:' frontiers

in Sustainable Cities

POLICY AND PRACTICE REVIEWS
published: 25 June 2021
doi: 10.3389/frsc.2021.685875

OPEN ACCESS

Edited by:
Pedro Henrique Campello Torres,
University of Sdo Paulo, Brazil

Reviewed by:

Priscila Weruska Stark Da Silva,
Technical University of

Munich, Germany

Bing Xue,

Institute of Applied Ecology
(CAS), China

*Correspondence:
Paulo Mantey Domingues Caetano
paulo.mantey@gmail.com

Specialty section:

This article was submitted to
Urban Greening,

a section of the journal
Frontiers in Sustainable Cities

Received: 26 March 2021
Accepted: 25 May 2021
Published: 25 June 2021

Citation:

Caetano PMD, Pereira HMSB,
Figueiredo LCR, Sepe PM and

Giatti LL (2021) The City of Sdo
Paulo’s Environmental Quota: A Policy
to Embrace Urban Environmental
Services and Green Infrastructure
Inequialities in the Global South.

Front. Sustain. Cities 3:685875.

doi: 10.3389/frsc.2021.685875

Check for
updates

The City of Sao Paulo’s
Environmental Quota: A Policy to
Embrace Urban Environmental
Services and Green Infrastructure
Inequalities in the Global South

Paulo Mantey Domingues Caetano ™, Hélia Maria Santa Barbara Pereira’,
Lara Cavalcanti Ribeiro Figueiredo?, Patricia Marra Sepe? and Leandro Luiz Giatti®
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In 2013 the urban authority for Sao Paulo city, Brazil, was interested in incorporating
environmental aspects into the urban licensing process of diverse urban developments.
To overcome concepts related simply to soil sealing, the initiative gave rise to a wide
range of principles associated with environmental services and the consideration that
green areas in this megacity are unequally distributed. Given the costs involved in
analyzing each case and the legal uncertainty among entrepreneurs, it has become a
tradition in Brazil for authorities in charge of urban licensing to follow general regulations
rather than case-by-case studies, except in high-impact developments. In response,
the Sao Paulo municipal government developed during the period from 2013 to 2016 a
governing instrument to deal with these issues, known as the Environmental Quota
(EQ). For that, the following guiding principles were established: (a) it should have a
solid theoretical basis, with incentives for consistent public participation; (b) it should
be flexible in such a way that it can provide a general framework within which a project
designer can make decisions, rather than a set of rigidly determined solutions; and (c)
it should consider inequalities in the availability of urban green infrastructure throughout
the city. This paper will first detail the political-institutional context in which the EQ and its
guidelines were established and implemented, then provide a general overview of the tool
and the theoretical frameworks within which it was developed, and, finally, discuss the
complex social decision-making process of its legal constraints. Moreover, it analyzes the
implementation and application of the EQ to examine its effectiveness and how it relates
to the city’s gentrification. Furthermore, it is considered the replicability potential of the
EQ to expand both the supply and distribution of green infrastructure and environmental
services throughout the urban environment and, thus, contribute toward mitigating the
intricate problems of urban environments in the Global South.

Keywords: urban greening, urban land use, environmental services, gentrification, Environmental Quota, Biotope
Area Factor, exergy, Quota Ambiental
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INTRODUCTION

Contemporary large-scale urbanization has been exacerbating
the global environmental crisis. In this context, cities throughout
the world centralize the high demands for environmental and
ecosystem services, characterizing the locus of fundamental
mitigation actions for ongoing environmental changes (Seto
et al., 2017). When it comes to mitigating and adapting to the
impacts of climate change, for example, local governments face
critical political and governing challenges (Di Giulio et al., 2019).
Indeed, cities are both a cause of climate change, by way of the
emissions of greenhouse gases, and victims of its consequences,
given that urban inequalities exacerbate the negative impacts
of climate disasters, such as floods, hurricanes, and droughts
(Kjellstrom et al., 2007; Bulkeley, 2010; Prieur-Richard et al,
2019).

Green urban infrastructure has been recognized as a key
element of any strategy to deal with climate change issues, given
its potential to mitigate greenhouse gas emissions and, therefore,
reduce the contribution of cities to global climate change, as well
as improve the environmental health and quality of life of its
residents and reduce their vulnerability to global climate change
impacts. However, the process of greening urban spaces has been
characterized by the gentrification paradox, whereby poorer and
more vulnerable populations have become isolated and pushed
out to locations far from these urban improvements (Cole et al.,
2017; Haase et al.,, 2017; Staddon et al.,, 2018; Andersson et al.,
2019).

Cities with high population densities and poor planning,
particularly those in the Global South, face worrisome conditions
regarding the risks of heavy rainfall associated with poor green
infrastructure, deep social inequities and housing built on
extensive areas susceptible to flooding and landslides. Moreover,
the vulnerable urban populations who live in these cities face
constant difficulties due to increasing urban population density,
high soil sealing, and insufficiency of environmental services,
such as the provision of healthier environments (Anguelovski
et al., 2016; Prieur-Richard et al., 2019).

In this paper, it is explored the parceling, use and occupation
of land in the city of Sio Paulo, Brazil, concerning the
implementation of the Environmental Quota (EQ), an innovative
public policy tool designed to render ecosystem benefits by
implementing green infrastructure and flood mitigation on
private! lots in a city that is highly vulnerable to climate effects
and has deep social inequities. Furthermore, it is described
the process that led to the development of the EQ and its
subsequent institutionalization as an alternative regulatory policy
to deal with urban environmental services, urban drainage, and
urban microclimates.

This paper is organized as follows, after this
introduction: section Environmental Quota Development
and Institutionalization summarizes the process that led
to the development of the EQ and the principles and legal
institutionalization of it in the context of the municipality

'Our discussion also applies to developments in public lots, but in this text, we
highlight the perspective of private lots that represent the vast majority of permits.

of Sdo Paulo; section Stakeholder Engagement explores the
role of the stakeholders involved in the development and
implementation of the EQ; section Effectiveness and Provision
of Environmental Services examines the effectiveness of the EQ
for the provision of environmental services from private urban
plots; section The Environmental Quota and Gentrification
discusses the relationship between the EQ and gentrification;
section Replicability of the Environmental Quota analyzes the
replicability of this initiative in other cities; and, finally, section
Final Considerations presents the final considerations. The
methodology used in this paper, and which forms the basis of
discussions, is descriptive, especially concerning discussions
surrounding the replicability of development analogous to the
EQ in other cities.

This paper is developed from the empirical evidence through
participant observation (Yin, 2015) made by the first four
authors, which are career technicians working for the city of
Séo Paulo and played prominent roles in proposing, developing
and implementing the EQ. Therefore, as a review of policy and
practice, this paper was developed by compiling, analyzing and
discussing the process of environmental innovation within the
context of development and implementation of local government
policy. It relates to the public processes and is also dedicated to
highlighting the relevant dialogue between various stakeholders,
and reflections on issues inherent to the challenges of urban
greening and urban sustainability.

ENVIRONMENTAL QUOTA DEVELOPMENT
AND INSTITUTIONALIZATION

Siao Paulo city? is the capital of the state of Sdo Paulo and is
the most populous municipality in Brazil, with about 12 million
people (IBGE—Instituto Brasileiro de Geografia e Estatistica,
2021). Although the city only occupies 0.02% of Brazil’s total
landmass, it concentrates 12% of the country’s GDP (Seade apud
EMPLASA, 2019). Sao Paulo is characterized by high population
density in the outskirts, social inequalities, housing deficits,
informal and unplanned urbanization, occupation of risk areas,
high rates of soil sealing, and unequal distribution of green
areas and environmental services. Any innovation implemented
in the greater cities of these regions has the potential to
reverberate through to the surrounding municipalities and,
thereby, further contribute to the regional dilemmas of
unsustainable urbanization.

