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Abstract

Due to urban population growth, there is increasing pressure to utilize open spaces in urban centers, particularly in challenging
areas like watercourses. However, traditional approaches such as canalization and drainage techniques have proven ineffective and
unsustainable in the face of climate change challenges. This research aims to analyze the landscapes and multifunctionality of river
environments in Angers, France, identifying their functions and historical evolution, considering the population contributions and
the impact on quality of life. The research employed a geohistorical analysis to examine the social, economic, and environmental
dimensions through the construction of a historical timeline depicting changes in the urban space influenced by the municipal-
ity’s watercourses (Quantitative analysis). Additionally, key actors’ actions were captured and discussed through interviews and
questionnaires (Qualitative analysis). This comprehensive approach facilitated the analysis of the evolutionary process of urban
rivers and the identification of their multifunctional use, contributing to urban sustainability. The implementation of green and
blue infrastructures (GBIs) played a significant role in this process, and participatory interventions helped garner public support
for reintegrating rivers into the urban landscape. The interviews highlighted that the successful implementation of multifunctional
infrastructures relies not only on clear legislation but also on political will and the adoption of sustainable economic alternatives.
Keywords: garden history, green and blue infrastructures, sustainable cities, urban watercourses.

Resumo

Trajetoria de paisagismo e multifuncionalidade em torno de rios urbanos: o caso de Angers
Devido ao crescimento populacional urbano, existe uma pressao crescente para utilizar espagos abertos em centros urbanos, espe-
cialmente em areas desafiadoras como cursos d’agua. No entanto, abordagens tradicionais, como canalizaggo e técnicas de drena-
gem, tém se mostrado ineficazes e insustentaveis diante dos desafios das mudangas climaticas. Esta pesquisa tem como objetivo
analisar as paisagens e a multifuncionalidade dos ambientes fluviais em Angers, na Franga, identificando suas fungdes e evolugao
historica, considerando as contribuigdes da populag@o e o impacto na qualidade de vida. A pesquisa utilizou uma analise geo-his-
torica para examinar as dimensdes sociais, economicas e ambientais por meio da constru¢do de uma linha do tempo histérica que
retrata as mudancgas no espago urbano influenciadas pelos cursos d’agua do municipio (Andlise quantitativa). Além disso, as agdes
dos principais atores foram capturadas e discutidas por meio de entrevistas e questionarios (Analise qualitativa). Essa abordagem
abrangente facilitou a andlise do processo evolutivo dos rios urbanos e a identificagdo de seu uso multifuncional, contribuindo para
a sustentabilidade urbana. A implementag@o de infraestruturas verdes e azuis (IVAs) desempenhou um papel significativo nesse
processo, e intervengdes participativas ajudaram a obter o apoio publico para reintegrar os rios a paisagem urbana. As entrevistas
destacaram que a implementacdo bem-sucedida de infraestruturas multifuncionais depende ndo apenas de legislag@o clara, mas
também de vontade politica e adog@o de alternativas econdmicas sustentaveis.
Palavras-chave: cidades sustentaveis, cursos d’dgua urbanos, historia dos jardins, infraestruturas verdes e azuis.

Introduction free spaces within urban perimeters as well as agricultural

spaces on urban peripheries (Mok et al., 2014; Sousa et

The rapid and disordered growth of cities, especially al., 2022). Many of these occupied spaces comprise the

after the industrial period, has led to the effect of conurbation ~ surroundings of rivers and their floodplains (Bonin, 2007,
and to the suppression of vegetation and occupation of Sousa et al., 2022).
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Problems such as floods and changes in the spatial
distribution of rainfall, river silting, air pollution, soils,
rivers and surface and underground aquifers have become
common, especially in industrial cities (Silva and Travassos,
2008). During the last decade, due to climate change, these
problems have worsened, and others have occurred, such
as heat islands, lack of water and energy, and impacts on
transport systems due to flooding (IPCC, 2013; PBMC,
2016; Hoegh-Guldberg et al., 2019). Watercourses played
a role in recreational events supporting structures such as
fountains and public baths (Biquet, 2016) and facilitated
agriculture through irrigation canals (Dermody, 2014).
Thus, evaluating the actions of local governments to reduce
these effects is essential for the development of more
sustainable and resilient cities (Teixeira and Pessoa, 2020).

In this context, starting in the 1970s, international
conferences (the Club of Rome, United Nations Conference
on the Human Environment in Stockholm-Sweden, and
Eco 92 in Rio de Janeiro-Brazil) established the concept
of Sustainable Development in Agenda 21, which aims to
improve the quality of life through ecological, ethical and
participatory alternatives that are concerned with inherited
cultural and natural values (Hoyuela-Jayo, 2017).

The member countries of the European Union
(EU) have adopted the “Pan-European strategy for the
protection of biological diversity and landscapes”. This
strategy aims to establish a European ecological network
comprising core zones, ecological corridors, zones to be
restored, and buffer zones. This initiative has led to the
development of the “green and blue plot” (GBP) concept
(Lamond and Everett, 2019; Sousa et al., 2022), which has
been integrated into the legislation of various countries,
including France, at different territorial levels (Clergeau,
2012; TAU, 2011; Oliveira and Costa, 2018).

In addition, there are diverse ecosystem services
(ES) that are attributed to GBI, including health, leisure
(including tourism activities) and entertainment, fostering a
sense of belonging and community, besides risk prevention
and biodiversity reserves (Cormier et al., 2010; Laugier,
2010; Raimundo and Sarti, 2016; Paiva et al., 2020; Drew-
Smythe et al., 2023). There is a growing consensus that
these services have a vital role in urban sustainability
(Coutts and Hahn, 2015; Kim and Coseo, 2018).

Correlating ES and multifunctionality poses new
challenges for future public policies, requiring a balance
between ecological, social and economic functions
(Hansen and Pauleit, 2014). Given the complexity of urban
ecosystems, incorporating the concept of ES into decision-
making processes can promote progress in biodiversity
preservation within urban environments (McDonald, 2009).
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GBIs facilitate the creation of multifunctional green
spaces (Lotfi, 2017; Salgado et al., 2020; Garcia, 2021;
Sousa et al., 2022; Luz et al., 2023), which are increasingly
valued by public actors (Clergeau, 2012; Mehdi et al,,
2012). Urban rivers and their surroundings present an
opportunity to innovate city planning, restore ecology, and
create valuable public spaces (Mondragéon-Monroy and
Honey-Rosés, 2016).

In this context, the objective of this study is to
analyze the trajectory of the landscape transformations
and multifunctionality of the surrounding rivers of the
city of Angers (France) and the influence on the quality
of life by identifying their functions and evolution.
Geohistorical analysis is crucial when studying landscape
and urban sustainability as it allows for the observation
of transformations over time. Besides of this, the
contributions of public actors and the view and feelings
of the population were also analyzed. This analysis
enables the evaluation of the present state and prediction
of future directions, aiding in better management of urban
territories with more sustainable practices. To achieve
this, the use of questionnaires and semi-structured
interviews with key stakeholders, managers, and users
of urban rivers provides essential insights (Berque, 1994;
Coy, 2013; Verbrugge, 2019; Sousa et al., 2022).

Material and Methods

Angers is the core city of the second largest metropolis
in the Pays de la Loire region in France. Known as the
plant pole of France (Pavie and Riviére, 2011), it has an
area of 42.7 km?, a population of 154,508 inhabitants, and
a population density of 3,581 inhabitants km™ according
to the last census conducted by the National Institute of
Statistics and Economic Studies in 2018 (INSEE, 2020).
It has a Cfb oceanic climate according to the Koppen
classification (Mballo et al., 2021). The hydrographic
density is a striking feature of the territory; as one of the
largest confluence zones of France within the set of low
Angevine valleys (SCoT, 2016), it is classified as a wetland
with international importance.

To assess the changes in land use and occupation along
watercourses in the city of Angers, France, three analyses
were performed: a) geohistorical analysis of the landscape
using Patchwork Quilt methodology (Paiva et al., 2021),
which was developed for studies of historical gardens and
integrates analyses of different areas to construct the history
and evolution of a space; b) quantitative analysis of land
use and occupation around the rivers; and c) qualitative
analysis via questionnaires and interviews (Figure 1).
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Figure 1. Methodological scheme, encompassing the analysis performed: Geohistorical (blue),
quantitative (green), and quali-quatitative (yellow).

