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Riscos, Agua e Sociedade. Dindmicas Socioambientais em
Contextos de Incerteza retine onze trabalhos que, no seu conjunto,
oferecem um panorama abrangente e metodologicamente diversificado
sobre as interfaces entre riscos, agua e sociedade e constitui um espago
de reflexio sobre a producdo social da vulnerabilidade, sobre as
contingéncias de origem hidrica e sobre o papel da ciéncia e da tecnologia
na prevencao e mitigacdo de impactos. Os capitulos organizam-se em
torno de eixos tematicos complementares, proporcionando uma visiao
integrada das problematicas analisadas e ilustrando a complexidade e
transversalidade do tema.

Um aspeto abordado é a propria no¢ao de incerteza, intrinseca tanto aos
sistemas ambientais quanto as respostas sociais as ameacas. Enfrentar
esta complexidade exige abordagens metodologicas inovadoras, que
combinem técnicas qualitativas e quantitativas, analises de séries
temporais, modelac¢do hidrologica e estratégias de geoinformacido, como
Sistemas de Informacao Geografica, detecao remota e analise de indices
de vegetagdo. A diversidade metodoldgica presente nesta coletinea
demonstra a maturidade do campo e a sua capacidade de incorporar novas
tecnologias e ciéncias do territorio para aprofundar o entendimento das
suscetibilidades do meio ambiente.

A inclusao de pesquisas de diferentes regioes do Brasil, bem como de
Portugal, enriquece o debate ao fomentar uma perspetiva comparativa.
Sublinha também a importincia do monitoramento continuo e da
avaliacdo de impactos em ecossistemas, especialmente perante desastres
de grande magnitude. Outro aspeto relevante é o papel da comunicagio
e difusao do conhecimento cientifico, dos seus resultados, metodologias,
inovagbes, para a capacitacio de comunidades mais resilientes e
construcao de uma cultura de gestdo de riscos.

Esta obra estimula o dialogo entre cientistas, gestores e sociedade civil
e os trabalhos aqui apresentados constituem uma base sdlida para o
desenvolvimento de praticas inovadoras, para a formulacdo de politicas
publicas sustentadas em evidéncias e para a ampliacio do debate
comunitario sobre os desafios ambientais contemporaneos.
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PREFACIO

A 4gua, elemento fundamental a vida e ao desenvolvimento das
sociedades, apresenta-se simultaneamente como recurso vital e vetor de
riscos e vulnerabilidades. Esta dualidade torna-se cada vez mais evidente
num contexto global marcado por profundas transformacées climdrticas,
urbanizagio acelerada, intervengio antrépica desordenada e crescentes pressoes
sobre os ecossistemas aqudticos. A incerteza hidroldgica — manifesta tanto na
escassez quanto no excesso hidrico — redefine as paisagens fisicas e humanas,
exigindo uma compreensio aprofundada das dinimicas socioambientais que
caracterizam o nosso tempo.

A RISCOS - Associagao Portuguesa de Riscos, Prevencao e Seguranca,
ao viabilizar esta edicio dos Estudos Cindinicos dedicada ao tema “Riscos,
Agua e Sociedade”, reafirma o seu compromisso com a produgio e difusio de
conhecimento cientifico rigoroso sobre os fenémenos de risco, particularmente
aqueles relacionados com o recurso hidrico e as suas multiplas manifestagoes
no territério. Os estudos cindinicos, enquanto campo cientifico dedicado ao
exame sistemdtico dos riscos e perigos, encontram nesta obra uma expressio
madura e diversificada, congregando investigacdes que atravessam diferentes
escalas espaciais, temporais e metodolégicas.

Nas tltimas décadas, observa-se um aumento expressivo na frequéncia
e intensidade de eventos hidrolégicos extremos, como inundagées urbanas,
enxurradas repentinas, secas prolongadas e episdédios de contaminacao de
corpos de dgua. Esses fendmenos revelam uma crise ambiental profundamente
interligada as formas de organizacio social, ocupac¢io territorial e gestdo dos
recursos naturais. O conceito de incerteza, central nesta obra, reflete-se tanto
nos sistemas climdticos e hidrolégicos quanto nas respostas sociais, politicas e
institucionais frente s ameagas ambientais, justificando plenamente a dedicatéria
de um volume inteiramente voltado a esta temdtica.

Esses acontecimentos nio podem ser analisados isoladamente do contexto
social em que surgem; eles expoem e intensificam desigualdades preexistentes,

aumentando vulnerabilidades e destacando a necessidade de abordagens



integradas, interdisciplinares e participativas na concecio de estratégias e agoes
voltadas a prevencio, mitigacio e adaptacio.

O contexto luséfono, com destaque para Portugal e Brasil, apresenta
realidades territoriais onde a relagio entre dgua e sociedade assume contornos
particularmente desafiantes. Desde as grandes bacias hidrograficas brasileiras,
cujas dindmicas de inundagio afetam milhées de pessoas, até aos rios e ribeiras
portuguesas, cujos regimes torrenciais testam a resiliéncia das comunidades
urbanas e rurais, os territdrios de lingua portuguesa partilham desafios comuns
que exigem abordagens cientificas robustas e contextualmente enfrentadas.

Esta publica¢io retine onze trabalhos que, no seu conjunto, oferecem um
panorama abrangente e metodologicamente diversificado sobre as interfaces entre
riscos, 4gua e sociedade e constitui um espago de reflexio sobre a produgio social
da vulnerabilidade, sobre as contingéncias de origem hidrica e sobre o papel
da ciéncia e da tecnologia na prevencio e mitigagao de impactos. Os capitulos
organizam-se em torno de eixos temdticos complementares, proporcionando
uma visio integrada das problemadticas analisadas e ilustrando a complexidade
e transversalidade do tema.

Um aspeto abordado ¢ a prépria nocio de incerteza, intrinseca tanto aos
sistemas ambientais quanto as respostas sociais as ameacas. Enfrentar esta
complexidade exige abordagens metodoldgicas inovadoras, que combinem
técnicas qualitativas e quantitativas, andlises de séries temporais, modelagao
hidrolégica e estratégias de geoinformagdo, como Sistemas de Informacio
Geogrifica, detegdo remota e andlise de indices de vegetagao. A diversidade
metodolégica presente nesta coletdnea demonstra a maturidade do campo e
a sua capacidade de incorporar novas tecnologias e ciéncias do territério para
aprofundar o entendimento das suscetibilidades do meio ambiente.

A inclusio de pesquisas de diferentes regioes do Brasil, bem como de Portugal,
enriquece o debate ao fomentar uma perspetiva comparativa. Embora essas regioes
apresentem distintos padroes climdticos, formas de ocupacio do solo, dinAmicas
socioecondmicas e estratégias de gestio ambiental, partilham entraves que podem
ser enfrentados por meio de experiéncias comuns, intercimbio de boas priticas

e cooperagao transnacional. Esta visio ¢ fundamental para reconhecer que as



fragilidades do meio natural, sobretudo os relacionados com a dgua, ultrapassam
fronteiras e exigem solugées cooperadas e contextualmente apropriadas.

