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Foreword

Cities are expanding and so are the number of people inhabiting these cities.
Following the current trend, the global urban population is expected to be 70% or
6.3 billion by 2050, nearly doubling up from the urban population in 2010, i.e. 3.5
billion. This increase will not only be concentrated in megacities, but also across
small- and medium-sized cities across the world. Pressure on the urban resources is
anticipated to increase manifold including, but not limited to, depleting green and
blue spaces, water scarcity, air pollution, urban heat islands, increasing disaster risks,
noise pollution, waste dumping, etc. Maintaining a healthy and habitable urban life
is one of the major challenges facing the Anthropocene.

There have been quite a few studies on urban infrastructural facilities like
transportation systems, wastewater treatment, solid waste disposal, water supply,
electricity supply and urban settlements. On the other hand, urban ecological
infrastructures like open spaces, parks, waterbodies, urban wetlands, etc., collec-
tively referred to as ‘Blue-Green Infrastructure’ (BGI), are the first prey to urban
expansion and, yet they fail to get ample attention. Though much has been written
about the benefits provided by urban ecosystems, development of new blue-green
infrastructures and their mainstreaming in urban policy planning is yet to be realized,
especially in the Global South. This book Blue-Green Infrastructure Across Asian
Countries—Improving Urban Resilience and Sustainability fills up this gap impec-
cably. The book clearly exemplifies the importance of the Blue-Green Infrastructures
through various case studies across different Asian countries and suggests convinc-
ing ways to mainstream this infrastructure in urban policy planning.

This book not only explores the benefits and challenges of Blue-Green
Infrastructures, but also explores the different advances that can be adopted like
citizen science initiatives, spatial planning and socio-ecological technological
approaches to monitor and implement them. Different environmental designs are
proposed for the inclusion of Blue-Green Infrastructures in urban settings. For
example, home gardens of Sri Lanka delineate the multifunctional role of ecological
infrastructures and present a unique design where both blue- and green-
infrastructures can be designed together at a relatively smaller space. The different
environmental designs presented in this book provide an opportunity to replicate
them to include in other urban areas with some modifications, if needed.
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Blue infrastructures in urban areas find a special place in this book. Very little
information on urbanization impacts on blue infrastructures is available except for
spatial maps that show the shrinkage in urban waterbodies. Starting from the ancient
waterbodies in India to nature-based solutions for marine and coastal ecosystems to
alleviating the impacts of disasters like flood, the role of blue infrastructures is
explored in detail and their implementation discussed. The book opens up new
avenues of research on the roles of blue infrastructure that will ameliorate the quality
of life of urban dwellers. Likewise, case studies on the importance of EcoDRR
demonstrate the role of Blue-Green Infrastructure in urban resilience building and
disaster risk mitigation.

Considering the urban complexities and uncertainties, it is timely and important
to explore alternative interventions for a sustainable urban future, as detailed in this
book. The book not only quantifies and explores the importance of Blue-Green
Infrastructure, but also suggests on mainstreaming it in the urban policy planning
process which will eventually help in implementing the ecological infrastructures.
Academicians, policy planners, city planners, local communities and both local
government and non-governmental agencies will find this book helpful as the
book delivers an integrated knowledge on Blue-Green Infrastructure and makes a
valuable contribution towards building a sustainable and resilient urban future.

I congratulate the authors for presenting diverse concepts, cases and novel
approaches on the subject that are relevant for diverse stakeholders including
urban planners and policy makers. I also warmly congratulate the editors: Shalini
Dhyani, Mrittika Basu, Harini Santhanam and Rajarshi Dasgupta—for their timely
efforts to produce this insightful volume of concepts, innovations and case studies.
This book is an important and timely contribution to the knowledge pool of urban
ecosystems, nature-based solutions, disaster risk reduction and climate change
adaptations. Readers will be highly benefited from the insightful chapter content
and analysis presented in this book. I wish the editors and authors all success in their
endeavour.

Resilience to Disasters and Conflicts
Support Branch, UNEP
Geneva, Switzerland

Muralee Thummarukudy
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Blue-Green Infrastructure for Addressing
Urban Resilience and Sustainability
in the Warming World

1

Shalini Dhyani, Sunidhi Singh, Mrittika Basu, Rajarshi Dasgupta,
and Harini Santhanam