Quantitative analysis

Acompilation of geohistorical information on the origin
and formation of the city was performed encompassing
the social, economic, and environmental dimensions by
using bibliographies, iconographies, topographic maps
from 1776 to 2016 and aerial photographs from 1958 to
2016. The aerial photographs were the most recent images
publicly available for analysis on the website of the
National Institute of Geographic and Forestry Information
(IGN) and the Municipal Archives of the City of Angers.
The maps and aerial photographs were georeferenced
and analyzed using QGIS 3.6 software (QGIS, 2017)
following the cartographic standardization proposed by
Menezes and Fernandes (2016).

This analysis involved tracing a historical timeline
of changes in the urban landscape influenced by the
municipality’s watercourses and identifying the current
state of these areas using the most recent aerial image
available (2016). Subsequently, the data were analyzed by
observing the changes in the landscapes of watercourses
at different times as well as their uses while considering
the main transformations in the landscapes analyzing
city maps from different periods. It was analyzed how
natural, sociocultural, and economic processes and their
interactions materialize in the landscapes of urban rivers
and how public policies contribute to this.

This study examined the social, natural, and economic
dimensions of river environments. The social dimension
encompasses leisure, entertainment, and cultural aspects
that contribute to overall well-being. The natural dimension
focuses on preserving the natural habitats and biodiversity
of riverbeds and banks. The economic dimension considers
commercial activities, industries, and the value of land
adjacent to rivers. These dimensions are interconnected,
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although in some cases, one or more dimensions may take
precedence over others.

The areas surrounding the major river axes that cross
the municipality were analyzed, as well as the small rivers
that make up the city’s drainage network, accounting for the
flood zone that is included in the flood risk prevention plan
(PPRI, 2017). The immediate surroundings of the small
rivers were identified in the maps of a larger scale; some
are not registered in the cartography of the watercourses of
the Maine and Loire.

Watercourses that had a natural bed at their origin
were considered, even when strongly anthropized (such as
channeled watercourses) and therefore mischaracterized and
lifeless (IG, 2015). Thus, a buffer of 100 m was made around
the flood zone that encompasses the banks of the Maine
River and Lake of Maine and 30 m for smaller water courses
(up to 10 m wide).

Quantitative analysis of land use and occupation
around urban rivers (PLUi)

The data on land use and occupation were obtained for
analysis through the website (IGN) and were the most recent
for 2016. These data were updated by manual vectorization
in 2019 and then grouped into four categories: a) Impervious
zones: built and/or paved areas with impermeable surfaces;
b) Herbaceous vegetation and other permeable areas:
herbaceous formations (lawns and pasture, arable land,
rose bushes); ligneous formations such as vineyards and
lianas (vines) and zones with mineral material (rock-earth,
railways, trails, beds); ¢) Tree vegetation (wooded spaces):
tree formations with a dominance of hardwoods or conifers
of variable surfaces (from forest to forest). Shrub and
subshrub formation; d) Water surface: surface occupied by
rivers, lakes, dams, etc.
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The percentage of each class within the study zone
was calculated and the plant components present in the
urban planning documents were identified (Table 1). The

multifunctional uses around the rivers were highlighted
based on the registration of green spaces by the Angers parks
and gardens service.

Table 1. Plant components protected by the urban planning code and identified in the master plan

Plant Component

Definition

Woodland, forest or reforestation that correspond to landscape, social, ecological or

Heritage arboreal space

heritage issues.

Woodland, forest or space with a prevalence of tree species whose landscape role is

Tree presence recognized

Landscape space to be preserved

Heritage gardens

“Heart island”

recognized.

Space open to the public, managed by the public agency, has leisure and entertainment
infrastructure (public gardens, urban parks, squares, green spaces...)

Ornamental space characterized by a very structured composition plane.

Set of private gardens with plant dominance, considered “breathing space” in the

inhabited urban area.

Linear elements that structure the landscape following waterways and path circuits,

Hedges, alleys, tree alignment

Landscape structural axes

Notable trees

Qualitative analysis: Questionnaires and interviews

Interviews were conducted to capture and discuss the
actions of key actors in the territory, while questionnaires
were used to gather the population’s perception of these
spaces regarding the urban watercourses in Angers.

Structured questionnaires

A questionnaire consisting of 22 direct and descriptive
questions, in French language, was used in this study. The
questionnaire covered socioeconomic characteristics (age,
gender, income, and education), opinions on watercourses
and their landscapes regarding quality and accessibility,
evaluations of water presence in public green spaces,
desired uses for these areas, and respondents’ relationship
with green spaces, vegetable gardens, and gardens.

A total of 433 participants from Angers and the
metropolitan region voluntarily completed the questionnaire
between October 2019 and July 2020, using the Google
Forms platform. The respondents remained anonymous.
Nonprobability sampling by accessibility was employed,
where participants were selected based on convenience,
volunteerism, or chance encounters (Aaker et al., 2001).
The sampling method allowed for a 5% margin of error.

Descriptive statistics and frequency distribution were
employed for data analysis (Martins and Theo6philo, 2009),
and the collected data were compiled and analyzed using
the R software (R CORE TEAM, 2016).
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valuing and creating perspectives.

Penetrating roads and boulevards that circulate throughout the city. They participate in
the landscape reinforcement of the urban space.

Exceptional living trees in terms of their age, size, shape, past or even history.

Semi-structured interviews

The use of semi-structured interviews allows the
exploration of facts whose discourse is the main vector in
regard to representation systems (constructed thoughts) and
social practices (experienced facts) (Blanchet and Gotman
1992).

The interviews were conducted with different local
actors, e.g., representatives of a civil society, such as
the Association of the Bird Protection League (LPO)
(Representative 1), and of the private sector, such
as the Association of Commerce and Industry (CCI)
(Representative 2), of the public sector, such as the Director
of Parks and Gardens of Angers (Representative 3) and the
Vice-President of Ecological Transition and Displacement
(Representative 4). Semi-structured interviews were
conducted with key actors, and the survey questions were
adapted based on each interviewee’s profile and role. The
objective was to gather their perspectives on green and blue
infrastructures (GBls), their primary components, and the
challenges they faced during implementation. The clarity
of legislation on this topic and efforts made to address any
issues were also explored.

All interviews were recorded with the participants’
consent, and relevant excerpts containing their responses
to the questions were transcribed for further analysis and
discussion.
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Results and Discussion

Angers, origin and the situation of the rivers before
the French Revolution

The city is mostly cut by the Maine River and its
tributaries, which flow into the Loire River in the south of
the territory, crossing the urban area of the city. Within the
urban zone, on its right bank, the Maine River has tributaries
with preserved natural landscapes; on the left bank, there is a
denser drainage network, which remains largely buried.

The city of Angers in France was established at the
confluence of the Mayenne, Sarthe, Loir and Loire Rivers,
in the presence of a rock formation strategically positioned
along the course of the Maine river, favoring the formation
of the first human grouping during the Roman period, in the
5th century BC (Esnaut, 2016).

In Angers, watercourses served various functions
throughout history, similar to Roman cities. They
provided essential resources for daily needs and offered
cultural, leisure, and religious services (Wech, 2013).
Watercourses played a role in recreational events like

naumachias, while also supporting structures such as
fountains and public baths (Biquet, 2016). Additionally,
they facilitated agriculture through irrigation canals
(Dermody, 2014).

Since the Roman era, watercourses in Angers have
experienced the impacts of urban development, which
intensified during the Middle Ages due to increased
sanitary loads, waste from commercial and manufacturing
activities, urban pollution, and encroachment on the
riverbanks (Baptista and Cardoso, 2013). In many medieval
cities, including Angers, watercourses were buried under
densely built houses, effectively disappearing from the
landscape (Coy, 2013). During that time, the Maine River
served purposes such as transportation, defense, fishing,
energy production, and commerce (Carcaud et al., 2019).

Beyond the fortified city, the landscape surrounding
the Maine River and its tributaries retained natural
features, exhibiting a wilder aspect and supporting
agricultural activities, including vineyards, pastures,
gardens, and kitchen gardens of monasteries and country
houses (Figure 2).