A coletanea também sublinha a importincia do monitoramento continuo
e da avaliagio de impactos em ecossistemas, especialmente perante desastres
de grande magnitude. Esses episédios revelam que a degradagiao ambiental
intensifica vulnerabilidades sociais e aumenta a probabilidade de impactos
severos. Assim, compreender o vinculo entre deterioracio dos ecossistemas e
aumento dos perigos torna-se essencial para aprimorar estratégias de prevencio,
orientar diretrizes publicas e fortalecer acoes educativas voltadas a sensibilizacio
da populacio e ao reforco institucional.

Outro aspeto relevante é o papel do conhecimento cientifico na construgio
de uma cultura de gestao de riscos. A comunicacio eficaz dos resultados
de investigagdo, a formacio de professores, a capacitagio de comunidades,
decisores politicos e atores sociais sio elementos indispensdveis para transformar
aprendizado técnico em agio concreta. A transferéncia de tecnologia, a inclusio
social e a valorizagao dos saberes locais surgem como pilares de uma estratégia
de longo prazo para a construcio de sociedades mais resilientes, conscientes e
capazes de conviver com a incerteza de forma participativa e justa.

As questdes aqui discutidas nao tém respostas faceis ou definitivas; contudo,
a investigagdo cientifica rigorosa constitui passo essencial para enfrentd-las.
O dominio cientifico produzido pelos estudos cindinicos deve transcender os
circulos académicos, subsidiando efetivamente a gestio territorial, as politicas
publicas e a consciéncia coletiva sobre os riscos. A qualidade e diversidade dos
trabalhos aqui reunidos testemunham a vitalidade da comunidade cientifica
dedicada a estas temdticas e a relevancia social da investiga¢io do risco.

Esta obra estimula o didlogo entre cientistas, gestores e sociedade civil e os
trabalhos aqui apresentados constituem uma base s6lida para o desenvolvimento
de préticas inovadoras, para a formulagio de politicas publicas sustentadas
em evidéncias e para a ampliagio do debate comunitdrio sobre os desafios
ambientais contemporineos.

Desejo que esta leitura, mais do que um repositério de conhecimento, seja

um convite 2 reflexdo critica, a a¢do mobilizadora e 4 construcio soliddria de



um futuro em que a gestdo do risco se encontre efetivamente democratizada,
promovendo comunidades mais equitativas, conscientes e sustentdveis no seu

convivio com a incerteza.

Boa leitura!

Vila Nova de Famalicao (Portugal), 19 de novembro de 2025

Mircia Célia Galinski Kumschlies

10



INTRODUCAO

Bruno Martins

Universidade de Coimbra, CEGOT e RISCOS (Portugal)
Faculdade de Letras, Departamento de Geografia e Turismo
ORCID: 0000-0001-8681-2349 bmscmartins@gmail.com

Segundo o World Resources Institute (WRI) os problemas relacionados
com a escassez de dgua afetam atualmente cerca de um quarto da populagio
mundial, com especial incidéncia no Norte de Africa e Asia, fruto tanto do
crescimento demogréfico como da tendéncia de concentragio da populagio em
dreas urbanas. Este problema nio é somente de natureza quantitativa, como de
indole qualitativo. Se, por um lado ¢ aparentemente crénico em vastas dreas do
planeta, por outra parte ele tem-se agravado com o crescimento demografico
urbano, aliado a um modo de vida mais dificil de satisfazer no que ao consumo
de 4gua diz respeito, exigindo formas de o mitigar, em que o enfoque estd
colocado na problemdtica da gestao hidrica, desperdicio, na procura de novas
fontes e, inevitavelmente, na diminuicio do consumo.

Com efeito, as perdas fisicas e econdmicas nas redes de abastecimento de
dgua nos principais aglomerados urbanos representaram valores muito altos da
dgua disponivel. Perdas que correspondem fundamentalmente a fugas de 4gua
provocadas por ruturas de condutas e a ligagdes ilegais a rede de distribuicio,
a que acrescem, ainda, os consumos niao cobrados.

De um modo geral, os custos de exploragao associado a gestdo dos sistemas
de abastecimento de d4gua sio muito elevados e implicam um acentuado consumo
de energia necessdria para a captagao, tratamento e adugdo de dgua. Por outro
lado, a deficiente estrutura urbana, especialmente em paises menos desenvolvidos,
agudiza os problemas de eficiéncia no que a gestio da dgua dizem respeito, com
impactes econémicos, ambientais, sociais e de satide significativos, decorrentes
de situagées de utilizagio nio autorizada de dgua, equipamentos de medigio
deficientes, ou mesmo inexistentes, ou, ainda, de politicas inadequadas. Neste
contexto ¢ necessirio, por um lado, o desenvolvimento de estratégias que visem

as boas prdticas e, por outro, o incremento de um consumo mais coadunado
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com os recursos hidricos disponiveis, o que, decerto, implicard a sensibilizacio
e o envolvimento de todos os intervenientes. Os problemas relacionados com o
elevado consumo e perda de dgua contribui, na pritica, para a diminui¢ao das
disponibilidades de 4gua, implicando recorrer a novas origens de dgua, tais como
novos furos e captagdes, ou mesmo 2 dessalinizagio e construgao de barragens.

A dependéncia das dguas subterrineas estd a diminuir gradualmente a
medida que diminui a sua disponibilidade, ¢ o problema nao s6 se relaciona
com a quantidade, mas também com a qualidade da dgua. A crise de dgua
tem implicado o recurso a novas formas de obteng¢ao, como ¢ o caso da
dessaliniza¢do, tornando-se, paulatinamente, indispensdvel 2 medida que os
aglomerados urbanos se foram tornando maiores e com eles, as necessidades de
dguas. Embora nevrdlgico como recurso hidrico para alguns paises, o processo
de dessalinizagao acarreta custos energéticos muito significativos. O impacte é
reforcado em paises muito dependentes de combustiveis, ao qual acrescem os
necessdrios e avultados investimentos iniciais.

Nio obstante, o problema da gestao hidrica tem ganho importincia aliada
A variabilidade intra e interanual das precipitagdes. Ao longo dos anos tém-se
verificado um abaixamento dos niveis fredticos assim como indicios de intrusao
salina nalgumas 4reas costeira, em vastos territérios, traduzidos no aumento
significativo da salinizagdo em pontos de capturas.

Para solucionar a escassez de dgua, urge aplicar programas que visem uma
utilizagao mais racional da dgua, que podem incluir diversas agdes com o
designio de diminuir o consumo. Por outro lado, hd exemplos de situacées
onde se preconizou a aplicagio de bacias de reten¢do para armazenamento de
dguas pluviais que, posteriormente, seriam utilizadas para aumentar o caudal dos
aquiferos, por infiltragao. Acresce que a localiza¢io de estagbes de tratamento de
dguas residuais deverd considerar a posterior utilizacio dessa dgua, por exemplo,
na irrigacio agricola e na recarga de aquiferos, corroborando a ideia de incluir,
na concegao do sistema de abastecimento de 4gua, o aproveitamento integral
de todos os recursos hidricos disponiveis.

