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The growth of the urban population promotes a strong pressure to occupy open spaces
in urban center, including around watercourses. Canalization and drainage techniques
favored urban expansion and occupation of these spaces. In long term, this has not been
efficient, since it is not a sustainable decision, mainly in view of the challenges provided
by climate change. The purpose of this work was to analyze the modification of the
landscape and multifunctionality of the urban watercourses in relation to socioeconomic
and environmental scope of the evolution of an urban area using Lavras city, Brazil, as
model. For that, city’s hydrographic grid was drawn from the digital elevation model
(DEM) corrected by manual vectorization after field visits and analysis of high-resolution
images. To understand natural and sociocultural evolution processes, a compilation of
geo-historical information about the origin and formation of the city was made using
Patchwork Quilt methodology. To understand the actions and perceptions of different
actors from urban watercourses in Lavras, questionnaires were applied to the population,
and interviews were directed to the public and private managers. It was observed that
the watercourses and their surroundings lost a large part of their natural, social, and
economic functions, after the 1980s, only having a drainage function. The areas in
expansion prioritize the natural function preservation but lack the incentive to implement
the other functions such as social and economic. With the economic valuation of land, the
implementation of green and blue infrastructure has not yet been prioritized. Even with
the legislation that provides multifunctional uses for rivers and their banks, the urban
watercourses from Lavras remained largely monofunctional. This did not contribute to
increasing the city’s green areas and the reintegration of watercourses into the urban
landscape. The population values the water present in the urban landscape and yearns
for multifunctional solutions such as green areas and urban gardens. Public and private
actors recognize the lack of clarity in the legislation, and in the definition of concepts and
techniques to be adopted. Multifunctional solutions can be in favor of reconciling different
interests, promoting the reintegration of rivers into the urban landscape.
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INTRODUCTION

The emergence of the first cities and urban developments
has always been linked to watercourses (Garcia et al., 2011;
Baptista and Cardoso, 2013; Coy, 2013; Alves et al., 2017).
These have always been important elements for establishing
human settlements, not only as a vital asset, but also as input
for agriculture, means of communication and transportation of
goods, and aesthetic, spiritual and cultural values (Everard and
Moggridge, 2012; Coy, 2013; Yeakley et al., 2016).

However, with the industrial revolution, unrestrained urban
growth became one of the main factors for reducing the resilience
of cities (Moreira and Vitorino, 2019). The suppression of natural
ecosystems had generated different environmental problems,
such as the increase in heat islands, air pollution, floods, among
others (Foloni and Constantino, 2016; Martines et al., 2020). Due
to climate change, the effects of these problems are going to be
strongly noticed in a local scale (IPCC, 2013; PBMC, 2016).

As a result, greater attention has been given to urban
areas to propose solutions to environmental problems and
reconcile economic development with the preservation of natural
resources, especially watercourses and springs. From the Rio
conference in 1992, the notion of “multifunctionality” arose
(Selmi et al., 2013). Initially studied in the agriculture and
forestry fields, multifunctionality is broadly defined as a set of
environmental, social and economic functions (Hervieu, 2002;
Wiggering et al., 2006), the three pillars of sustainability.

This concept gradually extended to different landscape
structures in both rural and urban areas (Kato and Ahern, 2009),
such as the ecological corridors, already widespread in other
countries (Cormier et al., 2010), with denominations like Green
and Blue infrastructure (GBI) or “Greenways” (Ahern, 1995). The
advantage of urban watercourses (known as Blue Infrastructure)
over green areas (corresponding to Green Infrastructure) is
that they work as both reservoirs and corridors for biodiversity
(Lamond and Everett, 2019).

In Brazil, the concept of ecological corridor was established
through the Permanent Preservation Zones (PPZs)—Law No.
12,651 of 2012 of the Brazilian Forest Code being defined as
legally protected, fragile and environmentally vulnerable spaces,
consisting of public or private land, urban or rural, covered or not
by native vegetation (BRASIL, 2012). However, there are many
conflicts concerning the use and occupation in urban PPZs in
Brazil, among which are the canalization of watercourses and
occupation of their banks by low-income population (Meirelles
Filho and Miranda, 2016; PBMC, 2016; Rezende and Aratjo,
2016).

The maintenance of PPZs in an urban environment can offer
several ecosystem functions, which can be grouped into four
categories: regulation, habitat, production, and information (De
Groot et al,, 2002). As a result, there are several ecosystem
services (ES) assigned to these areas, ranging from health, leisure
and entertainment, reduction of damage from environmental
problems and biodiversity reserves (CONAMA, 2006; Cormier
et al., 2010; Laugier, 2010; BRASIL, 2012), in addition to an
essential role in urban sustainability (Coutts and Hahn, 2015;
Kim and Coseo, 2018).

According to McDonald (2009) and Clergeau (2012), one of
the challenges of public policies is correlating ecosystem services
and multifunctionality. Considering the complexity of urban
ecosystems, the integration of the ES concept within the decision
process can contribute to advances in biodiversity preservation
in urban areas. This is confirmed by the authors Zinia and
Mcshane (2018) for the city of Dhaka, Bangladesh. The actions
of local governments in relation to GBI are fundamental for the
development of more resilient and sustainable cities and should
minimize the effects of climate change (Teixeira and Pessoa,
2020).

Lavras is an example of a municipality that has land use and
occupation conflicts in its PPZs (Reis et al., 2012). The city has
an Index of Green Areas below to the one recommended by the
Brazilian Society for Urban Afforestation (15m?/inhabitant), in
addition, there is not a homogeneous distribution (Boldrin et al.,
2016; Garcia et al., 2021).