Land use and occupation
Urban Zone
[ Reduced Vilage
I Muttiply Vilage
I Unified Vilage
i} Intra-mur
Il Commercial Zone
Natural and agricultural zones
Wetlands

-+~ Omamental and Condimental Gardens
— Hydrography
Carreer

Figure 2. Representative map of the village of Angers and the landscape of its rivers in the Middle Ages
(Author: Rafael Brito, 2021, Adapted from Esnaut, 2016 and Carcaud et al., 2019).

The city of Angers remained within the wall and
maintained the same characteristics of the 16% century over
the next two centuries (Carcaud et al., 2019). The rivers
and their banks mainly performed functions of supplying
houses, navigation and commerce in the ports, with the
landscape surrounding the watercourses outside the city
having a more natural and agricultural character in the
flooded plains.
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Post-French Revolution period, urban expansion
and the economic function of rivers

After the French Revolution (1799), the city expanded
beyond the walls, modernizing and a strong development
of industry occurred. Large works of urban expansion and
regularization of watercourses (channeling and drainage)
contributed to the economic functions of Maine and its
tributaries, significantly altering its landscape. The walls
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were replaced by boulevards, connecting the two sides of
the Maine River by new bridges to favor its connection
with the railway line and the ports. Maine’s shores were
channeled and stabilized with paved piers (eg Réne-Bazin
and Ligny Piers), receiving a set of constructions, such as
hotels and commercial houses, to meet the demands of
commerce and industry (Biquet, 2016).

Hygienist period - the sources of drinking water

From 1832 to 1854, Angers faced a shortage
of drinking water, leading to epidemics of cholera
and tuberculosis (Bertoldi, 2015). To address these
challenges and improve living conditions, the city
underwent modifications based on hygienist principles.
These principles emphasized the construction of sewage
and storm drainage systems to control floods and prevent
diseases (Baptista and Cardoso, 2013).

Thus, many streams and springs in Angers were diverted
to the rainwater networks, which were replaced by a network
of water distribution sources, in addition to the construction
of baths and public laundries (Bertoldi, 1991; Bertoldi, 2000;
Bertoldi, 2008; Bertoldi, 2010; Pointereau, 2016).

Industrial revolution and the disappearance of
canals and watercourses

By the late 19th century, the urban area of Angers
had expanded threefold compared to medieval times,
encompassing the entire length of the Maine River’s banks.
In line with the trends observed in industrialized nations, the
urban watercourses, often referred to as “industrial rivers”
(Frioux, 2010), were extensively canalized and enclosed
within walls. This was done for sanitation purposes and
to accommodate the construction of road infrastructure.
As a result, the rivers gradually vanished from the urban
landscape (Bernhardt and Palmer, 2007; Coy, 2013), and
consequently, the presence in the collective consciousness.

Valuing watercourses through the construction of
green areas and landscape heritage

In the late 19th and early 20th centuries, the valleys
surrounding the rivers in Angers experienced a decline
in agricultural and river transport activities due to the
modernization of irrigation practices and the rise of road
transportation (Montembault, 2004). However, during
this period, these valleys began to regain attention as they
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were transformed into green spaces such as parks, gardens,
cemeteries, and public walkways (Mehdi et al., 2012;
Bodenan, 2013). The significance of incorporating water
elements into the design and location of parks and gardens
was already recognized in the 19th century in works like
“Traiteé général de la composition des parcs et gardens” by
André (1879).

Consequently, numerous green spaces emerged along
the rivers in Angers, including the Garden of Plants,
Cemetery of the East, Promenade des Fours a Chaux,
Promenade de la Baumette, Quay of Savatte, Garden of the
Tower of the English, Square Jeanne D"Arc, as well as the
protected sites (listed under the law of 1930) such as the
meadows of Baumette and Etang Saint Nicolas. Together,
these parks and green spaces reflect the heritage value
attributed to the areas surrounding the Maine River and its
tributaries (ALM, 2019).

The “Glorious Thirty” and the new urban pressure
on rivers

During the period of 1945 and 1975, France went
through a period of strong economic and industrial
activity, known as the “Glorious Thirty”. Existing soils in
floodplains were explored and landfills were created for the
expansion of new blocks. There was also the construction
of highways that connect the road network to the city center,
in an operation called “Penetrant” (Figure 3) (Carcaud et
al., 2019). The place where the soil was removed gave rise
to a lake, the Lake Maine (Angers, 2020).

Until the mid-19th century, rivers played a significant
role in defining the boundaries of urban growth. However,
advancements in technology and the adoption of hygienist
principles prompted the expansion of urban areas across
rivers and floodplains. As a result, the Maine River and
its tributaries were channeled and drained, while the
surrounding valleys gained importance as sites for the
development of public green spaces.

Sustainable development and the search for the
revitalization of water courses

Through  participatory and  transdisciplinary
(democratic) processes, society participates in land
management processes, contributing to raising awareness
about the importance of rivers and changing habits to
reintegrate them into city landscapes (Figure 4).
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Land use and occupation

around urban rivers
(19th and 20th century)

Cordenate system: datum RGF33 /
Lambert-93
Source: 1GN 2018
Autor: Rafael Brito (2019)
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. Meadow
XIX Century
- Green areas
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Figure 3. Representative map of urban expansion after the industrial revolution.

Land use and
occupation in the 21th
century

A

Cordenate system: datum RGF93 /
Lambert-93

Source: IGN 2018
Autor; Rafael Brito (2019)

Multifunctional uses
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Urban Zoning 2016
[-] Agricultural Zone
I Matural Zone
8 Urban Zone
- Industrial and Commercial Zone
B water surface
—— Channeled watercourse
Limites
[ Angers perimeter
{7} Boulevard (Intra-mur)

13 Promenade Yolande Aragon 19 Parc Frangois-Mitterand
8 Promenade Jean-Ture 14 Prairies de la Tournerie 20 Parc de la Chalouére

9 Jardin de cale de la Savatte 15 Ile Saint-Aubin 21 Jardin du Saule

10 Jardin de la Tour des Anglais 16 Parc du Vallon 22 Parc Samt Serge

17 Parc Demazis - Rives Vivantes

18 Coulée Vert

7 Square Jeanne D’ Arc

1 Jardin de plante

2 Cimitiére de L'Est

3 Etang Saint Nicolas

4 Prairie de la Baumette
5 Jardin du musée Jean-Lurcat 11 Parc BAlzac

6 Parc Belle Fontame 12 Parc du Lac Maine

Figure 4. Representative map of the green spaces surrounding the Angers
rivers and new projects for the reconstruction of the margins.
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Quantitative analysis of land use and occupation
around urban rivers (PLUi)

The Local Urban Plan (Plano Local de Urbanismo
-PLU) replaced the old Land Occupation Plan to address
sustainable development projects, including GBIs and
other policies for landscape protection and risk and flood
prevention (PPRI) (Cormier et al., 2010).

According to our analysis of land use and occupation,
in the study area of 16.26 km?, 15% of surfaces are water
surfaces, 17% are occupied by buildings and asphalt

445

(impermeable), 12% are occupied by tree vegetation, and
56% are permeable areas that are covered with herbaceous
formations, small vegetation or mineral material (Figure
5). Angers retains a significant amount of permeable soil
due to the presence of expansive floodplains located to the
south and north of the city. These areas, known for their
ecological significance and biodiversity preservation, have
managed to maintain their accessibility while implementing
low-impact infrastructure, and can be classified as green
areas (Garcia et al., 2021).

17%

Land use and occupation

pw Impermeable zone

B Water surface

B Urban [orest
Herbaccus vegetation and
mineral zone (permeable)

[] Study zonc

— Ilydrography

[ Urban perimeter
N

i

Cordenate system: datum RGF93 /
Lambert-93
Source: 1GN 2018
Autor: Rafael Brito (2019)

] 1 2 km
I I

Figure 5. Land use and occupation map with the classification of built-up areas (impermeable)
and permeable areas that are covered or not with tree vegetation

The concentration of impervious areas in the central
and industrial zones (Saint Serg) is due to the strong
occupation (Figure 5) that occurred mainly in the mid-
1960s (Carcaud et al., 2019). The choice to implement
GBIs has contributed to the maintenance of these
permeable and multifunctional areas.

The new urban planning documents (PLUi) have
guided recent legislation, in particular, its focus on the
identification and preservation of the vegetation heritage
of the territory and its definition of a GBI (PLUi, 2017).
The plant components provided by the urbanism code are
present in the surroundings of urban rivers and contribute to
the appreciation of these spaces (Figure 6).