Por outro lado, tém-se assistido a um aumento do nimero de cheias ¢

inundagées, especialmente em dreas urbanas. Muito recentemente a tempestade
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tropical Erin provocou inundagdes repentinas sem precedentes em Sio Vicente
(Cabo Verde), sendo a cidade do Mindelo a mais afetada. As chuvas torrenciais,
que atingiram 193 mm em apenas cinco horas, excederam em muito a média
anual da ilha, sobrecarregando os sistemas de drenagem e levando o governo a
declarar estado de emergéncia. As inundagoes resultaram na morte de pelo menos
oito pessoas, trés desaparecidas, enquanto aproximadamente 1.500 residentes
foram desalojados e forcados a se refugiar em abrigos tempordrios, com danos
em infraestruturas criticas, incluindo o hospital principal, clinicas de satude,
escolas, instalagées de dguas residuais, redes rodovidrias e servicos publicos.
A arduidade associada & gestao hidrica implica decerto uma abordagem
multi e interdisciplinar. E nosso ensejo que este livro cumpra os propdsitos
para o qual foi pensado, e que se transforme num valioso instrumento de
trabalho, e um veiculo de disseminacao de informacio e de sensibiliza¢do para

a temdtica da dgual
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METHODOLOGY OF LOW IMPACT DEVELOPMENT
(LID) APPLICATIONS TO CONTROL URBAN
FLOODING: A CASE OF HYDROLOGICAL
MODELLING IN A BRAZILIAN SUB-BASIN
METODOLOGIA DE APLICACOES DE
DESENVOLVIMENTO DE BAIXO IMPACTO (LID)
PARA CONTROLE DE INUNDACOES URBANAS:
O CASO DE MODELAGEM HIDROLOGICA EM UMA
SUB-BACIA BRASILEIRA

Sara Desiree Marostica

Universidade Federal do Rio Grande do Sul (Brasil)

Faculdade de Arquitetura, Pés Gradua¢io em Planejamento Urbano e Regional
ORCID: 0000-0002-3823-7850 saramarostica@gmail.com

André Luiz Lopes da Silveira
Universidade Federal do Rio Grande do Sul (Brasil)
Faculdade de Arquitetura, Pés Graduagio em Planejamento Urbano e Regional

ORCID: 0000-0001-9875-879X  andre@iph.ufrgs.br

Abstract: This work develops a methodology for applying low impact development
(LID) techniques to facilitate the analysis of urban sub-basins. LID
techniques represent a crucial role in stormwater storage, infiltration,
and runoff, contributing to flood control. A literature review guided
the methodology on flood control and improvements in storwater
micro-management. The research aimed to identify application
scenarios considering soil conditions, terrain, topography, land cover,
classification and precipitation types, and the application of LID

techniques. Simulations using the LID TTT software modeled rainfall
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events of 15 mm, 25 mm, 50 mm, and 75 mm, demonstrating runoff
reductions and enhanced water management. These results indicate
that sustainable LID techniques can improve urban and environmental
quality. Additionally, a focus group with technicians evaluated the
advantages and limitations of implementing LID in the study area. The
findings support the methodology’s potential to address future urban
flooding and contribute to long-term sustainable water management

strategies in Brazilian municipalities.

Keywords: Low-impact development (LID), urban flooding, control, metho-

dology, sub basin.

Resumo: Este trabalho desenvolveu uma metodologia para aplicacio de técnicas

de desenvolvimento de baixo impacto (LID) que possibilitem a anilise
de sub-bacias urbanas. As técnicas LID desempenham um papel crucial
no armazenamento, infiltracio e escoamento pluvial, contribuindo para
o controle de inundagoes. A revisio da literatura foi voltada ao controlo
de inundacoes e melhorias no microgerenciamento de dguas pluviais. A
pesquisa visou identificar cendrios de aplicagio da metodologia, considerando
as condi¢des do solo, relevo, topografia, cobertura do solo, classificaio e
precipitacio dos tipos de chuvas e aplicagdo das técnicas LIDs. Simula¢oes
com o soffware LID TTT modelaram eventos de chuva de 15 mm, 25 mm,
50 mm e 75 mm, demonstrando redu¢io do escoamento e aprimoramento
da gestao hidrica. Esses resultados indicam que técnicas LID sustentdveis
podem melhorar a qualidade urbana e ambiental. Adicionalmente, um grupo
focal com técnicos avaliou as vantagens e limitagdes da implementagio das
LIDs na drea de estudo. Os resultados reforcam o potencial para enfrentar
futuras inundagées urbanas e contribuir com estratégias sustentdveis de

gestdo hidrica em municipios brasileiros.

Palavras-chave: Desenvolvimento de Baixo Impacto (LID), inundagées urbanas,
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Introduction

The proliferation of urban areas with high population densities within confined
spaces has precipitated significant environmental challenges at the catchment scale.
This development has resulted in a dearth of sustainable stormwater management
techniques necessary to safeguard streams and river basins (Fletcher ez 4l., 2014).
Research into sustainable techniques indicates that low-impact development (LID)
strategies seek to achieve a more harmonious hydrological balance and function
within the site. These strategies not only manage and control of urban stormwater
but also enhance the aesthetic comfort for residents.

LID techniques endeavour to replicate local pre-development hydrological
conditions through design methods that store, infiltrate, evaporate, and reduce
surface runoff (Ferguson, 1991-92). Integrating LID concepts into urban planning
involves taking into account the site’s hydrology, minimising impervious surfaces,
enhancing vegetated flows and micromanagement devices.

In the study area of the present research, there is a genuine need to propose
a method for the application of LID techniques to control urban flooding and
enhance urban drainage development. The scenario designed to test the efficacy of
low impact development (LID) techniques in this research was configured to assess
the performance of sustainable strategies in controlling urban flooding in sub-basin
10 of Arroio Diltvio, Porto Alegre, Rio Grande do Sul, Brazil.

This approach has been adopted by previous studies in countries such as Canada
(Roy ez al., 2008), South Korea (Lee er al. 2012), the United States (Tirpak ez
al., 2021; Ahiablame ez al., 2013),Brazil (Fileni ez 4/.,2019), Ethiopia (Jemberie;
Melesse, 2021), Singapore (Vijayaraghavan et al., 2012; Chua et al., 2012), China
(Jia et al., 2012; Li et al., 2019), New Zealand (Trowsdale; Simcock, 2011), Sweden
(Berndtsson, 2010) and Turkey (Samouei; Ozger, 2020). The application of LID
techniques in various countries addresses the need for their implementation in the
development of urban areas in municipalities. However, a tailored methodology
for the Brazilian region can offer enhanced support for urban development,
infrastructure, governance and public policy. These factors collectively lead to

distinct approaches to urban planning in Brazil, Europe, and Asia. While future
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increases in rainfall intensity and return are likely by period regardless of their
origins, each region possesses its own priorities and challenges that shape the way
cities are planned and developed.

