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Preface

Nature-based solutions (NbS) are solutions inspired or supported by nature,
including ecosystem conservation and restoration measures, as well as the creation
or enhancement of natural processes in man-made ecosystems, such as cities.
Examples of NbS interventions for water in urban areas include constructed wet-
lands, floating wetlands, maturation ponds, bioswales, green spaces, and buildings,
among others. NbS vary in their location, attributes, functions, and scales and
therefore in the environmental, social, and economic values that they generate.
Recent interest in NbS all over the world has emphasised their importance for
water management. For instance, the 2018 UN water development report explored
the role of NbS for water management in detail. A recent technical report by the
European Union (EU) also reviewed the results from EU-funded NbS projects with
respect to water quality. Similar reports have been produced by the International
Union for Conservation of Nature (IUCN), the United Nations Development
Programme (UNDP), the International Water Association (IWA), or the Asian
Development Bank (ADB). Evidence of the effectiveness of NbS solutions, how-
ever, particularly those implemented in urban contexts, has been dominated by
experiences from the Global North. Furthermore, NbS are often documented as
technical solutions disconnected from the actors that drive them and the context in
which they are implemented, thus limiting the understanding of their embeddedness
and how they can be replicated or scaled.

This book aims to address the aforementioned gap partially by exploring various
aspects of NbS for water in a systematic way. It begins with an introductory chapter
with descriptions on subsequent chapters and their importance. Next chapter pro-
vides an updated overview of NbS with a European perspective and discusses about
how the implementation of NbS improves living conditions. Next, the book looks at
a specific NbS, constructed floating wetlands (CFW), for the treatment of surface
waters and industrial wastewaters. It provides an overview of the current scientific
and engineering knowledge on CFW which will be essential for the replication of
CFWs. The updated definition of NbS by EU emphasises that NbS must benefit
biodiversity and support the delivery of a range of ecosystem services and thus, next,

vii
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the book discusses about the contributions of NbS to biodiversity net gain (BNG) in
urban areas using the experiences of NbS that are implemented for water manage-
ment in England. Development of BNG and habitat suitability indices (HabSI)
scores for nature-based water management solutions implemented has been
discussed for three key biodiversity groups active at different spatial scales. This
will allow NbS to be located strategically.

Five country-wide studies have been presented next. The first study reviews the
applications of NbS in urban water management in Singapore, Thailand, and Viet-
nam. Policies that highlight the identification of investors, educational campaigns,
and sustainable joint partnerships are identified as key for the implementation of
NbS in the case of Singapore; barriers found to exist in political, governance, social,
and technological aspects for implementing NbS in Thailand and Vietnam. Next
study provides an overview of wastewater treatment in Vietnam and the application
of maturation ponds and floating wetlands as NbS to treat wastewater. The study
aims to provide suggestions for future upgrades to such NbS as well as to the policy
makers with recommendations for scaling up those NbS. The following study over-
views the wastewater treatment in the Philippines and discusses about the utilisation
of NbS in combination with grey solutions to treat domestic wastewater effectively.
Next study discusses the application of floating wetlands to treat pollutants in two
lakes of Sri Lanka. It discusses about assessment criteria to evaluate the performance
of such NbS. The last study investigates the role of information and communication
technology (ICT) in following global standard for NbS. The study considers
Bangladesh and proposes an ICT framework to facilitate the implementation of
NbS in Bangladesh.

How did this book proposal come about? Engagement of the editors of this book
in the Horizon-2020 projects and proposals made aware that there is a wealth of
information to exist in the literature some of which have been produced by numerous
Horizon-2020 projects. An earnest desire to learn from a few of those project leaders
led to a Global webinar on “Nature-base solutions for water in cities” in July 2021
that was organised by the Royal Melbourne Institute of Technology (RMIT)
University—Europe. A call for chapters was made during the webinar to draft this
book. Additionally, the editors of this book along with their international partners
were awarded a grant by the Asia Pacific Network (APN) for Global Change
Research in October 2021 to conduct a project on developing an “Integrated
assessment of existing practices and development of pathways for the effective
integration of nature-based water treatment in urban areas in Sri Lanka, the Philip-
pines and Vietnam”. They were the catalyst to this book project.