Following the implementation of the PPRI, the
implementation of green spaces within unurbanized areas
has become an integral part of the mitigation of urban risks
(natural and anthropic) (Lotfi, 2017).
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Angers has 6.1 km? of green areas, accounting for
14.28% of its total area. These green spaces are strategically
distributed to ensure that every resident has access within
a 500 m radius (Angers, 2019). In comparison, the city of
Newark in the US has municipal legislation mandating a
minimum of 7% to 17% of urban territory for public parks,
depending on population density (Garcia et al., 2021).
In Angers, nearly half of these green areas (48.95%) are
located near rivers, taking various forms such as ecological
reserves, parks, gardens, squares, and sports parks, among
others (Figure 7). The city has received recognition from the
UNERP as one of the greenest cities in France, with a ratio
of 51 m? of green area per inhabitant in 2011 (Palmares,
2020). Similarly, the city of Newark boasts a comparable
index of 50.2 m? per inhabitant (Garcia et al., 2021). Both
cities enjoy ample provision of green spaces and large parks
within their urban networks.
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Figure 6. Representative map of the PLUi zoning plan around the rivers, with the different
plant components and risk areas of the rivers.
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Figure 7. Representative map of the multifunctional uses of
rivers and their surroundings in composition with GBIs.
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The French government has proposed connecting its
cities and their inhabitants to natural and agricultural areas
through GBIs at different scales (local, regional, national
and continental). The difficulty in implementing GBIs in
French cities stems from the recognition, still recent, of the
role of ES in urban planning projects, which have difficulty
collating quantitative data (vegetated spaces, population,
carbon stock, etc.) with qualitative data (perception,
representation, opinion, etc.) (Lotfi, 2017).

Qualitative analysis: semi
directive interviews

Concerning the total of 433 questionnaires’ respondents,
24% were men, 75% were women and 1% chose not to
identify themselves. The ages of the interviewees ranged
from 18 to over 75 years, with young people aged 18-
25 years accounting for 30.7%. Adults aged 26-60 years
accounted for 60%, elderly adults (over 61 years) accounted
for 9.2%, and only 2% were older than 75 years. Among
the respondents, 57% were residents of Angers and 80%
of these respondents lived in neighborhoods bordering the
Maine River.

The average income of the respondents was between
less than minimum wage (SMIC) and 3,000 euros, which
corresponds to the lower middle and middle classes in
France and represented 87% of the total sample.

The five places most cited by the respondents as
preferred to enjoy nature and rest are Park du Lac Maine
(48.5%), Park Saint Nicolas (47.1%), Park Balzac (43.8%),
Aubin (34.4%) and Jardin des Plantes (33.2%), all of
which are located near or around a river. The least cited
were unrelated to rivers, i.e., located in blocks that do not
border the Maine River or at points that are distant from it.
When walking through these sites, 68.36% reported paying
attention to animals and plants, and 13.16% reported taking
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advantage of nature without necessarily paying attention to
plants and animals. Experiencing nature is a strong reason
that leads people to frequent green areas (Salgado et al.,
2016; Giannakis et al., 2016; Sousa et al., 2022).

To obtain the opinion of the respondents, who needed
to identify three additional pleasant environments, we
presented them with images of A) a wooded and gardened
square, B) a lake with surrounding vegetation, C) a river
and its floodplain, D) a wooded sidewalk, E) a sidewalk
with benches and gardens in its surroundings that is
close to a circulation road and F) a source with trees in
its surroundings. The image with the highest selection
frequency was of a lake with surrounding vegetation
(92.1%), followed by a wooded and gardened square
(86.6%). In contrast, the image showing a sidewalk with
benches and gardens in its surroundings near a road was the
least selected (19.6%).

Two of the options that were preferred by the
respondents showed water in more natural ways in
a landscape (lake, river): 90.5% of the respondents
confirmed this importance. Water plays an important role
in the attraction to green spaces and their contribution
to human health (Chen et al., 2020; Zhang et al., 2021;
Sousa et al., 2022). When asked what Angers’ rivers and
streams they knew best, most of the respondents identified
the Maine River (82.2%), Mayenne River (36.5%) and La
Sarthe River (33.7%), which are larger in water volume,
followed by the Jardin de Plantes (24.9%) and Brionneau
(15.7%), which are smaller.

The main relationship between the respondents and
the rivers and their banks in the city that we established
is contemplative use (74.36% of respondents) (Figure 8).
Among the respondents who said that they did not like
rivers, 7% justified their choice due to poor water quality,
while 3% just did not like them.

What kind of interaction do you have with rivers and lakes in Angers?

L 74,36%
R s I ] A B— — g

I seek watercourses and lakes to swim

—3.93%
- 3,46%
- 231%

- 0,23%

I seek watercourses and lakes to fish

I use watercourses and lakes to practice sports

I do not like

[ use them as a way of transport

15,70%

100 150 200 250 300

N° respondents

Figure 8. Most common uses of the Angers’ rivers according to the respondents
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Notably, people who live near multifunctional areas use
green areas more frequently (Soga et al., 2015), a use that
is favored by the implementation of the GBIs in Angers.

Forthisintegration of landscape and city to occur, itisalso
necessary to value the quality and accessibility (adequate
infrastructure) of green areas. Regarding the quality and
accessibility of the landscapes around the Angers’ rivers,
57.2% of the respondents considered them satisfactory and
accessible, 26.3% considered them of satisfactory quality
but difficult to access, 15.2% disapproved of their quality
but considered them accessible, and only 1.1% considered
them both unsatisfactory and inaccessible. Thus, the
Angers government has clearly invested in improving the

quality and accessibility of the city’s rivers in its program
to restore its margins, as discussed above.

In another question, which asked how the respondents
could participate in the management of the spaces around
the rivers, revitalization and protection with restricted
access was suggested by 46.6%, followed by a suggestion
to build bicycle paths for better access and utilization
(45.9%). As of 2019, Angers had 215 km of bicycle paths
in its municipal territory (Angers, 2019); at the regional
level, more people in Angers use bicycles to commute than
in others (Barré and Besnard, 2017). For the respondents,
the least indicated action was the closing and channeling of
rivers (1.4%) (Figure 9).

If you could participate of the management of rivers in the city what would you do?

I would like them to be reforested and protected with restricted access

I wish there was more bikelines to access and enjoy the rivers

I would like more parks and laser gardens built

| — 46,65%
45.95%

27.94%

I would like more urban horticulture and familiar gardens
I would like them to be channeled and closed for urban drainage

No opinion

26,32%

1,38%

0,69%

50 100 150 200 250
n° de respondents

Figure 9. Representative graph of what the respondents would like to be built around the rivers in Angers

The areas surrounding the rivers have been used
to encourage the practice of agriculture through the
construction of urban and family gardens (Angers 2019).
Analysis of the profiles of the respondents, specifically,
their contact with a field or agriculture, clarifies that 90%
have lived or had close contact with life in the field, while
10% have not had this experience. Additionally, 59.35%
had a garden; for those who did not have a garden, their
justifications were mainly a lack of space (26.8%), lack
of money (7.4%), or lack of time (2.7%), although 68.2%
stated that they like plants and animals.

When asked if they knew about shared and family
gardens in Angers, 43.2% indicated that yes, and 56.8%
answered no. Associations that are linked to the promotion
of urban agriculture, such as the Maison d"Agriculture
Urbaine (MAU), have promoted annual meetings between
producers and citizens to make gardens better known and
agriculture more practiced in the city. Interestingly, when
asked to indicate a type of construction around urban rivers,
25.8% of respondents indicated family and shared gardens.

Regarding the habits of the respondents, which also
indicate their preference for places of consumption, their
preferred places for purchasing fruits and vegetables were
markets (44.8%), followed by supermarkets (32.3%).
Their preference for markets highlights their value of
local products and contact with their producers, i.e., the
premises of urban agriculture. Moreover, supporting their
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preference for local products, 84.7% stated that would buy
local products produced near their homes, 25.4% stated
that they would not buy them, and 7.6% did not know how
to express their opinion.

