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ABSTRACT

Due to the relevance that green infrastructure (Gl) subject has reached in recent years, as an interdisciplinary research
topic within urban planning, the present study addresses a literature review on the subject in Brazil. The study aimed
to present an overview of the main research trends in Gl, based on the analysis of the keywords used on the papers
published in indexed Brazilian journals. The research scope included papers published until the year of 2018 with Gl
(and its variations) as a keyword. The research was carried out on Google Scholar and 64 papers were identified. As
results, 295 keywords were employed in the papers and 168 different terms were classified. The most used keywords
in association with Gl were: “sustentabilidade” [sustainability], “desenho ambiental” [environmental design],
“drenagem urbana” [urban drainage], “ecologia urbana” [urban ecology], and “paisagem urbana” [urban landscape].
Regarding the papers’ focus, most can be classified as case studies: design and guidelines proposed for new and
renewal areas, as well as the analysis of already build projects. The topic “drenagem urbana” [urban drainage] stands
out as a cross-sectional research area, related to the other main themes within Gl. On the other hand, the topic
“paisagem urbana” [urban landscape] can be considered a more delimited research area. Furthermore, it is expected
that through this overview, the present study can contribute to future publications within GlI, in order to support the
authors to choose the keywords that best communicate with their target audience.

KEYWORDS: Landscape architecture. Green infrastructure. Literature review.

1 INTRODUCTION

Green infrastructure (Gl) is a comprehensive and emerging concept, internationally
disseminated by authors such as Benedict and McMahon (2006). As pointed out by Cormier and
Pellegrino (2008), Gl can cover from the scale of urban and regional planning, within which
natural areas and open spaces are included, up to the project scale, composed of a wide variety
of urban spaces treated with landscaping. Franco (2010, p.141) points out, however, that the
meaning of the term Gl may differ depending on the context in which it is used:

“[...] it may be from the planting of trees that bring ecological benefits
in urban areas; for others it refers to engineering structures such as
flood management or water treatment designed to be

environmentally friendly [...]".}

Schutzer (2014), in his reflection on how the concept of Gl is related to the broader
context of urban environmental infrastructure, drew attention to the fact that the incorporation
of natural processes in urban projects is an old demand and was already present in the works
developed by Frederick Law Olmsted and Ebenezer Howard. For Herzog and Rosa (2010),
therefore, the effective contribution of Benedict and McMahon (2006) was precisely to gather
and systematize already current concepts, based, for example, on Landscape Ecology (FORMAN;
GODRON, 1986), as well as on the methodology proposed by McHarg (1969), who emphasized
the importance of designing based on the cultural and natural aspects of the environment.

Fletcher et al. (2015) well define GI by remembering that for Benedict and McMahon
(2006) the term refers to both a concept and a process. Planning the contemporary city based

! Translated from the original text in Portuguese: “[...] pode ser desde o plantio de drvores que
tragam beneficios ecoldgicos em dreas urbanas; para outros refere-se a estruturas de
engenharia tais como manejo de enchentes ou tratamento de dguas projetado para tornar-se
ambientalmente amigdvel [...]".
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on Gl concepts means increasing the inclusion of green areas and promoting their connections.
In addition, the processes that take place in these areas will certainly maximize the
environmental benefits of these spaces, such as the provision of ecosystem services (ES). Some
of the many economic, environmental and social benefits that can be achieved through the
implementation of Gl are described in CNT (2010).

In Brazil, driven by the growing interest of architects, urban planners and landscapers
around the theme, Gl gained prominence in the last decade and there is a wide range of
published works on the subject. The vast majority of works can be classified as case studies, in
which the authors are dedicated to elaborating guidelines and/or project proposals for a specific
location based on the principles of Gl. The authors present proposals for the city of Sdo Paulo:
Franco (2010), for the Ibirapuera-Villa Lobos Corridor; Bueno and Ximenes (2011), for Butanta
Neighborhood; Callegaro (2012), for the City America Neighborhood; and Bondar and Hannes
(2014), for Mandaqui Neighborhood. In the greater Sdo Paulo, Ledo et al. (2010) elaborate a
project for the Poa Stream area, in the municipality of Tabodo da Serra, while Borba and
Mendonga (2015) propose an action plan for the central area of Suzano. In the interior of the
state, Rodrigues and Santos (2013) present a proposal for the municipality of Bauru, while
Benfica and Simdo (2013) focus on the municipality of Salto; on the coast, both Almeida (2013)
and Almeida et al. (2014) address the application of Gl typologies for the city of Santos.

