004).

Uses, Impacts, and Threats
It is essential to highlight that the three cities (Santo André,
Mauá, and Ribeirão Pires) are part of the axis that promoted
urban growth in the cities of the SPMR—the Santos-Jundiai
Railway; in 1946, the São Paulo Railway Company was
nationalized and became the Estrada de Ferro Santos-Jundiaí.
The railroad was responsible for the first stage of industrialization
in the Greater ABC between the early twentieth century and
the 1950s (Ribeiro, 2008). The second stage was promoted by
the automobile industry, with the construction of the Anchieta
Highway in 1947 between São Paulo and the Port of Santos. This
whole region had a high growth rate as a result of the expansion
of the industrial sector (albeit based on low wages), especially
in the 1950s. According to IBGE, between the 1960s and the
1980s, the region had a growth rate of 227.70%, which was higher
than those of the SPMR (162.70%), São Paulo (95.5%), and Brazil
as a whole (69.8%). Due to the debt crisis of 1973, the Greater
ABC region underwent a localized process of deindustrialization,
which substantially decreased the previously presented growth
rates, reaching 42.50% between the 1980s and the 2000s (IBGE,
2021), closer to the growth rate of the SPMR and that of Brazil
as a whole. The departure of industries from the region and
the change in the capital accumulation matrix after the mid-
1970s generated a “tax war,” impacting economic activities, the
production and distribution of wealth, and the availability of
jobs, altering the levels of income, building infrastructure, and
implementation of public policies (Ribeiro, 2008).

Although the Greater ABC region has undergone economic
restructuring (through the generation of wealth driven by
industrial production for the service sector), it accounts for more
than 10% of the gross domestic product of the SPMR and almost

6% of that of the state of São Paulo (EMPLASA, 2017). This
urbanization process generated a considerable contrast: On the
one hand, we have urban areas concentrated to the north, in
the municipality of Santo André, where most of the population
lives and where most of the services and industries are still
located; on the other hand, in the south of this region, we find
a loosely populated area where the Billings Dam Watershed lies
(CIGABC and UFABC, 2016). The Billings Dam Watershed is
also responsible for part of the drinking water supply of the cities
in the region. As a result, it now has its own hydrographic basin,
which occupies 56% of this sub-region, protected by a state law
promulgated in the 1970s, in the same region where we find
the Sertãozinho Industrial District (belonging to the municipality
of Mauá), created in 1975, 1,160 hectares in area (Mauá, 2007)
and access to the “Rodoanel.” This highway, which has been
under construction since the 1990s, bypassed the SPMR (Ferreira,
2012).

To understand the current status of the studied area, it is
important to examine the history of its land use. Specific mining
sites were used to configure places for other services. Observing
the aerial photos of 1990, the Guaraciaba Park Plan (SEMASA,
2004), and the Santo André landfill study (SEMASA, 2008), we
found two sand extraction sites that were active between the
1950s and the 1990s. The first and smallest resulted in Lake
Guaraciaba. The second site became the current Lara Company
Landfill in Mauá. It is worth mentioning that there is a lack of
information about mining activities in the SPMR until the end
of the 1970s (Poletto, 2006). From the surveys carried out, we
estimated that in the same period in which mining activities were
taking place, the final disposal of MSW was already underway in
the dump site on Espírito Santo Street (Rafael, 2006; SEMASA,
2008).

Dump Sites and Landfills
The history of the final disposal of MSW in the Greater ABC
can be divided into two parts. The first period was between
the 1950s and the 1980s, with the registration of dump sites in
Santo André and Mauá (Rafael, 2006; CETESB, 2013; Okamura
et al., 2015). The second period, with the disposal of MSW
in landfills in Santo André and Mauá, began in the 1980s.
An emblematic case is the industrial dump site located on a
vacant lot in Mauá on the banks of the Itrapoã Stream, which
establishes the limits between the municipalities of Mauá and
Santo André. The COFAP factory (Companhia Fabricadora de
Peças) used approximately 16 hectares of this area to deposit
industrial solid waste, predominantly foundry sand (CETESB,
2013; Okamura et al., 2015). The lack of information about its
history is a striking feature of this dump site. There are no
exact data on the operation dates or on the characterization and
volume of the solid waste disposed of. Reports and interviews
with company employees stated that the operation took place
∼40 years ago (Okamura et al., 2015). The only thing that is
known for certain is that COFAP bought this lot in 1974 and sold
it to the housing cooperative “Cooperativa Habitacional Nosso
Teto” in 1995 (Matsuura, 2006). The Barão de Mauá residential
condominium was built in this area where industrial residues
were disposed: a group of eight-story buildings, four apartments
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FIGURE 3 | View of the Guaraciaba Park Lagoon and its southern slope, limited by the informal settlement Vista Alegre/Sítio Cassaquera and eucalyptus reforestation

areas. The work carried out by the Santo André Green Space Department to reopen this park is shown. Source: Author’s photo, taken on May 2nd, 2021.

