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Abstract: The Atlantic Forest is an important hotspot of biodiversity and ecosystem services that contributes to the
well-being of its 125 million human inhabitants, about three quarters of the Brazilian population. In the coming
decades, forecasts show that urban areas in the Atlantic Forest will grow at the expense of natural ecosystems,
leading to increasing pressure on biodiversity and ecosystem services. We used the Nature Futures Framework
(NFF) for envisioning positive scenarios for cities in the Atlantic Forest. First, we developed a conceptual model
based on the Driver-Pressure-State-Impact-Response (DPSIR) approach to describe consequences of urban growth
for the three NFF perspectives: Nature for Society, Nature for Nature and Nature as Culture. Second, we proposed
scenario storylines that encompass multiple social-ecological values of nature and could be used by policy makers
to plan desirable futures for the Atlantic Forest. Then, we discussed the impact of distinct policies on these values,
identifying the different ways in which the management of urban green and blue spaces, natural ecosystems, and
urban densities can lead to different social-ecological outcomes. We further detail the complexity, trade-offs, and
synergies regarding city development, nature conservation, and human well-being in this tropical hotspot. Applying
NFF can contribute to the ongoing debate regarding urban sustainability, by providing an interdisciplinary and
integrative approach that explicitly incorporates multiple values of nature and the visualization of positive futures.
Keywords: Biodiversity, Ecosystem Services; Human well-being; Urban planning; Connectivity.

Expansio urbana na Mata Atlantica: aplicando o “Nature Futures Framework” para
desenvolver um modelo conceitual e cenarios futuros

Resumo: A Mata Atlantica ¢ um importante hotspot de biodiversidade e servigos ecossistémicos que contribui para
o bem-estar de seus 125 milhdes de habitantes, cerca de trés quartos da populacdo brasileira. Nas proximas décadas,
a previsdo ¢ de que as areas urbanas na Mata Atlantica crescerdo as custas de ecossistemas naturais, conduzindo a
um aumento na pressao sobre a biodiversidade e os servigos ecossistémicos. Nos usamos a perspectiva do Nature
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Futures Framework (NFF) para visualizar cenarios positivos para as cidades na Mata Atlantica. Em primeiro lugar,
desenvolvemos um modelo conceitual baseado na abordagem Driver-Pressure-State-Impact-Response (DPSIR) para
descrever as consequéncias do crescimento urbano para as trés perspectivas do NFF: Natureza para a Sociedade,
Natureza para a Natureza, e Natureza como Cultura. Em seguida, propusemos cendrios na forma de narrativas
que abrangem multiplos valores socioecologicos para a natureza, e que pudessem ser usados por tomadores de
decisdo para planejar futuros desejaveis para a Mata Atlantica. Posteriormente, discutimos os impactos de distintas
politicas sob esses valores, identificando como diferentes maneiras de gerenciar os espagos urbanos verdes e
azuis, os ecossistemas naturais, e as densidades urbanas podem conduzir a diferentes contextos socioecologicos.
Ainda, nos detalhamos a complexidade, os trade-offs e as sinergias relacionados ao desenvolvimento de cidades,
conservagdo da natureza e bem-estar humano neste /otspot tropical. A aplicagdo do NFF pode contribuir para o

debate em andamento sobre sustentabilidade urbana, por meio do fornecimento de uma abordagem interdisciplinar

e integrativa que explicitamente incorpora multiplos valores da natureza e a visualizagdo de futuros positivos.

Palavras-chave: Biodiversidade, Servicos ecossistémicos; Bem-estar humano; Planejamento urbano; Conectividade.

Introduction

Brazil is a highly urbanized country — 90% of the gross domestic
product (GDP) is created in cities, which harbour approximately 80%
of the country’s population (DaMata et al. 2007), mostly located in
the Atlantic Forest Domain (Cincotta et al. 2000). This biodiversity
hotspot originally covered about 17% of the country’s territory and
most of its coastal area, and nowadays the region is responsible for
70% of the GDP, 2/3 of the industrial economy, and is home to more
than 125 million Brazilians (Rezende et al. 2018, Joly et al. 2014). This
biome is already severely affected by human activities - only 28% of
its original vegetation remains, 30% of which is inside protected areas
(Rezende et al. 2018). Pressures are likely to increase: estimates by the
UN Population Division for Brazil indicate that 92% of the population
will live in cities by 2050, and the total urban population will be over 215
million (UN 2019). In the Atlantic Forest specifically, a 160% increase
in urban area is predicted from 2000 to 2030 (Seto et al. 2012). Besides,
it is likely that more than 20% of the expansion of cities located along
the Atlantic coast of Brazil will occur within areas currently supporting
natural habitats (McDonald et al. 2018a), turning it into one of the most
affected regions of the world in terms of natural habitat and biodiversity
loss due to urban growth (McDonald et al. 2018b).