Abstract

Urban blue-green infrastructure (UBGI) has been recognized as vital component
of urban environment management, disaster risk reduction, and climate change
adaptations. There has been growing consensus and advancement in the concep-
tualization, research, implementation, and mainstreaming of UBGI in urban
policy planning to enhance urban resilience to increasing disaster risks and
climate change. Despite the growing interest in UBGI, most of the global research
on UBGI has been carried out in the Global North, while uncertainty linked with
the performance of UBGI in the Global South has resulted in lack of confidence,
and public acceptance has limited its adoption and implementation in many
developing Asian countries. This edited book volume investigates the issues,
gaps, opportunities, and advances related to UBGI from the diverse perspectives
of researchers and experiences of professionals from various science and policy
disciplines to enhance and enrich the existing knowledge on effective
mainstreaming of UBGI across Asia. Case studies highlighting UBGI successes,
gaps, opportunities, and threats from different Asian countries are presented in
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this volume. However, all the cases discussed in the book stress on identifying
and managing biophysical and sociopolitical threats for enhancing and ensuring
the mainstreaming of UBGI as practical and scientifically sound sustainable
solutions that involve multi-stakeholder groups. The volume especially highlights
the potential of UBGI in providing ecosystem services for addressing emerging
urban environmental risks, enhancing climate change adaptation, and urban
disaster risk reduction. The thematic and cross-cutting chapters bring in scientific
evidence-based innovations to enhance the prospects of UBGI (environmental,
economic, and social benefits).
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1.1 Introduction

Uncertainty, unpredictability, and transformation are considered crucial features of
the Anthropocene. It was observed for the very first time, in the year 2009, that a
comparatively lesser number of people were living in rural areas than urban
expansions. More than 70% of the population of the world is projected to live in
urban areas by the year 2025. Urbanization is rapidly occurring in secondary cities of
Africa and Asia, and these secondary cities are projected to be the future urban
centers of growth and massive expansion (Cissé et al. 2011). Presently,
Anthropocene has entered the urban century having multiple urban sustainability
challenges as these urban centers are contributors of more than 70% of global
greenhouse gas emissions and 90% of them are close to coastal areas (Elmqvist
et al. 2019). Urban areas and urbanization have severely altered the society-
environment relationship by disturbing the sustainability and resilience at alarming
rates by enhancing the complexities (Romero-Lankao et al. 2016). Larger impacts of
climate change, despite being a global problem, are observed locally, and cities are
emerging as new hotspots of risks and disasters (Hordijk and Baud 2011; Dhyani
and Thummarukuddy 2016; Dhyani et al. 2018). Megacities of the south are
extremely susceptible to these ongoing and emerging challenges due to exponential
growth in population, poor living conditions due to poverty, and climate change
(Wilhelm 2011). Globally, urban population ratio has surpassed 50% in 2007 and is
continuously rising following Northam’s “S”-curve theory (Shen et al. 2016).
Several fast-growing urban areas in the developing and underdeveloped countries
of the Global South, due to rampant urbanization and insufficient enforcement of
urban planning guidelines, are vulnerable to floods (Drosou et al. 2019). Urbaniza-
tion through its rapid developmental projects has changed permeable open surfaces
to hard impermeable concretized surfaces. These changes on soil surface have
drastically affected and changed the hydrological cycle and enhanced flash floods
in fast-expanding urban areas (Shafique et al. 2018). Shrinking green and blue spaces
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and increasing built-up and concretized surfaces has enhanced urban heat islands and
reduced groundwater infiltration (Lahoti et al. 2019). Urban areas worldwide are
facing drainage issues, enhanced flood incidences, and heat and water stress (Liu
et al. 2014; Majidi et al. 2019). Concepts like natural capital, ecosystem services, and
nature’s contributions (benefits and disbenefits) define the numerous profits people
receive from nature. Rapid and often unplanned urbanization across the world has
been the key factor behind the deterioration and loss of natural capital universally
(Ncube and Arthur 2021). Urban resilience and nature-based solutions (NbS) are
globally acknowledged and endorsed in different international agreements and
targets (SDGs, Paris COP, CBD, Ramsar Convention, etc.) for their additional
co-benefits in disaster risk reduction and climate adaptations (Suárez et al. 2018).
Climate change and uncontrolled urban sprawls can bring multiple challenges to