per floor, totaling 59 buildings distributed over nine blocks,
where about 7,500 people live. The project prescribed 72 blocks
in total. Part of the area is contaminated by 44 toxic substances,
including benzene, chlorobenzene, trimethyl benzene, decane,
and other organic and inorganic volatile compounds. This
contamination was discovered through an accident in April 2000:
Workers who maintained a lower reservoir of drinking water in
one of the buildings were hit by an explosion that resulted in
one death and two injuries (Matsuura, 2006). The legal actions
against the liable company required the adoption of remediation
actions, such as the identification and characterization of
contaminants and the remediation of the soil and groundwater
in the condominium area (Figure 4; CETESB, 2013). In 2015,
the environmental recovery required by the São Paulo State
environmental agency (CETESB) began, according to the
Justice decision.

In his master’s dissertation at the Polytechnic School of the
University of São Paulo (USP), Luis Fernando Armidoro Rafael
identified several sites of irregular waste disposal in the city of
Santo André. The dump site on Espírito Santo Street operated
from the late 1950s to 1981 and occupied 2.8 hectares. In this area,
∼108,000 m3 of waste was deposited from households, general
cleaning, industrial, and infectious refuse (Rafael, 2006).

For the dump site on Espírito Santo Street, there was a
similar change in land use after the MSW disposal operation
was terminated to housing. However, as is usual, this kind of
precarious settlement occupies areas with environmental risks
(Rodrigues and Zanirato, 2021). These factors compromise the
geotechnical stability at the site, which has a slope above 15%. By
the beginning of 2013, 820 houses had been demolished and their
families moved to apartments built in Santo André (Marguti,
2013).

Technological development, associated with environmental
control and engineering design standards, has made this landfill

a safe option. However, this option for the disposal of solid waste
generates externalities and, after its closure, control measures
must be taken continuously for many years (Barros, 2017, p. 262).
The Lara Company Landfill (Mauá) originated from an old sand
extraction area in the early 1990s. It receives MSW generated
by all the municipalities of the Greater ABC (except for Santo
André), as well as MSW from three medium-and smallsized
towns in the São Paulo state (CETESB, 2018). In the current
phase, the Lara Landfill covers an area of 75 hectares, near to
Billings Watershed Protected Area (CIGABC and FESPSP, 2016;
CPEA, 2019). In 2019, CETESB approved an environmental
license for construction of a waste-to-energy plant (CPEA, 2019)
that will occupy 7.2 hectares within the Lara Treatment Center
and will be built near the landfill. It was approved despite
opposition from social movements (COMUGESAN, 2020) and
particularly waste pickers’ organizations (São Paulo, 2019). The
Santo André Waste Treatment Plant began operations in the
early 1980s with a composting plant between 1982 and 1997.
The landfill began in 1986 and lies north of Guaraciaba Park
(SEMASA, 2008). Currently, landfill management is preparing a
new stage, which is under the licensing process with CETESB,
with an additional 3.9 hectares of the area (from a total of 32.8
hectares) providing another 5 years of service life. Both landfills
are approximately five kilometers apart and are well-evaluated by
CETESB (Melo, 2020).

Concepts and Strategies for the Urban
Greenway and Green Infrastructure
As a result of the heterogeneous character of the land use in
the area studied in this article, we suggest the adoption of the
four planning strategies proposed by Ahern (2007): protective
and preventive preservation measures; offensive, corrective, or
restorative actions; defensive measures, implementing actions to
defend the elements of the landscape that are under pressure;
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FIGURE 4 | (A) Above, left, part of the “Barão de Mauá” residential area built in Mauá that extended over the Itrapoã Stream and into part of the territory of Santo

André (Moreno et al., 2012). (B) (Above, right) interior of the housing “Barão de Mauá” built on an industrial dump (CETESB, 2013). (C) Contaminant plumes

generated by the disposal of industrial solid waste on the site where the “Barão de Mauá” condominium was built (CETESB, 2013).

and opportunistic, recognizing the potential of non-contributing
aspects of the landscape. The main element that guides this
study is the buffer zone established by the PMNP management
plan. Thus, we assume that defensive strategies are evident. We
apply a multi-scaled approach based on hierarchy theory, which
addresses the structure and behavior of systems that function
simultaneously at multiple scales (Ahern, 2007).