Located in the transition zone between the Atlantic Forest
and Cerrado biomes, Lavras has some remnants of endemic
species of fauna and flora, and proven importance of its forest
fragments for the maintenance of biodiversity in urban areas
(Lombardi et al., 2012; Lopes and Peixoto, 2018; Cruz and
Pompeu, 2020). However, in these areas, water erosion and
gullies are also common, aggravated by the absence of vegetation
and soil impermeability in urban basins (Furtini et al., 2007;
Guimaraes et al., 2012).

In this context, the objective was to analyze the modification of
the landscape and multifunctionality of the urban watercourses
in relation to socioeconomic and environmental scope of the
evolution of an urban area using Lavras city, Brazil, as model.

This study allows to answer some questions as: How the
evolution of the city’s watercourses and surrounds occurred
concerning the socioeconomic and environmental scope? How
the changes in the uses and occupation of urban land around
springs and rivers in a city, may be understand through a
geo-historical analysis taking social dimensions, economic and
environmental aspects? What is the perception of the population
and public actors in relation to blue infrastructure in a city?

MATERIALS AND METHODS
The City of Lavras

The study area corresponds to the region within the urban
perimeter of the municipality of Lavras (Figure 1). This city is
located in the Campo das Vertentes region, in the south of Minas
Gerais, Brazil, latitude 21°13/35”S, longitude 44°58'43”W, and
average altitude of 918 meters. The climate is rainy temperate
(mesothermal) with dry winter and rainy summer, subtropical,
class Cwa, according to the Képpen climate classification (Dantas
et al, 2007). The municipality has a total area of 564.7 km?.
According to the estimated population census for 2018, the
population is ~103,773 inhabitants, 95% of them living in the
urban area (IBGE, 2018).

The urban area of Lavras is mainly established on two micro-
basins, the Ribeirdo Vermelho and the Ribeirio Agua Limpa,
both tributaries of the Alto Rio Grande basin. The municipality’s
territory presents the montane seasonal semideciduous forest
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FIGURE 1 | The State of Minas Gerais, Brazil (A). The municipality of Lavras (B) Geographic location of the urban area of Lavras and its main basins (C).
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as the predominant forest formation, with areas of countryside,
rupestrian field and cerrado (Carvalho and Scolforo, 2008)
(Figure 1).

Delimitation of the Study Zone Around

Urban Watercourses

The study area was delimited based on Art. 4 of Law No. 12,651
of May 25, 2012 of the Brazilian Forest Code, which defines
permanent preservation areas around watercourses and springs,
with 30 m for watercourses <10m wide, and 50m for areas
around springs (BRASIL, 2012).

Based on this law, and using QGIS 3.16.1 software (QGIS
Development Team, 2017), the city’s hydrographic grid was
drawn from the digital elevation model (DEM) available in the
City Hall database, corrected by manual vectorization after field
visits and analysis of high-resolution images. The springs were
determined considering the beginning of watercourses. For the
delimitation of PPZs, a buffer zone was created around springs
and watercourses based on the limits imposed by the law.

As this study focuses on watercourses crossing urban areas,
only the PPZs around springs and watercourses that compose the
two main hydrographic basins in the urban area of Lavras were
analyzed: Ribeirdo Vermelho and Ribeirio Agua Limpa.

The Master Plan of the city of Lavras, described by
Complementary Law No. 097, of April 17, 2007, defines the

delimitations of the urban zone (UZ) according to the availability
of infrastructure, the densification capacity, and the degree of
nuisance and pollution of the urban environment (PML, 2007).
Also, it should consider areas that offer at least two urban
services, such as sanitation, lighting, etc. (BRASIL, 1966).

In this work, only the urbanized area within the urban
perimeter until the year 2019 was analyzed, following its
evolution. The methodology aimed at analyzing how natural,
sociocultural, economic processes, as well as their interactions,
materialize in the landscape of urban watercourses and how
public policies contribute to this. For the analysis, three
methodologies were combined: geo-historical landscape analysis,
quantitative analysis of land use and occupation around
watercourses and quali-quantitative analysis (questionnaires
and interviews).

Geo-Historical Analysis of the Landscape

Around Watercourses

To understand the evolution of natural and sociocultural
processes, a compilation of geo-historical information about
the origin and formation of the city was made through
bibliographies, iconographies, and topographic maps from 1898
to 1975, according to the Patchwork Quilt methodology (Paiva
et al., 2021). Aerial photographs from 1958 to 2019 available at
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the Minas Gerais Public Archive (APM, 2021) were also used, as
well as the personal archives of local historians.

All maps and aerial photographs were georeferenced
and processed based on the most recent images available,
referring to the year 2019. Geoprocessing used the QGIS
3.16.1 software (QGIS Development Team, 2017) following
the cartographic standardization proposed by Menezes and
Fernandes (2016). Subsequently, the changes in the landscape of
watercourses and springs were analyzed according to the social,
economic and environmental dimensions, by identification in
bibliographic records.

Quantitative Analysis of Land Use and

Occupation Around Watercourses
Based on the most recent image, referring to year 2019, a
classification of land use and occupation was made through the
method of visual interpretation and manual vectorization. They
were quantified and separated into three categories:

e Impermeable areas—built up zones and/or paved areas with
non-permeable surfaces.

e Herbaceous vegetation and other permeable
herbaceous formations (lawn and pasture, arable land,
gardens); wood plants formations such as vineyards and lianas
(vines) and Zones with mineral material (rock-earth, railways,
trails, flowerbeds, salt marshes).

e Arboreal vegetation (wooded spaces)—arboreal formations
with a predominance of broadleaved and coniferous trees
with variable surface (from woodland to forest). Shrub and
sub-shrub formation.

areas—

The choice of this method is justified by the presence of shadow
and high spatial resolution of the images, which hinders their
automatic classification. Furthermore, specific landscape factors
can be better interpreted visually (Antrop and Van Eetvelde,
2000).