urban planning with special reference to water management. In order to counter
these challenges, NbS and resilience building need to be promoted as balancing
approaches to counter the emerging issues in urban areas of the world (Suárez et al.
2018). The conceptual development of sustainable urban infrastructure has been
intensifying ever since the UN proposed the idea of sustainability in the year 1982
(Du et al. 2019). Sustainable urban development is interspersed with eco-action that
leads to socio-ecosystems and green infrastructure for building ecological resilience
(Vargas-Hernández and Zdunek-Wielgołaska 2021). Urban environmental concerns
have their deep roots in ecology as well as urbanism perspectives (Masnavi et al.
2019). In academic and policy discourses, the conception of urban resilience is
flourishing (Meerow and Newell 2019). Sustainability and resilience have emerged
as important ideas that focus on understanding the essential urban dynamics to
address the challenges and ensuring habitable urban futures (Romero-Lankao et al.
2016). Considerable optimism is being attributed to the capacity of resilience
building to balance environmental risks in the warming world (Borie et al. 2019).
“Resilience” as a concept is relevant in urban planning and practice as it can offer
innovative and progressively appropriate concepts and approaches for addressing the
complexities of the urbanized world to safeguard communities from diverse
emerging risks and hazards (Coaffee and Clarke 2015). Resilience building can
also be advantageous when the internal and external system sustainability
components are considered while planning suitable nature-based solutions (Dhyani
et al. 2021a). Enhancing urban socioeconomic and spatial vulnerabilities and loss of
natural environment reflect the growing requirement of resilience thinking in urban
planning and development (Masnavi et al. 2019). Urban areas present exceptional
challenges as well as opportunities for sustainability and resilience. Urban expansion
relates to the socio-ecosystem that is itself a complex human-dominated system
having erratic ecological resilience that experiences continuous interaction of physi-
cal, structural, engineering, social, psychological, natural, and environmental
components that can influence each other for developing resilient city (Vargas-
Hernández and Zdunek-Wielgołaska 2021). Understanding, supporting, and pro-
moting diverse knowledge types, stimuli abilities, and aims of diverse members and
their networks are considered vital for developing sustainable and resilient cities
(Romolini et al. 2016). For transforming existing social-ecological systems, the
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transformative capability needs to be strengthened by supporting its three pillars, i.e.,
reconnecting life-support systems, agency, and social interconnections (Ziervogel
et al. 2016). However, it is important to note that there is no simple “spatial fix” for
overconsumption that is prevalent in growing urban areas. Hence, the crucial role of
urban planning in the warming world will be for adaptation and not mitigation
(Gleeson 2008). Enhancing and improving education opportunities followed by
access to information, improving awareness, endorsing transfer of innovative
technologies, strengthening connections and collaborations among organizations,
improving convergence, decentralized governance, and reassuring citizen involve-
ment can be advantageous for steering the theoretical complications along with other
diverse perspectives of multiple stakeholder groups. A transdisciplinary approach
can ensure co-production of key knowledge for resilience building that also connects
the science-policy interface (Aldunce et al. 2016). Despite having global endorse-
ment of the concept urban resilience and their need for human well-being, it has not
been appropriately addressed in different national contexts especially for the
countries in the South. “Resilience thinking” along with the “community-based
adaptation” has been endorsed globally, but the scientific evidences of the successes
of the approach are confined to regional levels from rural areas for natural resources
management (NRM) within social-ecological systems. Still, there exists a major gap
in urban resilience praxis to connect the resilience theories with actual implementa-
tion. Sustainable urban growth can only be achieved when resilience building is
considered in suitable urban planning (Zhang and Li 2018). Climate and increasing
pandemic risks have enhanced the need to integrate blue-green infrastructure (BGI)
in urban areas as a pressing call for practical and sustainable urban areas of present
and futures. The potentials of BGI have already been highlighted in many scientific
studies for their diverse ecosystem benefits in ensuring human well-being and urban
sustainability (Staddon et al. 2018) especially to solve urban climate and health
crises (Pamukcu-Albers et al. 2021). There is growing global demand need to
expand and improve BGI, especially for the countries of Global South following
an integrative and participatory approach (Fig. 1.1).