Interviews

To identify the perception of the main actors in the
territory regarding the GBIs in Angers, we conducted
interviews with representatives of civil society associations,
such as the Bird Protection League (LPO) (Representative 1);
representatives of the private sector, such as representatives
of the Association of Commerce and Industry (CCI)
(Representative 2); and representatives of the public sector,
such as the head of works at the Park and Garden Directorate
(Representative 3) and elected representatives overseeing
Ecological Transition and Displacement (Representative 4).
The integration of the river into the city depends on factors
such as the economy, communication and transportation
methods, urban expansion projects, public policies, and the
behavior of the inhabitants (Coy, 2013).

Regarding human behavior, the representative of the
LPO stated that one of the main difficulties is to change the
view of people regarding GBIs:

[...] there is human pressure that causes all corners to
be colonized and occupied by them... they cannot stand the
idea of letting a space evolve naturally; they will see it and
think it is dirty and poorly cared for.
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Similarly, the representative of the Angers Park and
Garden Directorate expressed that it is difficult to sensitize
people to the importance of GBIs. However, we have found
that society seems to value green areas, as 90.53% of the
respondents to questionnaire indicated. The representative
stated the following:

[...] The difficulty lies in being able to show that since
we are in a flooded area, for example, the interest of this
land for the construction of a GBI is more important than
any interest in building housing, commerce or industry.

According to the other actors, such as the one in
charge of the Ecological Transition and Displacement
of the municipality, the difficulty in moving from theory
to practice is due to the need to change the habits of the
population in relation to the environment:

[...] the difficult thing is to change from good intentions
to good practices, because society must change its habits,
which is sometimes move difficult than changing legislation
(Respondent 4).

According to the CCI representative, one of the
elements that has driven companies to advance their
strategies in relation to the protection of natural resources,
such as water, is the behavior and demand of a population.

Indeed, despite the high environmental awareness
of some societies, most of their members do not see
themselves as part of the environment, and they do not
relate their daily lives and their attitudes to environmental
issues (Milanez, 2009).

The public authorities of several cities have already
realized the potential of the areas surrounding rivers to
perform large works in the common interest, such as GBIs,
to improve the image of their cities and, consequently,
their attractiveness to high-quality investments (Coy, 2013;
Lotfi, 2017; Sousa et al., 2022). In addition, these areas have
been recognized as important not only for their biological
richness, which contributes to a beneficial connection
between green spaces but also for their ability to contribute
to the reduction in risks related to climate change (Sepe and
Gomes, 2008).

According to the representative of the Angers Park and
Garden Directorate, the city is privileged in terms of its
GBIs and ecological connectivity due to its geographical
particularities. Currently, Angers has the Park des
Ardoisiéres and Etang Saint Nicolas in the east/west
direction and the Saint Aubin Island to the north; the latter
connects to the Loire Valley to the south through Maine
Lake Park and then to Maine River itself.

According to the person responsible for ecological
transitions, in France, in addition to the competence of
the state and region, approximately 30% to 40% of the
actions related to the implementation of a GBI are the
responsibility of a city. Thus, it is important that there is
political sensitivity to the issue in local governments.
According to the Director of the Association of Commerce
and Industry:

In terms of national policy, laws and regulations are
the same, but the political sensitivity of local governments
means that they are not at the same level; some have a
logic of impermeabilizing and concentrating cities at the
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expense of nature, while others have greater sensitivity to
the construction of green spaces and lower housing density.

According to the representative of the Park and Garden
Directorate of Angers, the most effective means for the
implementation of a GBI are urbanism, sensitivity and
political will, which aligns with Cormier et al. (2010).
According to the CCI representative, in addition to
legislation and political sensitivity, the awareness of
economic actors is important:

[...] In the last 10 years, the priority has been given
to economic development and perhaps a little less to the
environmental. We feel that after a few years there will be
an environmental awareness that is made a little by the
legislation and contracts, but I also think that it requires an
awareness on the part of the managers of companies to find
a balance [...] We are late, in the Pays de la Region Loire,
at addressing the issue of water resource management.
[Our resources] are highly polluted, we have conflicts
between agricultural, economic, human and population
use, and we feel that recently, i.e., as of 2 or 3 years ago,
the issues of water resources and repeated droughts have
become a big question.

This awareness of Angolan actors has already produced
effects through projects including the “Living margins”
“and “Requalification of Lake Maine”. However, these
economic actors recognize that there is still much to be
done in relation to water resources.

When asked about what companies have been doing
in relation to environmental policies and improving the
quality of Angers’ rivers, the CCI representative stated that
for more than 20 years, the integration of environmental
policies within industrial and commercial activities in
Angers has been accomplished. However, the issue of water
resources has been neglected, requiring greater attention:

Inthelast 2 or 3 years, the trade and industry association
has been working on water resource management, seeking
to accompany companies in their implementation of
sustainable solutions, such as the use of renewable energy,
everything that involves a circular economy, limiting waste
and reusing it for other purposes, and the management of
water resources through a reduction in consumption and a
return to better quality water.

In addition, in France, there is a corporate social
responsibility (CSR) policy that was proposed by the
European Commission; it highlights the “responsibility
of companies for their effects on society” and aims to
change the behavior of companies in favor of sustainable
development.

Although sensitivity to the issue of rivers and their
surroundings has affected different spheres in society,
according to the representatives of the CCI and the
Ecological Transition and Displacement department, there
are still groups that maintain interests that are contrary to
those proposed by the GBIs.

Although the sense of urgency to find solutions is strong,
society is still looking for a sustainable way to act. Thus,
these challenges need to be addressed by a joint and diverse
ecosystem of private actors, universities, civil societies and
politicians (Baccarne et al., 2016; Sousa et al., 2022).
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Analysis of the questionnaires and interviews shows
that Angolan society is moving toward a general awareness
of the ES that is provided by Angers’ rivers and their
surroundings to the city. Despite the conflicts over use
and interests that still exist, public and private actors have
been sensitized to the issue of urban rivers and have sought
alternatives that can contribute to their reintegration into
the urban landscape, thereby meeting the desires of the
population, who engage in participatory processes and
democratic decisions.

Conclusions

The geohistorical analysis conducted in Angers
reveals that the landscapes of its rivers have undergone
transformations over time, with the industrial period
witnessing significant channeling and alteration of rivers
and urban streams to prioritize economic functions over
natural and social aspects.

The restoration of the natural and social functions of rivers
is possible to achieve through sustainable development policies
that incorporate the notion of green and blue infrastructures
into a local urbanism plan. In this research, we have revealed in
the design of green spaces the possibility of a balance between
their functions that tend to favor multifunctionality. This
has been possible through the determination, in the urban
planning documents, of the landscapes of rivers as urban
heritage through the identification of the plant components
that compose these landscapes.

Interviews with public actors in Angers demonstrate
their awareness and understanding of the ecological
connectivity and flood control provided by rivers and
their surroundings. Private actors are also actively seeking
sustainable alternatives, such as adopting circular economy
practices, which can contribute to improving river quality
and enhancing the well-being of residents.

The inhabitants of Angers express positive opinions
regarding the integration of rivers into the urban landscape,
supporting multifunctional solutions like green and blue
infrastructures.

Given that water is essential for life, ensuring the good
quality of rivers is crucial for both economic development
and the overall quality of life. Recognizing the vulnerability
of rivers and their banks to the impacts of climate
change, Angers incorporates them into its urban territory
management. Participatory and transdisciplinary processes
foster broader societal awareness of the multifunctional
role of rivers, reintegrating them into the urban landscape
and enhancing the well-being of its residents.

Author Contribution

RBS: Project development, methodology, data collection,
statistical analysis, writing the original draft. PDOP: Methodology,
and editing. MVR:
Methodology project development, writing. NC: Methodology,

project development writing, review,

project development, writing, and review.

Ownam. Houtic. (Vicosa)

Acknowledgments

This work was carried out with the support of the Coordination
for the Improvement of Higher Education Personnel - Brazil
(CAPES), the National Council for Scientific and Technological
Development (CNPq), and of the Minas Gerais Research Support
Foundation (FAPEMIG), and the laboratory UMR(6590) ESO-
Angers. We are very thankful to the Graduate Program in Plant
Science of the Universidade Federal de Lavras for providing de
Doctorate Sandwich Program and Cotutele MoU.

References

AAKER, D.A.; KUMAR, V.; DAY, G.S. Pesquisa de
Marketing. Sdo Paulo: Atlas. 2001. 17p.