We hope that this book provides a valuable compilation of theory and practice of
some NbS for water treatment as well as case studies discussing the applications of
those NbS. The information in the book will help to understand the status of NbS for
water management in different parts of the world, their effectiveness and impacts as
well as barriers that are to be overcome in order to replicate those NbS in a
sustainable manner. We have made an effort to bring the above into one place to
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serve policy makers, practitioners, researchers, graduate students, and businesses in
implementing NbS in an efficient and appropriate manner.

Barcelona, Spain Nevelina Pachova
Laguna, Philippines Perlie Velasco
Barcelona, Spain Antonina Torrens
Melbourne, VIC, Australia Veeriah Jegatheesan
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Chapter 1
Nature-Based Solutions for Urban Water
Management: Challenges
and Opportunities in the Context of Asia

Nevelina Pachova, Perlie Velasco, Antonina Torrens,
and Veeriah Jegatheesan

Abstract Nature-based solutions (NbS) are increasingly recognized as important
tools for moving towards a more holistic approach to using and managing water.
Integrating NbS in existing water management practices, however, is an ongoing
process. The book provides a state-of-the-art overview of technologies and
approaches for integrating NbS in water management based on experiences from
across the world and a diverse range of in-depth case studies of NbS applications to
urban water management in Asia. This chapter introduces and brings together the
different contributions to the book, highlighting emerging challenges and opportu-
nities for harnessing the potential of NbS in the region. Emerging experiences
considered in the book suggest the need for better integration of different technol-
ogies and approaches, given the diversity of urban water challenges and the com-
plementary benefits of different NbS. Closely related to this is also the need for
integrated approaches to monitoring and assessing the impacts of existing practices
as a basis for enhancing their technical performance, sustainability and co-benefits.
Recent methodological advances in the design, implementation and assessment of
NbS from Europe and outside could also inform the development of more effective
approaches to stakeholder engagement, biodiversity generation, financing and learn-
ing from NbS.
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Water is essential for life (WWAP 2003) and human existence has been an ongoing
journey of learning how to use and manage it wisely. Marked by a growing
understanding that water is a shared and finite resource, at a given time and place,
the past decades have brought about important advances in working together with
both people and nature in ensuring access to water for all.

Driven by the goal of providing equitable development opportunities for people
across the world embedded in the Millennium Development Goals, the United
Nations (UN) Decade for Action “Water for Life” (2005–2015) gave significant
impetus to initiatives and investments that brought about important improvements in
access to safe drinking water and sanitation, recognized the importance of a human-
rights based approach to both and advanced the adoption of integrated approaches to
water management (UN 2010; UNCSD 2012; UNEP 2012; UNW-DPC 2015).
Despite notable achievements, however, billions of people remained without access
to safe water and sanitation at the end of the UN-water decade (UNW-DPC 2015).
Furthermore, although the value provided by water-related ecosystems had begun to
be recognized, water for the environment was seen as one of a range of different
water needs to be met and ca. 50% of the countries worldwide ranked it as an issue of
medium to low priority in 2012 (UNEP 2012).

The UN Agenda 2030 for transforming our world agreed upon by international
leaders in 2015 has attempted to bring about a shift in the dominant human-centred
perspectives on development by giving environmental concerns, including with
respect to water, a prominent place in the Sustainable Development Goals (SDGs)
(UN 2015). Unlike earlier formulations of the challenge of access to clean water and
sanitation, for example, SDG six, which focuses on it, highlights ecosystem degra-
dation as an integral part of the problem and calls for reducing pollution and
protecting and restoring water-related ecosystems as essential aspects of the solution
(UN 2015). In 2016, the UN General Assembly also agreed upon a new Decade for
Action on “Water for Sustainable Development” (2018–2028) with the aim to
energize implementation of existing projects and programmes and mobilize water-
related action to contribute to sustainable development and achievement of the SDGs
(UN 2016).

In line with the above, the concept of nature-based solutions (NbS), i.e. solutions
inspired or supported by nature, has emerged and gained significant traction in
Europe and outside over the past decade (EC 2015). Defined by IUCN as “actions
to protect, sustainably manage, and restore natural or modified ecosystems, that
address societal challenges effectively and adaptively, simultaneously providing
human well-being and biodiversity benefits” (Cohen-Shacham et al. 2016), NbS
are increasingly seen as an important tool for shifting towards a more holistic
approach to water management and one that could contribute to other aspects of
the sustainable development goals, such as food security, reduced disaster risk in
urban settlements and decent work (UN-Water 2018).
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The 2018 UN Water Report, which reviewed the state-of-the-art of knowledge
and applications of NbS, however, notes that NbS are not a panacea and although the
concept of NbS is increasingly included in Integrated Water Resources Management
(IWRM) principles and discourses, in practice this is not often the case. In this
regard, testing NbS in different hydrological, environmental, socio-economic and
management conditions, advancing understanding of their potential and limitations
and sharing knowledge were noted as essential for enhancing capacities for their
implementation and upscaling (UN-Water 2018).