Escobedo et al. (2019) argue that interdisciplinary knowledge
of urban ecosystems has evolved in recent decades, adopting a
series of metaphors, such as green infrastructure and nature-
based solutions, among others. We have adopted the concept of
green infrastructure, as it is strongly linked to spatial standards
(Ahern, 2007; Escobedo et al., 2019), since territorial planning
is the premise of this article. It is also worth mentioning that
“nature-based solution” has arisen as a new concept to cover

the applications used to solve a series of urban and socio-
political environmental problems (Dorst et al., 2019; Escobedo
et al., 2019). Thus, it is worth noting that the concept of green
infrastructure proposes planning and environmental design
practices that incorporate components that articulate at different
scales, ranging from urban lots to city-scale interventions
(Tzoulas et al., 2007; Escobedo et al., 2019).

Therefore, for the guidelines summarized below, it is
necessary to consider some aspects of the different scales that
green infrastructure addresses. Yu and Padua (2006) developed a
similar concept, the ecological infrastructure, according to which
ecological services are delivered on three scales: large, medium,
and small. Bonzi (2017) associates these scales in the following
way: the macro scale deals with “green belts,” types of land
units that often shape urban areas and which, in this work, are
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FIGURE 5 | (A) Greenway 2005 land use map (top left). (B) Greenway 2020 land use map (top right). The land use maps were made using free software from QGIS

geotechnologies based on Landsat images from 2005 to 2020 from the Orbview-3 satellite (provided by the US Geological Survey Earth Resources Observation and

Science -EROS- Canter). These maps were made by Beatriz Dunder (IEE-USP).

associated with watershed protected areas, large rural or peri-
urban areas of agricultural production, and with conservation

units (Brasil, 2000); the mesoscale, associated with types of
green infrastructure such as street trees, riparian vegetation,

constructed wetlands, stormwater ponds, and wildlife crossings;
and the microscale, associated with bioswales, rain gardens,
cisterns, and green roofs (Bonzi, 2017).

In this article, the Greenway is associated with the macroscale,
which is, in the definition of Yu and Padua (2006), the
level of the units that shape the limits of cities. For these
authors, this pattern is linked to ecological networks, heritage
corridors, and recreational corridors. These elements must
be planned to take into consideration their own protection,
but measures must be adopted to expand urban greening in
the industrial district and residential neighborhoods in the
Greenway. These structural elements are addressed in the
following sections.

RECOMMENDATIONS

Keeping in mind the precepts mentioned above, we propose
guidelines based on the land use map presented below.

Analyzing the land use map (Figure 5) and data obtained
from previously mentioned reports (Table 1), we notice elements
that reinforce the recommendation that this area becomes a

greenway. The forest had the highest percentage of land use types
(39%). If we add the park areas, forest, and grassland (5.8%), we
have almost half (49.2%) of the greenway area covered by green
spaces. The second-highest variety in land use is found in the
industrial district (23.4%), and despite their impacts, landfills and
dump sites make up just 12.9%. Residential districts served by
urban infrastructure accounted for 7% and precarious (informal)
settlements at 6%. The largest part of the forested land in the
Greenway is in Mauá in the industrial district area.

Based on the different land uses identified in land use Map
1, we propose guidelines that follow the principles put forth by
Yu and Padua (2006), Ahern (2007), and Bonzi (2017), as shown
in Table 1.

For each type of urban element identified in Table 1, we
provide detailed recommendations regarding its treatment.

• Dump sites and landfills
Although landfills are the best option for MSW disposal,

they also generate impacts on the land and need adequate
treatment before, during, and after their operating life.
Management is necessary after the closure. Thus, we put
forward recommendations for both types of sites in these
general guidelines; more specific approaches to each site
will be detailed in future works. Regarding the COFAP
dump site, it is necessary to investigate the adequacy of
the use of this site as a housing area. In the absence of
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TABLE 1 | Land use and possible guidelines to be adopted to consolidate the

proposed urban greenway.