Chapters in this book are authored by invited expert professionals, scientists, and
practitioners who have decades of research experience related to urban BGI (UBGI).
These experts have also contributed novel ideas to improve existing BGI-based
solutions to reduce disaster risks and enhance climate adaptations for good quality of
life of urban residents. The edited book volume is an effort to showcase the context,
concept, issues, cases, relevance, and growing need to mainstream BGI in fast-
expanding urban sprawls of Asia. Despite urban areas of Asia facing extreme
disaster risks and climate vulnerabilities, the importance and role of ecosystem-
based approaches or BGI in addressing climate as well as disaster risks are either
ignored or have not received sufficient recognition so far. Under the different
subheadings of this opening chapter of the book, we not only bring the concepts
of BGI but also showcase ongoing developments and novel approaches for
implementing BGI. Chapters in different sections of this book volume provide a
broader overview of scientific advances in the field of BGI followed by the key gaps
and issues to mainstream and implement them. A dedicated last section of the book

4 S. Dhyani et al.



volume discusses the opportunities and pathways to mainstream BGI in urban
policies and urban planning in developing countries of Asia.

1.1.1 Urban Blue-Green Infrastructure—Examples

Rapid urbanization is leading to an exponential rise in population densities in risk-
prone zones (Andersson et al. 2017). Habitat loss and modification as a probable
environmental impact of urbanization warrant the incorporation of ecologically
sensitive strategies into urban planning (Evans et al. 2019). Predictions of rampant
urban expansion and increasing water hazards and risks in Asia require substantial
investments in NbS, viz., urban green spaces and ecosystem-based engineered
systems. Most of the awareness and scientific research on BGI is emerging from
the Global North, overseeing the multiplicity of global urban issues and contexts
(Hamel and Tan 2021). Adaptation capacity is a vital essential for urban resilience.
Considering the establishment of open green spaces that are accessible by the local
public can enhance urban resilience (Ni’mah and Lenonb 2017). BGI is a recognized
approach to develop resilience to counteract growing urban vulnerabilities because

Fig. 1.1 Community-centered approach to enhancing flood resilience with blue-green infrastruc-
ture (BGI) (Adapted from (Drosou et al. 2019)
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of climate change and disaster risks (Thorne et al. 2018). BGI significantly depends
on the ecosystem services of urban green spaces and natural water flows for urban
hazards and risks (Lamond and Everett 2019; Dhyani et al. 2020). The multi-
functionality of BGI and its several co-benefits can lead to mutual efforts to develop
an infrastructure that can help to achieve the strategic goals of both public and
private organizations (O’Donnell et al. 2018). Integration of BGI concepts and
approaches for developing urban landscapes has the potential to increase flood
resilience and offer broader environmental benefits (Drosou et al. 2019). BGI is an
ecosystem-based approach that depends on biophysical measures, e.g., confinement,
stowage, permeation, and biological uptake of contaminants, to achieve urban
floodwater quantity as well as quality. BGI as an innovative approach involves
urban water management and green infrastructure to regulate natural water cycles
for improving and restoring urban ecology (Drosou et al. 2019). Rain gardens,
bioswales, biopores, infiltration wells, retention ponds, sponge gardens and cities,
constructed wetlands, permeable pavements, rainwater harvesting, and green roofs
are examples of some commonly used BGI infrastructures unlike the gray civil
engineering structures intended to take away stormwater (e.g., drainpipes, culverts)
(Sidek et al. 2013; Li et al. 2016; Metcalfe et al. 2018; Malaviya et al. 2019;
Santhanam and Majumdar 2020; Ekka et al. 2021). BGI is different than single-
functioned gray engineering infrastructure, and these landscapes are capable of
delivering multiple ecosystem services. BGI also provides other eco-benefits like
disaster risk reduction and climate change adaptation and also includes flood risk
reduction, improving water quality, and reducing the temperature while conserving
and protecting urban ecosystems and biodiversity (Liao et al. 2017) (Fig. 1.2).

Constructed wetlands (CWs) are helpful in sustainably treating urban wastewater.
CWs are biological systems that have been globally well studied in the last three
decades. The selection of appropriate plant species and their combinations have been
proven to significantly enhance the bioremediation potential of the performance of
CWs (Licata et al. 2019). Thus, CWs are promising ecosystem-based wastewater
treatment systems, having exceptional treatment ability and an eco-friendly appeal;
their cost-effectiveness has made them relevant to scientists and urban planners to be
explored as sustainable technologies especially for developing countries of the
Global South (Stefanakis 2016; Rousseau 2018). Hotels, guest houses, lodges, and
resorts worldwide are adopting different CWs that include surface as well as
subsurface flow in unconventional ecosystem-based wastewater management
systems (Makopondo et al. 2020). Out of many BGI as best management practices
(BMPs), rain gardens (also referred to as “bio-retention systems”) are widely used to
decrease nonpoint source contamination to urban water bodies. Physicochemical and
biological characteristic of rain gardens reduce contaminants and help in the storage
of runoff water by reducing peak flow. Rain gardens have also improved nutrient
cycling and decontamination of heavy metal and are an additional source of recrea-
tion (Malaviya et al. 2019). Rain gardens area well-known green technology to
ensure stormwater management in Malaysia. Integrated efforts in managing
stormwater in fast-expanding urban areas have been well utilized in Malaysia that
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ensures reducing peak discharge followed by reducing diverse stormwater pollutants
(Sidek et al. 2013).

Swales as one of the oldest green technologies or BGI help in controlling flash
floods by treating the roadway runoff. Swales are also evolving into flash flood
treatment options and as a vital part of BGI to develop resilient cities (Ekka et al.
2021). Bioswales as a critical constituent of water-sensitive or a low-impact urban
design include trees as a novel approach to release the water from flash floods to the
atmosphere following the ecophysiological process of transpiration loss. Trees in
bioswales lead to 46–72% of water outputs from transpiration that helps in reducing
the runoff. Plants with high stomatal conductance contribute the greatest to the
bioswale function (Scharenbroch et al. 2016). Bioswales are considered extremely
noticeable interventions that demand support from urban locals as well as urban
planners to implement and preserve them suitably (Everett et al. 2018).