A new methodology, tailored to the specificities of southern Brazil, can help
redesign cities in more resilient and sustainable manner. This methodology will
enable the creation of specific sustainable projects that consider soil conditions,
terrain, topography, land cover, classification and precipitation types, and the
application of LID techniques in the region. Additionally, by incorporating
customised LID techniques, it will be possible to optimise stormwater management,
reduce the impacts of urban flooding, and improve the environmental quality and
living of communities. This targeted approach will provide more effective urban
planning, integrating infrastructure and LIDs techniques, thereby promoting more
sustainable cities that are better prepared to address water management issues.

This includes evaluating the sustainability of these approaches and their
role in urban rainwater management. Through this methodology, the research
aimed to evaluate LID techniques in various scenarios and identify benefits that
promote these techniques as sustainable strategies, thereby supporting their used in

municipalities and addressing future or long-term planning challenges.

Materials and Methods

The proposal of a methodology for low impact development (LID) applications
in the control of urban flooding was incorporated into four phases: Phase 01 — Area
Study Analysis, Phase 02 — Definition of Comparison Metrics, Phase 03 — Data
Modelling and Analysis and, Phase 04 — Submission of LID application proposals
to the confirmatory focus group. It is observed that among the aforementioned
phases, the methodology comprises ten steps (fig. 1).

For this research, the hydrological model of the LID TTT software was adapted
from the study by Marostica et al. (2022). The study basin comprises five micro-
basins, with an average slope ranging from 3 to 8 % according to the hypsometry

map prepared. Furthermore, precipitation observations, adopted in accordance
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Fig. 1 - Proposed methodology for LID applications in controlling urban flooding.
Fig. 1 - Metodologia proposta para aplicacoes LID no controle de inundacoes urbanas).

with the Porto Alegre Urban Drainage Master Plan (PDDU), demonstrated that
a rainfall event of total precipitation must be considered over periods of 24 hours.
Additionally, in accordance with the PDDU (2014), precipitation was determined
using a 10-year return period. However, this does not imply that it will occur
once every 10 years; rather, it signifies the average interval within which a specific
hydrological event is expected to be equalled or exceeded at least once. This factor is
directly associated with the project’s safety considerations, significantly impacting

the final flow rates and the design of the project’s hydraulic system.

Study Area

In the first phase, the study area was selected (fig. 2). According to the Porto
Alegre Urban Drainage Master Plan (2014), the Arroio Dildvio basin is the main
hydrographic basin in the city, considering the population involved, its size, and the

areas it traverses in Porto Alegre, Brazil.
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Fig. 2 - Research Study Area (Source: Created in QGIS Software in 2023).
Fig. 2 - Area de Estudo da Pesquisa (Fonte: Elaborado no Software QGIS em 2023).

Subsequently, the sub-basin was selected through (1) a comparative analysis
of sub-basins prone to flooding and (2) an assessment of the existing impacts on
the interrelated aspects of drainage and consolidated urbanisation of the analysed
area. Furthermore, the selection of sub-basin 10 of Arroio Diltvio, was based on
three criteria: (a) characteristics of the sub-basins’occupation; (b) influence of the
Arroio Diltvio upstream level on the macrodrainage network; and (c) propagation
of more flooding locations in the urban scenario. When comparing the results
obtained according to the PDDU-POA (2014), it is evident that SB-10 exhibited
more flooding locations in both current and future scenarios (the current situation
corresponding to the projected urban occupancy as per the Porto Alegre Urban
Master Plan, and the future situation where occupancy exceeds the Master Plan’s

projections). Consequently, SB-10 was chosen as the study area for this research.
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Definition of Comparison Metrics

In the second phase, demographic data within the defined area were presented
through a map depicting sub-basin 10 and its five micro-basins (sub-basin 10.1,
10.2, 10.3, 10.4 and 10.5). Throughout the process of generating the base map for
Sub-Basin 10 and its micro-basins using QGIS software, the names of each micro-
basin functioned as identifiers for these base areas, allowing various statistical data to
be merged into the base areas layer via the attribute property in QGIS. Additionally,
in the attribute property, the area of each micro-basin was geoprocessed, resulting in
micro-basin 10.1 having an area of 0.42km?, micro-basin 10.2 an area of 0.885km?,
micro-basin 10.3 an area of 0.47km?, micro-basin 10.4 an area of 0.195km?2, and
micro-basin 10.5 an area of 0.317 km?2. In total, sub-basin 10 of Arroio Dilavio

covered an area of 2,287 km? (fig. 3).
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6676800.007N
6676800.007N

6676200.007N
6675600.007N 6676200.007N

6675600.007N

6675000.007N
6675000.007N
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Fig. 3 - SB-10 of Arroio Dilavio with its micro-basins
(Source: Map prepared by the Authors in QGIS, 2023).

Fig. 3 - SB-10 do Arroio Diliivio com microbacias
(Fonte: Mapa elaborado pelos Autores no QGIS, 2023).
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Subsequently, the database sources were explored using QGIS 3.16.9 software
and integrated models for quantitative analysis, measurement, and validation of
the geoprocessed maps with the observed characteristics within the context of the
maps in QGIS. Thus, spatial criteria were established chosen study area based on
metrics such as (i) soil type constraints; (ii) slope and relief class; (iii) characteristics
of ground level curves in their topographic structures and; (iv) classification of land

cover in the selected basin (fig. 4).

®)
Legend
Siope and Relief class (%)

03
12

()

Legend
Soil Type Map

[ Neosol urban area

[] Continental body of water
[0 Dystrophic red yellow agrisol e

[ Fiuvial neosol Ta Eutrophic
[ Eutrophic Haplic planosol

@ @

(®)

Legend
Land Cover Map
B Forested
Non-forest Natural Formation
Agriculture Land
B Non vegetated / Urbanized area
B Water Bodies
Not Observed

Legend

Level curves and Topographic Map
Contour fines

[ Contours of Porto Alegre e sub-basin 10

0 25 Skm @
—-—)

0 25 Skm @

Fig. 4 - Maps with indicators of the Arroio Diltvio sub-basin
(Source: Produced by the Authors, 2023).

Fig. 4 - Mapas com indicadores da sub-bacia do Arroio Diliivio
(Fonte: Mapa elaborado pelos Autores, 2023).

For this stage, data was gathered from Google Satellite using sources adjusted in
the QGIS software. Subsequently, the collected data sets were overlaid for further
analysis. Below is a summary list of these maps and their contributions for use in

the LID TTT software (TaBLE I) are illustrated.
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TABLE I - Summarised List of Geoprocessed Maps and their contributions.

TABELA I - Lista resumida de mapas geoprocessados e suas contribuigies.