In the field of project proposals, Herzog and Rosa (2010) present some solutions for
the city of Rio de Janeiro/RJ and analyze a project already implemented in Freiburg, Germany.
Guimaraes et al. (2018) are also dedicated to the elaboration of a proposal for Rio de Janeiro/RJ,
sub-basin of the Comprido River. Gongalves and Nucci (2017) are based on the Juvevé River area,
in Curitiba/PR; while Calderari et al. (2013) detail a project developed for the Gléria Campus of
the University of Uberlandia (UFU), in Uberlandia/MG.

Other aspects in the Gl studies include post-occupation evaluations of projects already
implemented, such as the work by Oliveira et al. (2012) for the Corujas Stream and the analysis
by Pizarro and Lino (2012) for Sapé Linear Park, both in Sdo Paulo. Diagnostic studies to support
future GI projects were also the object of research, such as the survey of cultural heritage in
rural strongholds in Valinhos, by Dobbert et al. (2011). In addition, analyzes of climatic comfort
to pedestrians, such as the study by Mamede (2017) for Pinheiros Neighborhood, Sdo Paulo. The
works in Gl may also include theoretical tours, as in Lotufo (2013), which proposes to debate the
relationship between nature and the built space. Other works, such as those by Rosa et al. (2012)
and Carvalho (2016) are dedicated to discussing urban revitalization interventions, such as those
conducted in the city of Rio de Janeiro on the occasion of sporting events. Or even, to survey the
projects that explore the relationship between the landscape and urban rivers, as in the
bibliographic review by Foloni and Constantino (2016).

Gl permeates several fields of study within urban planning, and according to Walmsley
(2006), it is one of the five strategic areas for the promotion of more sustainable communities.
In this way, conducting bibliographic review studies proves to be an important tool in mapping,
systematizing and identifying trends - given the relevance of the theme for urban planning, and
the fact that Gl is a relatively recent research field in Brazil.
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2 OBJETIVES

The present work aims to present a national panorama of the main research trends in
the field of urban green infrastructure (Gl), based on the analysis of the keywords used by the
authors, associated themes, correlations, overlaps and subjects covered.

3 METODOLOGY

For the survey of articles published in Brazil with the term Gl as a keyword, Google
Scholar was used and the different spellings of the term were included in the research (before
and after the “Novo Acordo Ortogrdfico da Lingua Portuguesa” [New Portuguese Spelling
Agreement], which changed the use of hyphen), such as “infraestrutura verde” [green
infrastructure] and its variations “infraestruturas verdes”, “infra-estrutura verde” or “infra-
estruturas verdes”. Only publications in indexed Brazilian journals were counted. This data
survey was carried out throughout the year 2019 and, therefore, the study's time-frame was
fixed as being the works published until the end of the year 2018.

From the material surveyed, the first analysis conducted sought to identify the main
research topics associated with Gl. For that, all keywords used in the analyzed set of articles
were classified and the repeated keywords (most used) were listed. Then, the occurrence
analyses of the main keywords for each year was carried out, in order to assess whether the
themes showed a growth trend or not.

Then, as a way of identifying the relationships between the different research themes
in Gl, a correlation matrix between the keywords was elaborated. For the elaboration of the
matrix, only the repeated keywords were evaluated: the values within the cells refer to the
number of correlations established between a given theme (horizontal line) and the
corresponding theme (vertical column). Or in a simplified way, the total number of times that
the keywords appear together in the same article is expressed in the matrix.