In order to implement the most recent Sdo Paulo Municipality
Strategic Master Plan, which came into effect by way of law 16,050
on July 31, 2014, it was required that several laws should be
updated, among which was the law concerning the parceling,
use and occupation of land, i.e., the zoning law. During the

%In this paper, the words “city” and “municipality” are used interchangeably.
Officially, the word municipality is more representative of the territory and its
administrative structure, i.e., its executive power, the mayoral office (“Prefeitura”),
which in Brazil is called the municipal administration. Brazilian municipalities
also have legislative power, which is represented by a City Council (“Camara
Municipal”). The Brazilian Federal Constitution (CF) considers municipalities as
federated entities. According to Fernandes (2013), it is the only country in the
world that gives this status to municipalities.
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preliminary works for the formulation of the new zoning law,
the city administration decided to create a legal clause making
mandatory for anyone seeking a license to build or renovate
buildings to consider the environmental aspects of doing so, in
addition to the environmental licenses already required by the
National Environmental System (SISNAMA). It was agreed that
this tool, unprecedented in the various Brazilian legal bodies,
would be called Environmental Quota (EQ).

Internal seminars were held within the municipal
administration to determine the guidelines to steer the
development of the EQ. It was decided that the research being
carried out by Caetano (2016) for his PhD thesis at the School of
Public Health within the University of Sio Paulo would be used
as a theoretical starting point to develop the EQ. Next, an ad hoc
working group (WG) made up of four technicians from the Sao
Paulo City Hall was created. These technicians are the first four
authors of this paper.

Caetano initially sought to adapt Berlin’s Biotope area factor
(Biotopflichenfaktor, in German) (Landschaft Planen Bauen,
1990; Pobloth, 2008) to the Sio Paulo context. In addition,
the WG also considered Seattle's Green Factor (Hirst et al.,
2008; Stenning, 2008), Malmg’s (Sweden) Special Green Factor
and Green Point System (Skirbick, 2007; Kruuse, 2011) and
Singapore’s Green Plot Ratio to develop the Sao Paulo EQ. Given
the idiosyncrasies and complexities of the city of Sao Paulo,
the WG understood that the EQ should be more than a mere
adaptation of the above cited experiences. Therefore, the EQ took
on a shape of its own, with its particular characteristics. More
details of the process to develop the EQ and concepts can be
found in Caetano (2016).

Since the WG’s activities began, it has been led by the following
conceptual guidelines: first, that the purpose of the EQ is to insert
an environmental clause in the legislation about the parceling,
use and occupation of land; and second, that the insertion of
such a clause must occur by way of institutionalizing the EQ
into the zoning law with the same status as pre-established urban
parameters, such as the occupancy rate, the land use coefficient,
the building height and the floor area coefficient.

Three working guidelines were also established by the WG at
the onset:

e Flexibility: the designers—for any submitting proposal-should
not compose their projects from stereotypical solutions
imposed by legislation, but from a relatively broad menu of
environmental measures provided by the EQ legislation;

e Simplicity for the designer and the licensing body: a challenge
to developing the EQ was to create a simplified process to
assess complex issues. This was made possible with a set of
powerful indicators, specifically eco-exergy, as shown in the
following text. The result of this simplification is an electronic
spreadsheet that facilitates the elaboration of each project
considerably for the user. However, as a result of the urban,
environmental, and political complexities inherent to the city

3SENATSVERWALTUNG FUR UMWELT, VERKEHR UND KLIMASCHUTZ
STADT BERLIN. BFF Biotopflachenfaktor https://www.berlin.de/sen/uvk/natur-
und- gruen/landschaftsplanung/bff-biotopflaechenfaktor/ (accessed February 14,
2021).

BOX 1 | EQ operationalization should be as follows.

- The EQ is an index that aggregates several indicators to evaluate the
environmental performance of an urban built-up plot;

A given designer develops the lot coverage from a menu available in
the legislation of surfaces of environmental relevance in the project (for
example, green cover, vertical greenery, green roofs, greened surfaces,
semi-permeable floor, arboreal specimens, palm trees), here called
biotopes. Using an electronic spreadsheet provided by the municipality,
the area covered by these biotopes is processed to generate a number.
This number is the project’s EQ (EQproj). The project must be such that
the EQproj is either equal to or greater than the minimum established by
the legislation (EQmin), which is determined according to the location and
area of the lot.

of Sdo Paulo, the EQ, during its development, was losing its
desired simplicity;

e Solid theoretical basis: this guideline was never intended to
deny the political nature of the decision-making process for
the development and approval of EQ. On the contrary, the aim
was to facilitate the decision-making process by developing a
solid theoretical basis. Such a basis would allow any changes
requested by the decision-making entities involved in the
approval of EQ to reverberate throughout the EQ framework
in order to provide a level of consistency and conceptual
integrity of the EQ given these requested changes. Caetano’s
(2016) research provided fundamental support in this regard.

As the work progressed, it was deemed appropriate to add
another guideline:

e No retrogression when it comes to environmental matters:
for the EQ to be politically viable, it should not repeal
any previously established legal municipal environmental
protection provisions. Without such a clause, it would have
been possible for any parties interested in relaxing previously
established environmental provisions to maliciously take
advantage of the EQ development process to do so. Moreover,
were it not for this directive, groups who have fought hard and
successfully over time to advance environmental legislation
would not feel secure about EQ and they would oppose it.

The guidelines that were followed throughout the development
of the EQ, concerning public consultation and compatibility
with general and sectorial principles, plans and programs at the
municipal, state and federal levels, did not need to be made
explicit by the WG as they had already been contemplated in the
Organic Municipal Law (the city’s “Constitution”). The WG also
sought to determine operationalization criteria (Box 1) and the
environmental objectives of the EQ (Table 1).

The solid theoretical basis ensured that the indicators related
to these environmental goals (Table 1) had cardinal character.
Other environmental goals were implicitly considered in the
choice of such goals. However, the indicators chosen for the
implicit environmental objectives are merely ordinal in nature.

Drainage is one of several rainwater management measures
that can occur on three levels: macro drainage, micro drainage,
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TABLE 1 | Environmental objectives and indicators.

Environmental objectives Environmental measures Associated indicators EQ index
considered in the EQ*
To promote lot drainage Lot detention reservoir (default solution D

adopted) and unconventional lot drainage v. Figure 1

measures(for instance, detention basins,

retention ponds, inlet devices, infiltration

trenches, permeable sidewalks) QA = Ve DB
To promote ecosystem quality*™* Garden areas, existing trees and palmtrees, V

To improve the microclimate

trees and palmtrees to be planted, existing tree
clumps, green roofs, green facades, green
walls, permeable and semi-permeable floors

(simplified eco-exergy
calculated according to the
vegetation associated with
the different biotopes)

Source: produced by the authors.
*Other environmental objectives were indirectly considered.

**V/ has been formally shown to be a good indicator of both ecosystem quality promotion and microclimate improvement.

a and B are weighting coefficients.

and lot drainage. The EQ is concerned with the latter. To
obtain the indicator for lot drainage, each lot is considered to
be a watershed wherein the outlet corresponds to the pipes
through which stormwater flows from the lot to the micro
drainage system.