Indicator data Metrics C‘ﬁ%ilbﬁlﬁsoglfsw‘;:rzhe Adag;flilcf;rom
(i) Soil Type Map | Soil classification To ascertain soil texture IBGE (2021)
sl | G S | B | o
(i) Topggryphiy | TerginLevel | o serp e dimeuionl view | 1pE 2020

(iv) Lanszg %/[(;\;)er c]lqaaslsjicfi:i g:t\{grn To simulate the cigrrl;liei;ion of the area’s MapBiomas (2019)

Next, the study aimed to define standards for LID techniques in the study area of
sub-basin 10 of Arroio Diltvio, adopting four profiles with 15 mm, 25 mm, 50 mm
and 100 mm of rainfall over a period of 24 hours. These 24-hour rainfalls were
disaggregated into smaller intervals according to the Soil Conservation Service (SCS)
Type II distribution provided by the underlying model (SWMMS5), which solves the
hydraulic part numerically using automatically defined sub-hourly time intervals. The
rainfall types (mm/hours) used for the scenarios followed the characteristics outlined

by authors Reichardt (1986) and PDDU POA (2014) (Taste II).

TABLE II - Classification and precipitation of rainfall types.
TABELA II - Classificagdo e precipitacdo dos tipos de chuvas.

Rainfall Types Characteristics mm/h
Light Rainfall Uniform rainfall and a multitude of droplets 15 mm/24h
Moderate Isolated drops that are challenging to observe, with water
Rainfall [I)Juddles forming re at;gvely quickly 25 mm/24h

Characteristics of rainfall that seems to fall in sheets, making it | 5 041,

Heavy Rainfall impossible to identify isolated drops

100 mm/24h or
exceeding

Severe Rainfall | Characteristics of heavier rain, typically in the form of showers

The rainfall employed in the baseline and LID intervention scenarios of sub-
basin 10 was selected to assess the effectiveness of the applied LID techniques,
ensuring that their maximum output flow was either equal to or less than the
maximum flow of their baseline scenario.

Moreover, in analysing metrics for sub-basin 10 and utilising the data prepared

in the geoprocessed maps, three metrics were employed to quantitatively assess
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the impact of urban flooding on drainage performance as per the LID TTT
software. Specifically, in terms of (a) Urbanistic aspects, the comparison metrics
were based on the consolidated urban area (non-vegetated area) with 90.25 %,
forested area with 4.73 %, non-forest natural formation at 2.25 %, agriculture land
at 2.07 % and water bodies at 0.4 %. Regarding (b) Environmental aspects, the
adopted topographic and relief metrics were linked to vegetation cover, soil type
classified as Neossolo, soil slope recognised as gently undulating (3 to 8 %), and
topographic terrain contours processed in the QGIS software. Finally, concerning
(c) Hydrological aspects, the eight adopted metrics relate to the geoprocessing
carried out in the LID TTT software, providing data for controlling runoff volume,
untreated runoff volume, peak runoff flow, and water balance as a report on the
consistency of LID techniques applied across the scenarios modelled in the software.

In establishing the scenario for comparing baseline conditions with LID
interventions to assess the performance of low-impact LID techniques using a water
consistency model for sub-basin 10 of the Arroio Diltivio, the objective was to
achieve eflicient performance for the sub-basin across rainfall parameters of 15, 25,
50 and 100 mm. The techniques applied include: (1) Green Roofs, (2) Permeable
Pavement, (3) Bioretention Systems, (4) Green Areas and Landscapes, (5) Rain
Gardens, and (6) Grass Strips/Vegetable Filter Strips. The characteristics of each
technique were identified based on the LID TTT software manual (STER2018)
(TaBLe III). Thus, the aim was to implement all these techniques together in a

single scenario for the selected study area in this research (fig. 5).

TABLE III - Characteristics of the applied LID techniques.
TABELA III - Caracteristicas das técnicas LID aplicadas.

Low Impact Development
(@b %

) Techniques Properties

Green Roofs

Coverage of Buildings for planting undergrowth, grass, flowers and
trees.

Permeable Pavement

Installation of permeable pavement on private and public roads to
allow rainwater infiltration into the ground.

Bioretention Systems

Bioretention Systems area excavated surface depressions containing
vegetation grown in a soil-mulch mixture placed above a gravel drainage bed.

Green Areas and Landscape

The expanse of land is covered with lawn or mown grass, often uniformly
sloped and adorned with planted trees throughout the landscape.

Rain Gardens

A type of bioretention cell com%rises a concentrated soil layer without
a gravel bed beneath it.

Gerass FS_trips/ Vegetable

1lter Strips

Vegetated filter strif)s that provide additional treatment for flows
caving a storm catchment.
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Application Scenarios LID Techniques
applied

AREA SIZE OF
ARROIO DILUVIO Performance of LID techniques
SUB-BASIN applied in combination

Final Result
Rain Parameters
15mm,25mm,50mm and 100mm
&
Stormwater runoff
control

228.7 Hectares

(Grass Strips/
Vegetable Filter Strips)

Fig. 5 - Consistency model of LID Techniques.
Fig. 5 - Modelo de consisténcia das técnicas LID.

Data Modelling and Analysis

Regarding phase 3 of this methodology, the parameters presented in the
LID TTT software were configured to begin the baseline and LID intervention
projects for the scenarios. To evaluate the effect of LID techniques in sub-basin 10
of Arroio Diltvio, the properties and drainage control of the LID TTT software

were defined, and project simulations were designed for the study area. Initially,
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consistency test scenarios were carried out to analyse the runoff of the five micro-
basins within sub-basin 10 of Arroio Diltvio. After this stage, it was determinate
to utilise integrated LID techniques, to demonstrate the consistency test of their
performance throughout sub-basin 10 and subsequently analyse the results obtained
with water geoprocessing in the study area. Considering the projected scenarios and
the numerous pieces of information to be presented, it was necessary to provide
detailed information for each micro-basin within sub-basin 10.

Given the importance of applying sustainable techniques in the study area,
the project’s hydrology analysis aimed to examine the LID Techniques and the
infiltration capacity of each technique applied in the scenarios according to the
rainfall parameters of 15 mm, 25 mm, 50 mm and 100 mm. Based on this context,
the water consistency test was conducted in both the baseline and LID intervention
scenarios of the sub-basin in this research, considering the possible insertion of LID
structures (low impact development).

When inserting the scenarios into the LID TTT software, the joint performance
of the LID techniques was effectively carried out for sub-basin 10 of the Arroio
Diltvio. The insertion of LID structures and zoning measures reduced the volume
of runoff in the post-development scenario. For real rainfall data with parameters of
15 mm, 25 mm, 50 mm and 100 mm, the hydrographs showed delayed peaks with
the insertion of LID structures. Furthermore, the performance of LID structures
was better with lower rainfall.