3.1 Main research topics associated with green infrastructure

To detail the main research topics associated with Gl, the articles that contained the
most used keywords were analyzed separately. Figures were created to represent the
correlations between keywords (from the results of the matrix), in which the overlap between
themes is more easily visualized. In these figures, the area occupied by each theme is
proportional to the number of times the keyword is used in the set of articles analyzed. Likewise,
the area of overlap between themes is proportional to the number of times that keywords are
used concurrently.

To conclude, word clouds (based on the abstract and keywords of the articles) were
created using the wordclouds.com application, as a way to visually identify the main subjects
covered in each of the themes. In word clouds, the size of the letters represents proportionally
the frequency of use of a given word.
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4 RESULTS

64 articles published in journals contained Gl (and its variations) as a keyword (to see
the list of works, see Appendix 1). In this set of articles, 295 keywords were counted (average of
4.6 per article) and 168 different terms were classified. Of this total, 133 terms are used as a
keyword only once and 35 terms are used more than once, according to the results presented
in Table 1.

Table 1: Keywords used in the set of articles analyzed and their respective number of citations

Citations Keywords
Gl and variations, being: infraestrutura verde (53 citations); infra-estrutura verde (6 citations);
65 infraestrutura verde-azul (2 citations); infraestruturas verdes (1 citation); infraestruturas verde e azul

(1 citation); infraestrutura verde urbana (1 citation); sistema de infraestrutura verde (1 citation)
sustentabilidade

desenho ambiental; drenagem urbana; ecologia urbana; paisagem urbana

ciclovias; planejamento ambiental; resiliéncia urbana

arborizagdo urbana; corredor verde; forma urbana; mudangas climaticas; parques; sustentabilidade
urbana

agua urbana; alagados construidos; arborizagdo; areas verdes; baixo carbono; desenvolvimento
sustentdavel; desenvolvimento urbano; espécies nativas; estrutura ecoldgica; floresta urbana; ilha de
calor; mobilidade urbana; paisagem; paisagismo; parques lineares; resiliéncia; revitaliza¢do urbana;
servigos ecossistémicos; urbanismo; urbanismo sustentavel

abastecimento de dgua; adaptacdo; analise geomorfoldgica; area de preservagao; areas livres;
arquitetura; arquitetura paisagistica; avenidas em fundo de vale; bacia do Mandaqui; bacia
hidrogréfica; bairro City América; biomimética; caminhabilidade; caminhada; caminhos verdes;
campus universitario; centro histdrico tombado; cidade como ecossistema; cidade contemporanea;
cidade de Santos; cidade resiliente; cobertura vegetal; comunidade; conectividade; conforto
climatico; conservagdo; conservagdo de recursos hidricos; corrego das Corujas; corrego do Sapé;
corrego Fiat Lux; corregos ocultos; desativagdo de mina; direito; direito ambiental; diversidade;
drenagem sustentavel; ecossistemas; educagdo ambiental; energia elétrica; escoamento superficial;
espaco publico; espagos abertos; espacos livres; espagos livres publicos; Estrela do Sul;
fitorremediagdo; fragmentos verdes; fundos de vale; gestdao ambiental urbana; hortas comunitarias;
ilhas de calor urbanas; infraestrutura ambiental urbana; infraestrutura paisagistica; insolagao;
inventario georreferenciado; jardim de chuva; jardim sustentavel; jardim vertical; legislagdo urbana;
mananciais urbanos; Mandaqui; meio ambiente; melhores praticas de manejo das dguas da chuva;
metabolismo urbano; microbacias urbanas; mobilidade; mobilidade sustentavel; mobilidade urbana
sustentavel; modelo chuva x vazdo; modelo urbanistico; modo-de-andar-a-pé; multidisciplinaridade;
multifuncionalidade; pagamento por servicos ambientais; paisagem como infraestrutura; paisagem
recriada; paisagismo urbano; parede verde; parque Cidade de Toronto; parque lbirapuera; parque
linear Brds-Lapa; parque linear sustentdvel; parques urbanos; patrimoénio cultural; pavimento
permeavel; pavimentos brandos; peninsula ibérica; percepgdo do pedestre; periferia; planejamento;
planejamento da paisagem; planejamento de paisagem e hidrologia; planejamento urbano; plano
diretor; plano diretor estratégico de Sdo Paulo; politicas publicas ambientais; Praga das Corujas;
preservacdo ambiental; processos naturais; Programa 100 Parques; projeto urbano sustentavel;
qualidade ambiental; qualidade ambiental urbana; qualidade de vida; qualidade de vida urbana;
recuperagao ambiental; recursos hidricos; rede hidrica; redutos rurais; represa Billings;
requalificagdo ambiental urbana; requalificagcdao de bacias hidrogréficas; requalificagdo urbana;
resiliéncia as mudangas climaticas; ribeirdo Cocaia; rio Comprido; rios urbanos; rios urbanos;
rodoanel metropolitano; roteiro dos Bandeirantes; Sdo Paulo; seguranca viaria; servicos ambientais;
silvicultura urbana; Suzano; tipologias paisagisticas; transporte limpo; transporte ndo poluente;
tratamento de efluentes; urbanismo ecolégico; valores coletivos; vegetagdo urbana; zoneamento
ambiental