Although most of the Atlantic Forest has been converted to other
uses (Rezende et al. 2018), forest remnants still provide important
biodiversity and ecosystem services to about three quarters of the
Brazilian population, such as water supply for human use and power
generation; food and feed; climate regulation; protection against floods
and landslides; pollination; and cultural services such as supporting
identities of traditional peoples and providing recreational opportunities
(Joly et al. 2014). However, human activities such as the conversion
of forest in urban spaces, crop areas, and industrial uses threaten the
quantity and quality of biodiversity and ecosystem services provided
by the Atlantic Forest (Ditt et al. 2010).

Many studies target the impact of urban expansion on natural
habitats (Seto et al. 2011, Seto et al. 2012, Guneralp and Seto 2013;
McDonald et al. 2018a, 2018b). Limiting the sprawl as well as planning
the spatial pattern of urbanization is important to minimize the impacts
on ecosystems (UNCCD 2017) since the negative impacts of urban
expansion transcend the limits of cities. In tropical forests, for instance, it
may increase habitat fragmentation, decrease biodiversity (Fahrig 2003),
and potentially hamper the delivery of ecosystem services provided by
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forests (Mitchell et al. 2014). In parallel, there can be significant impacts
inside cities as well, such as the intensification of urban heat islands
and human well-being impairment (Kriiger et al. 2011). Unplanned or
inadequately managed urban growth may result in uneven access of city
dwellers to biodiversity and ecosystem services provided by the Atlantic
Forest (Kriiger et al. 2011). In contrast, well-planned urbanization
informed by an understanding of population trends, climate change,
and biodiversity scenarios can help maximize benefits while minimizing
environmental degradation (UN 2019).

The coupled nature of societal and environmental dimensions
regarding urban expansion in the Atlantic Forest requires a social-
ecological systems approach, which recognizes people as part of nature,
as well as considers the complexity and uncertainty that emerge in those
systems (Berkes & Folke 1998). Therefore, interdisciplinary tools to
navigate this complexity are needed and models and scenarios can be
useful in this regard. Models are qualitative or quantitative descriptions
ofkey components of a given system and the relationships between those
components. Scenarios are representations of possible futures for one or
more components of a system (IPBES 2016). Models and scenarios can
contribute to policy making by addressing relationships and feedbacks
between environmental drivers, biodiversity and ecosystem services,
and socioeconomic dynamics (Pereira et al. 2010).

It is important to stress that although urban growth affects
biodiversity and ecosystem services in the Atlantic Forest, those
impacts are not perceived in the same way by different stakeholders.
People differ in how they value nature depending on local, cultural,
socioeconomic, and ecological contexts, and the recognition of
this plurality of values can improve policy-making by practitioners
(Gonzalez-Jiménez et al. 2018). Pascual et al. (2017) and Diaz et al.
(2018) recognized those differences and proposed assigned values to
nature that can be intrinsic, instrumental, or relational. In parallel, the
concept of Nature’s Contributions to People (NCP) has been introduced
within the Intergovernmental Platform on Biodiversity and Ecosystem
Services (IPBES) as a more comprehensive way to address ecosystem
services, while taking into account all contributions of living nature for
people’s quality of life and the cultural context present in all nature-
society relationships (Diaz et al. 2018).

More recently, new frameworks to assess the impacts of changes in
biodiversity and ecosystem services considering different worldviews
have been proposed, such as the Nature Futures Framework (NFF),
which was developed by IPBES as a strategy to formulate scenarios
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centred on our relationship with nature to inform decision-making at
multiple scales (PBL 2018, Rosa et al. 2017). NFF can be used to model
impacts of drivers and policy responses while recognising multiple
dimensions of three perspectives of nature: Nature for Nature, Nature
for Society, and Nature as Culture. In Nature for Nature, nature is
regarded as having a value in and of itself without human intervention,
and the preservation of nature’s diversity and functions is of primary
importance; Nature for Society relates to nature being primarily valued
for the benefits or uses people derive from it, which could lead to an
optimisation of multiple uses of nature; Nature as Culture considers
humans as an integral part of nature and its functions (PBL 2018). These
three perspectives form a continuum, or gradient, that is represented
by a triangular framework, which can be viewed across different
scales and sectors (Figure 1). The process of applying NFF to develop
possible futures for nature produces multiple, stakeholder-defined
endpoints. Once alternative nature futures are identified, qualitative
and quantitative approaches (for example, modelling, empirical studies,
and expert knowledge) can be used to identify potential pathways for
reaching these endpoints, including specific policy alternatives and
feedbacks between biodiversity and ecosystem services, human well-
being, and decision-making (Rosa et al. 2017).