Urban elements Size

(hectares)

% Guidelines

Residential neighborhoods 84.08 6.9 Small and medium-scale

green infrastructure

Industrial districts 284.97 23.4 Small and medium-scale

green infrastructure

Informal settlements 61.97 5.1 Small and medium-scale

edible green infrastructure/

“green slum upgrading”

Landfills and dump sites 157.37 12.9 Medium and large-scale

green infrastructure

(phytoremediation)

Lakes 16.29 1.3 Medium-scale green

infrastructure

Roads/highways 1.86 0.2 Medium-scale green

infrastructure

Bare soils 10.34 0.9 Small and medium-scale

green infrastructure

Atlantic forest (Native and exotic

species)

474.40 39.0 Protection/reforestation

Grassland 70.62 5.8 Agroforestry/reforestation

Parks (not including PMNP) 54.10 4.4 Medium and large-scale

green infrastructure

Total 1,207.79 100.00

Information about urban land use was obtained through a comparative land use survey

between 2005 and 2020 carried out by Beatriz Dunder (Figures 5A,B) and data provided

by the mentioned plans and reports (e.g., Santo André Landfill Environmental Impacts

Study, Lara Waste-to-energy Environmental Impacts Study, PMNP Management Plan).

data confirming the complete decontamination of this site,
it is not possible to take a final position regarding its use.

Phytoremediation is recommended for the Espírito Santo
Dump. Although phytoremediation techniques are known

as alternative or complementary methods to conventional
methods, Nagendran et al. (2006) and Kirpichtchikova
(2009) emphasize its versatility in application to different

types of pollutants, combined with a low-cost treatment.
Thus, it offers solutions to many related environmental

problems, demonstrating its usefulness in waste management
(Nagendran et al., 2006). For example, some studies of dumps
and landfill treatment through phytoremediation have shown
interesting results (Nagendran et al., 2006; Barros, 2017). The

objective of these actions is to return this site to citizens as
a public park, promoting the expansion of green coverage
in Greenway. Therefore, it is necessary to consider the

restoration of closed landfills. Santo André’s landfill should
cease operations within 5 years, and it is urgent to consider the
project for its closure and measures to deal with it afterwards.

In this case study, some research results demonstrate the
potential for transforming closed landfills in parks (Do et al.,
2014; Barros, 2017; Klenosky et al., 2017). The Lara Landfill

will have a longer service life. Its area is larger than that of the
Santo André landfill. It is also close to the limit of the Billings

Basin. Part of its expansion area is in the environmental
protection zone. Therefore, it is essential to prepare a macro
zoning plan that follows the guidelines to be defined for dump
sites and landfills to guarantee the connectivity of the PMNP
area with other protection areas further south.

• Highways and roads
The literature points to the possibility of implanting

green corridors on their sides (Little, 1995; Ahern, 2007),
which is a good way to utilize these open and unused
spaces. However, it is necessary to develop studies for the
implementation of wildlife crossing infrastructure (Ahern,
2007; Bonzi, 2017), especially in areas bordering the PMNP,
the major conservation unit of this region. The Guaraciaba
and Pedroso Parks’ internal roads and Papa João XXIII Avenue
should be studied as possible venues for the planting of street
trees and the implementation of wildlife crossings, as well as
other small-and intermediate-scale green infrastructure.

• Residential neighborhoods and industrial districts
For these areas, it is necessary to develop guidelines for

the implementation of small-and intermediate-scale green
infrastructure components (Yu and Padua, 2006; Ahern, 2007;
Bonzi, 2017). Examples include green roofs and walls, cisterns,
bioswales (small scale), street trees, riparian vegetation, ponds,
and constructed wetlands (intermediate scale).

• Informal settlements
There are four slums in the Greenway: two within the city

limits of Santo André, one within Mauá’s limits, and the Vista
Alegre/Sítio Cassaquera, the largest, which occupies areas
between both cities. We do not address the slums to the south
of the urban area of Santo André, to the north of the PMNP
(Jardim Santo André), or to the south of the PMNP (watershed
area), as these places lie outside the limits of the Greenway and
thus will be evaluated later in our research. The resumption
of slum urbanization must be a priority to afford the residents
of risk areas, currently subject to floods and landslides, a safer
and more dignified life. A survey performed in 2006 by the
Housing Department of Santo André (Santo André, 2006)
found that half of Vista Alegre slum residents lived in risk
areas. Therefore, it is necessary to reallocate these families
from hazardous places to new housing projects. However, it is
necessary to update the information on precarious settlements
collected through surveys from the housing departments of
Mauá and Santo André. All available information is now
outdated, at a time when the territorial expansion of informal
settlements is notorious. The discussion of the expansion of
the area of these settlements is based on satellite imagery
obtained from Landsat 5 in 2020.