w ||

Source: Prepared by the authors, 2020. Note: The keywords are presented in Portuguese and spelled according to
the original text.
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Annual graphs showing the occurrence of keywords in the set of articles analyzed are
shown in Figure 1. 2009 is not represented in the figure because there were no publications with
the keyword Gl. For summary purposes, only the six main keywords are highlighted (see legend).
The keywords that received four (or less) citations were grouped in the “other keywords”
category (see legend). To clarify which terms are covered by the categories, it is recommended
to see Table 1.

Figure 1: Percentage of the most used keywords in the set of articles analyzed, by year

2008

2011

N

R
B
X

N

18%

N
B

/

//

~
x

/

u
X

N
=X

B
x

N
X

8
®

~
X

.//

I I3 I ® - ®

v N / \
N N i N
o =) o
= =t =
o w (=)

Legends Desenho ambiental
[l Other keywords

I Infraestrutura Verde
B Sustentabilidade

Drenagem urbana

Ecologia urbana

Paisagem urbana

Source: Prepared by the authors, 2020.

Then, in order to elaborate the correlation matrix (Figure 2), an analysis of
simultaneous occurrence was performed between all repeated keywords (35 terms). As
expected, the strongest correlations found in the matrix were between Gl and the main
keywords, such as “sustentabilidade” [sustainability]. Apart from these striking correlations, it
was also possible to identify other less evident points, such as the correlations between:
“drenagem urbana” [urban drainage] and “sustentabilidade” [sustainability]; “desenvolvimento
sustentdvel” [sustainable development] and “mudan¢as climdticas” [climate change]; in
addition to “planejamento urbano” [urban planning] with “dreas verdes” [green areas] and
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7

“parques” [parks]. The theme that presented the most correlations was “resiliencia urbana
[urban resilience], with “ciclovias” [bike lanes], “arboriza¢do urbana” [urban afforestation],
“corredor verde” [green corridor] and “mudancas climdticas” [climate change]. The strongest
correlations found in the matrix are presented in the next sub-items.

Figure 2: Correlation matrix between keywords repeated in the set of articles analyzed
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4.1 Green infrastructure and sustainability

The seven articles that use the keywords “sustentabilidade” [sustainability] and Gl
concurrently are referenced in Table 2, as well as the list of all their keywords. Figure 3 shows a
schematic that represents the overlap between the main keywords, according to the matrix
(Figure 2) and a word cloud elaborated from the abstracts together with the keywords of the
articles. With regard to the theme, all articles in this group address design solutions for different
cities, whether they are analyzes of existing works or theoretical propositions. The projects focus
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on urban drainage in Herzog and Rosa (2010) and Rodrigues and Santos (2013), urban mobility
in Rosa et al. (2012), urban gardens in Benfica and Simdo (2013), in addition to corridors and
other urban green areas in Ledo et al. (2010), Callegaro (2012) and Silva (2016).