ALM - Angers Loire Metropole Communité Urbaine
2019. Available at: <http://www.angersloiremetropole.fr/
un-territoire-en-mouvement/urbanisme/site-patrimonial-
remarquable/index.html>. Accessed on: June 19, 2019.

ANDRE, EF. L’art des jardins: traité général de la
composition des parcs et jardins. Paris: Ed. Jeanne Laffitte,
1879. 888p.

ANGERS - Plan Vélo Angers 2019-2025. Available at:
<https://www.angers.fr/uploads/tx_pdfbox/plan_velo.
pdf>. Accessed on: June 20, 2021

ANGERS - Schéma Directeur des Paysages Angevins.
Available at: <http://www.angers.fr/l-action-municipale/
transition-ecologique-et-developpement-durable/schema-
directeur-des-paysages/index.html>. Accessed on: Oct 20,
2019.

BACCARNE, B.; LOGGHE, S.; SCHUURMAN, D.;
DE MAREZ, L. Governing quintuple helix innovation:
urban living labs and socio-ecological entrepreneurship.
Technology Innovation Management Review, v.6, p.22-
30, 2016.

BAPTISTA, M.B.; CARDOSO, A.S. Rios e cidades: uma
longa e sinuosa historia. Revista da Universidade Federal
de Minas Gerais, v.20, p.124-153, 2013.

BARRE, M.; BESNARD, S. Aller au travail a vélo: une
pratique assez bien ancrée dans les grandes villes de la
région. Nantes: INSEE, 2017. 2p.

BERNHARDT, E.S.; PALMER, M.A. Restoring streams
in an urbanizing world. Freshwater Biology, v.52, p.738-

751, 2007.

BERQUE, A. Cinq propositions pour une théorie du
paysage. Seyssel: Editions Champ Vallon, 1994. 122p.

BERTOLDI, S. De ’Eau et une fontaine pour Angers.
Archives d’Angers. Vivre a Angers, n.142, 1991.

V.29, N°. 4, 2023 p. 438-453


http://www.angersloiremetropole.fr/un-territoire-en-mouvement/urbanisme/site-patrimonial-remarquable/index.html
http://www.angersloiremetropole.fr/un-territoire-en-mouvement/urbanisme/site-patrimonial-remarquable/index.html
http://www.angersloiremetropole.fr/un-territoire-en-mouvement/urbanisme/site-patrimonial-remarquable/index.html
https://www.angers.fr/uploads/tx_pdfbox/plan_velo.pdf
https://www.angers.fr/uploads/tx_pdfbox/plan_velo.pdf
http://www.angers.fr/l-action-municipale/transition-ecologique-et-developpement-durable/schema-directeur-des-paysages/index.html
http://www.angers.fr/l-action-municipale/transition-ecologique-et-developpement-durable/schema-directeur-des-paysages/index.html
http://www.angers.fr/l-action-municipale/transition-ecologique-et-developpement-durable/schema-directeur-des-paysages/index.html

RAFAEL DE BRITO SOUSA et al.

BERTOLDI, S. Le premier c¢tablissement de bains
chauds. Archives d’ Angers. Vivre a angers, n.348, 2010.

BERTOLDI, S. Le premier réseau d’eau potable.
Archives d’Angers. Vivre a Angers, n.391, 2015.

BERTOLDI, S. L’eau ferrugineuse... oui! Archives
d’Angers. Vivre a Angers, n.320, 2008.

BERTOLDI, S. Les lavoirs municipaux. Archives
d’Angers. Vivre a angers, n.232, 2000.

BIQUET, O. Angers Formation de la ville, evolution de
I’habitat. Nantes: Ed. Revue, 2016, 528p.

BLANCHET, A.; GOTMAN, A. L’enquéte et ses
méthodes: I’Entretien. Paris: Nathan, 1992, 125p.

BONIN, S. Fleuves en ville: enjeux écologiques et projets
urbains. Strates. Matériaux pour la recherche en sciences
sociales, n.13, 2007.

CARCAUD, N.; ARNAUD-FASSETTA, G.; EVAIN, C.
Villes et riviéres de France. Paris: CNR Editions. 2019. 33p.

CHEN, C; LUO, W, LI, H.; ZHANG, D.; KANG, N;
YANG, X.; XIA, Y. Impact of perception of green space for
health promotion on willingness to use parks and actual use
among young urban residents. International Journal of
Environmental Research and Public Health, v.17, n.15,
p-5560, 2020. https://doi.org/10.3390/ijerph17155560

CLERGEAU, P. Services écologiques et Trame Verte
Urbaine. Note de recherche. Vertigo-la revue électronique
en sciences de I’environnement, n. Hors-série, 2012.

CORMIER, L.; DE LAJARTRE, A.B.; CARCAUD, N. La
planification des trames vertes, du global au local: réalités
et limites. Cybergeo: European Journal of Geography,
Aménagement, Urbanisme, v.504, p.1-33, 2010. https://
doi.org/10.4000/cybergeo.23187

COUTTS, C.; HAHN, M.G. Infrastructure, Ecosystem
Services, and Human Health. International Journal of
Environmental Research and Public Health, v.12, n.§,
2015.

COY, M. A interagdo rio-cidade e a revitalizagdo urbana:
experiéncias europeias € perspectivas para a América
Latina. Confins. Revue franco-brésilienne de géographie/
Revista franco-brasilera de geografia, n.18, 2013.

DERMODY, B.J.; VAN BEEK, R.PH.; MEEKS, E,;
GOLDEWIJK, K.; SCHEIDEL, W.; VAN DER VELDE,
Y.; BIERKENS, M.F.P.; WASSEN, M.J.; DEKKER, S.C.
A virtual water network of the Roman world. Hydrology
and Earth System Sciences, v.18, n.2, p.5025-5040, 2014.
https://doi.org/10.5194/hess-18-5025-2014

Ownam. Houtic. (Vigosa)

451

DREW-SMYTHE, J.J.; DAVILA, Y.C.; MCLEAN, M.C,;
HINGEE, M.C.; MURRAY, M.L.; WEBB, J.K.; KRIX,
D.W.; MURRAY, B.R. Community perceptions of ecosystem
services and disservices linked to urban tree plantings.
Urban Forestry & Urban Greening, v.82, p.127870, 2023.
https://doi.org/10.1016/j.ufug.2023.127870

ESNAUT, A. Angers. Angers: Musée des Beaux-
Arts, 2016. 128p.

FRIOUX, S. Fléau, ressource, exutoire: visions et usages
des riviéres urbaines (XVIIle-XXIe s.). Géocarrefour,
v.85,n.3, p.188-192, 2010.

GARCIA, C.S.G.; PAIVA, P.D.O.; BRUCK, J.; SOUSA,
R.B.S. Distribution of urban green spaces: Comparative
analysis between cities in different countries. Ornamental
Horticulture, v.27, n.1, p.8-19, 2021. https://doi.
org/10.1590/2447-536X.v2711.2151

GIANNAKIS, E.; BRUGGEMAN, A.; POULOU, D;
ZOUMIDES, C.; ELTIADES, M. Linear parks along urban
rivers: Perceptions of thermal comfort and climate change
adaptation in Cyprus. Sustainability, v.8, n.10, p.1023,
2016. https://doi.org/10.3390/su8101023

HANSEN, R.; PAULEIT, S. From multifunctionality to
multiple ecosystem services? A conceptual framework
for multifunctionality in green infrastructure planning for
urban areas. Ambio, v.43, n.4, p.516-529, 2014.

HOEGH-GULDBERG, O.; JACOB, D.; TAYLOR, M.;
GUILLEN BOLANOS, T.; BINDI, M.; BROWN, S;
CAMILLONI, 1.O.; DIEDHIOU, A.; DJALANTE, R;
EBI, K.; ENGELBRECHT, F.; GUIOT, J.; HIJIOKA, Y.;
MEHROTRA, S.; HOPE, C.W.; PAYNE, A.J.; PORTNER,
H.O.; SENEVIRATNE, S.I.; THOMAS, A.; WARREN,
R.; ZHOU, G. The human imperative of stabilizing global
climate change at 1.5°C. Science, v.365, p.6459, 2019.
https://doi.org/10.1126/science.aaw6974

HOYUELA-JAYO, J.A. A paisagem como instrumento
para um planejamento sustentivel: uma visdo
dialética entre Europa e o Brasil. In: OLIVEIRA, M.L;
CUSTODIO, M.M.; LIMA, C.C. (org.), Direito e paisagem:
a afirmag@o de um direito fundamental individual e difuso.
Belo Horizonte: Editora D’Placido, 2017. p.39-77.