There appears to be a consensus that sustainable urban stormwater management
must be planned and implemented at a basin scale (Roy ez 2/. 2008; Dwyer; Childs,
2004; CVC, 2022; TRCA, 2010). This is because the effects of increased runoff due
to urbanisation are cumulative at the watershed scale (CVC, 2022; TRCA 2010),
rather than being specific to just one location. Thus, the baseline model utilised
the entire sub-basin area, while the model with LID interventions included the
implementation of all LID techniques across the five micro-basins (10.1, 10.2, 10.3,
10.4 and 10.5) of sub-basin 10 (fig. 6). These LID models applied in the scenarios
below can be effectively integrated into the context of stormwater management,
especially in areas prone to urban flooding in southern Brazilian municipalities, as

presented in the study area.
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In the top-left corner, the baseline scenario for sub-basin 10 is despicted. For
this project, only discharges from the outfalls of the five micro-basins were inputted
into the LID TTT software.

Concerning the LID Techniques integrated into sub-basin 10, it was evident
that in micro-basin 10.1, being the highest topographically within the study area,
three LID techniques were implemented in the post-development scenario. Upon
introducing the residential area to the sub-basin, rain garden techniques were
adopted. These techniques, know for their sustainability, aid in diminishing water
flow and can lessen the pollutant load carried by runoff, despite appearing like a
regular garden (Basdeki ez a/., 2016). Rain gardens function shallow vegetated above-
ground basins that receive and absorb rainwater, filtering pollutants via porous filter
media planted with one or more species of vegetation (Laukli ez 4., 2022).

Moreover, concerning the rain garden techniques implemented in accordance
with the LID TTT software manual, these methods are categorised as bioretention
cell types comprising solely of the engineered soil layer without a gravel bed
beneath it. Regarding water quantity management, bioretention cells feature in
surface depressions, infiltration, and evapotranspiration, while for water quality
control in filtered water, the technique involves filtration through soil contact and
pollutant absorption by plants (CVC, 2022). To elaborate, 50 units of rain gardens
were strategically placed in various locations such as green spaces, squares, parking
areas, and along the paved residential streets of the sub-basin. These rain gardens
were positioned in areas susceptible to potential flooding within the study area.
Their dimensions were set at 2.5x4.5m (similar in size to parking spaces in urban
traffic projects), and bioretention ditches were installed to regulate the volume and
rate of rainwater runoff from the largest watershed in the study area, in addition to
providing aesthetic and social advantages (Fletcher ez al., 2014).

Concerning watershed 10.2, given its dense residential nature, the incorporation
of grass/plant filter strips with vegetation along channels and at the stream’s terminus
was fesible (totaling 2,248ha of application of this technique in this watershed). As
per the LID TTT software manual, the characteristics of plant filter strips or grass
offer additional infiltration for flows exiting a catchment; these areas are typically

wide (exceeding 5m) gently sloping vegetation zones situated between hard surfaces

176



and linear drainage features. Maintaining vegetation in these linear strips to mitigate
erosion and assist in concentrating surface runoff in the area (CVC, 2022).

Moreover, in watershed 10.2, 0.785ha of bioretention systems were implemented
to mitigate the impacts of flooding. Bioswales and bioretention techniques are
classified as excavated surface depressions containing vegetation cultivated in
a blend of engineered soil and mulch placed atop a gravel drainage bed. These
systems additionally aid in surface or subsurface storage, full or partial infiltration
into native soil, and evapotranspiration (CVC, 2022). Concerning water quality
management in bioswales, pollutants undergo filtration via mulch/manipulated soil
and absorption by plants roots. This contributes significantly to the architectural
context, aesthetics, urban amenities, built environment, open space, and landscapes
within an established urban setting.

Regarding microbasin 10.3, it was observe that alongside its established
urbanization, there were areas suitable for the implementation of LID techniques.
As such, green area and landscape techniques were applied, covering approximately
0.58ha. These techniques aid in integrating shallow and depressed areas into urban
landscaping, allowing for the storage and infiltration of rainwater runoff cities
(CVC, 2022). Additionally, bioretention systems were utilised across an area of
0.45ha, along with grass/plant filter strips spanning 3.10ha in watershed 10.3.
Furthermore, to mitigate thermal heat from buildings, green roofs were installed
to reduce rainwater runoff by retaining water through vegetative cover on roofs,
covering an area of 1.34ha in the watershed.

Additionally, concerning the green roof technique as outlined in the LID
TTT software manual, it was shown that disconnecting the roof (bioretention
that conveys excess water draining through the soil layer to the roof) directs roof
gutters to discharge into landscaped areas and permeable lawns instead of directly
into storm drains (CVC, 2022). Finally, permeable pavements were installed in the
buildings parking lots, aiding in flood prevention by preventing the accumulation
of large volumes of water on their surface.

In microbasin 10.4, it was observed that the area already had a partial forest
region. Consequently, in the deforested, green area and landscape techniques were

implemented, covering an area of 1.95ha along with strips of grass/plant filter strips
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spanning 0.07ha. For interconnected building areas,, the permeable pavement
technique was introduced, aiding in mitigating and reducing rainfall rates. Regarding
the paver block and permeable pavement systems technique (approximately 1.20ha
applied in watershed 10.4), impermeable paving blocks were laid on a bed of sand
or gravel with a storage layer of gravel beneath. This setup allows rainwater to be
captured in the open spaces between the blocks and transported to the storage zone,
where it can infiltrate the site>s native soil (CVC, 2022).

Regarding microbasin 10.5, which also features partial forest areas in its vicinity,
green area and landscape techniques were implemented within the deforestation
limits, covering an area of 0.66ha. Additionally, permeable pavement techniques were
applied across approximately 3.82ha, alongside plant filter strips/grass strips spanning
0.80ha, to enhance pavement permeability and facilitate rainwater absorption.

At the conclusion of the post-development scenario presentation for sub-basin 10 of
Arroio Diltvio, the water report for the Performance Scenario of the LID combinations
was generated. As per the LID TTT Software Manual, the combined performance of
LID Techniques reduces runoff and employs small-scale distributed structural practices
that mimic natural or baseline hydrology by utilising processes such as infiltration,
evapotranspiration, collection, filtration, and retention of rainwater.

The rainfall parameters (TaBLE IV), are displayed on the software’s result screen
after completing the baseline and LID interventions scenarios. This screen allows
users to view model run results for individual reports and compare results across
different scenarios. Additionally, the report presents data for controlling runoff
volume, untreated runoff volume, peak runoff flow, and water balance, summarizing
the LID techniques implemented within the software-modeled system.

In the study watershed area, the baseline scenario does not reflect pristine
hydrology, given the current urbanization level in the city. Additionally, these
integrated practices can significantly decrease stormwater flow volume and intensity
(CVC, 2022). Therefore, the water modeling test showcases the effectiveness of the
LID Techniques implemented in the 228.7ha area of the baseline and scenarios
with LID interventions in sub-basin 10 of Arroio Dildvio (TaBLE V).