Figure 1. Conceptual framework of the Nature Futures Framework (Adapted
from PBL 2018).

This paper is the result of a group exercise from the Sao Paulo School
of Advanced Science on Scenarios and Modelling in Biodiversity and
Ecosystem Services to Support Human Well-Being (SPSAS Scenarios),
a 120-hour course developed by the Brazilian Platform on Biodiversity
and Ecosystem Services (BPBES) and funded by the Sdo Paulo
Research Foundation (FAPESP) in July 2019. We aimed to (i) develop
a conceptual model describing drivers and impacts of urban growth
in the Brazilian Atlantic Forest, considering the complex relationship
between nature and people by employing the NFF; (ii) propose three
nature future scenarios for urban expansion, analyze and compare
the impact of distinct policies on multiple social-ecological values
of nature. We do not intend to thoroughly debate the issues involved,
but instead to contribute to developing a better understanding and
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appreciation of the complexities, trade-offs, and synergies which need
to be considered in reconciling city development, nature conservation,
and human well-being.

Material and Methods

1. Study area

The Brazilian Atlantic Forest (Figure 2) is a biome that originally
covered around 150 million ha, encompassing a wide latitudinal,
longitudinal, and altitudinal range of the territory. The heterogeneous
environmental conditions of precipitation and temperature, for instance,
promoted high species diversity and endemism (Rezende et al. 2018).
Severe habitat fragmentation threatens the fauna and flora present in
this biome (Silva & Casteleti 2003).

2. Conceptual model and scenarios

For our conceptual model, we used a Driver-Pressure-State-Impact-
Response (DPSIR) framework, given its interdisciplinary approach
that enables the assessment of the links between economic, social,
physical, and biological features of a system (Rousenvell et al. 2010).
This framework has been widely applied to demonstrate the causal-
effect relationships in human-environmental systems (Rousenvell et
al. 2010, Hou et al. 2014) and is considered an effective approach for
linking science to policy (Tscherning et al. 2012).

‘Driver’ refers to a social, demographic and/or economic
development leading to ‘Pressure’ on the environment. Drivers can be
distinguished into direct and indirect ones. Indirect drivers derive from
demography, economy, policy, culture, religion, science, and technology,
and may influence the amount of land that is converted and allocated
to food crops, energy crops or urban sprawl (Hou et al. 2014). Direct
drivers, in turn, include the land use changes that directly pressure
the nature-human systems (Diaz et al. 2015). ‘Pressure’ is related to
emissions of substances, introduction of physical and biological agents,
use of resources, and the use of land by human activities that provokes
changes on the ‘State’ of environment. ‘State’ consists of the physical,
biological, and chemical conditions in a specific area. Changes in
environment ‘State’ culminate in ‘Impact’ on human and environmental
systems (e.g., human health, ecosystems, climate, and materials) that
may elicit a societal or government ‘Response’. ‘Response’ corresponds
to actions and policies which may feed back on the driving forces,
pressures, states, or impacts (Smeets & Weterings 1999, Hou etal. 2014).

The ‘impacts’ represented in the DPSIR model may have different
effects on different stakeholders, depending on who they are and
how they value nature. In order to couple those different views into
our conceptual model, we described each component of the DPSIR
framework and identified its respective connections. Regarding
‘impacts’, specifically, the components of NFF were attached to express
values of nature associated with our case study (i.e., Nature for Nature,
Nature for Society, and Nature as Culture).