The results obtained were related to the current
environmental, social, and economic uses of these spaces in an
attempt to identify possible combinations of uses in a functional
way, for instance, with the implementation of green and blue
infrastructures. These are provided for in the Urban Zoning of
the Municipality for some areas around watercourses:

e Economic Activity Zone (Zona de Atividade Econdmica—
ZAE): areas suitable for diversified economic uses, in conflict
with general residential use and suitable for installation along
the main accesses to the city.

e Special Zone of Historic-Cultural Interest (Zona Especial
de Interesse Historico e Cultural—ZEIHC): areas listed in
the patrimonial inventory of the city, where it is necessary
to protect cultural heritage, considering everything that
comprises culture, identity, reference, memory and the
symbolism of society.

e Special Zone of Urban-Environmental Interest (Zona Especial
de Interesse Urbanistico e Ambiental—ZEIUA): areas of
gullies in the urban zone, where the interventions necessary
for their recovery combine urban and environmental interest.

Moreover, their urban parameters must be defined in
each project.

e Environmental Protection Zone (Zona de Protecido
Ambiental —ZPA): areas protected by environmental
legislation in force, due to their natural characteristics and/or
the functions they play in the urban environment. A few
examples are the protective strips of springs and watercourses,
within the limits established by law, slopes with a declivity
above 30%, and areas with significant vegetation cover, as well
as those the municipality considers important to protect.

e Special Zone of Environmental Interest (Zona Especial de
Interesse Ambiental —ZEIA): corresponding to the areas
where interventions for the implementation of leisure and
recreation areas and environmental recovery must be carried
out, for which special projects must be developed.

Quali-Quantitative Analysis —Questionnaire

and Interviews

To understand the actions and perceptions of different actors
from urban watercourses in Lavras, questionnaires were applied
to the population and interviews were directed to the public and
private managers.

Structured Questionnaires

The local population and visitors took part in a survey,
which sought to identify opinions about watercourses and the
surrounding landscapes. Respondents should consider quality
and accessibility, presence of water in green public spaces, desired
uses for these spaces and their relationship with green spaces and
contact with gardens.

The questionnaire consisted of direct and descriptive
questions. The majority of the questions were of the closed-
form type and formulated in the multiple choice format, with
some having the possibility of one answer and other several
options, depending on the theme. Descriptive questions allowed
free answers. The questionnaire was applied to 418 inhabitants of
Lavras and visitors, between May 2020 and March 2021, using
Google Forms platform (Appendix A). All respondents were
volunteers and remained anonymous. The non-probabilistic
sampling by accessibility was adopted, as the elements are
selected by convenience, volunteering, or even by accident,
according to the methodology indicated by Aaker et al. (2001).
This sampling considered a margin of 5% error, with 95%
confidence level.

For the analysis, descriptive statistics of frequency distribution
was used (Martins and Thedphilo, 2009), and the data were
compiled and analyzed by the R software (R Core Team, 2016).

Semi-structured Interviews

For the interviews, the key actors of the urban territory were
identified. Some of these respondents worked for the public
sector, such as the Department of Public Works (Interview 1),
Candidate for Mayor for year 2020 (Interview 2), Department
of Environment (Interview 3), and for the private sector,
such as a Forestry Engineer from a Construction Company
from Lavras (Interview 4). The interviews were carried out
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between October 2020 and March 2021. They were semi-
structured, which allowed exploring facts whose discourse is the
main vector (Appendix B). These facts refer to representation
systems (constructed thoughts) and social practices (experienced
facts) (Blanchet, 1992).

This combination of analyses, outlined in Figure 2, was
performed using the Patchwork Quilt methodology (Paiva et al.,
2021), developed for studies of historic gardens.

RESULTS

Geo-Historical Analysis of the Landscape
Around Watercourses
City Origins
Although there is archaeological evidence of indigenous
occupation before the arrival of the pioneers in the region of
Lavras (Resende et al., 2010), the confluence of three rivers (Rio
Grande, Rio das Mortes and Rio Capivari) and the presence of
gold from alluvium in the streams of the region are believed to
have been determining conditions for its occupation by the Sao
Paulo pioneers around 1720 (Németh-Torres, 2018). According
to reports by French Soldier Millet de Saint-Adolphe, “Several
streams and rivers fertilize the district of this new village, which is
circumscribed to the north by Rio Grande, and to the south by Rio
Verde, tributary of the Sapucai.” (Saint-Adolphe, 1845, p. 557).
The hydronyms given to watercourses register characteristics
identified by the Indians and pioneers at that time: Capivari
(capybara river), Ingai (ingd river), Faisqueira stream [gold ore in

granules, “spark”), Grupiara stream (washed gravel)] (Németh-
Torres, 2018).

The main gold mine of the village was known as “Real
Grandeza” in a place called Tapera (which means “extinct
village”) near where it is now the Madeira farm (Costa, 2015),
on the banks of Ribeirdo Vermelho, formerly called Faisqueira
stream, the basin over which the city was developed (Figure 3).

Even though there is no precise definition of where the village
was first settled, it is believed that the village might have started
its development close to the mine situated on Northern region of
the city, during the first half of the eighteenth century, expanding
along the north-south axis (Németh-Torres, 2018) (Figure 4).

Mine Depletion and Agricultural Development

Once gold mines in the village were exhausted, the inhabitants
resorted to working with agriculture. Therefore, watercourses
played an important role moving water mills for cattle breeding,
providing irrigation for corn, rice, beans, castor beans, cotton,
sugarcane, and tobacco, as well as fruit such as orange,
jabuticaba (Myrciaria jaboticaba), pineapple, mango, cambuca
(Plinia edulis), among other crops (Németh-Torres, 2018).