Biopore infiltration holes are found an effective solution for mitigating flood
disasters. Biopores as infiltration holes are used in dense urban areas having mar-
ginal water catchment zones, and by enhancing the absorption of groundwater, they
reduce the intensity and impact of flooding on urban areas (Khusna et al. 2020). Wet
retention ponds can temporarily store as well as slowly release the floodwater to
moderate peak flow rates of the flood and also can help to eliminate particulate-
bound contaminants. Having sandy underlying soils, wet retention ponds are

Fig. 1.2 Blue-green infrastructure to mitigate risks and hazards and develop urban resilience and
sustainability
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reported to deliver surplus co-benefits by enhancing the infiltration and recharging
the groundwater by supporting the base flow of small streams (Baird et al. 2020).
Investigation of infiltration well use indicates that they are capable of reducing flood
peaks by up to 50% compared to without wells (Kusumastuti et al. 2017).

Permeable Pavement Systems (PPS) are sustainable drainage systems that can
help to improve water security. Substantial research has been carried out on the
functions of PPS as sustainable drainage systems for enhancing water quality (Imran
et al. 2013). Construction of PPS in urban sidewalks is a low-impact development
(LID) to reduce and control the stormwater runoff volume for decreasing the
pollutants in urban blue spaces (Kamali et al. 2017; Santhanam and Majumdar
2020). PPS including full depth permeable pavement (FDPP) is expected to be
part of the integrated sustainable transportation program (Kayhanian et al. 2019).
Evaporation-enhancing PPS are known for their potential to mitigate UHI than
conventional permeable pavement (Liu et al. 2018). PPS can function hydraulically
to remove particulate pollutants if they are maintained and cleaned annually (Kamali
et al. 2017).

Green roofs are another UBGI that can enhance the urban biodiversity and reduce
the storm peak to the drainage systems by reducing the runoff quality as well as
quantity while also reducing the air pollutants (Li and Yeung 2014). Green roofs
address diverse urban environmental and socioeconomic problems and ensure unre-
stricted flow of ecosystem services by acting as multifunctional and decentralized
units. Depending on the specific urban challenges that a city expects, diverse green
roof configurations can be considered (Calheiros and Stefanakis 2021; Dhyani et al.
2021a). Covering the external concretized urban built-up surfaces with green vege-
tation can address many socioeconomic and ecological issues. Urban Green Spaces,
especially, significantly improves indoor thermal issues by reducing the
temperatures and enhancing comfort (Abass et al. 2020).

1.1.2 Global Recognition and Acceptance of UBGI

To address the growing environmental and human well-being challenges of urban
areas, urban policies are gradually shifting their attention from civil engineering
interventions to NbS and UBGI (Raymond et al. 2017). Green infrastructure (GI) as
a practical physical structure is increasingly been acknowledged as the most profit-
able approach to adapt and mitigate the social-ecological and climate challenges
using multifunctional ecosystem services of urban green spaces (Liu et al. 2020).
The emerging importance of BGI in the Global South has a focus on sustainable
development in fast-expanding urban areas. This development targets to address
concerns of urban vegetation, land use plans, nutritional security, and poverty
reduction (Valente de Macedo et al. 2021). While managing urban water woes,
BGI has been unanimously appreciated for its co-benefits that can help to improve
quality of life and ensure human well-being (O’Donnell et al. 2021). While explora-
tion of urban agriculture dominates in Africa, urban green spaces and parks are more
frequently discussed and implemented in Asian, Latin American, and Caribbean
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countries (Valente de Macedo et al. 2021). The prospects of UBGI that include
ecological engineering, natural infrastructure, green infrastructure, urban forests,
urban green spaces, urban agriculture, etc. have been widely endorsed and acknowl-
edged by researchers, scientists, academicians, bureaucrats, urban planners, as well
as policymakers (Armson et al. 2013; Dhyani and Thummarukuddy 2016; Raymond
et al. 2017; Dhyani et al. 2020, 2021a). UBGI have proven air quality (Calfapietra
et al. 2015), biodiversity, and ecosystem services (Connop et al. 2016; Tan and Jim
2017; de Oliveira and Mell 2019), mitigate heat island (Makido et al. 2019), reduce
urban flash flood risks (Majidi et al. 2019), and provide solutions to many urban
sustainability issues and challenges (Perez and Perini 2018) that include public
health and human well-being (Bennett et al. 2015).

The “Sponge City Concept” (SCC) has enhanced curiosity and interest in urban
planning. Chinese cities, especially, are recognizing the benefits of Sponge Cities
technologies. At the national level itself in China, the State Council has set an
advanced target to implement SCC initiatives by 2030 (Zevenbergen et al. 2018).
Sponge City (SPC) as an urban water management program was projected in 2014
by China to reduce urban flood inundation and water shortage (Li et al. 2016). A total
of 16 cities have been selected in 2015 by China as SPC’s pilot cities including
Wuhan (Zhang et al. 2018).