After creating our conceptual model, we used it to develop the
scenarios based on the NFF perspectives. According to each perspective,
scenarios were designed to represent the different ways cities can grow
and the consequences this could have for the future of biodiversity,
ecosystem services and human well-being. In order to do that, we
decided to work with the amount and spatial distribution of urban
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Figure 2. Urban land extent in 2015 and probability of urban expansion by 2030, based on the spatially explicit global forecasts
of probability of urban expansion from Seto et al. 2012, in the Atlantic Forest domain in Brazil according to delimitation proposed
by Muylaert et al. 2018. Data source: Urban land 2015 (Global Human Settlement Layer, available at https://ghsl.jrc.ec.europa.
eu/); Urban expansion (Seto et al. 2016); Atlantic Forest domain (Muylaert et al. 2018).

http://www.scielo.br/bn https://doi.org/10.1590/1676-0611-BN-2019-0904


https://ghsl.jrc.ec.europa.eu/
https://ghsl.jrc.ec.europa.eu/

Biota Neotropica 20(suppl. 1): €20190904, 2020

Urban expansion in the Atlantic Forest

green and blue spaces, as well as urban densification policies, and the
way these two policies may interact at different scales and affect the
connectivity of urban green and blue spaces, and between such spaces
and natural habitat fragments at local and regional scales. Urban
green and blue spaces are understood here as elements of the green
infrastructure, which are a hybrid of built infrastructure and human-
made ecosystems that provide multiple biodiversity and ecosystem
services (Kettunen et al. 2014). The scenarios presented here are
theoretical and do not represent all the possible ways a city can grow.
In accordance with the NFF, only positive scenarios for biodiversity
and ecosystem services were represented. We developed our conceptual
model using ‘draw.io’ digital platform and used Inkscape free software
(Harrington 2004) to design the future scenarios.

Results

1. Conceptual model and Nature Futures Framework

In our case study, economic and population growth are considered
the indirect drivers boosting urban expansion, which is the direct driver.
Those drivers are translated into pressures on the environment and we
represented these pressures as the loss of natural ecosystems (e.g.,
primary forests, mangroves, altitude grasslands) linked to the creation
and expansion of urban forms. Urban forms refer to the aggregation of
spatial patterns of city development such as block size and form, street
patterns, lot configuration, parks, and public spaces design (Jabareen
2006). A compact city, for example, aims at increasing the density of

inhabitants and recycling spaces within the city instead of expanding
its borders (Jabareen 2006).

The loss of natural ecosystems and the increase of urban forms
might alter landscape permeability, microclimate, and quantity and
quality of the remaining natural ecosystems, as depicted in Figure 3. For
our conceptual model, those features were selected as ‘states’, because
changes in them result in impacts on different dimensions of the three
perspectives of the NFF. Therefore, such features can be used as a
proxy to understand ‘impacts’ of urban expansion in a multiple value
perspective. In the diagram, changes in permeability of the landscape
and the quantity and quality of natural ecosystems may impact values
across the three NFF perspectives, while changes in microclimate will
only affect values of the ‘Nature for Nature’ and ‘Nature for Society’
perspectives.

Changes in landscape permeability may affect water supply due to
changes in water table rechargeability. A direct impact in cities is the
occurrence of floods, which are a critical problem for the cities in the
Atlantic Forest, especially during the rainy season. Water quantity and
quality in turn are also affected (Pires et al. 2019), since riparian forests
are often removed causing soil erosion.

Regarding microclimate alterations, urban expansion is associated
with temperature increase and heat island formation in the most
urbanized and sealed part of the cities (Cortinovis & Geneletti
2018), as well as with the loss of green areas inside the cities
(Gomez-Baggethun & Barton 2013). Consequently, higher temperatures
can negatively affect citizen’s health and well-being, mostly the
children and elderly people who are more vulnerable to heat

Figure 3. Conceptual model describing drivers and impacts of urban growth in the Atlantic Forest, following the DPSIR approach. Impacts were described for
values of nature according to the NFF, which encompasses multiple social-ecological perspectives.
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stress (Cortinovis & Geneletti 2018). At a larger scale, urban expansion
can also increase carbon emissions due to land clearing, reduction
in primary productivity, and even higher per capita greenhouse gas
emissions, thus contributing to global warming (Seto et al. 2012).

The modifications of quantity and quality of natural ecosystems
will potentially impact values across the three NFF perspectives,
having effects, for instance, on the amount of available water for
human populations, but also for biodiversity (McDonald et al. 2011).
The conflict regarding the maintenance of natural ecosystems and the
amount and distribution of urban green areas will be a determinant of
the available habitat for native biodiversity and how connectivity among
remnants will be maintained. The loss of green spaces may also affect
the emotional and affective connection that people have with the natural
environment (Gémez-Baggethun & Barton 2013, Chan et al. 2016), as well
as may lead to impacts on social and cultural identities of local communities
(Sampson & Goodrich 2009). In this sense, the amount and proximity of
urban green and blue spaces available for city dwellers will directly affect
people’s connection to nature. When taking into account areas outside
city limits, natural ecosystems play an important role for the maintenance
of a sense of place for some local communities, thus supporting their
identities (Masterson et al. 2017). In the context of the Atlantic Forest,
those communities can be caigaras, quilombolas, rural, indigenous people,
among others (as established on Federal Decree 6040/07). Therefore, the
amount of natural ecosystems, as well as their quality and location, may
affect supporting identities.

