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Highlights 
• The use of BGI can improve the relationship between the urban space and the river. 
• This work aims to offer a solution to floods in dense and consolidated watersheds using BGI. 
• The obtained results showed the importance of incorporating BGI alternatives to flood control. 

 

Introduction 
The uncontrolled urban growth process, especially combined with inadequate land-use planning and lack of 
social policies that ensure housing for the low-income populations has increased socioeconomic and 
environmental problems, influencing hydrological modifications and ecosystem losses. Moreover, 
considering the traditional flood control solutions, which are usually designed as a corrective intervention 
of local character (Rezende et al., 2019), urban floods has become a challenge to city managers, due to 
their damages on buildings, interruption of business and services, disruption of mobility, among other 
problems (Veról et al., 2020). However, a paradigm shift in river management is recognized, considering to 
leave single and traditional approaches, to a new debate on river restoration, including multifunctionality 
of urban spaces, ecosystem services and quality of life (Chou, 2016). In this sense, the blue-green 
infrastructure (BGI) concept is also considered as a shift from a monofunctional view, towards the 
recognition of multifunctional solutions that include natural green and blue elements, like lakes, parks and 
urban greenery; and man-made interventions, as permeable pavements, bioswales, retention basins, and 
constructed wetlands, for example (Ahmed et al., 2019). Therefore, BGI can enhance resilience by 
increasing the possibilities of infiltration and storage of water.  
 
However, despite nature-based solutions have been widely discussed in the literature, hard engineering is 
still used as a main flood control strategy in developing countries such as Brazil, reflecting a lack of political 
motivation and public acceptance of these integrated approaches. As a consequence, socio-environmental 
vulnerabilities of the watersheds are increasingly aggravated, especially during flood events. This work aims 
to explore BGI as an alternative to conventional urban drainage projects, approaching its multifunctional 
character in flood control, environmental recovery and creation of recreational spaces in the Acari River 
Watershed, located in the city of Rio de Janeiro, Brazil. 
 

Methodology 
The methodology of this work is divided in three steps: (1) literature review; (2) diagnosis of the case study; 
and (3) proposition of design guidelines. The first step focuses on a bibliographic review of BGI. In the 
second step, a detailed diagnosis of the selected watershed was carried out considering land use and 
occupation, topography, hydrology, the existence of open spaces and floodable areas. This analysis was 
supported by Geographic Information Systems (GIS) and by the study of Oliveira et al. (2018), who 
conducted a diagnosis of flooding areas using MODCEL as a hydrodynamic mathematical simulation tool in 
the Acari River Watershed. The third step proposes BGI guidelines as systemic solutions to mitigate floods 
in dense watersheds, improving the relationship between the urban space and the river. It is expected that 
these guidelines can be applied in similar regions, considering public participation. 
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Results and discussion 
The Acari River Watershed was selected because of its challenges related to stormwater management and 
social vulnerability. The diagnosis, supported by GIS mapping, showed a dense and consolidated watershed, 
with low predominance of urban green spaces, which correspond to environmental protection areas, parks, 
and private lands. The Acari River is formed by 12 watercourses, with their sources located at an 
environmental protection area at the watershed highest elevations. As the watershed gets plain, urban 
occupation modifies the natural watercourses, which is aggravated by the occupation of low-income 
populations with precarious sanitation conditions. The diagnosis led to the definition of four main reaches 
based on the similarity of the watershed patterns of occupation, which would enable to suggest design 
guidelines compatible with each situation. These reaches are: (1) Bangu Region and its surroundings; (2) 
Vila Militar; (3) Madureira Park; and (4) Lower Acari (Figure 1).  Reach (1) presents small areas of 
environmental protection near the river sources, ensuring their protection. However, the flat areas of the 
watershed present a dense residential occupation without open spaces. Reach (2) is a region of 
traditionally military and institutional occupation with a relevant proportion of open spaces. Although this 
space is not available to the population due to its private nature, it guarantees a portion of permeable area, 
presenting fewer floodable areas. Reach (3) presents an important park called “Madureira Park”, which is 
the only open space infrastructure in a densely populated area. Reach (4) is located at the lowest and most 
critical point of the watershed, where the floodable areas reach more than 2 meters high, severely 
impacting the population in situations of socio-environmental vulnerability.  
 

 
Figure 1. The Acari River Watershed – Rio de Janeiro, Brazil.  

 
The literature review and the watershed diagnosis led to the indication of BGI solutions to compose a 
design alternative. Considering the division into four reaches, general guidelines were developed to be 
applied throughout the watershed, to develop the urban quality from source to mouth; as well as specific 
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proposals for each reach, contemplating its singularities. As a general strategy, a fluvial park acting as an 
urban green corridor is suggested, being responsible for enhancing resilience by increasing infiltration 
opportunities. The linearity of these green corridors has the potential to connect fragmented green areas, 
improve the river water quality, as well as the opportunity to offer recreational spaces near the river.  
 
As specific strategies for Reach (1), once the river sources are protected by environmental protection areas, 
it is suggested to encourage the preservation of local native vegetation, followed by policies to control 
occupations on the riverbanks. For the residential zone, it is important to ensure a correct wastewater 
management, preserving the river water quality. For Reaches (2) and (3), which present open green spaces 
that can be incorporated into the fluvial park system, such as the Deodoro’s public pool at Vila Militar 
(Reach 2), and the Madureira Park (Reach 3), it is suggested the revitalization and use of their landscape 
potential, to interconnect public facilities and enhance relationship between the river and the local 
residents. Finally, Reach 4 is highlighted as the most critical area and should be the focus of a more in-
depth study. Initially, a retention pond is suggested to compose the larger available area, due to the 
possibility to retain stormwater during flood events and improve wastewater treatment from the irregular 
occupations. However, considering the existence of floodable areas, it is also necessary to consider, with 
the public participation, a relocation strategy for specific residents that are at risk. As general 
recommendations to control floods in dense urban areas, it is also suggested to improve permeability along 
the watershed through the adoption of rain gardens and bioswales. The building scale could also be 
improved by the adoption of permeable pavements or green roofs at public buildings, such as schools.  
 

Conclusions and future work 
This study aimed to offer a multifunctional alternative to floods in dense and consolidated watersheds 
through the use of blue and green infrastructure. The Acari River Watershed, with dense residential 
occupation, few open spaces, and some important floodable areas, was selected as case study. BGI 
solutions were indicated as a multifunctional alternative to complement the existing drainage network, 
increasing reservation and infiltration opportunities. However, the condition of the low-income populations 
that live on the riverbanks is probably one of the most challenges of the present study, considering the 
need to reduce exposure to risks and guarantee sanitation services and adequate housing conditions. It is 
expected that the BGI guidelines presented in this study could be replicated and evaluated in similar 
regions, highlighting the importance of managing vulnerable watersheds. This work is part of an ongoing 
master thesis. The future step of this research intend to evaluate the effectiveness of BGI in reducing flood 
in the Acari River Watershed using a hydrodynamic model called MODCEL.  
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