In a given basin with an area on the order of magnitude of an
urban lot, it is perfectly adequate to use the rational method to
determine the maximum outflow. To consider storage aspects,
it is best to use the modified rational method (Chow et al.,
1988). Hence, in the EQ method, each surface element of the
constructed lot is assigned a runoff coefficient value (the surface
elements chosen by the landscaper which are the called biotopes).
An increase in the runoff coefficient can lead to the following
outcomes: (a) the peak of the outflow hydrograph increases,
(b) the lag time of the outflow hydrograph decreases; (c) the
volume of water drained tends to increase. These are undesirable
situations as they overload micro drainage systems.

It was decided that the EQ should only address the abatement
in the peak of the outflow hydrograph. It was also decided
that any measures aimed at abatement should be classified into
one of two categories, as follows: (a) conventional measures
(detention and retention for reservoirs) or (b) non-conventional
measures (e.g., infiltration trenches, porous sidewalks, grassed
trenches, infiltration wells). Finally, a decision was made to
adopt the detention reservoir as the paradigmatic situation
to develop the EQ, given that this is the measure that the
technical community and licensors are most familiar with. Non-
conventional measures will be subjected to regulations that are
currently being elaborated.

The D indicator is a measure of how well the lot performs
for promoting lot drainage. If the detention reservoir system
succeeds at lowering the peak outflow hydrograph value of
the plot to the pre-development value of the peak outflow
hydrograph, then D = 1.0 (the so-called “zero impact”). If the
placement of the reservoir succeeds at reducing the difference
between the pre-developed and developed hydrograph peaks by
80%, then D = 0.8. Figure 1 can better clarify the concept.

The EQ procedure is currently as follows: first, a given
designer chooses the detention reservoir volume, then D is
calculated according to the spreadsheet. A possible reversal of
these procedures is currently being studied whereby the designer
would first choose a D-value and then, based on that value,
the spreadsheet would calculate the minimum reserve volume
needed to obtain this D value.

Additionally, the EQ establishes detention reservoir outlet
structure requirements, without which the mere requirement to
a minimum detention volume would be innocuous.

The objective of the EQ is to improve ecosystem integrity
based on a solid theoretical foundation through representative
and powerful indicators. Ecosystem integrity has been well-
documented by Kay (1991, 2000), and Schneider and Kay (1994),
being integrity the ability of a given ecosystem to maintain its
structure while self-organizing and dissipating energy. Xu and
Tao (2000) point out that some ecologists prefer the expression
“ecological integrity” to “ecological health.” Furthermore, they
state that these expressions are used in official documents
in the USA to refer to long-term policies associated with
environmental conservation objectives. There is a debate in
ecology as to whether health and integrity are equivalent,
and whether equivalent expressions can be assumed a priori.
Jorgensen (2006) argues that the concept of eco-exergy is an
excellent indicator of ecosystem health.

The exergy of a system is the maximum amount of
work required to bring that system into equilibrium with
its environment. Jorgensen (1992) postulated that ecosystems
maintain themselves out of thermodynamic equilibrium with
the environment. It occurs with a high degree of organization
and information about that environment. Ecosystems do so
in such a way that maximizes their exergy. Mejer and
Jorgensen (1979) proposed that the content of the so-called eco-
exergy of an ecosystem component can be calculated as the
probability of producing such a component at thermodynamic
equilibrium. For a component of an ecosystem, it consists of the
probability of producing organic matter (classical exergy term)
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-

D=A/A,

s

presented as straight for the sake of simplicity.

t (min)

FIGURE 1 | Diagram of indicator D. Source: produced by the authors. Qrmaxpre, Maximum lot output flow in the pre-developed condition; Qmaxpos, Maximum lot output
flow in the post-developed condition; Qmaxreg, Maximum lot outlet flow with regulation through the chosen detention reservoir; The lines of the hydrographs are

and the probability of finding the genetic code, i.e., the correct
sequence of DNA nucleotides (informational exergy term) of
this ecosystem component (Bendoricchio and Jergensen 1997;
(Jorgensen et al.,, 2005; Silow et al., 2011a,b). Note that this
calculation does not consider the information inscribed in the
structure of the ecosystem. In practical terms, eco-exergy in a
building project will relate, for example, to the diversity of tree
strata and the types of vegetation cover rather than just the
number of square meters of vegetation.

Thus, the V indicator of the EQ corresponds to the ratio
between (a) the sum of a simplified Jorgensen’s eco-exergy
associated with the different surface biotopes of the per unit
plot area and (b) a reference value that is intended to normalize
the indicator. Table 2 clarifies how the V indicator is calculated,
demonstrating some possible landscape solutions listed in the
EQ menu.

For calculating the existing trees and palms on a given
plot of land, the V indicator uses a single variable allometric
equation, namely the diameter at breast height (DBH), as it
provides a quick assessment of the trees and palm trees already
on the plot. For trees and palm trees to be planted, V should
be estimated based on catalogs published by the Sao Paulo
Municipal Secretariat of Green and Environment [Sio Paulo
(City), 2005] with a considerable safety coefficient included to
account for the probability that seedlings will not thrive. For
other biotopes, literature reviews were conducted regarding their
biomass, and the values used were judiciously chosen.

Caetano (2016) argued that eco-exergy also serves as a
microclimate indicator and is frequently associated with urban
greening and related environmental services. Thus, the V
indicator seeks to describe how a built lot performs to improve
both ecosystem integrity and the surrounding microclimate.

Given that a set of general rules regulates the EQ for
licensing purposes, rather than on a case-by-case basis, it
is essential to emphasize that mere compliance with its
requirements does not guarantee, in of itself, a good landscape
or lot drainage project (OBSERVASP, 2015; Cioni and Passos,
2018). This task is up to the landscape architect and the
hydraulic engineer.

Once the values of the D and V indicators have been obtained
for the project, the EQ indicator is, in turn, obtained by taking
the weighted geometric mean of both. The WG opted to adopt
the geometric mean instead of the arithmetic mean to limit the
possibility that a designer could compensate excessively poor
performance by promoting lot drainage with good performance
to promote ecosystem quality and microclimate improvement,
and vice versa.

Table 1 presents a summary of the intertwined relationships
between the environmental objectives considered in the EQ,
environmental measures, indicators, and the formula to calculate
the EQ index. Values for EQmin (environmental standards) were
set as a function of lot area and lot position in the city.

Considering that the city of Sdo Paulo has rigorous legislation
regarding tree management, development of the EQ provided
a glimpse of a very auspicious environmental possibility.
The paradoxical effect of excessive legal protection of an
environmental good, such as protection of a given tree species,
is well-known. The procedures to manage trees on land in the
city of Sdo Paulo are so difficult and complex that real estate
developers argue the presence of trees on a given plot of land
tends to devalue the property. Since trees that already exist in
a given plot of land considerably increase the numerical value
of EQ as it is calculated in its spreadsheet, the EQ goes against
this trend.
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TABLE 2 | Calculation of indicator V.