This collection of studies aims to contribute to addressing this gap with a focus on
Asia, one of the most rapidly growing regions worldwide and one where the role of
NbS for water has received only limited and piecemeal attention to date. Unlike
recent reviews of the potential of NbS for water in Europe (EC 2020; Oral et al.
2020), Latin America and the Caribbean (Ozment et al. 2021) and Africa (Acreman
et al. 2021), NbS for water in Asia have been discussed with respect to specific
technologies (Liu et al. 2009) or approaches (Morita 2021), societal challenges (GEF
2020; Furmage 2022) or countries (Liu et al. 2009; ADB 2019; GEF 2020).

This book attempts to provide a more integrated perspective of the potential,
limitations and opportunities for advancing the uptake and upscaling of NbS for
water in Asia by bringing together a series of case studies from cities across the
region. With more than half of the population in Asia living in cities and rapidly
growing urbanization (UNDESA 2018), the book takes a special look at NbS for
water in urban contexts with the aim of bringing a forward look into opportunities for
the future that draw upon traditional nature-based water treatment systems and
solution from Asia but go beyond by complementing them with knowledge and
experiences from NbS employed in urban contexts in Europe, Australia and outside.
With this in mind, the region-specific case studies are preceded by several method-
ological chapters that review the range of technologies and approaches that the
concept of NbS for water entail, suggest possible frameworks for selecting appro-
priate NbS, and highlight challenges and opportunities with the implementation of
some of the most prominent types of nature-based solutions for water of relevance to
cities in Asia.

The book opens with a typology of NbS developed in the framework of an
EU-funded project on urban greening that Sánchez et al. (2022) employ to discuss
and demonstrate how different types of NbS can be selected, implemented and
assessed with view of a range of urban water challenges across different scales.
The authors argue for a consideration of the physical, biotic, social and economic
context of the location, as a basis for determining the suitability of a given NbS and
suggest that impacts can be captured with a focus on the ecosystem services that are
likely to be impacted under different scenarios. They also demonstrate the capacity
of floating gardens and urban forest catchments, two types of NbS developed and
tested in selected cities in Europe, to contribute to addressing context-specific urban
water challenges through the generation of a range of valuable ecosystem services.

Chapter 3 provides detailed overview of one of the prominent types of NbS for
water treatment with relevance to the context in Asia, namely constructed floating
wetlands. In the chapter, Ayres et al. (2022) review the latest evidence on the
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effectiveness of constructed floating wetlands (CFW) for the treatment of surface
waters and industrial wastewaters. The study highlights critical attributes that need to
be taken into account in the design of CFW, including structural design and
buoyancy, plant selection, plant anchoring and harvesting, and how they affect
water treatment effectiveness as reflected in different rates of removal of nutrients,
heavy metals and organic compounds. The authors also discuss the effect of hydro-
dynamics on pollutant removal and suggest possibilities for improving the design of
CFW installations with view of enhancing performance and other possible benefits
and draw attention to measures for validating treatment effectiveness and setting up
an operational monitoring system. The authors argue that a mass balance approach
could take operational monitoring a step further and enable an evaluation of the
significance of the CFW treatment. They also note the absence of published eco-
nomic information for CFWs and suggest that an accepted validation framework
coupled with hydraulic modelling, as well as research into the costs and benefits of
CFWs, are required for improved confidence and greater adoption of full-scale
CFWs technologies.