• Parks
We recommend actions to promote forest restoration with

native species and assess and control the quality of the edges
of forest fragments, as well as the control of invasive exotic
species. This means supplying green infrastructure to the
buffer zones, especially in the green corridor and bordering
areas. This is to be implemented in existing and future parks
and in the buffer zones of the PMNP.
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DISCUSSIONS

This manuscript sought to provide a review of urban greenway
literature and outline general guidelines for the implementation
of a heterogeneous greenway, which requires coordination
between multiple neighboring municipalities. However, this
proposal comes up against a decrease in public investments
(performed to reduce the role of the State), a deep socio-
economic crisis combined with a political crisis, and the erosion
of fragile liberal democracies, especially in countries on the
periphery of global capitalism such as Brazil (Dowbor, 2018).
Because of this situation, this study indicates possible paths
in the opposite direction of this trend, strengthening and
improving public institutions to face the socio-environmental
challenges posed. Momm-Schult et al. (2014), when analyzing
Guaraciaba Park, denounced the disarticulation of the public
sector, which has kept this park unusable by the population since
its opening in 1992. This strengthening involves the resumption
of medium-and long-term planning outlined by the Greater ABC
Consortium, including an action plan to tackle climate change. It
is necessary to implement the guidelines and actions established
in the Greater ABC Action Plan in accordance with the strategies
of Ahern (2007).

Another issue to be faced is the conservatism of institutions,
both public and private, when dealing with emerging concepts in
environmental planning and design, such as green infrastructure.
We note that the structure of municipal administrations still
depends upon twentieth-century engineering (Moura, 2017),
which involves rules and procedures that must be revised. In
addition, multidisciplinary teams of planners and engineers from
different sectors of the local government are required to deal
with green infrastructure plans and projects. However, given
the complexity and extended timescale of green infrastructure,
partnerships with researchers, NGOs, and social movements are
essential. The participation of actors from different sectors of
civil society is necessary because of the reduced predictability of
results and the non-linear nature of green infrastructure projects
(Ahern, 2013).

Paradigm changes are also necessary to manage the areas

intended for preservation and restoration of the Atlantic Forest
in this region. As most of it is found in the industrial district,

it is necessary for this management to act on the borders of
forested lots. In order for this to occur, it is important to
promote urban greening in constructed areas such as industrial
buildings and parking lots. The relevance and opportunities for

improvement in the Greater ABC urban framework triggered
by the preservation of the Atlantic Forest areas cannot be
underestimated, as well as their threats, which we seek to
summarize in Table 2.

This study focuses on Atlantic Forest coverage, but it does

not ignore exotic species coverage, even though this represents
a smaller fraction of the green areas we surveyed. The most
widespread exotic species is eucalyptus (Corymbia citriodora).
A praiseworthy example of forest management is an old farm,
“Fazenda Tangará” (Tangará Farm), where a paint factory is
located. There, we can find sites with coverage of native
vegetation and areas covered with eucalyptus, that total 66.8

hectares. Forest management was carried out in this area in
2007, involving the replacement of exotic species with native
ones in an area that totaled 38.42 hectares (FIESP, 2018).
On the other hand, there is an undesirable example of forest
treatment in private lots in Mauá involving the felling of 11.8
hectares of forest for the construction of a logistical warehouse
at Maua’s industrial hub (Martinez, 2018). Such findings are
important because, in the preliminary survey carried out with
land use maps (Figure 5 and Table 1), we observed that the
industrial districts of Mauá had the largest expansion in the
period between 2005 and 2020 (a growth of 82.5%). On the other
hand, there are few public spaces in the Greenway. Parks in
areas along municipal boundaries are unexplored possibilities.
Santo André had unfulfilled plans for a 4.85-hectares park on
the banks of the Itrapoã (SEMASA, 2011). Our research found
that if we used the Mauá side, with public and private lots, this
area would increase to 15 hectares, including the old COFAP
dump site.