# Picture Biotope description Factor Ecoexergy related to the
biotope (e.u./m?)
1 Landscaped areas 0.25 Ex; = Xj 0.25.5(m?)/A(Mm?)
connected to the soil
below
2 Landscaped areas with 0.20 Ex; = Xj 0.20.g(m?)/A(m?)
a soil depth of 40cm or
greater
3 Permeable paving with 0.10 Ex; = Xj 0.10.g(m?)/A(Mm?)
vegetation
4 Green roof 0.20 Ex; = Xj 0.20.g(m?)/A(m?)
NN~
5 Vegetated walls 0.10 Ex; = Xj 0.10.g(m?)/A(m?)
6 Preserved small trees 80 Ex; = 80.nt/A(M?)
7 Preserved medium 180 Ex; = 180.nt/A(M?)
"N trees
8 Preserved large trees 400 Ex; = 400.nt/A(mM?)

Total eco-exergy = Ex = X Ex;
V = Ex/rv

Source: produced by the authors; column two (“picture”): Sdo Paulo City Hall.

(a) The complete table for calculating indicator VV can be found in the annex to law 16402/2016 table lll.B item Il. The table presented here is considerably simpler than that found in

the law.

(b) e.u., environmental units.

(c) A, lot area (m?).

(d) aj, area (m?) of each element of a given
(e) nt, number of tree specimens.

(A rv, reference value, adopted as 0.38 e.u./m? = 7.1 JG/m?.

i

I” biotope.

The EQmin values as a function of lot area were set
according to a logistic curve. To set EQmin as a function
of the position of the lot in the city, environmental zoning
(the set of “environmental qualification perimeters”) was
developed using a method analogous to that of McHarg (1969)
(see also Yangand Li, 2016), and environmental qualification
perimeters were set from there. This zoning has considered the
environmental situation of the regions inside the perimeters
and also its transformation potential. Figure2 shows the
environmental qualification perimeters in the Sdo Paulo
municipality territory. From this figure, it is clear that the
peripheral regions of the city received the worst scores in
terms of their environmental situation and also in terms of
the potential for change. This corresponds to more evidence of

environmental inequalities in the city’s structure, especially in its
aspects of greening, which impacts the environmental comfort of
its residents and their leisure possibilities.

It was determined that developments that exceeded their EQ
score by a certain amount would receive urban incentives. The
zoning law in effect establishes two potential types of non-
cumulative EQ incentives (see Table 3). The first corresponds
to a discount on the financial contribution of the onerous
grant for the right to build* or the additional non-computable

4 An onerous grant for the right to build, which establishes that property owner can
build beyond the percentage of lot area pre-established by law, is issued by the Sao
Paulo municipal government to the property owner upon payment of a financial
consideration.
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!p i M;WI*V - ) Potential (mean) (sum)
PA1 4 4 4 40 12
PA2 3 3 4 33 10
PA3 3 3 3 30 9
PA4 3 3 3 30 9
PAS 1 2 3 20 6
PAG 3 3 2 27 7
PA7 2 3 2 23 7
PAS 3 3 3 30 9
PA9 4 4 1 30 9
PA10 2 1 1 13 4
PA1l 2 1 2 17 5
PA 12 2 2 1 17 5
PAL3 na na na na na
Chassification Microclimate, Classification Transfomation
Biodiversity, and Draimge Potential

GOOD 1 GOOD 4
MIDDLE 2 MIDDLE 3
BAD 3 BAD 2
TOO BAD 4 TOO BAD 1

FIGURE 2 | Environmental Qualification Perimeters in the Sdo Paulo municipality territory. Source: Sao Paulo City Hall; adapted by the authors. Environmental
Qualification Perimeters (EQPs) are, in practice, environmental zoning. The territory of the municipality of Sao Paulo was divided into homogeneous regions into
environmental terms, with 13 types of regions being defined. For each of the 13 types of EQPS, requirements are presented in the law in terms of minimum
permeability (even for the lots dispensed from the EQ) as well as the minimum numerical values of the EQ score as a function of the lot size. To define EQPs’ degrees
of rigor, each homogeneous region was evaluated in terms of indicators for (a) microclimate plus biodiversity, on a scale of 1-4, with 1 corresponding to the best state
and 4 the worst; (b) drainage, idem; (c) transformation potential, on a scale of 1-4, with 4 corresponding to the best potential and 1 the worst. The indicators were
then added together in order to be ranked. The higher the ranking, the greater the legal requirements of each EQP. The idea of including state indicators and a
potential transformation indicator and providing them with values on an opposite scale rests on the following: an EQP with a good environmental state and very bad
transformation potential receives the worst grades, having, therefore, the minor legal requirements in terms of EQ; on the contrary, an EQP with a deplorable
environmental state and a good transformation potential receives the best grades, therefore having the highest legal requirements in terms of EQ.

built area and can be claimed when EQproj exceeds EQmin
at a certain level. The second corresponds to a discount on
the financial contribution to the onerous grant for the right
to build, which is calculated according to the sustainability
certification level that the developer obtains for the property,
ie., the lots environmental performance. The municipality
itself does not grant environmental certifications. This task is
delegated to environmental certifiers who have registered and
been approved by the municipality. The certification can be, for
example, LEED® (GBC Brasil, 2021), AQUA-HQE (Fundagio
Vanzolini, 2021), Selo Casa Azul CAIXA (Caixa Economica
Federal, 2021) or EDGE (IFC, 2021). After an environmental
certifier is registered with the municipality, different levels of its
certification are scored according to EQ legislation, being the

EQ incentive provided according to that score. The certification
incentive is only valid for either residential developments or
non-residential developments associated with residential use.

The development of the EQ also took into consideration
climate factors potentially related to global climate change.
The severe water crisis between 2014 and 2016 in the
state of Sdo Paulo (Soriano et al, 2016; Moraes, 2020)
contributed to determining that the EQ should include
a requirement for buildings to have rainwater harvesting
systems. This requirement is aligned with the idea that
big cities should jointly manage alternatives to mitigate
and adapt to climate change. Traditionally, there has
been a scarcity of efforts to create synergies between them
(Urge-Vorsatz et al., 2018).
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STAKEHOLDER ENGAGEMENT

Although the mayor did not receive unconditional support,
negotiations occurred in such a way that made it possible

In 2013, at the start of a new municipal administration, it was  for the executive branch to pass their bills comfortably,

well-known that the then-mayor had formed a comprehensive  provided, of course, that it was willing to spend its political
coalition that included politicians from both the right and left  capital. This also explains why the WG was pressured

sides of the political spectrum.

to make the EQ self-applicable, i.e., to leave little for
future regulations, such as decrees, ordinances and other
administrative acts, that could easily amend the EQ under

TABLE 3 | Incentives.

future administrations.
Institutionalization of the EQ would not have been

Incentives Type of incentive Requirements possible without following eminently political processes.
EQ incentive Discount on the Relationship As for developing the EQ, it is worth discussing how the
financial contribution to between EQproj relationship between politics and technique is established.
the onerous grant for and EQmin Decision-makers responsible for weighing costs against benefits

the right to build*

Additional
non-computable area

and accepting and dealing with risks and uncertainty when it
comes to scientific, technical, social, political and, especially,
legal concerns. Yet, it is up to technicians to ensure that any

rtificati Di t on th Level of : .. . celes
Certfication sscounton e evero solutions presented to decision-makers are contained within
incentive financial contribution to environmental d T P This i . difficul K h
the onerous grant for certification a trade-oft surface 1s 1s sometimes very difficult given the

the right to build*

various degrees of uncertainty surrounding technical decisions

Source: produced by the authors.