Table 2: Articles with the keywords Gl and “sustentabilidade” [sustainability]

Reference Keywords

infraestrutura verde; adaptagdo; resiliéncia;
sustentabilidade; servigos ecossistémicos; baixo carbono
infra-estrutura verde; desenvolvimento urbano;
sustentabilidade; espacos abertos; drenagem urbana
sustentabilidade; modelo urbanistico; estrutura ecoldgica;
Callegaro (2012) infra-estrutura verde; caminhos verdes; paisagismo; bairro
City América; corrego Fiat Lux; parque Cidade de Toronto
mobilidade sustentavel; planejamento urbano;
infraestrutura verde; urbanismo; sustentabilidade

Herzog and Rosa (2010)

Ledo et al. (2010)

Rosa et al. (2012)

Rodrigues and Santos drenagem urbana; infraestrutura verde; sustentabilidade
(2013)

infraestrutura verde; hortas comunitarias; roteiro dos

Benfica and Simdo (2013) Bandeirantes; sustentabilidade; cidade resiliente

Silva (2016) sustentabilidade; infraestrutura verde; comunidade

Source: Prepared by the authors, 2020. Note: The keywords are presented in Portuguese and
spelled according to the original text.

Figure 3 shows an overlap between the theme “sustentabilidade” [sustainability] and
“drenagem urbana” [urban drainage] in the context of Gl (permeated by other sub-themes). In
addition, two other research axes can be pointed out: “paisagismo” [landscaping] and
“urbanismo” [urbanism]. Regarding the word cloud, we highlight other related terms, such as:
“desenvolvimento sustentdvel” [sustainable development], “ecossistemas” [ecosystems],
“servigos ecossistémicos” [ecosystem services], “resiliéncia” [resilience], “baixo carbono” [low
carbon], “enchentes” [floods], and “dguas” [waters].

Figure 3: Overlap among themes and word cloud of articles with Gl and “sustentabilidade” [sustainability]
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Source: Prepared by the authors, 2020.
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4.2 Green Infrastructure and environmental design

By analyzing the works with the keywords “desenho ambiental” [environmental design]
and Gl (Table 3), we can see the great diversity of approaches. Dobbert et al. (2011) focus on the
preservation of cultural heritage in rural strongholds in the city of Valinhos, in the interior of Sdo
Paulo. Oliveira et al. (2012) evaluate projects already implemented in Sdo Paulo. Franco (2010)
and Bueno and Ximenes (2011) present project proposals for areas in Sdo Paulo. Finally, Mamede
(2017) performs an analysis of pedestrian climatic comfort in the city of Sdo Paulo.

Table 3: Articles with the keywords Gl and “desenho ambiental” [environmental design]

Reference Keywords

infraestrutura verde; corredor verde; planejamento
ambiental; desenho ambiental; desenvolvimento

Franco (2010) sustentavel; resiliéncia urbana; baixo carbono; mudangas
climaticas; parques; areas verdes; transporte nao poluente;
modo-de-andar-a-pé; ciclovias; qualidade ambiental
patrimdnio cultural; redutos rurais; desenvolvimento urbano;
desenho ambiental; resiliéncia; infraestrutura verde
desenho ambiental; dreas livres; infraestrutura verde;
transporte limpo; ilha de calor

desenho ambiental; infraestrutura verde; parques lineares;
corrego das Corujas; drenagem urbana

conforto climatico; infraestrutura verde; insolagdo; desenho
ambiental

Dobbert et al. (2011)

Bueno and Ximenes (2011)

Oliveira et al. (2012)

Mamede (2017)

Source: Prepared by the authors, 2020. Note: The keywords are presented in Portuguese and
spelled according to the original text.

Figure 4 shows a connection between “desenho ambiental” [environmental design]
and “drenagem urbana” [urban drainage], as well as a great overlap of themes, encompassing
concepts such as “resiliéncia urbana” [urban resilience] and “planejamento urbano” [urban
planning], in addition to several classes of free areas, such as “parques” [parks]. The word cloud
suggests a link between “desenho ambiental” [environmental design] and the environmental
comfort subject, presenting terms such as: “insola¢do” [insulation], “ilha de calor” [heat island],
“conforto climdtico” [climatic comfort], and “conforto ambiental” [environmental comfort].
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Figure 4: Overlap among themes and word cloud of articles with Gl and “desenho ambiental”
[environmental design]
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Source: Prepared by the authors, 2020.