Finally, impacts on values influence response options in the same
way response options influence impacts on values, thereby resulting
in feedback mechanisms. Such responses can include statutory
regulation and fees, voluntary market-based schemes, spatial and
integrated planning, management structures and monitoring, technical
arrangements, protected areas, education and knowledge exchange,
and private subsidies (Tscherning et al. 2012, Brown & Everard 2015).
Response options can influence socioeconomic driving forces through
modifying development and population growth policies.

As mentioned before, one of the main purposes of the DPSIR
framework is to connect science to policy. For this reason, the
establishment of an indicator set is crucial to represent the causal-
effect relationships of DPSIR components. Indicators reflect trends and
changes in the environmental-human systems; therefore, they can help
inform the formulation of policy targets, and the subsequent tracking of
their progress (Smeets & Weterings 1999, Hou et al. 2014). We propose
a set of indicators that could be measured and modeled according to
our conceptual model (Table 1). The selection of these indicators took
into account their representativeness, data availability (or a proxy), and
the geographic scale (local or regional).

2. Conceptual model to scenarios

In our conceptual model, the impact on values is expected to produce
a feedback acting mainly on the direct driver (Figure 3), which would
then promote changes in loss of natural ecosystems and urban forms.
This is expected to occur mainly through different response options and
here we focus on creation and changes in public policies regarding urban
growth and city planning. To compare different strategies that policy
makers could implement, we created three scenarios and inferred the
impact of the proposed policies on each of the NFF value perspectives
(Table 2).

The proposed scenarios feature different ways urban green and
blue spaces, connectivity between fragments, and urban densification
policies can be planned at both local and regional scales. This framework
allows modelling how different urban densification thresholds affect
the future size of cities or how different size and spatial distribution
patterns of urban green and blue spaces affect microclimate regulation
(i.e. heat islands), physical and psychological well-being (through
different accessibility to these spaces), and connectivity between urban
green and blue spaces and natural habitat fragments.

Scenario 1 focuses primarily on Nature for Society values, and how
we can better use urban green and blue spaces to improve biodiversity,
ecosystem services and city dwellers’ livelihood (Figure 4 - S1).

Table 1. Set of variables and associated indicators regarding the different components of the conceptual model for urban growth in the Atlantic Forest and scales

in which they can be measured.

Variable Indicator Scale
Driver Urban expansion Urban area extent local/regional
Pressure Loss of natural ecosystems Area of natural habitat lost regional
Population density Number of inhabitants per m? local
States Species diversity Number of species per pixel regional
Connectivity Functional connectivity index regional
Urban green space Area of green spaces per person (m2/person) local
Heat island effect Temperature range (max/min) local
Humidity local
Drought and floods Precipitation regime local
Air quality Air quality index (PM 2.5) local
Extreme weather events Sea level rise local
sand/hail storm intensity local
Water recharge Percentage of impervious surface regional
Values Human well-being Quantity of green spaces within 300 m radius local
Frequency of mental disorders local
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Together with a moderate densification policy, this city planning would
also result in urban sprawl and loss of natural habitats. In this scenario,
policy regulates the minimum area of green spaces per person (WHO
2012 defines a minimum of 9 m? per person) and the maximum distance
from local residences (300 m is defined as an acceptable distance - WHO
Regional Office for Europe 2016). These areas are scattered throughout
the city, thereby aiming to maximise access in order to improve
non-material ecosystem services such as physical and psychological
experiences and people’s connection to nature. Spatial distribution of
urban green and blue spaces can also influence microclimate regulation
through the borders of heat islands and improve connectivity between
these areas and other natural habitats on the city outskirts. However,
since such spaces are scattered, they become smaller in area, which
means they are not able to provide suitable habitat for many species.
While urban green and blue spaces would reduce the proportion of
impervious surface at the local scale, increasing water rechargeability,
the reduction of natural ecosystems at the large scale would result in
loss of water-related services, causing an overall positive but moderate
effect on water supply and water quantity and quality. This scenario also
benefits supporting identities of local communities located outside city
limits, by means of providing and maintaining opportunities to develop
cultural links to nature. Equity in access to urban green and blue spaces
is valued within this scenario, as well as diversity of uses in these areas.