IAU idF. Institut d’Aménagement et d’Urbanisme — ile
de France. La multifonctionnalité des trames verte
et bleue en zones urbaines et périurbaines. Synthese
bibliographique. Paris: AU, 2011. 179p.

IG - Instruction du Gouvernement. Relative a la
cartographie et l’identification des cours d’eau et a
leur entretien. 2015. Available at: <legifrance.gouv.fr/
download/pdf/circ?id=39701>. Accessed on: Feb 23, 2019.

V.29, N°. 4, 2023 p. 438-453


https://doi.org/10.3390/ijerph17155560
https://doi.org/10.4000/cybergeo.23187
https://doi.org/10.4000/cybergeo.23187
https://doi.org/10.5194/hess-18-5025-2014
https://doi.org/10.1016/j.ufug.2023.127870
https://doi.org/10.1590/2447-536X.v27i1.2151
https://doi.org/10.1590/2447-536X.v27i1.2151
https://doi.org/10.3390/su8101023
https://doi.org/10.1126/science.aaw6974

TRAJECTORY OF LANDSCAPING AND MULTIFUNCTIONALITY
AROUND URBAN RIVERS: THE CASE OF ANGERS

452

INSEE - Institut National de la Statistique et des Etudes
Economiques - Séries historiques du RP, exploitation
principale - 2020. Available at: ,https://www.insee.fr/fr/st
atistiques/5001880?geo=COM-49007>. Accessed on: Jan
24,2021.

IPCC - Intergovernmental Panel on Climate Change, 2013.
“Climate Change 2013: The Physical Science Basis.
Cambridge: Cambridge University Press, 013. 1535p.

KIM, G.; COSEO, P. Urban park systems to support
sustainability: the role of urban park systems in hot arid
urban climates. Forests, v.9, n.7, p.439, 2018.

LAMOND, J.; EVERETT, G. Sustainable Blue-Green
Infrastructure: A social practice approach to understanding
community preferences and stewardship. Landscape
and Urban Planning, v.191, p.103639, 2019. https://doi.
org/10.3390/£9070439

LAUGIER, R. Trame verte et bleue. 2010. Available
at:  <http://www.paysagistes-conseils.org/sites/apce/files/
contenus/tramevertebleue.pdf>. Accessed on: Oct 10,
2020.

LOTFI, M.; VIEL, V.; ROLLET, A.J.; DELAHAYE,
D. Les services écosystémiques urbains, vers une
multifonctionnalité des espaces verts publics: revue de
littérature. Environnement Urbain/Urban Environment,
v.11, p.64-75, 2017.

LUZ,1.C.A.; PAIVA, P.D.O.; REIS, M.VK.; SOUZA, R.B.
Impact of limited-access green spaces on the qualitative and
quantitative indices of a city. Journal of Urban Planning
and Development, v.149, n.2, p.05023012, 2023 https://
doi.org/10.1061/JUPDDM.UPENG-4226

MARTINS, G.A.; THEOPHILO, C.R. Metodologia da
investigacdo cientifica para Ciéncias Sociais Aplicadas.
Sao Paulo: Atlas, 2009. 250p.

MBALLO, S.; HERPIN, S.; MANTEAU, M.; DEMOTES-
MAINARD, S. Impact of well-watered trees on the
microclimate inside a canyon street scale model in outdoor
environment. Urban Climate, v.37, p.100844, 2021.
https://doi.org/10.1016/j.uclim.2021.100844

MEHDI, L.; WEBER, C.; DI PIETRO, F.; SELMI, W.
Evolution de la place du végétal dans la ville, de 1’espace
vert a la trame verte. VertigO: la revue électronique en
sciences de ’environnement, v.12, n.2, 2012. https://doi.
org/10.4000/vertigo.12670

MENEZES, PM. L.; FERNANDES, M.C. Roteiro de
cartografia. Sao Paulo: Oficina de Textos, 2016. 375p.

MILANEZ, B. Modernizagao ecologica no Brasil: limites

e perspectivas. Desenvolvimento e Meio Ambiente, v.20,
p-12387, 2009.

Ownam. Houtic. (Vigosa)

MOK, H.-F.; WILLIAMSON, V.G.; GROVE, J.R.; BURRY,
K.; BARKER, S.F.; HAMILTON, A.J. Strawberry fields
forever? Urban agriculture in developed countries: a review.
Agronomy for Sustainable Development, v.34, n.1, p.21-
43, 2014. https://doi.org/10.1007/s13593-013-0156-7

MONDRAGON-MONROY, R.;  HONEY-ROSES,
J. Urban River restoration and planning in Latin
America: A systematic review. Vancouver: University of
British Columbia, 2016. 29p.

MONTEMBAULT, D. Lhistoire comparée du Val
d’Authion et de la Loire armoricaine en Anjou. Pour
comprendre la nouvelle appropriation citadine des paysages
ligériens. Norois. Environnement, Aménagement,
Société, n.192, p.47-62, 2004.

OLIVEIRA, AM.; COSTA, HSM. A trama verde
e azul no planejamento territorial: aproximagdes e
distanciamentos. Revista Brasileira de Estudos Urbanos
e Regionais, v.20, p.538-555, 2018.

PAIVA, P.D.O.; SOUSA, R.B.; ALVES, S.FN.S.C.
Patchwork Quilt: A methodology proposed for the
study of historic gardens. Urban Forestry & Urban
Greening, v.62, p.127169, 2021. https://doi.org/10.1016/j.
ufug.2021.127169

PAIVA, P.D.O.; SOUSA, R.B.; CARCAUD, N. Flowers
and gardens on the context and tourism potential.
Ornamental Horticulture, v.26, p.121-133, 2020. https://
doi.org/10.1590/2447-536X.v26i1.2144

PAVIE, C.; RIVIERE, L.-M. L’émergence du pole végétal
angevin (1965-1985). Archives d’Anjou, n.2011, p.133-
146, 2011.

PBMC - Painel Brasileiro de Mudangas Climaticas.
Mudancas Climaticas e Cidades. Relatorio Especial do
Painel Brasileiro de Mudangas Climaticas, Rio de Janeiro,
Brasil, 2016. 116p.

PLUi - Plan Local D’Urbanisme Intercommunal -
Révision générale, 2020. Available at: <https://www.
angersloiremetropole.fr/un-territoire-en-mouvement/
plan-local-d-urbanisme-intercommunal/revision-generale/
index.html>. Accessed on: Dec 17, 2020.

PLUi - Plan Local D’Urbanisme Intercommunal, 2017.
Available at: <http://www.angersloiremetropole.fr/un-territoire-
en-mouvement/plan-local-d-urbanisme-intercommunal/
consulter-le-plui/index.html>. Accessed on: Apr 15, 2019.

PPRi — Plan de Prévention de Risques Inondations -
Rapport de présentation du Plan de Prévention des
Risques Inondations dans le secteur de la confluence de
la Maine (16/10/2009 - 07/07/2017). Available at: <http://
www.maine-et-loire.gouv.fr/ppri-confluence-maine-16-10-
2009-07-07-2017-a3605.html>. Access on: July 27, 2019.