4.3 Green infrastructure and urban drainage

Among the articles that use the keywords “drenagem urbana” [urban drainage] in

association with Gl (Table 4), most of them also address design solutions. Present project
suggestions: Ledo et al. (2010) for Tabodo da Serra, Sdo Paulo; Rodrigues and Santos (2013) for
Bauru, Sao Paulo; Gongalves and Nucci (2017) for Curitiba and Guimaraes et al. (2018) for the
city of Rio de Janeiro. Only Oliveira et al. (2012) analyze actions and projects (which contain

elements of the Gl) already implemented in the Corujas Stream basin, city of Sdo Paulo.

Table 4: Articles with the keywords Gl and “drenagem urbana” [urban drainage]

Reference Keywords

infra-estrutura verde; desenvolvimento urbano;
sustentabilidade; espagos abertos; drenagem urbana
desenho ambiental; infraestrutura verde; parques lineares;
cérrego das Corujas; drenagem urbana

Ledo et al. (2010)

Oliveira et al. (2012)

Rodrigues and Santos drenagem urbana; infraestrutura verde; sustentabilidade
(2013)

ecologia urbana; planejamento da paisagem; infraestrutura
verde; escoamento superficial; drenagem urbana
infraestruturas verde e azul; revitalizagdo urbana;
multifuncionalidade; drenagem urbana; rio Comprido

Gongalves and Nucci (2017)

Guimaraes et al. (2018)

Source: Prepared by the authors, 2020. Note: The keywords are presented in Portuguese and
spelled according to the original text.

In Figure 5, it is interesting to observe how “drenagem urbana” [urban drainage] can

be considered a transversal theme of research in Gl, which touches on several other major

themes such as “sustentabilidade” [sustainability], “ecologia urbana” [urban ecology], and

“desenho ambiental” [environmental design]. With regard to the word cloud, it is possible to
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highlight the fact that this was the only figure in which the term “infraestrutura verde e azul”
[blue-green infrastructure] appeared - a concept that has been increasingly used to refer to the
overlap between the areas of study of “drenagem urbana” [urban drainage] and Gl. Other
specific terms that can be pointed out in the word cloud are: “bacia” [basin], “paisagem”
[landscape], “popula¢do” [population], “escoamento superficial” [runoff], “solo” [soil],
“inundagdes” [floods], and “multifuncionalidade” [multi-functionality].

Figure 5: Overlap among themes and word cloud of articles with Gl and “drenagem urbana” [urban drainage]
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4.4 Green infrastructure and urban ecology

The articles containing “ecologia urbana” [urban ecology] and Gl as keywords (Table 5)
have different approaches. The work of Pizarro and Lino (2012) is a post-implementation analysis
of the Sapé Linear Park, in Sdo Paulo. Gongalves and Nucci (2017) present project proposals, as
well as Almeida (2013). In Almeida (2013) the author proposes several types of Gl for the city of
Santos, in addition to a historical survey of the Saturnino de Brito’s project; while in Almeida et
al. (2014), only the typology of rain garden is detailed for Santos. Lotufo's article (2013) is
different because it is a theoretical work, which debates the relationship between nature and
the space built in different urban aspects.
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Table 5: Articles with the keywords Gl and “ecologia urbana” [urban ecology]

Reference Keywords
infraestrutura verde; parque linear; cérrego do Sapé;
Programa 100 Parques; ecologia urbana; agua urbana

Pizarro and Lino (2012)

. infraestrutura verde; ecologia urbana; cidade de Santos;
Almeida (2013) A o
resiliéncia urbana; arborizagdo urbana; corredor verde
ecologia urbana; ecossistemas; arquitetura; urbanismo;
Lotufo (2013) ecolog 4
infraestruturas verdes
. infraestrutura verde; jardim de chuva; espécies nativas;
Almeida et al. (2014) J P

ecologia urbana; jardim sustentavel
ecologia urbana; planejamento da paisagem; infraestrutura
verde; escoamento superficial; drenagem urbana

Source: Prepared by the authors, 2020. Note: The keywords are presented in Portuguese and
spelled according to the original text.