On the other hand, if city planning focuses more on Nature for
Nature values, and the main goal is to keep urban biodiversity high,
policies could prioritize urban green and blue spaces with larger sizes
and good connectivity between these areas and natural habitat outside
the city center (Figure 4 - S2). By increasing in area, the number of
these spaces would be lower and densification would be higher than in
the previous scenario. In Scenario 2, accessibility to urban green and
blue spaces is unequal, resulting in an uneven response in physical and
psychological experiences and people’s connection to nature, favouring
city dwellers that live in proximity to them. This inequality could
provoke an erosion in the social and cultural link to nature where the loss
of green spaces has been most intensified. Microclimate regulation may
also be unevenly distributed throughout the city, allowing the creation
of heat islands. Although urban expansion would cause loss of natural
habitat, large areas of natural ecosystems would still be preserved in this
scenario, resulting in an improvement in water supply, water quantity
and quality. At a regional scale, the improvement of connectivity can
benefit the maintenance of biodiversity as well as local identity of
indigenous peoples and traditional communities, especially because
large areas of natural ecosystems are maintained.

Scenario 3 also focuses on Nature for Nature values, however only
minimal loss of natural ecosystems is allowed (Figure 4 - S3). Urban
densification is thus very high, following a compact city model and
leaving almost no urban green and blue spaces because of high values
of properties. Biodiversity and connectivity between habitat fragments
outside the city centers is high, but biodiversity and ecosystem services
inside city nuclei are low. Since natural ecosystems are preserved in
this scenario, water supply and water quality will be improved, even
though inside cities impervious surfaces are dominant. Given the
absence of urban green and blue spaces and distance to natural areas,
climate regulation, physical and psychological experiences, as well
as cultural values are negatively impacted at local scale. On the other
hand, this scenario maintains the largest area of natural habitat, thus
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improving and maintaining the support of identities of people living
outside the cities, especially traditional communities. Theoretically, if
city patches are of adequate size, built with adequate materials, and
green infrastructure is included (e.g., green roofs), there can still be
some biodiversity and ecosystem services of microclimate regulation,
physical and psychological experiences, and people’s connection to
nature. However, the tendency is that the inhabitants of the downtown
areas would be the most affected by heat islands and the difficulty to
access urban green and blue spaces. In this scenario, because the cities
are compact, transportation may be more efficient (if emphasis is given
to public rather than individual transport) and there may be a lesser
impact over microclimate coming from greenhouse gas emissions
from vehicles.

Discussion

Our conceptual model revealed the main relationships between
urban growth processes and impacts on biodiversity, ecosystem
services and other social-ecological values embedded in the NFF. By
coupling the DPSIR model with this innovative framework, we were
able to depict how these multiple values interact and identify possible
responses to guide urban growth. The comparison of our three scenarios
showed potential trade-offs and synergies among values, highlighting
the complexity of urban expansion impacts on a biodiversity hotspot.
Different policies could be derived from the scenarios, leading to
alternative outcomes, depending on the main interests of the public
administration, stakeholders, and especially the targeted values. In this
regard, we discuss possible policies to build pathways for achieving
a sustainable urban expansion, especially by managing natural areas,
densification, and urban green and blue spaces. This discussion is
focused on the planning of new development areas and the retrofitting
adaptation of established urban centers, both at local and regional scales.

For the planning of new development areas in Brazil, a few
existing policies are of particular relevance: (i) the city master plans
(“Planos Diretores Municipais”, first established by Brazilian Federal
Constitution of 1988), which are the main instrument to guide city
growth; (ii) Ecological-Economic Zonings (“Zoneamento Ecologico-
Economico”, first established by Federal Law 6938/1981), which refer
to state or regional-level planning; (iii) Municipal Atlantic Forest Plans
(“Planos Municipais da Mata Atlantica”, established by the Federal
Law 11428/2006), which are plans for the protection and recovery of
Atlantic Forest remnants in local level including inside urban areas
(these plans are mandatory to access conservation and restoration
funds - Dutra et al. 2013); and (iv) Water Resource Plans (“Planos de
Recursos Hidricos”, established by the Federal Law 9433/1997), which
focus on water resource in three levels: watershed, state, and national.
All these instruments consider the division of the territory in zones
with different purposes (Lopes et al. 2017). They can complement each
other in a way to formally establish and implement urban densification
and urban green and blue spaces rules (city master plans), and promote
connectivity among natural areas at local (Municipal Atlantic Forest
Plans) and regional scale (Ecological-Economical Zonings and Water
Resource Plans).