Regarding rainfall parameters, it was possible to identify that in the 15 mm

(72.78 %) and 25 mm project (60.32 %), the runoff volume control was achieved.
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TABLE IV - Results Screen — Rainfall Parameters.
TABELA IV - Tela de Resultados — Parimetros de Chuva.

‘Water Modeling Properties Characteristics

. Refers to rainwater or irrigation water lowing over the surface of
Runoff Reduction Control (m?3) the land & &

Refers to the quantity of runoff that needs to be managed (removed

Expected runoff volume control (m?) or treated) on-site

Refers to the runoff volume that is reduced through infiltration

Untreated Runoff Volume (m?3) L .
or evapotranspiration and does not contribute to external runoff.

Denotes the runoff quantity that was not filtered by one or more LIDs

3
Peak flow flow (output) (m?/s) but its retained at the source, thereby not adding to external flow.

Water balance (Reduction of | Refers to the peak flow in the sub-basin, as well as storages and
rainwater runoff) mm/% outlet, for both the baseline and scenarios with LID interventions .

Refers to scenario development and offers feedback to the user on
whether the scenario objective was accomplished, with options
“Yes” or “No”.

Runoff volume control/
Reduction met?

Also noteworthy is that using the LID TTT software, all flow volumes with
values exceeding 60 % demonstrated a significant sustainable improvement in the
scenario, meeting the flow volume criteria. Regarding the 50 mm parameters, the
rains managed to meet 40.24 % of the runoff value classification, while the 100 mm
rains achieved only 26.57 % of rainfall reduction, marking the lowest runoff rate
according to the LID TTT software.

Taking into account the classifications related to untreated runoff volume, peak
runoff flow, and water balance (reduction in rainwater runoff), the four rainfall
parameters (15, 25, 50 and 100 mm) yielded positive outcomes for rainwater
runoff in the scenarios. Additionally, authors referenced in the literature of this
research, such as Lee et /. (2012), discussed the implementation of LID facilities
in South Korea, and noted that these facilities can reduce peak flood discharges per
storm return period by approximately 7 to 15 % on a larger catchment scale. In
the study area of the Arroio Diltivio sub-basin, the low-impact techniques applied
surpassed these values, achieving of 26.57 % in the use of LID Techniques with
rainfall parameters of 100 mm/24 hours.

Generally, all scenarios incorporating LID techniques experienced a reduction in
simulated values, falling within an acceptable range. This suggests that simulated and

measured values can more accurately predict changes in urban and environmental
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quality through water modelling methods and projects. Consequently, flood control
can be optimised with low-impact development techniques, as demonstrated by
the LID TTT software. Sustainable techniques can be implemented in the Arroio
Diltivio sub-basin to integrated various landscape elements that support sustainable
stormwater management. Following the evaluation of the proposed method using
QGIS and LID TTT software, the final phase of this methodology aimed to assess
the applicability and usefulness of LID techniques for municipalities in southern

Brazil through a confirmatory focus group.

Presenting LID Scenarios to the Focus Group

The fourth and final phase of the method involved presenting proposals for
LID application, followed by organizing results for presentation, discussion and
dissemination of the main evaluation findings. This analysis assessed the results,
simplifying knowledge dissemination for potential application of LID techniques
in urban and sustainable city planning. Municipal technicians analyzed the
resulting information through a focus group, aiming to facilitate its potential use in
improving urban drainage relations in cities by implementing LID techniques that
could be explored in managing municipalities in southern Brazil. Presenting and
discussing the results enabled drawing general considerations about the proposed
methodology s outcomes (fig. 7).

The study aimed, via the proposed methodology, to evaluate LID techniques
across various scenarios and ascertain their advantages, advocating for these
techniques as sustainable strategies to promote their adoption in Brazilian
municipalities. A 1-hour and 20-minute video conference was held on Google
Meet, with the municipal technicians involved, allowing the presentation of
the conducted studies. Additionally, the research focus group, comprising eight
participants, was conducted via video conference, as detailed in TaBLe VI.

After demonstrating the interface of LID TTT Software and its application to
the Arroio Diltvio Sub-Basin 10 project, which included an overview of the LIDs

tools and techniques, the baseline and with LID interventions scenarios and the
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PROPOSED METHODOLOGY|
| Phase 2: Definition of
Analysis comparison metrics

STEP 01 STEP 02 STEP 03 STEP 04 STEP 05
Selection of i - Creation of * Defining standards—> Metrics Analysis
study area Detaicalloction Geoprocessed Maps for L\Dgtechniques in the 4
for Analysis sub-basin area
Phase 3: Data Modelling
Phase 04 and Analysis
Step 10:
Submission of LID STEP 09 STEP 08 STEP 07 STEP 06
Application Proposals | <¢— Water comparison ~——— Project <—  SettingDrain <-———  Configuring
for the confirmatory Analysis in hydrology Properties and parameters in the
focus group Sub-Basin 10 analysis LID Control LID TTT programme

Fig. 7 - Summary of the Proposed Methodology.
Fig. 7 - Resumo da metodologia proposta.

TABLE VI - Summary Structure Confirmatory Focus Group.
TABELA VI - Estrutura Resumida do Grupo Focal Confirmatério.

The Participant’s

Participants’Role Municipality of Employment

Architect and Urban Planner (MS.c) — Dept.
Urban planning

Topographer and Civil Engineer — Dept. of

Confirmatory Topography and Urbanism Toledo, Parani

Focus Group

Environmental Engineer — Dept. Environment
and Sanitation

Month/Year | Architect and Urban Planner — Dept. Monitoring
Performance the Master Plan (Project Approval)
May/2023

Architect and Urban Planner — Municipal

Department of Public Works lajai, Santa Catarina

Shift Architect and Urban Planner (MS.c) — Municipal
Night Department of Works and Infrastructure

Porto Alegre, Rio Grande

Architect and Urban Planner — Municipal 4o Sul

Secretariat for the Environment

Architect and Urban Planner — Urban Planning
Department

report on sustainable techniques generated by the software, a debate was initiated
with the team. Each participant shared their considerations and perceptions of the
presentation. To evaluate the municipal technicians”perception of the method’s
usefulness, an interview was conducted with four questions presented at the

conclusion of the methodology presentation.
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Overall, there was a consensus within the group that the merit of the work lies
in the usefulness of the proposed methodology, at is directly addresses the need for
public authorities to enhance urban drainage management in a sustainable manner.
The participating technicians believe that the method is valid and the software is
useful for managing urban drainage in the south of the country, providing a valuable
tool for sustainable decision-making applications. Additionally, the method’s ease
of use allows for its potential application in other Brazilian municipalities.

Another aspect that garnered consensus within the group was the usefulness
of these techniques in professional presentations and solutions. Given the failed
drainage in various parts of the city, such strategies could be employed in the future
or even in areas of existing consolidated urbanisation. These approaches have the
potential to resolve issues related to water drainage, thereby preventing future or
long-term problems in municipalities.