1.1.3 Opportunities and Challenges

There are examples and proven evidence that BGI is capable of enhancing flood
damage control; improving water quality, size of habitats, and carbon sequestration
potential; and reducing noise pollution. Using BGI for multiple co-benefits can
enable partnerships for the execution of multifunctional BGI (O’Donnell et al.
2018). Exploration and identification of air pollutant-tolerant tree and shrub species
in the plantation zones to reduce and control air pollution; spreading bioswales to
improve urban connectivity by enhancing green spaces; and using green roofs for
noise attenuation and carbon sequestration are some of the important co-benefits and
opportunities (Fenner 2017). BGI has progressively been recognized as a vital
mechanism and approach for managing urban floods. However, there is a lot of
uncertainty about their hydrologic outputs and lack of public acceptance that are
important challenges that have so far limited its widespread adoption (Thorne et al.
2018). For example, insufficient knowledge and technical care; off-season low
volume discharge; limited land availability; and the approach of urban planners for
including CS are few of the major challenges (Makopondo et al. 2020). There is
limited field-based practical knowledge to mainstream BGI in urban planning
despite the significant amount of research been carried out on the subject. However,
greater insights on the performances of existing BGI along with urban gray engi-
neering infrastructure are needed for objective assessments of their capabilities.
There is a need for more primary data on the impacts of BGI on hydrology along
with societal and environmental impacts (Hamel and Tan 2021). Urban planners,
bureaucrats, policymakers, and scientists should mainstream urban resilience and
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sustainability in decision-making (Zhang and Li 2018). There is clear evidence that
urban green spaces along with blue spaces improve the effectiveness of urban risk
resiliency (URR). Still mainstreaming and inclusion of urban green spaces (UGS)
has been significantly limited in developing and underdeveloped countries. A dearth
of integrated approaches, insufficient understanding or expertise in green-
engineering designs, lack of regular monitoring, and management are some of the
key challenges to mainstream BGI in fast-growing urban areas (Mukherjee and
Takara 2018). Determination of the zones facing UGS degradation can help urban
planners in proactive planning by efficient allocation of finances for conserving and
restoring degraded UGS (Bardhan et al. 2016). The instrument of open green space
provision for the growing urban sprawls should be endorsed for developing “urban
green commons” as an organized approach for collective participation in land
management in urban areas (Ni’mah and Lenonb 2017). However, the valuation of
the prospective environmental profits from urban green space is challenging because
of the irregularities in management practices and their dissimilar nature (Pudifoot
et al. 2021). Performance-based monitoring can be an important approach to
improve the effectiveness of UGS to address urban heat and water stress (Mukherjee
and Takara 2018). It has also been observed that national and regional statutes do not
identify adaptation arrangements for urban areas (García Sánchez et al. 2018). Cities
are the most active entities in the implementation of adaptation strategies. The vital
need of adapting urban sprawls to climate risks demands robust political and
administrative action at the local level. Local adaptive actions can address the
explicit requirements and capabilities of local communities and socioeconomics. It
is important to understand that climate change adaptations at a local level may
initiate new and exceptional challenges for the local administration and this might
exceed their existing capacities regarding the risks, understanding, economic
requirements, and legal accountability. This case is more observed in developing
and underdeveloped countries (Garschagen and Kraas 2011). However, in devel-
oped countries like the USA and many European countries, municipal sovereignty
helps to regulate and integrate climate change adaptation in their plans and actions.
For example, Red Hook in New York and Zorrotzaurre in Bilbao City have taken up
the initiatives to outline adaptation plans without even waiting for the state statutory
act or policies (García Sánchez et al. 2018). Transformative changes in policy and
enforcement concerning strictly multifunctional setup are required to enhance the
provisions of numerous BGI profits for fulfilling priorities and strategic aims of
respective cities. BGI uptake is expected to improve by enhancing awareness of
urban planners and policymakers concerning multifunctional BGI. BGI has global
significance for other expanding urban areas that are on the way to ecological and
sustainable futures (O’Donnell et al. 2021).

1.1.4 Progress and Developments in UBGI on the Science Front

The urban adaptation issue has largely been a physical one and focuses on protecting
the existing infrastructure and urban form of cities. In the last few decades,
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significant attention has been dedicated to the protection of critical urban
infrastructures to safeguard cities from sea-level rise, floods, droughts, increasing
temperatures, and other associated impacts of climate change (Tusinski and Balbo
2011). Ongoing urban expansion globally on priority requires integration and
establishment of adaptation strategies against climate change (Mathey et al. 2011).
It is important to note that BGI has still not been realized as a low-impact advanced
plan to address urban risks, excluding in China, where investigators are working on
numerous cases of systematic inclusiveness of BGI in urban planning and
ecosystem-based disaster risk reduction (EcoDRR; Valente de Macedo et al.
2021). Transitional “hybrid” approaches, which include both blue and green as
well as gray approaches, have been most effective in reducing urban hazards and
risks (Depietri and McPhearson 2017).