Despite the existence of distinct planning instruments, their
implementation is not guaranteed (Pinheiro 2016). In this case, the main
challenges are: funding and implementation of the planning instruments,
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Figure 4. Scenario 1 (S1) - Nature for Society. In this scenario, urban planning prioritizes urban green and blue infrastructure, promoting
physical and psychological experiences and increasing people’s connection to nature. Scenario 2 (S2) - Nature for Nature. In this scenario,
cities grow in a dense way, prioritizing urban green infrastructure, protecting biodiversity by conserving urban forests, and increasing
habitat connectivity. Scenario 3 (S3) - Saving land for nature. This scenario is also based on Nature for Nature values, conserving as much
forest outside cities as possible and ensuring biodiversity protection. However, biodiversity and ecosystem services inside cities would be
low due to a hyperdense cityscape, with almost no urban green and blue infrastructure.
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integration of different plans, and the capacity of the municipalities to
offer planned habitation options and urban services versus the high
demand created by population growth and migration (Nagendra et al.
2018). Housing needs in Brazil, as in most developing countries, are
largely satisfied by informal solutions, such as favelas, which are usually
built over, or are adjacent to highly biodiverse ecosystems such as forests
or mangroves (Puppin de Oliveira et al. 2011). Although national laws
dealing with Ecological-Economical Zonings have been effective since
1981, the current situation is that only nine out of the 27 Brazilian states
have finished their respective planning processes (MMA 2018), and
37,6% of all Brazilian municipalities that should have a master plan
by 2008, still did not have one in 2015 (IBGE 2016). Moreover, there
is no national database that stores all the cities master plans, state and
regional Ecological-Economical Zonings, and other plans, making the
integration among them a major challenge.

The development of new areas allows the planning of the spatial
distribution and area of urban green and blue spaces. However, adapting
existing cities poses a different set of challenges. One of these challenges
is to promote retrofitting adaptations and to preserve remaining natural
habitats with scarce financial investments, especially if we consider that
most natural areas that are going to be affected by urban growth are
located in countries with moderate to low average incomes (McDonald
etal. 2008). For the retrofitting adaptation of established urban centers,
policy options include small credit lines or tax compensation to stimulate
green roof adaptations, promoting urban gardening, provision of tree
saplings for backyards and sidewalks, or greening of vacant lots.
Cortinovis & Geneletti (2018), for instance, discussed alternative
scenarios for creating urban parks from regeneration of brownfields
and examined the effect of these policies on microclimate regulation
and nature-based recreation opportunities. There are some examples
of successful city green adaptations around the world, but they are
all very costly (Russo & Cirella 2018) and therefore are not widely
applicable. Nevertheless, green solutions for tropical urban centers
have been proposed, such as low-cost and low-maintenance green roofs
(Silva et al. 2018). Planting trees in cities is also a possible low-cost
response option, requiring an annual investment of 8 US dollars per
person, on average (McDonald et al. 2017).

Restoration and regeneration strategies are also important to be
considered in order to avoid further loss of natural ecosystems, a focal
component of our conceptual model. Considering that the area covered
by the Atlantic Forest is highly urbanized, natural ecosystems remnants
are an important provider of habitat for native biodiversity, enhancing
connectivity between fragmented areas. However, planning connectivity
between fragments is still a great challenge, since it demands ecological
studies of species requirements, investment in a large number of linkages
to form corridors (Rudd et al. 2002), and coordinated efforts among
multiple municipalities (Seto et al. 2012). Despite those difficulties,
connectivity between fragments should be a high priority policy as
Atlantic Forest remnants are highly fragmented (Rezende et al. 2018).

Green areas in cities can offer benefits to citizens, including
aesthetics and scenic views, a place for socializing and relaxing, and
opportunities for physical exercise (Campbell-Arvai 2019, Cortinovis &
Geneletti 2018). Studies have shown associations between the amount
of vegetation cover and better outcomes to mental health and well-being
such as lower prevalence of anxiety, depression, and life satisfaction and
happiness (Cox et al. 2017, Houlden et al. 2019). In this regard, we argue
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that impaired access to green spaces may be related with depression and
nostalgia in individuals. Cultural and social values must be explicitly
included in urban green and blue spaces and densification policies, and
NFF provides a working framework for this. It is also noteworthy that
green areas contribute to microclimate regulation, even though tropical
urban environments require a larger extent of green spaces to reduce
warming (Manoli et al. 2019).