Until the end of the nineteenth century, the village did not
have running water for basic needs, so the water used in the
houses came either from springs and tributaries of the Ribeirdo
Vermelho, located in thalwegs, or from one of the six wells located
in the lower parts of the city (Veiga, 1874). The same author
reports that, in the far north of the village, there were sources of
iron water, used for medicinal purposes.

SOCIO-CULTURAL
FACTORS

NATURAL FACTORS
TIC AND ABIOTIC)

PUBLIC POLICIES

Geo-historical analysis:
Iconography, maps, aerial
photography

.

FIGURE 2 | Methodological scheme. Source: Sousa R. B. et al. (2021).
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FIGURE 3 | Old bridge crossing the Ribeirao Vermelho in front of the Madeira
farm. Source: Sousa R. B. et al. (2021).

From year 1855 on, the local government began to study
alternatives to solve the water problem, trying to channel water
from another stream in the Southern part of the village (Costa,
2015). Only in 1885 was the service finished, providing drinking
water through 29 public and 103 private fountains.

Some of these public taps (Figure 5) were built as fountains,
the most famous of which was installed in front of the Mercés
church (Delphim, 2020).

Because only a few families had a private fountain, most of the
population would often wash and whiten their clothes in springs,
such as Mata Cabrito spring. This spring received this name due
to the habit of boys making barbecues of the goats that roamed
around there (Delphim, 2020).

From this spring came the Matadouro (Abattoir) Stream,
whose hydronym is explained by the presence of an abattoir
built by Bernardino Maceira at the end of the nineteenth century
(Silva and Paiva, 2008). Intended for the slaughter of animals, it
was later transferred to another location due to sanitary reasons.
Other cattle-related uses for watercourses and their surroundings
have also emerged, including tanneries, silos, watermills, and
pestle machines (Németh-Torres, 2018).

At the end of the nineteenth century and the first half of the
twentieth century, the Ribeirdo Vermelho and its banks received
an important railway line connecting the industrial zone in the
Northern part of the city to big centers as Sdo Paulo and Rio de
Janeiro (Luz et al.,, 2017). In the Northern area, the first bridges
over the watercourse were built due to the great movement in the
industrial zone (Figure 6).

This region usually floods after heavy rains during the summer
when water flows down the slopes and joins the tributaries of

the Ribeirdo Vermelho, damaging the houses in the neighborhood
(Lopes and Goes, 2015).

A federal environmental law of 1965 (Law No. 4,771) allowed
the occupation of watercourse banks up to a limit of 5m in
distance from the edge of watercourses up to 10 m wide, which
may have contributed to the occupation and impermeabilization
around rivers in Lavras. In some places, not even the 5-m limit
was respected, and some watercourses were gradually obliterated.

New Forest Code and Conflicts of Use and
Occupation Around Watercourses

The city of Lavras have been registered several approvals for
new subdivisions, which resulted in several interventions in
permanent preservation areas around watercourses and springs.
This is reflected in the absence of green areas, either due to the
lack of inspection or to the lack of accurate data on springs and
watercourses (Figure 7). This planning model, aimed at the real
estate sector, hardly ever considers water as an integral element of
the urban landscape, which is a recurring attitude in other cities
in Brazil (Silva-Sénchez and Jacobi, 2012; Fagundes, 2020).

Since 2012, after the approval of the new Brazilian Forest
Code, the local government mitigated this failure by requiring
new settlements with at least 10% of the area destined to the green
areas, and by demarcating and recovering PPZs for watercourses
and springs.

Between 2003 and 2014, the urban area of Lavras grew 28%,
and despite the increase in arboreal vegetation in PPZs, soil
sealing by buildings also continued to increase (Sousa R. B. et al.,
2021).

Currently, 27.74% of the watercourses in the urban zone of
Lavras are channeled, either as an open or a closed channel.
The remaining 72.26% do not have any infrastructure to access,
and have not been used for leisure and contemplation, being
largely uncharacterized and often polluted by sewage from illegal
constructions on their banks. The surroundings of the streams
in the central zone are considered as a consolidated urban area,
under the precept that they have lost their natural characteristics,
which could be explained by the canalization of watercourses and
solid waste management in the areas surrounding them.

Quantitative Analysis of Land Use and Occupation
Around Watercourses and Springs (Master Plan)

In order to identify how the land is used and occupied inside the
urban PPZs of Lavras, an analysis was carried on august 2019.
The urbanized area covered a surface area of 24.27 km?, 4.3%
of the municipal territory. Ninety seven springs and 51.80 km
of watercourses up to 10 m wide were identified, totaling a legal
area of PPZs corresponding to 3.40 km? within the studied urban
perimeter (Figure 8).

Within the classes of land use and occupation, 39% of urban
PPZs were occupied by arboreal vegetation, while 39% had
herbaceous vegetation and/or mineral (permeable) and 22% had
built-up zones (impermeable) (Figure 9). Although most of the
PPZs of watercourses and springs are still free from buildings,
studies demonstrate a tendency of increasing the impermeable
zones of some basins within the urban area, harming the natural
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FIGURE 4 | Formation of the urban area of Lavras in the Ribeirdo Vermelho basin (eighteenth century). Source: Sousa R. B. et al. (2021).

FIGURE 5 | Public fountain installed in 1885 at Praga Dr. Jorge. Source:
Renato Libeck’s personal archives.

flow of drainage from the watercourses (Furtini et al., 2007; Sousa
R. B. etal, 2021).

The Local Master Plan (PML, 2007) promotes the
construction of urban gardens in the section on food security.
However, urban land use planning is still underestimating the
potential of urban agriculture as a multifunctional nature-
based solution (Artmann and Sartison, 2018) which, in
addition to providing diverse ecosystem services, contributes to
supplying food and neutralizing several other urban challenges
(Langemeyer et al., 2021) (Figure 10).