In terms of facilitating the comprehension of results for knowledge dissemina-
tion, technicians have recognized the importance of increasing discussions on low
impact development (LID) techniques among municipalities through lectures and
studies. This approach aims to foster better communication among departments
related to urban planning and public works, as well as with designers, developers
and society. The goal is to collectively explore avenues for implementing these sus-
tainable techniques.

It was also noted that developing pilot projects is essential for involving
experimental applications of LID devices in cities pursuing sustainable development.
These academic studies enable the evaluation of the effects produced by combining
of different devices and the feasibility of sustainable alternatives like the ones
presented in this research. Furthermore, technicians highlighted that current city
halls and administrative management often face challenges in implementing new
ideas, equipment, and new technologies. The collaboration between academia and
practioners helps facilitate such sustainable implementations, as it can be a time-
consuming process to initiate pilot projects.

Another need highlighted by the technicians for dissemination sustainability
knowledge is through modelling programs with BIM Systems, which present
construction information modelling (such as QGIS and LID TTT used in this
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research). These systems support digital transformation in the architecture,
engineering, and construction sector, working more effectively in the long term
by connecting various city hall project departments, enabling, for instance, the
integration of projects involving rainwater use, urban planning, work inspection,
and project approval. However, there is still a gap in knowledge and training for
professionals. The insertion of academic knowledge into public administrations
contributes to this development, as professionals often lack access to the technical
information needed to apply it effectively in the urban landscape and to promote
more sustainable projects.

Additionally, work related to LID applications in southern Brazilian
municipalities is currently scarce, making it difficult for public managers to have
confidence in the efficacy of sustainable techniques such as those presented for
urban drainage projects. This results in the continued reliance on conventional
drainage techniques that have been used for years.

Another need highlighted by technicians for improved knowledge sharing
between municipalities would be increased information exchange between
academia and professionals in the field. This could be achieved by encouraging
more academics to participate in city hall councils, leading to greater understanding
of practices and management projects for sustainable cities. This would provide
enhanced technical knowledge and theoretical basis drawn from literature related to
sustainability. Consequently, public officials would be better equipped to evaluate
techniques and make informed decisions regarding their application in cities.
Technicians have expanded the debate, consistently seeking effective contributions
to addressing real-world challenges encountered by teams in municipalities across

Parand, Santa Catarina and Rio Grande do Sul.

Conclusion
The study aimed to evaluate LID techniques and identify benefits promoting

them as sustainable strategies in urban areas, supporting their use in municipalities

and addressing future or long-term planning challenges. Diverse approaches in LID
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application across countries, including Singapore, China, New Zealand, Sweden,
the United States, Ethiopia, Brazil, Turkey and, South Korea highlight the need for
a new methodology tailored to the specifies of southern Brazil, potentially enabling
more resilient and sustainable city redesign.

Incorporating customised LID techniques can optimise stormwater
management, reduce urban flooding impacts, and enhance environmental quality
and community life. This study implemented six techniques together to assess their
effectiveness in reducing stormwater runoff under scenarios of 15 mm, 25 mm,
50 mm, and 100 mm precipitation. Significant reductions in runoff volume
demonstrated the LID techniques “capability to mitigate urbanization effects on
the hydrological cycle.

Simulation scenarios in the LID TTT software indicated decreased simulated
values, showcasing that sustainable techniques such as Green Roofs, Permeable
Pavement, Bioretention Systems, Green Areas and Landscapes, Rain Gardens and
Grass Strips/Vegetable Filter Strips improve flood control and forecast positive
changes in urban and environmental quality in sub-basin areas.

In the final stage of the methodology, positive evaluation of the research by
technicians through a focus group deemed the method valuable for sustainable
urban drainage planning and management in municipalities. According to
technicians, developing such methods involves crucial diagnostics and scenarios for
building sustainable cities.

This tailored methodology facilitated the creation of specific sustainable
projects considering soil conditions, terrain, topography, land cover, classification,
precipitation type, and the application of LID techniques, thereby promoting more
sustainable cities better prepared to address water management issues.

Further exploration is needed to comprehensively investigate the individual
performance of each LID technique, comparing their efficacy when implemented
separately or in combination. This detailed approach will enhance understanding
of the advantages and limitations of each LID technique, aiding continuous
improvement of sustainable urban drainage practices.

The research aims to advance LID techniques application, proposing an

evolution in drainage systems. Rather than replacing conventional systems, the
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goal is to complement and enhance existing urban drainage in municipalities.
The main expectation is to contribute to extensive applications for managing
urban stormwater in urban streams, restoring and maintaining hydrological and
sustainable balance in large cities.

Therefore, LID techniques implemented through QGIS and LID TTT tools
represent a significant contribution to urban planning,promoting more sustainable

environments and enhancing quality of life in the region.
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Ao encerrarmos mais um volume da colecio "Estudos Cindinicos" dedicado
3 4gua e aos riscos que lhe estao associados, importa destacar a relevancia desta
obra, nao apenas enquanto sintese cientifica e recurso did4tico para o ensino
universitdrio, mas também como instrumento de sensibilizacio da sociedade
para a problemdtica.

Como ficou demonstrado nos diversos capitulos que compéem este
volume, a ocorréncia de fenémenos naturais de elevada intensidade impoe
sérios constrangimentos ao normal funcionamento das atividades humanas,
conduzindo, em muitos casos, A destruicdo de infraestruturas, a perdas
econdmicas significativas e, tragicamente, a perda de vidas humanas. A frequéncia
e recorréncia com que estes fenémenos tém ocorrido, sobretudo nas dltimas
décadas, tornam-nos facilmente identificdveis e incontorndveis no contexto
global atual.

Entre os muitos exemplos que poderiam ser inumerados, destacam-se as
cheias na provincia de Punjab, no Paquistdo, em agosto de 2025, que provocaram
mais de 300 mortes, inundaram milhares de aldeias e afetaram milhées de
pessoas, com impactos devastadores na agricultura. Em Mokwa, na Nigéria,
as inundagoes foram ainda mais letais, com mais de 500 mortos, centenas de
desaparecidos e milhares de habitagdes destruidas. Também na Austrilia, as
cheias que afetaram Queensland entre janeiro e abril de 2025 causaram pelo
menos 33 vitimas mortais e prejuizos superiores a 1,2 mil milhées de délares.
Por outro lado, a seca que atualmente assola as regioes oriental e meridional de
Africa afeta cerca de 90 milhoes de pessoas, provocando inseguranga alimentar
aguda e gerando impactos significativos na satide publica e na economia.

Estes ¢ muitos outros exemplos apresentados ao longo da obra refor¢am a

atualidade e urgéncia do tema, justificando o seu estudo aprofundado e a sua
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ampla divulgacao. Este volume pretende, assim, ser um contributo relevante
nao sé para a comunidade cientifica e académica, mas também para o publico
em geral, que aqui encontrard informagio essencial para a sua prépria protegio

e para a resiliéncia das suas comunidades.
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