Another challenge decision-makers face regarding urban policies
implementation lies in finding appropriate indicators to express
benefits and associated values across the whole range of ecosystem
services. For example, the development of indicators for measuring the
expected outcomes of planning actions in terms of changes in human
well-being and cultural values is still a challenge, often demanding
qualitative assessments (Gomez-Baggethun & Barton 2013). In this
regard, the use of our conceptual model, which is a qualitative model,
could be the foundation for an evaluation of multiple values regarding
urban expansion. A further step would be to develop a quantitative
modelling system, and the indicators here proposed could support the
development of such models (Table 1). Data on most of these indicators
can be obtained either from public databases (e.g. climate variables),
scientific literature (e.g. biodiversity) or from local government
(e.g. green spaces coverage). However, there are aspects that would
require future research, such as the ones related to human well-being and
mental health. By translating our model into a more quantitative form,
scientists could better inform stakeholders about different pathways to
achieve multiple scenarios of urban expansion. The plurality of response
options and set of indicators here discussed reveal how different
solutions are feasible to address sustainable urban growth in the Atlantic
Forest. However, given the complexity of this issue, such policies
will only serve the purpose of reconciling conservation, development,
and human well-being if designed and applied considering multiple
values for nature. As previously stated, people value and acknowledge
the services provided by nature and its uses and benefits in different
ways, which has implications for environmental management and
policies (Gomez-Baggethun & Barton 2013, Campbell-Arvai 2019).
Decisions that take this into account have a better chance of being
more sustainable, legitimate, and effective (Jacobs et al. 2016). From
a scenarios perspective, not considering such plurality might lead to
undesirable futures (Chan et al. 2016). In our case study, the different
perspectives that emerged by employing the NFF allowed us to identify
synergies between different values. For instance, enhancing urban
green and blue spaces seems to be a strategy that is positive to all three
NFF’s perspectives. For the Nature for Society values, such spaces
are important for temperature regulation and recreation opportunities;
for Nature for Nature values, they are important for habitat creation
and maintenance to support biodiversity; and for Nature as Culture,
they serve to promote people’s connection to nature and support local
identities. Depending on the size, location, and connectivity of the urban
green and blue spaces, they may enhance one value more than others,
but it is feasible to model a solution that captures the most of the three
values for each specific city situation.

Even though the proposed scenarios pose major implementation
challenges, they are not far from reality. Sustainable Development
Goal 11, proposed by the 193 members of the United Nations, is a
commitment to make cities inclusive, safe, resilient, and sustainable
(UN 2015). The World Health Organization has recognized the
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importance of urban green and blue spaces in promoting human health
(WHO Regional Office for Europe 2017b) and corporations have
publicized the benefits of green and blue infrastructure to increase business
resilience to external economic and environmental stressors (Dow et al.
2013). Furthermore, the United Nations have declared the period from
2021 to 2030 as the Decade on Ecosystem Restoration, helping to raise
awareness and funds towards this issue (UNEP & FAO 2020).

Regarding this perspective, the use of NFF enabled our
conceptual model and scenarios to envision positive futures for
nature. Envisioning the future is a difficult task, with inherent
associated errors, since the different individual and collective
choices are always shaping it on the present. Nevertheless, once
a possible scenario is developed, people may act and organise
themselves collectively in ways unlikely to happen outside this
circumstance, potentially leading to transformative change (Bai
et al. 2016). In doing so, the necessary processes to achieve such
positive futures can be then discussed, meaning that the creation
of new visions for the world can also change how the world
currently is (Costanza & Kubiszewski 2014). However, in order to
successfully achieve such world, people should collectively work
on a wanted future, shared values, and the plan to achieve this goal
(Costanza & Kubiszewski 2014). This is why urban planning, as well
as scenarios development, should be conducted in a participative
manner, involving several stakeholders, and considering each city’s
particularities (geography, demography, budget, priorities, etc).
Thus, participatory tools in planning and management of land use
can help decision makers to design effective policies, minimizing the
risk of competing interests among stakeholders at multiple scales.

Applying the NFF value perspectives can contribute to disentangle
complexities and to better understand and navigate urban growth
problems, by offering a multiple value perspective that enables the
visualization of positive and desirable futures for nature and our
world. As Costanza (2003) stated, in order to achieve a better world,
we must first envision it. We strongly believe that the integrative and
interdisciplinary approach used in this work could lead to better planning
and problem-solving of future challenges on urban sustainability in the
Brazilian Atlantic Forest.
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