*An onerous grant for the right to build is a grant issued by the municipal government that

(Scoones and Stirling, 2020). In that sense, it is the responsibility
of the technique to assist politics. Table 4 presents more detailed

. . s .
permits to a property owner to build above the proportion of the lot area established by information about the stakeholders engagement durlng the EQ

law upon payment of a fee.

development process.

TABLE 4 | Stakeholder involvement in EQ development and implementation.

Stakeholder Mode of involvement Role played by the stakeholder
Municipal government Relationship with city council - Maintained a comfortable relationship with city council.

- The municipal government has pushed for the EQ to be self-enforcing for fear that the
subsequent governments would substantially change it through infra-legal legislation. This is
not feasible for a law of this size and complexity.

- Arbitrated conflicts between environmental and housing interests through zoning.

WG Carrying out technical work and - Career civil servants do not work for the municipal government, however, they maintain a

supporting other stakeholders

Social housing movements Pressure on the government and
direct actions

Designers Commissioned by entrepreneurs

Entrepreneurs Produce most of the built space
in the city

Groups within the public service

sector

Academics Call for contributions
to workshops. Production
of articles

hierarchical relationship with it.
Anticipated and evaluated interests in the development phase to enable and facilitate approval.
- Focus of stakeholders, even though the WG is not a political bodly.

- Strong influence on the municipal government.
Little interest in the EQ during the formal public participation process.

Feasibility studies became more complex and their work as designers was more recognized.
However, some were against the EQ for fear that it would make their relationship with
developers more difficult.

- They were not in a position to oppose the EQ.

They showed no hostility to the ad hoc group or to the EQ even though feasibility studies
would become more complex and the costs of undertaking the developments would rise
slightly. Their focus was on zoning.

See Box 2.

- In general, the reaction was positive.

- Some academics complained that the EQ would lead to bad designs and expressed a
preference for studies to be carried out on a case-by-case basis. However, there was never
a claim that mere compliance with the EQ alone would guarantee the quality of landscape
designs, given that EQ is only a minimum minimorum. That is the responsibility of the landscape
architect.

It was pointed out that requirement for mandatory compliance with EQ to be limited to plots
larger than 500 m?, even with more stringent permeability rate requirement, would limit its
effectiveness in the city’s periphery, which is the area of the city that is most in need of
environmental services. Especially considering that the EQ operates only in the formal city.

Source: produced by the authors.
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Parameters are necessarily suggested or imposed by the
technique. These parameters, when institutionalized and having
defined mandatory thresholds, become standards. Setting
standards is necessarily a policy task. Private entities, research
institutes, universities and the literature suggest threshold values
for the parameters, thresholds that are called criteria (Porto,
1991; Forstner, 1995). Political decision-making entities, when
defining standards, should consider not only the suggested
criteria but the social, economic and cultural issues associated
with that definition, taking risks and deciding in a situation
of uncertainty (Scoones and Stirling, 2020). In the case of
EQ development, parameters were successfully defined. What
involved considerable difficulty was to define criteria to be
suggested to the decision-making entities. This implied the
need to perform several simulations to obtain reasonable
values for the parameters, being oft tricky even to know
possible values for the parameters, let alone for their criteria.
In the face of scarce data, how to decide? To use the
mean, the median, the mode, a characteristic value? Are they
available? Often this process involved the suggestion of criteria
in a somewhat arbitrary but in reasonable and responsible
way. Such is the realm of producing new socially robust
knowledge, whereby social actors corroborate the quality control
of science and technology used to make decisions (Gibbons,
1999).

Career civil servants have sufficient autonomy not to be
obliged to compromise with the political options of the
government®. Its role, ideally, is to maintain the possible
neutrality and assist the government, doing so in the form of
suggestions for alternatives for government officials to make
their political decisions. Nevertheless, in producing alternatives
to submitted to government political agents, public career civil
servants in the early stages of their work should have in mind
the political preferences of their hierarchical superiors and
all stakeholders, also evaluating the power relations between
them. This was observed when developing the EQ. It is not
a good technique to produce proposals that are not politically
viable or are not likely to be easily adjusted according to the
political negotiations conducted between the stakeholders. That
is why it can happen that career civil servants still in the
development phase of their jobs are subject to direct pressure
from stakeholders outside the public administration, as was
the case with EQ development. The government itself is also
not homogeneous, nor does it always know exactly what it
wants. This can lead government officials to give contradictory

>The purpose of the group of career civil servants (servidores efetivos in
Portuguese) is to provide a permanent structure for the Public Administration due
to the sudden changes in the government in office. They are hired from public
tenders and are not appointed or elected. In order to protect themselves from
undue or illegal coercion, they are given job stability after a three-year probationary
period. They have criminal, civil, and administrative liability for their decisions
or opinions issued. There is great legal uncertainty in its activity, which tends to
paralyze the public administration. The first four authors of this paper, as careen
civil servants, are employees of the executive branch of Sao Paulo city. They
are not government employees in power, although they maintain a hierarchical
relationship with it.

BOX 2 | Situations of EQ development in the public service sector.

1) The group that was developing an update of the Building and Construction
Code hardly opposed the EQ, alleging that the drainage concepts
proposed in the development of EQ were not aligned with those that they
had been adopted, mainly the concept of specific flow [Tucci, 2000; Sao
Paulo (City), 2012].

2) Some public employees who had been developing academic studies were
pleased to incorporate these studies into the EQ proposal.

3) The staff responsible for approving tree management expressed strong
opposition to the final, approved version of the EQ.

4) Some staff with excellent academic credentials complained that they had
not been asked to contribute to the EQ. This was due to the urgency with
which the process was carried out.

5) Career civil servants involved in licensing hardly opposed the first decree
proposal when it was being written. This opposition had to do with the
legal uncertainty surrounding the activity of these servants.

or empty directives that must be taken into account by the
career civil servers. Since the early stages of the development
of the EQ, the WG considered political backgrounds and
proceeded with negotiations involving stakeholders. The WG
had always kept in mind that the government itself is not
homogeneous, and this can lead government officials to give
contradictory directives.

In the public service sector, five significant situations
occurred as the EQ was being developed, as reported
in Box 2.

When the EQ was being developed by the WG, the Sdo Paulo
municipal government was widely sensitive to the demands of
social housing movements. For the most part, these demands
were not directed at the WG. The municipal government
established a clause into law that stated the EQ parameters
for social housing would be subject to specific regulation.
Moreover, the municipal government arbitrated these interests
by establishing in the urban zoning areas specifically intended
for low-income housing developments and other areas of
environmental interest.

As the EQ was being elaborated, some design entities took a
keen interest in it and the new possibilities it provided. Before
the institutionalization of the EQ, feasibility studies for real
estate developments were relatively simple. Implementation of
the EQ meant that many landscape design decisions would
need to be made at the feasibility study stage. This situation
obviously displeased entrepreneurs. Some designers considered
it a valorization of their profession due to the EQ opening up.
In addition, designers realized the prospect for a new market
with more possibilities and more plasticity to their projects,
especially concerning green infrastructure; others demonstrated
being displeased and pressured by their clients to respond to the
new requirements. For some designers, it became impossible to
oppose the idea of incorporating environmental aspects in the
zoning law.
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Perhaps it was precisely due to this unfeasibility to publicly
oppose the EQ that some members of the real estate developers
sector, which is quite powerful economically and politically,
did not demonstrate any objections to the EQ. It is worthy to
reinforce that more elaborate projects tend to be of better quality,
offering benefits to buyers that developers will know how to use.
Table 5 summarizes some criticisms of EQ and the responses to

EFFECTIVENESS AND PROVISION OF
ENVIRONMENTAL SERVICES

Two elements are fundamental to guaranteeing the effective
implementation of urban planning guidelines: licensing
and inspection. For several reasons, when it comes to
overseeing urban works, the municipality of Sdo Paulo faces

those criticisms.

some challenges.