Gongalves and Nucci (2017)

Figure 6 also shows this spread of themes that overlap with “ecologia urbana” [urban
ecology], with emphasis on “desenho ambiental” [environmental design] and “drenagem
urbana” [urban drainage]. In addition to another axis aimed at “arborizacdo urbana” [urban
afforestation], “resiliéncia urbana” [urban resilience], and “corredor verde” [green corridor].
Regarding the word cloud, themes related to “drenagem urbana” [urban drainage] such as
“bacia” [basin], “solo” [soil], and “escoamento superficial” [runoff] appeared, as well as

typologies such as “jardim de chuva” [rain garden] and “parques lineares” [linear parks].

Figure 6: Overlap among themes and word cloud of articles with Gl and “ecologia urbana” [urban ecology]
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4.5 Green infrastructure and urban landscape
Finally, Table 6 presents the articles with the keywords “paisagem urbana” [urban

landscape] and Gl. Calderari et al. (2013) present the project for the Gléria Campus of the Federal
University of Uberlandia, focusing on the concepts of sustainability and drainage. Bondar and
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Hannes (2014) analyze the possibilities of implementing Gl in a neighborhood in Sdo Paulo;
Borba and Mendonca (2015) carry out Gl proposals for the city of Suzano, Sdo Paulo. The authors
Foloni and Constantino (2016) present an extensive bibliographic review about projects that seek
to reconcile urban rivers with the landscape. Carvalho (2016) discusses the role of green areas
and the transformation of the city landscape into consumer goods.

Table 6: Articles with the keywords Gl and “paisagem urbana” [urban landscape]

Reference Keywords

paisagem urbana; recursos hidricos; campus universitario;
infraestrutura verde; projeto urbano sustentavel
infraestrutura verde; paisagem urbana; rodoanel
metropolitano; Mandaqui

Calderari et al. (2013)

Bondar and Hannes (2014)

Borba and Mendonga sistema de infraestrutura verde; paisagem urbana; Suzano
(2015)

Foloni and Constantino paisagem urbana; rios urbanos; infraestrutura verde
(2016)

urbanismo ecolégico; paisagem urbana; infraestrutura

Carvalho (2016) verde

Source: Prepared by the authors, 2020. Note: The keywords are presented in Portuguese and
spelled according to the original text.

In contrast to the previous figures, it is possible to observe in Figure 7, that the
“paisagem urbana” [urban landscape] theme is not superimposed on the other main themes
analyzed. It certainly does not mean that the theme does not overlap with others; it justindicates
that specific keywords are used by the group, which are not used by other authors. Within the
group's word cloud, “sustentabilidade” [sustainability], “cidades” [cities], “ambiental”
[environmental], and “rios urbanos” [urban rivers] stand out, in addition to the name of the
places where the projects presented in the articles were developed.

Figure 7: Overlap among themes and word cloud of articles with Gl and “paisagem urbana” [urban landscape]
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5 CONCLUSION

This work aimed to present an overview of the main research trends in the field of Gl
from the analysis of keywords in articles. For the delimitation of the research corpus, only articles
published in indexed Brazilian journals were selected, until the end of 2018, which contained the
Gl (and its variations) as a keyword. The search was performed on Google Scholar and returned
64 results.

In addition to Gl, 35 other keywords were identified in the articles and the most
recurring were: “sustentabilidade” [sustainability], “desenho ambiental” [environmental design],
“drenagem urbana” [urban drainage], “ecologia urbana” [urban ecology], and “paisagem
urbana” [urban landscape]. It was not possible to identify a trend regarding the increase or
decrease in the use of these main keywords over the analyzed period, probably due to the wide
dispersion of terms used by the authors.

Some interesting correlations between the themes can be pointed out based on the
observation of keywords that are used concomitantly by the authors: “drenagem urbana” [urban
drainage] and “sustentabilidade” [sustainability]; “desenvolvimento sustentdvel” [sustainable
development] and “mudancga climdtica” [climate change]; in addition to “planejamento urbano”
[urban planning] with “dreas verdes” [green areas] and “parques” [parks]. Highlight for the
theme “resiliéncia urbana” [urban resilience], which was the one with the most correlations.