In Chap. 4, Warner (2022) goes beyond the water quality and quantity impacts of
NbS. The author argues that if appropriately designed and located, NbS employed to
address urban water challenges, could make significant contributions to enhancing
urban biodiversity as well. After a review of NbS types used for urban water
management in the UK and outside, such as bus-shelters, green roofs and walls,
wetland creation, bioswales and street trees, he proposes two measures for assessing
and enhancing the biodiversity benefits of NbS, namely Biodiversity Net Gain
(BNG), a measure designed to capture changes in individual habitat types based
on a consideration of their relative distinctiveness and quality, and habitat suitability
indices (HabSI), an index that predicts the likelihood of important species being
present in a given habitat. To demonstrate their use, Warner employs them to assess
NbS BNG and habitat suitability for three key biodiversity groups active at different
spatial scales in the UK, namely, pollinators, amphibians and bats and discusses the
implications of the choice, structure and location of the examined interventions.

In Chap. 5 Linh et al. (2022) present and discuss several examples of NbS
employed for urban water management in Singapore, Thailand and Vietnam.
Those include the Active, Beautiful and Clean (ABC) Waters Programme in Singa-
pore, a number of urban parks employed for storm water management in Thailand,
and several NbS projects for urban water management in a planning stage in Ho Chi
Minh City and the ancient capital of Hue in Vietnam. While drawing upon examples
from different contexts and at different stages of implementation, the chapter draws
attention to the important role played by government agencies and large institutional
actors in the establishment of NbS for urban water management in the three
countries. Reflecting on the benefits but also limitations of such large-scale infra-
structural interventions, the chapter suggests the need for a better integration across
stakeholders, sectors and scales as the way forward in the design and implementation
of more multi-functional, resilient and sustainable NbS for cities in the region.

In Chap. 6, Dang et al. (2022) take a closer look at two types of NbS employed for
urban water management and wastewater treatment across cities in Vietnam.
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Specifically, they examine existing applications of waste stabilization ponds (WSPs)
employed in centralized wastewater treatment systems in the country, and floating
treatment wetlands (FTWs), which are increasingly used as a form of decentralized
treatment of water in the urban canals across Vietnam. The authors discuss the pros
and cons of the two different types of NbS, their performance, as well as challenges
and opportunities for enhancing it. They note that, while WSPs, such as maturation
ponds, have been primarily employed for wastewater treatment, they could provide a
number of other benefits, such as urban green space, biodiversity, flood control,
urban heat control, and fish farming opportunities, if appropriately designed. A
review of FTWs pilot and demo sites across the country also finds that FWTs can
provide a range of complementary benefits, such as improved aesthetic value, job
opportunities and possibilities for awareness raising and stakeholder engagement in
environmental conservation work. The authors suggest that a combination of the two
types of NbS can optimize their value for wastewater treatment in cities in Vietnam
but note that better monitoring and appropriate field tests and simulation studies are
needed for gaining a deeper understanding of and quantifying the expected multi-
functional impacts of both.

In Chap. 7, Velasco et al. (2022) review existing nature-based solutions for
domestic wastewater treatment in the Philippines. They note the growing pressures
for improved wastewater treatment in the country and the limited centralized funding
for this. In this context they consider the potential of NbS as low-cost decentralized
water treatment solutions and discuss in more detail existing applications of
Decentralized Wastewater Treatment Systems (DEWATS) and constructed wetlands
in the country. Existing evidence of the effectiveness of those measures, however, is
limited and the authors suggest a possible framework for assessing their effective-
ness as a basis for demonstrating the value of NbS.

In Chap. 8, Weragoda et al. (2022) touch upon the long history of NbS in Sri
Lanka that comprises both traditional and more modern hybrid applications. With
respect to urban contexts, they note the relevance and potential of floating wetlands
(FW) more concretely and examine the effectiveness of FWs established over the
recent years in two of the major urban lakes in the country. The effectiveness of
floating wetlands is discussed with reference to a range of different aspects, includ-
ing technical design and operation, social and economic impacts, enabling environ-
ment and embeddedness in the local policy and governance system. While
recognizing the importance of an integrated approach to assessing the impacts of
the examined interventions, however, the authors note that existing data, particularly
on the economic, social and governance aspects and impacts of the interventions are
limited and suggest that those gaps need to be taken into account in the design of
future monitoring systems since a deeper understanding of the multi-functional
benefits of existing NbS would be beneficial for the maintenance, upscaling and
replication of nature-based solutions throughout the country.

In the final chapter, Hossain (2002) explores the role of Information and Com-
munication Technology (ICT) in following the Global Standard for NbS from a
Bangladesh perspective. Based on a review of both NbS research in Bangladesh and
international examples of ICT applications for NbS, the author argues that ICT can