TABLE 5 | Criticisms of the EQ.

Criticism

Response

The number of environmental objectives
considered in the EQ is small.

The runoff coefficients do not consider the
local infiltration capacity.

The EQ does not require zero impact for
source drainage control measures.

It is difficult to understand that the
reservoir volume is arbitrarily defined and
then the indicator D is calculated.

The EQ established a “minimum volume”
for stormwater reservoirs, which led to
confusion.

The concept of “specific flow rate” was not
used.

Leaf area is a better indicator of
microclimate than eco-exergy.

EQ is only required for plots larger than
500 m?.

The minimum volume of reserve water for
non-potable uses is very small.

It is not acceptable to jointly consider the
stormwater control reservoir and rainwater
harvesting reservoir volumes.

The required outflows from the stormwater
control reservoir are very small.

It is impractical to supervise the EQ.

Compliance with the EQ does not in of
itself guarantee good quality landscape
designs.

The EQ is a technocratic requirement.

The EQ ignores the legal uncertainty of
public servants.

EQ approval and supervision procedures
are not in line with the municipal
government’s organizational culture.

Were the EQ to increase the number of environmental objectives it would become overly complex. Moreover,
other objectives have been considered indirectly.

The runoff coefficient is associated with the rational method, which has a margin of error of around 40% (Tomaz,
2002).

Consistent with the guideline to provide freedom to the designer, a choice was made to allow designers to off-set
different environmental objectives, especially considering that the EQ index is an aggregate of two indicators,
calculated by taking the geometric mean rather than the arithmetic mean.

A technical primer would have been useful in the EQ debates. At the moment there are studies underway to
determine whether this order should be inverted, i.e., whereby the D indicator would be chosen first and then the
minimum reservoir volume to control lot drainage would be calculated.

This “minimum volume,” which was perhaps an unfortunate choice of term, corresponds to the guideline of not
regressing in terms of environmental legislation. This is because prior to the EQ there was already a requirement to
build rainwater reservoirs, albeit of modest minimum volumes.

This concept presupposes linearity between flow and drained area. In the theoretical conditions considered, this is
not possible. Regardless, simulations performed by the WG showed that in the design range of the D-indicator
both approaches lead to close results.

This consideration would be an unnecessary complication. Studies carried out when the EQ was being developed
showed that both indicators have a proportionate relationships and, therefore, that either would produce close
results.

See Table 4.

In fact, although the norm NBR 15527 (ABNT, 2007) has been observed, methods such as Rippl’'s (Tomaz, 2003;
May, 2004; Annecchini, 2005; Carvalho et al., 2007; Mierzwa, 2007; De Amorim and Pereira, 2008; Matos et al.,
2013; Giacchini, 2016) lead to invariably large volumes.

This criticism stems from a misunderstanding of how these two types of reservoirs operate. Roughly speaking,
reservoirs for stormwater control must remain empty, whereas those for rainwater harvesting must remain full.

This is due to the calculation assumptions considered. Since there are often no pumps available on the market for
such low flow rates, a way out is to use intermittent pump runs to obtain the average flow rate recommended in
the EQ.

With respect to the EQ, a bi-annual report is required on the status of its implementation and maintenance,
specifically when it comes to landscaping solutions. The inspection of these reports should be carried out by
random sampling by the public inspection office.

See Table 4.

The EQ has never lost sight of its political nature. The goal of the tool is to ensure that the alternatives presented
are on a trade-off surface (BRAGA 1987). There is no optimum point in this set.

Public administration oversee structures (for example, prosecutors, court of auditors, judicial police, and internal
affairs) are not obliged to adhere to the hermeneutics and doctrine used to base the decisions of career civil
servants. Consequently there is a great legal uncertainty in its activity, which tends to paralyze the public
administration. The WQ, as far as possible, tried to minimize the problem. However, this is a structural issue in the
public service in Brazil.

According to Handy'’s (1987) simplified classification for organizational cultures, the Sao Paulo City Hall has a
culture centered on people and not on rules, which, in fact, created significant difficulties. There is no way to
change this culture in the short term.

Source: produced by the authors.
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Licensing of the EQ occurs within the scope of the general
process to request an urban license for a given development.
Roughly speaking, in Sdo Paulo, the process to request an urban
license for a “large-scale” development is overseen by a central
department (currently the Secretariat of Urbanism and Licensing,
SMUL), whereas the process to request a “small-scale” is overseen
by decentralized units.

A sample of 83 non-residential developments was extracted
to carry out an initial assessment of the EQ. Obviously, a
complete assessment of these effects would require further study
in much greater depth and comprehensiveness, which has yet
to be done. Therefore, the results presented here must be
carefully considered. The total area consumed by each of these
developments varies between 551 m”> and 66,041 m?, with an
average development area of 4,333 m”. The total area consumed
by all of these developments combined is 34.7 ha.

The municipality of Sdo Paulo is located in the Atlantic
Forest biome, a biome similar to that of the Amazon concerning
biodiversity. Based on data from Jorgensen (2010), Lima (2010),
and Forster and Melo (2007), the eco-exergy of fragments
of secondary Atlantic Rain Forest in the initial/intermediate
succession stage was roughly estimated at 1.7 e.u./m* or 32
GJ/m? (see Table 2). The weighted average simplified eco-exergy
of the 83 developments considered here was found to be ~0.8
e.u./m? that is approximately half of the value above, which
demonstrates good environmental performance in promoting
ecosystem quality and improving the microclimate. The exergy
of the analyzed enterprises amounted to 4.8 PJ (petajoules).

Wall (2009) showed that the relationship between physical
exergy and the amount of information at room temperature
corresponds to 2.9 x 1072! J/bit, and the exergy per unit of
information of a protein synthesis process in a cell is 4.6 x
10721 J/bit. Assuming that one unit of eco-exergy corresponds
to the same amount of information as one unit of physical exergy
(which, in the best case scenario, would provide only one order of
magnitude given that they use different concepts and references),
the amount of information stored in the vegetation of these 83
developments would be in the order of 4.7 x 10%° bit/m?, and the
total amount of information stored would be in the order of 1.7
x 107 bit.

The weighted average of indicator D, which relates the
performance of the development to the plot drainage, is 0.67.
This result would disappoint those who advocates of zero impact
measures. The weighted average of the runoff coefficient is 0.65.
This runoff coefficient corresponds to that used by the rational
method to estimate the flow corresponding to a precipitation of
duration equal to the time of concentration of the basin; thus,
it does not consider the effect of the reservoir. It is important
to note that the simplifications made in the QA to estimate
the runoft coeflicient were such that they tend to increase the
numerical value of this coefficient.

This raises an interesting question: if a detention reservoir
were built to have zero impact on a given fictitious basin and
the volume of this reservoir was the sum of the lot’s detention
reservoir volumes, what would be the numerical value of this
fictitious basin area? Canholi (2014) extracted some expeditious
methods from the literature to estimate the volume of detention

reservoirs. It was used the United States Conservation Service
method (SCS 1986 apud Canholi, 2014). After adopting some
assumptions to simplify the calculation, it was concluded that
such an area would be ~300 ha. This result is remarkable since
the sum of the lot areas corresponds to 35 ha.