According to the Local Master Plan (PML, 2007), to identify
possible multifunctional uses provided for in the Urban Zoning
of the area under study, there are zones with potential

multifunctional uses, such as Special Zone of Historical-Cultural
Interest (ZEIHC), Special Zone of Urbanistic-Environmental
Interest (ZEIUA), Environmental Protection Zone (ZPA) and
Special Zone of Environmental Interest (ZEIA). Nevertheless,
there are no specific laws or effective actions for the revitalization
or implementation of GBIs or other solutions based on nature

(Figure 11).

Quali-Quantitative Analysis— Structured
Questionnaires and Semi-structured

Interviews

According to Berque (1994, p. 17) “society perceives its
environment as a function of the changes they make, and
they change as a function of the perception they have”. The
integration of a river into the city depends on factors such
as economy, means of communication and transport, urban
expansion projects, public policies, and the behavior of the
inhabitants (Coy, 2013). To understand how different segments
of society perceive spaces around watercourses and whether there
is an idea of multifunctionality, different actors, public, private
and civil society were interviewed.

Questionnaires

Out of the 418 respondents, 59.09% were women, 40.66%, men
and 0.24% preferred not to identify their gender. The ages of
respondents ranged from 18 to over 75 years, being 19.13%
between 18 and 25 years, 43.78% between 26 and 40 years, 21.77%
between 41 and 60 years, 15.31% over 61 years old, of which only
3% were over 75 years old.
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FIGURE 6 | Uses of watercourses and their surroundings until the first half of the twentieth century. Source: Sousa R. B. et al. (2021).

The average income of most respondents was between 1,000
and 3,000 reais (around $180 and $535) per month, which
represents 37.32% of the total sample. Among those interviewed,
97.13% resided in Lavras and 2.87% lived elsewhere. Considering

the residents of Lavras, most respondents (24.13%) live in the
city center.

Respondents were asked to inform which green areas they
prefer or most visit to admire nature or to rest. The five green
areas most cited were UFLA (76.55%), Praga Dr. Augusto Silva
(66.02%), Represa do Funil (47.13%), Parque Quedas do Rio
Bonito (36.60%) and Praga Dr. Jorge (25.59%). It is important
to highlight that the first 4 cited areas have a water element in
the landscape in the form of lakes, rivers, or fountains. The least
mentioned ones coincide with the results found by Garcia et al.
(2021), consisting of squares without adequate infrastructure,
without vegetation and with high impermeabilization. When
walking through these places, 69.13% say they pay attention
to animals and plants (Figure 12). The experience in nature is
the motivation to lead people to attend green areas more often
(Salgado et al., 2016).

The respondents were asked to identify the three most
pleasant environments, according to their own opinion, based
on images presented to them. The images were (A) a wooded
park, with paths and benches, (B) a fountain surrounded by
shrubs and statues, (C) a dam surrounded by vegetation, (D) a

straight path with shrubs, (E) a lawn with exposed rocks and
vegetation with few leaves, and (F) a small lake surrounded by
paths, benches, trees, and a lawn. The highest frequency was
indicated for (F) a small lake surrounded by paths, benches,
trees and lawn (84.21%), followed by (C) a dam surrounded by
vegetation (74.40%), and (A) a wooded park, with paths and
benches (74.16%).

Two of the respondents’ favorite options included water
in different forms in the landscape (Lake, Dam), which may
indicate the importance people give to the water element as a
component of green spaces. 94.49% of participants confirmed
this importance.

When asked which streams in Lavras they knew best, most
respondents indicated Ribeirdo Vermelho (62.44%), Corrego
do Centendrio (33.25%) and Ribeirio Agua Limpa (30.62%)
followed by the Ribeirdo Santa Casa (19.61%) and the Ribeirdo
Matadouro (18.18%).

The main relationship established between respondents and
the landscapes of rivers and lakes in the city is for contemplative
use (70.09%) (Figure 13). Among respondents who said they do
not like rivers, 42.85% justified their choices due to poor water
quality, 28.57% thought it was dangerous and 21.42% said they
did not have infrastructure.

In order to understand the uses respondents would expect of
these places, the sense revealed that 67.70% of the interviewees
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FIGURE 7 | Urban expansion of Lavras and its consequences for watercourses from the second half of the twentieth century to the first decades of twenty-first

suggest the construction of parks and gardens (GBIs), followed by
revitalization and protection with restricted access (43.30%) and
construction of bike paths (24.40%). The least indicated action
was the closing and canalizing rivers (7.17%) (Figure 14).

Analyzing the profile of the respondents, considering their
contact with the countryside or agriculture, 81.58% have already
lived or had a close contact with life in the countryside, compared
to 18.42% who neither have nor have had this experience. Also,
22.96% of the respondents have a garden and or a vegetable
garden, 22.48% have only a vegetable garden, 14.35% have only
a garden, and 40.19% have neither. For those who do not
have a garden or a vegetable garden, the reason was lack of
space (31.81%).

When asked if they know of shared gardens in
Lavras, 38.04% said they do and 61.96% do not. These
results may relate to what people would like to see built
around urban rivers if they could participate in their
management, given that 17.94% of respondents chose to buil
urban gardens.

To understand the respondents’ habits, the preferred places to
buy fruit and vegetables are open-air markets (60.52%), followed
by supermarkets (18.66%). Furthermore, to verify the preference

for local products, 95.21% would buy local products grown close
to their homes.

Interviews

There is a limited participation of civil society in the elaboration
of urban policies in Lavras (Andrade and Oliveira, 2019),
mostly built by representatives of the economic sector. Thus,
to capture the perceptions of Lavras stakeholders on the
issue of watercourses in the city, representatives of the
public sector were interviewed, such as the Department of
Public Works (Interview 1), a Candidate for Mayor for year
2020 (Interview 2), and a member of Environment office
(Interview 3), and from the private sector, a Forestry Engineer
of a Construction Company in Lavras (Interview 4).