We also observed a strong anthropic pressure on 318 hectares
of the Santo André’s portion of the Greenway. This is less than the
observed expansion of the industrial district of Mauá. The areas
with precarious settlements were concentrated mostly in Santo
André, and they had a significant expansion (a growth of 282.6%);
however, they only occupied 5.1% of the Greenway. Three of
the slums listed in this research are located in Santo André
and one in Mauá, and one, the largest, the Vista Alegre slum,
has parts in both cities. Although they experienced the greatest
expansion in this preliminary survey, they accounted for just
over 20% of the industrial areas. For this study, satellite imagery
from Landsat 2005 and 2020 was used. Although the cities of
the Greater ABC have more than 30 years’ experience of slum
urbanization practices (Larangeira, 2003; Moretti et al., 2015),
it is important that this institutional knowledge evolve toward
“green slum urbanization,” focusing on green infrastructure,
food production, and mitigation of climate change effects.
Therefore, research on new and better upgraded models must
be conducted to address the different local situations found in
the Global South. Adegun (2017) discusses the potential for
improving the quality of life and the environment through
urban green infrastructure from the perspective of informal
settlements; there are some examples of urban greening for low-
income settlements, including slum upgrades, in several cities
in the Global South (Rocha, 2017, p. 248–254; Adegun, 2019;
Caldas et al., 2021). These examples range from green roofs
and community gardens and vivaria to the recovery of riparian
corridors, slope reforestation, and other measures. Jerome (2017)
argues that the development of green infrastructure at the
community level presupposes the engagement of local groups
that recognize its importance in addressing their pressing issues
(e.g., ecological food systems).

Finally, the landfills and Espírito Santo dump site afford
opportunities to expand the Greenway’s vegetation and parks.
The dump will be recovered and transformed into a small park
of ∼1 hectares. On the other hand, the landfill in Santo André
will be closed in 5 or 6 years. Therefore, according to studies by
the Solid Waste Department of Santo André (SEMASA, 2003),
it may offer a park with an area of up to 15 hectares. In relation
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TABLE 2 | Summary table of opportunities and threats to the Greater ABC Greenway.

Urban Elements Area

(hectares)

Opportunities Threats

Forest and Grassland 545.02 Forest cover that occupies half of the forests of

Mauá, 11% of Ribeirão Pires and 6.5% of the

Santo André forests. The bird survey shows

more than 300 species close to the Santo

André landfill, some at risk of extinction.

Between 2005 and 2020 this forest coverage

(1207, 79 hectares and grassland, 70.62

hectares) decreased by 12.52%, mainly from

the expansion of the industrial park, urbanized

areas, highways (Rodoanel), and informal

settlements.

Parks 54.1 The expansion of park areas and forest cover

may be possible, with actions in areas along

municipal boundaries. An example is the small

strip of riparian vegetation on both sides of the

Itrapoã Stream, which could become a park.

This requires action by Santo André and Mauá

making it possible to increase the parks’ area

to about 15 hectares.

There are only two parks in the Greenway,

covering only 4.4% of the area.

Industrial District 284.97 Most of the forests are in the Mauá industrial

district areas. One paint factory is carrying out

forest management in an area equivalent to

12.25% of all Greenway Forest.

The second largest in extent, this land use

showed a second major expansion between

2005 and 2020 (83.57%). There is clear

industrial construction and equipment

expansion with forest suppression, such as in

Mauá in 2018 (11.2 hectares).

Informal Settlements 70.05 There are many experimental projects in several

cities in the Global South that use green

infrastructure, often edible green infrastructure.

Despite many reference experiences, the

Greater ABC region requires the development

of this slum upgrading greening process.

Although informal settlements occupy a smaller

area than landfills, industrial districts, and

forests, they expanded the most between 2005

and 2020 (285.05%). This expansion occurred

in areas susceptible to landslides and floods,

such as springs, stream banks, and slopes.

Landfill and Dump site 157.37 After the closure of the Santo André landfill,

scheduled in six years, a park of about 15

hectares can be created. The environmental

licensing of the Santo André landfill expansions

led to the reforestation of 3 hectares of

Guaraciaba Park. There is also the Espírito

Santo Dump, which will be recovered and can

be transformed into a small park (1 hectares).

With the Mauá waste-to-energy plant, the

company will reforest 4.06 hectares. It would

be important for this reforestation to take place

in the Greenway area.

The landfill expansions and the construction of

the Mauá waste-to-energy incineration plant in

the PMNP buffer zone can generate serious

impacts in environmentally sensitive areas.