1.1.4.1 Urban Green Spaces for Increasing Resilience
Urban green spaces (UGS) are of great benefit to growing urban areas. UGS can
enable and support nutritional security, social connections, human well-being,
livelihoods, and many other direct and indirect benefits. UGS has proven potential
to ensure resilience and refuge of energy security, health benefits, water security,
food and nutrition, ecosystem services, and biodiversity systems (Mukherjee and
Takara 2018). Urban green spaces have also been highly endorsed as NbS that can
help to alleviate the negative impacts of climate change (Pudifoot et al. 2021). To
develop resilience against extreme events, place and composition of urban green
spaces are expected to be the key adaptive strategy of fast-expanding urban areas
facing climate vulnerabilities (García Sánchez et al. 2018) (Fig. 1.3).

1.1.4.2 UBGI to Manage Urban Heat Islands
Increasing temperature conditions are intensified by climate change that has
enhanced urban heat islands having serious implications on human well-being in
urban areas. In the last more than a decade, there is growing concern that by
following the preventative attitude, urban designs and infrastructure must address
the changes in the urban climate to make the urban areas comfortable and habitable
for the future (Katzschner 2011). Urban heat island (UHI) is a threat to urban areas
and the world over; the ongoing efforts are targeting to solve the issue by integrating
UBGI (Liu et al. 2018). Green infrastructure has proven potential to improve urban
climate and has a critical role in reducing and mitigating heat islands (Mathey et al.
2011). UGS are complementary substitutes to engineered infrastructures to enhance
and enrich the urban quality of life by mitigating urban heat islands (UHI) and urban
water management (Mukherjee and Takara 2018). Stand-alone green roofs, as well
as hybrid green roof systems as a BGI with other established techniques, are also
proven to substantially reduce heat islands (Vijayaraghavan 2016). The extent of
water and green zones, leaf area index (LAI) of roads, and hydration degree of green
roofs, along with the location of green walls, are essential BGI factors for UHI
mitigation (Antoszewski et al. 2020).

A study in Medellin Metropolitan Area, Colombia, projected carbon sink poten-
tial and emission offsets by urban green spaces (Reynolds et al. 2017). Considering
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the available space for plantations, carbon offsets can be even more inexpensive,
ensuring an unrestricted supply of co-benefits that can help in the socioeconomic
upliftment of urban poor. Nowak, Dhyani, and Zheng have also endorsed the
importance of urban green forests in the carbon sequestration of urban and commu-
nity areas in the USA, India, and China (Zheng et al. 2013; Nowak et al. 2013;
Dhyani et al. 2021b). Urban and peri-urban green areas were found to have a
profound impact on biomass-based vegetation carbon stocks, and the density of
plants enhances these positive impacts (Yao et al. 2017). Similarly, lined parks along
the city waterways were observed to improve the well-being and helped developing
community resilience (Giannakis et al. 2016). Urban green space design for climate
adaptation for urban areas in India also endorses the NbS and UBGI approach for
climate adaptations and mitigations (Govindarajulu 2014). Another study from India
has also provided sufficient evidence of how depletion of green spaces in urban areas
may jeopardize the flow of ecosystem services and associated co-benefits (Padigala
2012; Imam and Banerjee 2016).

A historic analysis of urban green spaces in Tokyo confirmed remarkable resil-
ience, especially the ability to adjust and reconstruct to address consecutive key
disturbances. UGS in Tokyo is reported to be flexible, but is an increasingly
declining resource across the city. Tokyo case highlights the risks due to reduction
of green spaces that are helpful in indirect recovery by accommodating development
and short-term resilience (Kumagai et al. 2015). In another study in the city of
Kolkata, it was detected that the small green spaces were significantly influenced by
the high built-up area around them that reflected that the older Kolkata zone was

Fig. 1.3 Urban blue-green infrastructure for disaster risk reduction, socio-ecological and economic
benefits, and human well-being
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vulnerable to risks, whereas the zones bordered by wetlands were the firmest having
high resilience to urban risks (Bardhan et al. 2016). In another city of Asia, Karachi
one of the biggest cities of Pakistan is extremely vulnerable to climate change and
extreme weather events. A noteworthy decline in UGS and enhanced infrastructure
buildup were reported between 1984 and 2016. Despite this, the study observed that
forests around the city are capable of absorbing up to 55.4 million tons of carbon
emissions stressing the need of mainstreaming UGS and BGI in urban planning
(Arshad et al. 2020).