To detail the research themes associated with Gl, the articles that contained the most
used keywords were analyzed separately. From this analysis, it was possible to obtain an
overview of the subjects covered. Most of the works can be classified as case studies: both design
solutions for different locations and scales of intervention are presented, as well as analyzes of
existing works.

Theoretical works are exceptions. Lotufo's article (2013), for example, debates the
relationship between nature and built space. Foloni and Constantino's (2016) article presents a
bibliographic review on projects that seek to reconcile the urban rivers and landscape. In
addition, the article by Carvalho (2016), which discusses the role of green areas and the
transformation of the city's landscape into consumer goods.

Furthermore, from the analysis of the figures where the overlaps among the keywords
are presented, it is possible to highlight the “drenagem urbana” [urban drainage] as being a
cross-sectional research area, which touches on the other main themes within the GI. The
“paisagem urbana” [urban landscape], in contrast, presented itself as a more delimited research
area, without overlapping with the other main themes within the Gl.

To conclude, it is worth emphasizing how important the choice of keywords is so that
scientific papers are found by other authors in the area, as well as their content is properly
identified and classified. It is expected that the results presented in this study can contribute to
future works in the area of Gl - whether in the identification of the most used keywords within
each theme, or even in the unification of the keywords and dissemination of the most common
spelling used by the authors - to facilitate communication among peers.
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Appendix 1: Articles with the keywords Gl published in Brazil (until the end of the year 2018).

Authors Title Journals Page Year
Cormle.r, N.S.; Infra-es’trutura Verde: uma estratégia paisagistica Palsggem e 197142 2008
Pellegrino, P.R.M. para a agua urbana Ambiente
Herzog C.P.; Infraestrutura Verde: sustentabilidade e resiliéncia Revista
Rosa fZ. ! ara a paisagem urba.ma Eletronica p2-115 2010
P P paisag LabVerde
. Infra-estruturas Verdes para um futuro urbano Revista
Ferreira, J.C.; . . (. - L
sustentdvel. O contributo da estrutura ecoldgica e Eletronica 69-90 2010
Machado J.R.
dos corredores verdes LabVerde
Revista
Inf trut Verd Sdo Paulo: d
Franco, M.A.R. niraestrutura verde em >ao Faulo: 0 caso do Eletrdnica  [135-154 | 2010
corredor verde Ibirapuera-Villa Lobos
LabVerde
. . Revist
Silva Filho, D.F.; Valoragdo das arvores no parque Ibirapuera — SP: evnsﬁa.
R . . Eletronica 11-25 2010
Tosetti, L.L. importancia da Infraestrutura Verde urbana
LabVerde
Akinaga, P.;
Namba, M.; .
Cunha, I.; Paisagem recriada: projeto de descaracterizagdo Revista
oo o ! Eletrénica 117-133 2010
Vinueza, G.; das barragens da Mina da Cachoeira
LabVerde
Fontes, G.L.;
Negro Junior, A.
- Revista
F?nseca, M.L.P.; A na.tureza e a cultura como estratégia de desenho Eletrdnica b7-43 2010
Vital, G.T.D. ambiental para Estrela do sul
LabVerde
. Corrego Barreiro — configuragdo paisagistica e Revista
Kahtouni, S.; L A a .
. modelagem hidrdulica: uma experiéncia Eletronica n5-67 2010
Yazaki, L.F.O.L. e
multidisciplinar LabVerde
Ledo, L.C.C; Uma Infra-estrutura Verde para a bacia do cérrego | Paisagem e
Sanches, P.M.; ! “estrutu P € '€ 43-58 2010
Po4, Tabodo da serra, SP Ambiente
Souza, F.B.
Dobbert, L.Y.; Redutos rurais: estratégia de resiliéncia e Revista
Tosetti, L.L.; Infraestrutura Verde urbana. Estudo de caso em Eletrénica B1-44 2011
Viana, S.M. Valinhos, SP — Brasil LabVerde
A importéancia da Infraestrutura Verde no desenho Revista
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