When asked about the perception of uses and occupations
around watercourses, an interviewed from the private sector from
Lavras (Interview 4) states that, currently, all areas around rivers
and springs must be isolated and protected (PPZs), upon delivery
of new allotments:

Nowadays, 100% of the PPZs that are requested from us must be
isolated without any possibility of interaction with the population.
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FIGURE 8 | Map of the urbanized perimeter and area referring to the springs and watercourses identified in Lavras-MG. Source: Sousa R. B. et al. (2021).
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The current legislation of the municipality of Lavras treats a green
area as a square, outside the PPZ. The level of interaction that
exists among the population for the environmental use of a green
area is a square, which is an interlocked floor, 2, 3, 10 planted
(Ipés—Handroanthus albus) and benches, which is practically
urbanization. It doesn’t offer interaction opportunities as a linear
park do, which you can sit on the grass and have a picnic, for
example, its another kind of environmental service (Interview 4).

Among the difficulties encountered in defining uses for these
areas, the respondent from the private sector also states that
there is great difficulty dialoguing with public stakeholders and
environmental councils, especially regarding the definition of
concepts such as restoration and green area to be applied:

[...] there is an extremely harmful technical bottleneck... the
legislation is flawed, yes, but we find a much greater difficulty in the
technical discussion of the councils, in the technical dialogue with
secretariats, which today does not exist in Lavras. Restoration has
different meaning for each one (Interview 4).

Given the difficulty defining these concepts, even among
researchers (Bargos and Matias, 2011), the specification of
concepts and techniques is necessary.

Still on the difficulties encountered, now about the
management of PPZs by the public sector, the representative of

the works department (Interview 1) mentions the reduced staff
of the city hall and the difficulty establishing partnerships with
universities as limitations.

The city hall does not have a technical body to go “in loco” to check if
there is a spring, so the responsibility falls on the Technical Manager
of the developer, who tells us that there are no springs, and we are
forced to believe. [...] I believe that from 2016 onwards, the delay
for approval of subdivisions has been greater, as there are several
guidelines, and in these, one thing that is very well observed is the
preservation of PPZs. Visiting the place and in case of doubts, we
leave it to the entrepreneur (Interview 1).

When asking public sector representatives (Interviews1, 3)
about the function of watercourses in the city, it was alleged that
some springs preserved in the city still have a certain natural
function; however, most watercourses in old settlements are
seen only as drainage systems. Furthermore, the importance of
specific legislation and a policy to invest in green infrastructure
is emphasized:

The urban area is consolidated in many places, but I think that
what we could do, when the area does not offer a risk, is something
that brings some benefit to the population [...] There could be
other leisure and environmental functions if there were one specific
legislation and a mayor to invest in it (Interview 1).
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FIGURE 9 | Analysis of land use and occupation in PPZs of springs and watercourses in the urban area of Lavras-MG, in 2019. Source: Sousa R. B. et al. (2021).

Both for the representative from the public sector (Interview
3) and for the representative from the private sector (Interview
4), the law is still not clear about the uses of PPZs in urban
areas. When referring to canalized streams, open streams,
and consolidated areas, so far, there have been no actions to
improve accessibility and interaction between inhabitants and the
watercourses in Lavras.

In an interview given to the public during the pre-election
period in 2020, candidates expressed their opinion on how the
city’s flooding problems should be addressed. According to them,
the solution would be to invest heavily in rainwater drainage and
cleaning of channels to accelerate surface drainage.

We have to invest heavily in rainwater drainage. No mayor likes to
do it because it is a work that is done underground, but we did many
kilometers of rainwater drainage, it has improved a lot, but if you do
not maintain these streams that pass through the city, and remove
weeds and stones from the path when the rainy season starts, we will
have floods.[...] There are still some channels to close, some galleries,

but today the Local Environment Department prefers to maintain
the channel open (Interview 2).

DISCUSSION

Urban Expansion and the Canalization of

Watercourses

In the 1980s, Lavras received an Urban Complementation
Plan, financed by program CURA (Comunidade Urbana de
Recuperagdo Acelerada—Urban Community for Accelerated
Recovery). One of the main goals of CURA was to occupy idle
land, increasing urban density, which, according to Mascaro
(1989), should reduce urbanization costs. In addition to
canalizing watercourse banks, the program directed most of its
resources to paving streets and building rainwater drains, to
accelerate the occupation of open spaces (Franco, 2014), such as
the valleys.
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FIGURE 10 | Functions identified in public areas around Lavras watercourses. Source: Sousa R. B. et al. (2021).

Following the hygienist model, the urban drainage system
aimed at collecting and keeping rainwater away (Silveira, 2018).
This model remained in Brazilian cities until the end of the
twentieth century. In 1986, a new law (Law No. 7.511/1986)
changed the Brazilian Forest Code, extending the protection
limits of watercourses to 30 m (for streams up to 10 m wide)
and a 50-m radius around springs, which led to conflicts that
persist nowadays.

Studies carried out by Furtini et al. (2007) indicated an
increase in impermeable zones on the stream borders due to
the urbanization process. With the increasing degradation of
the city’s watercourses, a Master Plan was passed in 2007,
providing for recovery and qualification actions for landscaping
and urban treatment of the valley of the Centendrio/Santa
Casa and Matadouro streams, as well as the Ribeirdo Vermelho
and Agua Limpa, including the implementation of green
areas for leisure where possible (PML, 2007). However, until
2019, these areas were yet to receive any landscaping and
urban treatment.

According to Bueno (2006), in Brazil, new ventures
insist on following old engineering and urbanism practices,
obtaining environmental licenses to fill springs and floodplains,
channel streams, thus creating large impermeable areas. This
paradigm prevailed for decades in the urbanization plans

of several cities, eliminating watercourses from the urban
landscape, since they are considered “a health hazard” (Reynoso,
2010).