V.29, N°. 4, 2023 p. 438-453


https://www.insee.fr/fr/statistiques/5001880?geo=COM-49007
https://www.insee.fr/fr/statistiques/5001880?geo=COM-49007
https://doi.org/10.3390/su8101023
https://doi.org/10.3390/su8101023
http://dx.doi.org/10.3390/f9070439
http://www.paysagistes-conseils.org/sites/apce/files/contenus/tramevertebleue.pdf
http://www.paysagistes-conseils.org/sites/apce/files/contenus/tramevertebleue.pdf
https://doi.org/10.1061/JUPDDM.UPENG-4226
https://doi.org/10.1061/JUPDDM.UPENG-4226
https://doi.org/10.3390/su8101023
http://dx.doi.org/10.1016/j.uclim.2021.100844
https://doi.org/10.4000/vertigo.12670
https://doi.org/10.4000/vertigo.12670
https://doi.org/10.1007/s13593-013-0156-7
https://doi.org/10.1016/j.ufug.2021.127169
https://doi.org/10.1016/j.ufug.2021.127169
https://doi.org/10.1590/2447-536X.v26i1.2144
https://doi.org/10.1590/2447-536X.v26i1.2144
https://www.angersloiremetropole.fr/un-territoire-en-mouvement/plan-local-d-urbanisme-intercommunal/revision-generale/index.html
https://www.angersloiremetropole.fr/un-territoire-en-mouvement/plan-local-d-urbanisme-intercommunal/revision-generale/index.html
https://www.angersloiremetropole.fr/un-territoire-en-mouvement/plan-local-d-urbanisme-intercommunal/revision-generale/index.html
https://www.angersloiremetropole.fr/un-territoire-en-mouvement/plan-local-d-urbanisme-intercommunal/revision-generale/index.html
http://www.angersloiremetropole.fr/un-territoire-en-mouvement/plan-local-d-urbanisme-intercommunal/consulter-le-plui/index.html
http://www.angersloiremetropole.fr/un-territoire-en-mouvement/plan-local-d-urbanisme-intercommunal/consulter-le-plui/index.html
http://www.angersloiremetropole.fr/un-territoire-en-mouvement/plan-local-d-urbanisme-intercommunal/consulter-le-plui/index.html

RAFAEL DE BRITO SOUSA et al.

QGIS Development Team. Quantum GIS Geographical
Information System v3.16.1. Available at: <https://docs.
qgis.org/3.16/pdf/pt BR/QGIS-3.16-DesktopUserGuide-
pt BR.pdf>. Accessed on: May 8§, 2017.

R Core Team. R: A Language and environment for
statistical computing. R Foundation for Statistical
Computing, 2016. Vienna, Austria. Available at: <https://
www.R-project.org/>. Accessed on: May 19, 2021.

SALGADO, M.C.R.; FIGUEIREDO, P.H.F.; BOLDRIN,
K.VF.; SOUSA, R.B.; PAIVA, P.D.O. Parque ecoldgico
Quedas do Rio Bonito: percepgdes da frequéncia de visita.
Ornamental Horticulture, v.22, p.172-179, 2016. https://
doi.org/10.14295/0h.v22i2.894

SALGADO, M.CR.; PAIVA, PD.O.; REIS, M.V,
GUIMARAES, P.H.S.; GARCIA, C.S.G.; NASCIMENTO,
AM.P. Perfil e comportamento de usuarios de espago
verde em cidade de pequeno porte. Revista Nacional de
Gerenciamento de Cidades, v.8, p.114-128, 2020.

SCoT - Schéma De Cohérence Territorial - Loire Angers
/ Approuvé // Rapport de presentation - etat initial de
I’environnement, 2016.

SEPE, PM.; GOMES, S. Indicadores ambientais
e gestdo urbana: desafios para a construcio da
sustentabilidade na cidade de Sao Paulo. Available at:
<http://www. centrodametropole. org. br/v1l/pdf 2009/
LivroMeioAmbiente.pdf>. Accessed on: May 2, 2020.

SILVA, L.S.; TRAVASSOS, L. Problemas ambientais
urbanos: desafios para a elaboracdo de politicas publicas
integradas. Cadernos Metropole, v.19, p.27-47, 2008.

SOGA, M.; YAMAURA, Y.; AIKOH, T.; SHOJI, Y,;
KUBO, T.; GASTON, K.J. Reducing the extinction
of experience: association between urban form and
recreational use of public greenspace. Landscape and
Urban Planning, v.143, p.69-75, 2015. https://doi.
org/10.1016/j.landurbplan.2015.06.003

SOUSA, R.B.; PAIVA, P.D.O.; REIS, M.V.; CARCAUD,
N., The trajectory of the landscape and functionality
of urban watercourses: A study of Lavras City, Brazil.
Frontiers in Sustainable Cities, v.4, p.793288, 2022.
https://doi.org/10.3389/frsc.2022.793288

TEIXEIRA, R.L.P.; PESSOA, Z.S. Mudangas climaticas,
experimentacdo de politicas publicas e capacidade
adaptativa na cidade de Curitiba/PR-Brasil. Revista Inter-
Legere, v.3, c18712-c18712. 2020.

VERBRUGGE, L.; BUCHECKER, M.; GARCIA, X
GOTTWALD, S.; MULLER, S.; PRESTHOLM, S.;
OLAFSSON, A.S. Integrating sense of place in planning
and management of multifunctional river landscapes:
experiences from five European case studies. Sustainability
Science, v.14, p.669-680, 2019. https://doi.org/10.1007/
s11625-019-00686-9

Ownam. Houtic. (Vigosa)

453

WECH, P. Autour du culte de I’eau: phénoménes
d’acculturation gallo-romaine a I’époque
augustéenne, 2013. In: Adoption et adaptation. Paris:
Editions de la Sorbonne. Available at: <http://books.
openedition.org/psorbonne/5330>. Accessed on: Nov 07,
2020.

ZHANG, L.; TAN, PY.; RICHARDS, D. Relative
importance of quantitative and qualitative aspects of urban
green spaces in promoting health. Landscape and Urban
Planning, v.213,p.104131, 2021. https://doi.org/10.1016/j.
landurbplan.2021.104131

RAIMUNDO, S.; SARTI, A.C. Parques urbanos ¢ seu
papel no ambiente, no turismo e no lazer da cidade.
RITUR-Revista Iberoamericana de Turismo, v.6, n.2,
p.3-24, 2016.

McDONALD, R. I. Ecosystem service demand and supply
along the urban-to-rural gradient. Journal of Conservation
and Planning, v.5, n.5, p.1-14, 2009.

POINTEREAU, R. - Rapport d’information n° 807 - fait
au nom de la commission de I’aménagement du territoire et
du développement durable sur le bilan de 1’application de
la loi n°® 2006-1772 du 30 décembre 2006 sur I’eau et les
milieux aquatiques, par le sénateur M. Rémy Pointereau,
2016

BODENAN, P. Le jardin: une clé de lecture du végétal en
milieu urbain. Projets de paysage. Revue scientifique sur
la conception et ’aménagement de I’espace, n.9, 2013.

Interviews:

- Former president of the Association for the Protection
of Birds (LPO). Angers, July 7, 2020. (Interview to R.B.
SOUSA)

- General Manager of the Association of Commerce and
Industry (CCI). Angers, July 10, 2020. (Interview to R.B.
SOUSA)

- Head of Services and Works at the Parks and Gardens
Department. Angers, October 9, 2019. (Interview to R.B.
SOUSA)

- Elected in charge of Ecological Transition and
Displacement. Angers, June 30, 2020. (Interview to R.B.
SOUSA)

V.29, N°. 4, 2023 p. 438-453


https://www.r-project.org/
https://www.r-project.org/
https://doi.org/10.14295/oh.v22i2.894
https://doi.org/10.14295/oh.v22i2.894
http://lattes.cnpq.br/6636371751614312
http://lattes.cnpq.br/5896737230106687
https://doi.org/10.1016/j.landurbplan.2015.06.003
https://doi.org/10.1016/j.landurbplan.2015.06.003
https://doi.org/10.3389/frsc.2022.793288
https://doi.org/10.1007/s11625-019-00686-9
https://doi.org/10.1007/s11625-019-00686-9
http://books.openedition.org/psorbonne/5330
http://books.openedition.org/psorbonne/5330
https://doi.org/10.1016/j.landurbplan.2021.104131
https://doi.org/10.1016/j.landurbplan.2021.104131

	_heading=h.tpfg8mk9k7fr
	_heading=h.4k668n3
	_heading=h.yarunyartt5t
	_heading=h.fp7u6fp6l1pj
	_heading=h.2dlolyb
	_heading=h.sqyw64
	_heading=h.tlyhvr4nu2b5
	_heading=h.25sc2hokbplk
	_heading=h.1t3h5sf
	_heading=h.xljcube62fi2
	_heading=h.udad1qxpmowv
	_heading=h.gjdgxs
	_heading=h.30j0zll
	_heading=h.4bvk7pj
	_heading=h.2r0uhxc
	_heading=h.wmc4jtlc2ii0
	_heading=h.1664s55
	_GoBack
	_heading=h.3znysh7