Only a more complete study could test the validity of the
adopted hypothesis and analysis. Above all, it is essential not to
lose sight that the average of a function (correct method) does
not always come closer to the function of the average (the method
used here). In short, these are only preliminary calculations
that are intended to provide a starting point to the structure of
future evaluations.

THE ENVIRONMENTAL QUOTA AND
GENTRIFICATION

Based on what has been presented so far, one might consider
that, given the enormous environmental and social sustainability
problems engendered by Sao Paulo city, the EQ is a relatively
modest instrument. Such a conclusion would be proper whether
the municipal government had abdicated its efforts toward
urban sustainability and outsourced them to the private sector.
However, in reality, nothing could be further from the truth.
What the Sdo Paulo city did was to determine the real estate
sector to make its share of sacrifices (in the form of a not so
significant costs increase) in pursuit of sustainability based on
the social function of properties principle, an innovative concept
from the field of urban studies, consolidated in the 1988 Brazilian
Federal Constitution®.

Indeed, the Municipal Secretariat of Green and Environment
is engaged in the so-called green plans, which include, as
determined by the Strategic Master Plan for the City of Sio
Paulo (Municipal Law No. 16,050 of July 31, 2014), the Municipal
Plan for Protected Areas, Green Areas and Open Spaces,
the Municipal Plan for Conservation and Recovery of Areas
Providing Environmental Services, the Municipal Plan for Urban
Afforestation, and the Municipal Plan for the Atlantic Forest.
These plans and actions were established through participatory,
complementary, and harmonious work, and considerable human
resources were allocated toward them.

It is essential to keep in mind that these plans prioritize
concerns over gentrification by establishing mechanisms to
minimize it. Thus, the EQ constitutes an unprecedented and
well-liked by-product of these established priorities.

The EQ does, in effect, cause gentrification, but to a small
degree. In coordination with the plans outlined above, the
EQ could be used to improve its parameters to mitigate the
processes that cause gentrification. The literature on urban
greening and gentrification has demonstrated the paradox
related to improvements in urban green infrastructure and

%It cannot be overlooked here that the cost increases implied by EQ are partly
passed on to consumers and partly reduce the profits of developers. Quite simply,
it can be said that the proportion between the transfer of costs and the decrease in
profits will depend on the relative elasticity of the supply and demand curves for
housing. There is a particular generational injustice involved in this process since
younger generations will bear the costs of EQ while all will enjoy the benefits.
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making poorer and vulnerable people migrating from these
areas (Cole et al.,, 2017; Haase et al., 2017; Andersson et al.,
2019). The EQ can be argued to make a different effect
since it dedicates to improvements on environmental services
from green infrastructure to private and public urban plots. It
characterizes environmental services provided by the private and
public developments and also operates from urban plots in urban
outskirts and poorer neighborhoods, even with compensation
on urban areas with lower degrees of green infrastructure. In
that sense, it is assumed that the EQ can assist in lowering the
inequalities on the green in urban spaces. That is to be considered
a perspective of improving urban resilience to climate change
impacts and encompassing deep urban inequalities (Yang and Li,
2016; Staddon et al., 2018).

Even lots smaller than 500 m?, for which the EQ provisions do
not apply” (Nobre et al., 2015; Da Silva et al., 2018), must comply
with a minimum permeability rate. The EQ not only established a
significant increase to the minimum permeability rate compared
to the previous requirements. It also modified the concept to
become more rigorous, whereby only garden areas on natural soil
are accepted and there cannot be slabs under them.

REPLICABILITY OF THE ENVIRONMENTAL
QUOTA

The EQ is very customized to the complexities inherent to the
city of Sao Paulo, the political situation at the time it was being
developed, and the time that it took to elaborate. Nevertheless,
some of the experience gained in developing the EQ in Sao Paulo
could serve as a starting point to discuss specific issues when
developing an instrument analogous to the EQ in other cities.

A prior assessment is obviously needed, at least, to address
the city’s real estate market, environmental situation, the
local political context and how public administration oversee
structures affect it (for better or worse), the state and municipal
government guidelines and, finally, to assess the decision making
processes and survey the main stakeholders. A timeline is
necessary, but it is also important to remember that political
processes are complex and unpredictable, and this timeline will
need to be adjusted continuously.

Next, the mode of operation must be defined. A small group
of career civil servants with experience in public administration,
composed of members from different backgrounds and, above
all, a history of working together is desirable. How public
participation will take place must be defined a priori. It
has been proven to be adequate to convene specialists and
allow a small degree of intervention among stakeholders in
the development phase, all under the political tutelage of the
municipal government. Seminars can be held with the Academy,
research institutes, civil servants, including from other spheres

The restriction of the mandatory application of the provisions of the EQ to
lots smaller than 500 m> was a political requirement, against which the WG
unsuccessfully opposed. It should be noted that to a development in a lot smaller
than 500 m? is allowed the application of EQ so that it can enjoy the incentives of
EQ, without prejudice, of course, to the requirements presented above in terms of
minimum permeability rate and all other urban and environmental legislation.

of government, slightly more technical stakeholders, consultants,
developers and designers. In the final stage, the public should
be encouraged to participate, i.e., any citizen with interest in the
subject. A careful strategy must be defined to handle this phase,
for example, making primers for citizens to participate in public
hearings, among other forms of participation.

It is important to remember that, although public
participation is a mandatory requirement of any public
policy, program or project, dialogue does not solve everything.
The government has to assume the burden of the decision in
the event of a deadlock. Issues related to representativity and
proportional representation among the entities who will act on
behalf of the public are complex.

Anyhow, decisions surrounding the environmental objectives
and their magnitude must be made. There is a fine line between
“ensuring the legal instrument remains simple” and “ensuring
its regulatory power.” For example, concerning lot drainage, the
desire to include issues related to infiltration, interception, and
diffuse pollution can be assessed; however, this would make the
instrument more complex. It can have a vital role in cities located
in tropical zones that are highly vulnerable to climatic events
(Canil et al., 2020; Travassos et al., 2020), as in Sdo Paulo and
in many Global South cities. Nevertheless, the experience of the
EQ in the municipality of Sdo Paulo provides an alternative, as
it aggregates three different environmental objectives within a
plausible framework.

Any government considering adopting a similar tool to
the EQ should consider whether it is more convenient to
establish a single index or to separate the indicators when
determining different environmental objectives. Architects tend
to have spatial vision and are, therefore, more comfortable with
the V indicator. On the other hand, engineers tend to have
a more functional vision; therefore, more in tune with the
D indicator.

The choice to establish weighting factors related to an
indicator analogous to V through the Delphi method, for
example, should be studied, as Berlin did to develop the Biotope
Area Factor (Keeley, 2011). On the one hand, weighting factors
would be easier to understand, yet, on the other hand, this would
come at the expense of scientific rigor and political legitimacy.

The convenience provided by establishing mandatory
adherence to the principle of zero impact on lot drainage should
be studied. The convenience of adopting the concept of specific
flow should also be considered (Tucci, 2000). The convenience of
establishing regulations concerning the definitive lowering of the
water table by buildings with subsoil, which implies the need for
permanent pumping, should also be considered. Additionally,
the convenience of repealing existing environmental legislation
should be analyzed, assuming the political burden of doing so in
case of contradictions.