Although all dumps have been closed since the

end of the twentieth century in Greater ABC,

more studies are needed to locate smaller old

dumps for proper recovery.

to Mauá, its landfill has a longer useful life; however, observing
the environmental licensing of the incineration system, the
company will reforest 4.06 hectares. From a planning perspective,
it would be an advantage to use this reforestation process to
improve the Greenway forest cover due to: (1) locally mitigate
the effect of air pollution, (2) help to consolidate the area as
a Greenway, and (3) it would improve the ecological benefits
and ecosystem services provided by the Greenway for the
local population.

Thus, we propose guidelines for protecting forests and
developing and implementing urban greening. For that to
happen, wemust promote new research and develop and evaluate
experimental projects (Ahern, 2013) to usher in the paradigm
change that we suggest in this study. Another example is the
need for the adoption of agroforestry processes and edible green
infrastructure (Russo et al., 2017) in the Greenway.

It is important to keep in mind Ahern (2007) four planning
strategies to develop new approaches to green infrastructure
planning: (a) protective, aiming to act on the borders of PMNP
and the large forest fragments in Mauá; (b) defensive, especially
concerning the buffer zones; (c) offensive, with the restoration
of the Espírito Santo Street dump site (the COFAP dump site
remediation process is underway) and the recovery of degraded
areas close to the parks; and (d) opportunistic, by means of
the implementation of edible green infrastructure in informal
settlements and the planting of trees alongside roads and avenues.
Studies of forest fragments with the science of landscape ecology
are examples of the application of these strategies. Thus, in
this paper, we hope to encourage more discussions about the
possible benefits of the application of the Climate Change
Action Plan of the Greater ABC and the management plans
for PMNP.
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CONCLUSIONS

As discussed in this article, urban greenways have gained
prominence among planning professionals and researchers as a
way to promote urban greening and the ecological connectivity
at a certain level of urban and non-urban forest fragments.
When implemented in a context of heterogeneous urban land
use, these greenways can providemultiple ecosystem services and
functions. This heterogeneous land use runs from the PMNP to
the northern region of the Itrapoã Stream in an old industrial
dump site. It has many socio-environmental problems that
can be mitigated by planning strategies for urban greenways.
In this location, we indicate possible exits and environmental
projects to restore the quality of water and soil, in addition to
protecting the important areas covered by the Atlantic Forest in
this region.

Our review showed some possible opportunities and benefits
of consolidating an area that still has a large forest cover.
The practical importance of urban greening processes in the
southeastern metropolitan region of São Paulo is highlighted.
The recommendations and discussion presented were based on
previously institutional instruments (or municipal and regional
plans) that indicate elements that are in tune with opportunities
to expand green areas in three municipalities of the Greater ABC.
In this manuscript we demonstrate the importance of structuring
the urban and socio-ecological systems to contain anthropic
expansion in the patterns of twentieth-century Latin American
cities. Furthermore, this socio-ecological system structured in the
proposed greenway could produce large amounts of ecosystem
services essential for SPMR. In this sense, it is necessary that
urban-environmental governance be strengthened regionally and
that it act on several simultaneous socio-environmental fronts
and across borders. The implementation of green infrastructure
in informal settlements may support the evolution, through local
parameters, of “slum upgrading” that will promote ecological and
economic benefits for the region, in addition to expanding the
total green coverage of the municipalities.

As demonstrated in the discussions, the political processes
involved in promoting environmental justice (in the pursuit of
equitable distribution of environmental goods) and mitigating

the effects of climate change pose a challenge to environmental
governance, especially in the Global South. The implementation
of green infrastructure based on local needs has proven to
be opportune, especially in metropolitan regions with high
population density. It is a powerful tool for improving the
quality of life, including the impoverished population. At the
same time, it produces ecosystem services that benefit the
general population of the municipality and, to a greater extent,
the region.

We believe that this manuscript scientifically contributes to
the study agenda on urban greenways, green infrastructure, and
ecosystem-based adaptation, among other emerging concepts,
in the Global South cities. In addition, it may sensitize and
demonstrate to planners and decision makers involved in the
Great ABC Consortium of the value of implementing green
infrastructure solutions.
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	Uses, Impacts, and Threats
	Dump Sites and Landfills
	Concepts and Strategies for the Urban Greenway and Green Infrastructure

	Recommendations
	Discussions
	Conclusions
	Author Contributions
	Funding
	Acknowledgments
	References