Urban Land Regularization and the

Multifunctionality Proposal
As a result, many of the areas surrounding watercourses and
springs are undergoing a land regularization process, through
the Urban Land Regularization Program (Reurb). Article 9,
paragraph 1 of the new law (Law no. 13,465, of 2017) provides
for the multifunctional use of these areas:

“Public authorities shall formulate and develop policies for their
competences in the urban space according to the principles of
economic, social, and environmental sustainability and territorial
ordering, seeking to occupy the land in an efficient manner,
combining its uses in a functional way” (BRASIL, 2017).

Although the legislation provides for land occupation that
combines uses in a functional way, the law is not clear about
the use of the same territory for different simultaneous functions,
which can raise questions about how stakeholders should behave,
leading to fragmentation and discontinuity of the landscape
along watercourses. Combining different land uses on the same
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FIGURE 11 | Urban zoning proposed in the area under study according to the Local Master Plan. Source: Sousa R. B. et al. (2021).
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FIGURE 12 | Perception of nature in green areas. Source: Sousa R. B. et al. (2021).

terrain seems to be the best way to protect ecosystem services,and  in the form of gullies, that are common in the urban area of

further enhance the value of open spaces in cities (IAU, 2011). Lavras (Pinto et al., 2004; Furtini et al., 2007; Guimaraes et al.,
o . 2012). It also contributes to the maintenance of biodiversity in

Quantitative Analysis of Land Use and urban areas (Moura et al., 2010; Lombardi et al., 2012; Lopes and

Occupation Around Watercourses and Peixoto, 2018; Cruz and Pompeu, 2020).

Springs (Master Plan) The presence of arboreal and shrubby vegetation is also

an important factor to be considered for the implementation

Riparian vegetation is important for the maintenance of
of public green areas, since it plays ecological, scenic, and

hydrographic basins, as it promotes the containment of erosions
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FIGURE 13 | Most common uses for the rivers of Lavras. Source: Sousa R. B. et al. (2021).
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recreational functions. Furthermore, this type of vegetation
improves the aesthetic, functional and environmental quality of
the city, being endowed with vegetation and spaces free from
waterproofing (CONAMA, 2006).

Lavras has a low green area index, GAI = 0.62m?/inhabitant
(Garcia et al, 2021), considering that the minimum
recommended value is 15 m?/inhabitant (SBAU, 1996). The city
also has a low green space ratio (0.29%), and a disproportional
distribution of green areas, with GAI close or equal to zero
in the peripheral sectors, normally inhabited by low-income
population (Garcia et al., 2021).

Bolund and Hunhammar (1999) highlight how low-income
settlements lack access to urban green spaces (UGS), and tend to
be in undesirable and environmentally problematic areas (Simon,
2010; Meirelles Filho and Miranda, 2016). These areas often
coincide with surrounding watercourses, subject to flooding and
receiving diffuse pollution from urban drainage (Roy et al., 2018).
This fact reinforces the need to transform these spaces into
green areas and urban gardens (green and blue infrastructure),
which perform not only natural, but also economic and social
functions such as income increase, leisure, entertainment, and
socialization. (Aradjo et al., 2016).

The idea of multifunctionality in green and blue infrastructure
planning means the intentional combination of ecological, social,
and economic functions, not only products of chance (Hansen
and Pauleit, 2014). In Lavras, this does not happen, considering
that many areas around watercourses and springs do not have
structures that allow access to recreational or educational use by
the population, and, therefore, are not considered in the city’s
green area index.

Analyzing the public areas in urban PPZs of Lavras, there
are forest fragments without public access, sports spaces and
institutional areas with little or no vegetation and permeability,
and free spaces subject to invasion and solid waste management.

A multifunctional alternative that has worked in several cities
is the implementation of urban gardens in open spaces adjacent
to PPZs. Around 40% of the inhabitants who answered the
questionnaire do not have gardens at home, mostly due to lack
of space.

As an example, the housing project in Lavras brought
multifunctionality to an area, previously used for solid waste
management, through the construction of an urban community
garden (Araujo et al., 2016). Although other urban gardens have
already been implemented in Lavras, this is the only one that
currently remains active.

Considering that one of the hypotheses of the city’s origin
was related to the exploitation of alluvial gold, as suggested by
the city’s name, the city’s streams should be viewed as a natural
site to be protected. However, according to the Lavras Cultural
Collection Protection Inventory (PML, 2019), there is still no
protected natural site in the municipality, other than a tree
(Tipuana tipu) in the city’s main square.

Although the revitalization and construction of green areas
along the watercourses have been sanctioned for more than 10
years in the Master Plan (PML, 2007), solutions that contribute
to that have not yet been implemented. Moreover, it is known
that revitalizing watercourses is fundamental for benefiting
ecosystem services, and not only for being used as draining and
transporting sewage, residues, and flood waters (Selles et al.,
2001).

For Coy (2013), the explanations may differ depending on
each specific case, the political-institutional framework of the
place, power relations, the interests of possible investors, among
other factors. In Campinas/SP, Brazil, the Ribeirdo das Pedras
Linear Park is a successful example of the implementation of
green-blue infrastructure for the revitalization of watercourses
(Foloni and Constantino, 2016). Other ongoing projects
indicate the importance of public-private partnerships and the
consideration of river basins and sub-basins for the urban
zoning present in local master plans (Foloni and Constantino,
2016).

According to the City Statute for Brazil (BRASIL, 2001),
the elaboration and implementation of Master Plans must
occur with the participation of all segments of society. They
should also define impacts on the various environmental, social,
and economic areas, favoring the multifunctional use of areas
susceptible to geological and hydrological processes, as well as
new expansion areas.
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FIGURE 14 | Uses of watercourses desired by the population. Source: Sousa R. B. et al. (2021).
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FIGURE 15 | Opinion on quality of and accessibility to streams of Lavras. Source: Sousa R. B. et al. (2021).