The legal framework and the control mechanisms and
institutions must be studied very carefully to not hinder licensing
and inspection. If enforcement mechanisms are not carefully
considered, the effectiveness of the regulation tool will be
seriously compromised. The degree of administrative discretion
for licensing should be carefully considered. The relationship
of EQ with other environmental regulation tools must be
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considered. Everything should be consistent with the culture of
the involved organizations.

It is mandatory to proceed in a multi- and interdisciplinary
way when it comes to environmental matters in complex
urban contexts. Even with such open approaches, there will
be several difficulties demanding careful prior assessments and
political work.

Incentives to  complement  previously  established
environmental objectives are an exciting strategy that may
be worth replicating. One could also think of extending EQ
requirements, for example, by including considerations to install
photovoltaic panels on buildings with large roof areas, such
as supermarkets and shopping centers. Any measures will also
depend on the regulations established by the electricity authority
on the sale of energy. The use of high thermal performance
paints (Gartland, 2010) and other similar strategies can also be
considered in this context.

Given these arguments and considerations, we believe that the
EQ can be replicated and adjusted to other cities or metropolitan
areas®. This is particularly true for cities and metropolitan areas
located in the Global South, where improving environmental
services makes sense given the unequal division of urban
territories. In that direction, it is worthy to remark that the
development of the EQ can be understood by encompassing
five dimensions on the necessary ability of local governments to
advance in adaptation to climate change. These dimensions are
presented by Di Giulio et al. (2019) through cognitive factors,
resources, organizational factors, political aspects, and urban
planning. Furthermore, EQ operationalized a principle of public
function for the private properties, what in the case of Brazil
set out in the Federal Constitution. For the Global North, the
EQ experience can provide insights into how to promote urban
greening from private developments in a way that benefits the
whole city.

FINAL CONSIDERATIONS

The decision made by the municipality of Sio Paulo to
introduce an environmental element to its land parceling, use and
occupation legislation arose, in part, from a desire to overcome
some of the limitations imposed by the National Environmental
System (SISNAMA), in which Sdo Paulo acts as a local
agency. These limitations have to deal with federal legislation’s
formal rigidity, which reflects the previous experiences of some
state agencies in approving pollution control legislation and
Environmental Impact Studies. Additionally, it was in the City’s
interest to capillarize and universalize environmental measures at
the lot level for either new developments or renovations.

This solution was inspired, in part, by other cities that have
undergone similar processes, such as Berlin, Seattle, Malmo
and Singapore. However, the development of Sio Paulo’s tool

8For example, the municipality of Campo Grande, capital of the state of Mato
Grosso do Sul, Brazil, created through complementary law n. 341, of December
4, 2018, the Environmental Relevance Rate (TRA), clearly inspired by the EQ (see
also Campo Grande, 2021). The municipality of Ribeirao Preto is also studying an
urban instrument in part inspired by the EQ.

(the EQ) differed substantially from its predecessors. The EQ
explicitly states its three environmental objectives. Two of them,
which relate to ecological and microclimatic aspects, are solved
by lot occupation and development. The other, which is related
to lot drainage, depends on hydraulic structures. The number
called EQ is an aggregate of indicators that seek to evaluate
the environmental performance of a given lot. Given that these
indicators are grounded on a solid theoretical foundation, an
assessment of the environmental performance of a given plot
can be objectively measured and compared with other measures
and indicators.

A very expeditious analysis showed possible aspects of the
effectiveness of EQ in non-residential buildings. By this analysis,
EQ had a good ecological and microclimate performance and
a somewhat disappointing but good enough performance in
lot drainage. These conclusions need to be ratified by a more
comprehensive and in-depth study. In particular, it would be
interesting to compare these results with those to be obtained for
residential buildings.

Development of the EQ was centered mainly around a small
ad hoc WG formed by four municipal government employees
who have decades of experience working in this area and are,
thus, well-versed in its formal and tacit norms, culture, and
decision-making processes, and have considerable knowledge
of the city. These professionals formed this group based on
their individual expertise and their previous experience working
together. This group developed the EQ over hundreds of
hours of work, received suggestions, sought feedback from both
outside and local experts, held seminars, provided information,
attended to the (sometimes conflicting) demands from the
local government and mediated interests between stakeholders
and local government. Moreover, the group anticipated the
different interests that would converge in the EQ and sought
to develop compromises to accelerate political convergence.
Above all, and even though the EQ is an unprecedented tool
to insert environmental aspects into the legislation governing
land parceling, use and occupation, the group strived for
reasonableness so that the EQ would be respected by the diverse
interest groups, even those who were opposed to it.

Several stakeholders have sought to influence the EQ during
its development. Prominent among them is the powerful real
estate development industry. Naturally, any given legal initiative
that implies an increase in costs, even relatively modest ones, such
as those contemplated in the EQ, is bound to face opposition.
For the most part, these additional costs are absorbed by buyers
and developers according to the relative elasticity of the supply
and demand curves for new real estate. It is essential to say that
the municipal government dared to take a chance such a new
proposal as the EQ, even though it could have weakened its
political capital given that such a measure was unprecedented.

Given that it is the center of a large peripheral capitalist
megalopolis, Sdo Paulo city has enormous social, environmental,
landscape, economic, and urban planning problems, especially in
terms of unequal access to the city’s infrastructure and quality
of life. Given these enormous problems and environmental
imbalances in the city, even if a stakeholder were to disagree
with the EQ, it would be difficult for them to publicly position

Frontiers in Sustainable Cities | www.frontiersin.org

13

June 2021 | Volume 3 | Article 685875


https://www.frontiersin.org/journals/sustainable-cities
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-cities#articles

Caetano et al.

The S&o Paulo’s Environmental Quota

themselves against it, no matter how much they disagreed. This
is what was expected from the real estate development sector.
Indeed, this sector showed relative small resistance to the EQ,
despite the economic crisis of unprecedented magnitude that had
engulfed the country. Perhaps the incentives contributed to this
lack of resistance, especially the certification incentives, which are
pretty usual in compliance processes. Moreover, it is remarkable
the acceptance of the EQ among designers who were happy to see
the diverse alternatives that the EQ made possible.

The interests of popular urban housing movements ignored
rather than positioned themselves in front of EQ. It was a positive
convergence considering their good organization and influence
due to the city’s huge housing deficit.

The commitment of municipal (local) governments is of
decisive importance to enable a tool like EQ. Also remarkable is
the municipal government’s willingness to mobilize its political
capital to make a tool like EQ politically viable, and supporting
its approval in the city council. This is a key element for any other
city that wishes to successfully develop a tool similar to the EQ.

It is important to note that the EQ does not imply that
addressing the city’s environmental and landscape issues will
be delegated to the private sector. It merely requests that this
sector contribute, within the framework of the social function of
property, enshrined in the 1988 Federal Constitution. Given the
city’s severe environmental problems, the EQ would be modest
in isolation (since it would only apply to the formal sector
of housing developments). Thus it must be accompanied by a
diversity of landscape and sanitation plans.

If, in principle, EQ is modest in its effectiveness in the
face of serious environmental problems in the city, it is also
modest in its capacity to produce gentrification. In addition,
the aforementioned green plans work explicitly with the issue
of gentrification and are committed to reducing inequalities in
access to urban green infrastructure. It cannot be forgotten that
if EQ had its application limited to lots smaller than 500 m?
having limited its effects on the fringes of the city, the minimum
permeability rates remain not only valid for any lot size, but
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