Quali-Quantitative Analysis — Structured element in the composition of green spaces. In other words, the

Questionnaires and Semi-structured conditions in which these spaces are do not meet the population’s
Interviews expectations in relation to the water element in the city.
From the results obtained with the questionnaires, it is worth According to Jim (2013), watercourses provide an important
pointing out that, as shown in the analysis of land use landscape element for the development of green and blue
and occupation, most of the uses determined in the urban infrastructure, as people’s affinity for the water element can
zoning of the study area do not allow a simultaneous use increase the appeal of public green areas and, thus, help to
of different functions such as, nature preservation, leisure, revitalize or preserve natural waterways that run through cities.
economic activities, which does not contribute to integration of In addition, some areas around Watercourses in Lavras ha.ve
. . . . been used to encourage urban agriculture through community
rivers into the city. According to Soga et al. (2015), people who d (Aratijo et al, 2016). Society has b looking f
live close to multifunctional areas, such as green areas, use them gardens Latatjo et at, - S0cIety flas beeh Jooking for a
more often sustainable lifestyle, and these challenges need to be faced by a
The larg.;ely contemplate use can be explained by the poor diverse ecosystem of private actors, universities, civil society, and

quality and accessibility of these spaces declared by 64.83% of politicians (Baccarne etal, 2016).

respondents. In a small proportion, 16.51% believe access to

rivers is easy but poor in quality, 11.72% of respondents consider ~ Interviews

them inaccessible, but of good quality. Only 5.02% were satisfied ~ Although the public sector in several cities has already realized

with the quality of and accessibility to river landscapes and 1.91%  the potential of the areas surrounding watercourses for carrying

did not have an opinion (Figure 15). out works of common interest, to improve the city’s image and
Despite the poor quality and difficult access to spaces its attractiveness for high quality investments (Coy, 2013; Lotfi

around the rivers, the population values water as an important et al,, 2017), multifunctional solutions, such as public green areas
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and other green infrastructures, have not yet been used in the city
of Lavras.

On the other hand, Cengiz (2013) and other authors
recommend avoiding rigid artificial systems, but rather installing
natural landscapes, as they make it possible to restore the natural
functions of watercourses, filter pollutants, prevent erosion of the
banks and the canalization of the stream’s bed.

In this context, watercourses and their geomorphologies
form “landscape systems” that should comprise all types
of management involving the landscape. In different scales,
landscape systems have unique elements, with the potential to
exert changes to contribute to the lost balance between man and
nature in urban centers (Hoyuela Jayo, 2017).

There is a limitation in the legislation that does not emphasize
exactly what must be done and confirmed by an actor’s opinion
(“the legislation is flawed”, Eng. Forestier—real state agency CAP).
Thus the coverage of watercourses ends up being allowed. An
important point to be consider is the necessity to know and
connect the desires of the population with the decisions to be
made by public actors. Observing the results on Figure 14, are
indicated that these desires are true. Only 7.18% indicated that
the water courses should be used as channels for urban drainage,
which is the mainly current use. Most indicated the desire to build
green areas, besides leisure and conservation spaces, constituting
a multifunctional system.

Concerning the interviewers opinion, there are some the
difficulties encountered in defining uses for public areas, and
there is great difficulty dialoguing with the public actors and
environmental councils. Also, they highlighted the importance
of developing a specific legislation and a policy to invest in
green infrastructure.

In this way, the importance of the green and blue
infrastructure in recognized both population and public actors,
demanding connections and join decisions to preserve and also
create areas.

CONCLUSIONS

Through the geo-historical analysis, it was possible to observe
that after the 1980s, the watercourses present in the consolidated
areas in the center of Lavras underwent major changes,
undermining their natural, social, and economic functions,
but maintaining only their drainage functions. From the
implementation of the new Brazilian Forest Code in 2012, the
areas in expansion prioritize the preservation of the natural
function, but lack the incentive to implement the other functions
such as social and economic.

Despite current legislation providing for the multifunctional
use of watercourses and their surroundings, many have
a predominance of one function over the others. Others
are monofunctional and do not contribute to reintegrating
watercourses into the urban landscape of Lavras or to improving
the population’s quality of life.

Public and private actors recognize the lack of clarity and
specificity of current legislation, regarding the possible uses of
these urban spaces. The government has not yet managed to

implement green and blue infrastructures (GBIs) to reconcile
the natural, social, and economic functions of streams and
creeks, but still allows the use of techniques for sealing soils and
canalizing watercourses.

Lavras does not have an established blue infrastructure,
considering that the existing watercourses are not used by the
population with social and economic functions. The lack of
information about these spaces and the difficult access to them
contribute to the lack of clarity in the lagislation. Participatory
approach and transdisciplinary processes could help stakeholders
and sensitize the population to the importance of urban rivers
and their multifunctional role.

The methodology used and the positive results, indicate that
this study may be replicated in any city and may help local
managers to plan strategies for green and blue infrastructure
concerning the area evolution and population aims. Also, this
work can also be used as a study case that reflects the interaction
of urbanization in Brazil associated with watercourses that cross
the urban area.
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INTERVIEWS

Interview 1 | Member of Department of Public Works. Lavras, Oct 26, 2020.
Interview recorded by Rafael de Brito Sousa.

Interview 2 | Candidate for Mayor for year 2020. Nov 03, 2020. Public Interview
registered in Instagram (Direct Messenger).

Interview 3 | Member of Department of Environment. Feb 10, 2021. Interview
recorded by Rafael de Brito Sousa.

Interview 4 | Forestry Engineer from a Construction Company from Lavras.
Lavras, Mar 23, 2021. Interview recorded by Rafael de
Brito Sousa.
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