1.1.4.3 UBGI to Manage Urban Flood Risks
Urban poor settlements close to water bodies (rivulets, ponds, rivers, wetlands, and
coastal areas) are getting more prone to flooding due to climate change and increas-
ing frequency of extreme climate events (Cissé et al. 2011). Conventional urban
flood management approaches have been of low sustainability; hence, there has been
increasing interest and inclusion of nontraditional drainage BGI measures (Alves
et al. 2018). Researchers have given enough evidence to showcase the impacts of
gray engineering infrastructures that include trenches, channels, catch basins, and
concrete drains that are most commonly employed for reducing urban floods. These
gray engineering structures are however not effective to provide the co-benefits that
are associated with NbS and UBGI (Watkin et al. 2019). In a study on indicating the
demand for NbS using IPCC Risk Framework to generate flood risk carried out in
Bandung City of Indonesia, it was observed that distribution of UGS in the city is not
equally distributed and hence these green space locations are not capable to support
resilience against the urban flood protection (Afriyanie et al. 2020). BGI implemen-
tation in Ayutthaya, Thailand, stressed the involvement of diverse stakeholders and
giving importance to locally required co-benefits along with flood risk reduction
(Alves et al. 2018). In another study in Semarang, Indonesia, the adoption of local
BGI was found to be facilitated by following the core principles of inclusiveness,
appropriateness, and proactiveness as preconditions for augmenting local resilience
to urban flooding (Drosou et al. 2019). Liu et al. (2014) endorsed the benefits of
UBGI through their community-scale simulation models that projected reduction of
urban floods by reducing their volume and peak flow. However, the study stressed
that integrated GIs will be required to reduce the intensity of impacts of larger
rainstorms as single GI is not sufficient for harnessing the larger benefits (Liu
et al. 2014). Identifying and managing biophysical as well as sociopolitical concerns
can help to expand applied, scientifically sound, and locally supported application of
BGI (Thorne et al. 2018).

1.1.5 Structure of the Book

This book volume has 23 chapters on diverse topics of BGI and is divided into
6 sections. The book volume includes a detailed introductory chapter providing
background on mainstreaming of BGI for improving resilience and sustainability in
the warming world by Dhyani et al. (Chap. 1). Chapter 1 covers insights on the
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global recognition of urban BGI followed by opportunities and constraints to
implementing them. Chapter 1 also deliberates on the progress and developments
on the core themes of UBGI. Part I of the book highlights “opportunities and
advances” for mainstreaming BGI under the same title of the section and discusses
the opportunities by implementing UBGI under six important chapters (Chaps. 1–6).
Thammadi et al. (Chap. 2) present an overview on regional trends in Social-Ecolog-
ical-Technological (SET) approaches to sustainable urban planning and discuss the
SET approaches with an exclusive focus on Asia. Bartlett (Chap. 3) bring in the risk
assessment approach in the volume to urban resilience for addressing the risk of
planting trees that cannot adapt and continue to provide the services under future
conditions that will be more obvious because of the changing climate and increasing
urban risks. Murthy and Khalid (Chap. 4) provide an overview and relevance of
citizen science initiatives for mainstreaming and promoting BGI in fast-expanding
urban areas of India. This is a sought-out area of work that can potentially revolu-
tionize the conservation of existing BGI in urban areas. The chapter by Chien et al.
(Chap. 5) addresses the question if ensuring the sustainable implementation of BGI
is possible. It brings in the systems thinking approach for considering and
acknowledging the urban rivers as socio-ecological systems. Chapter 6 by Francis
et al. elaborates on the importance and contribution of remote sensing (RS) and GIS
technology and explains the growing interest in spatial maps to map and design the
BGI in growing urban areas. Integration of RS and GIS tools is necessary for
systematic mapping of urban green spaces and can also help in understanding the
loss and gain as a key indicator of urban ecosystem health. Part II of the book under
the title “Challenges and Constraints” is comprised of three chapters (Chaps. 7–9).
The opening chapter in the section by Bhaskar et al. (Chap. 7) presents a case of a
protected area in the peri-urban Bengaluru Metropolitan Region of South India. The
chapter highlights the changing people-nature linkages around green infrastructure
in rapidly urbanizing landscapes. Chapter 8 by Bhat et al. showcases the need of
understanding the urban ecological risks for harnessing the benefits and co-benefits
of nature-based solutions. Scandizzo and Abbasov (Chap. 9) throw light on an
important question to understand if urban residents appreciate the economic value
of water. The chapter presents a case of Baku City from Azerbaijan and how
understanding the economic value of urban blue ecosystems and water can help
urban communities to conserve them. Part III of the volume considers the impor-
tance of “multiscale environmental design for BGI.” The section covers four impor-
tant chapters (Chaps. 10–13), and the opening chapter of this section is by Jayakody
and Basu (Chap. 10) that uses the case of home gardens as an important multiscale
environmental design which is a sustainable urban agroforestry system. Home
gardens of Sri Lanka are highlighted in the chapter as a sustainable urban agrofor-
estry system to promote urban household well-being. Kanchana C.B. in Chap. 11 of
this section discusses the need for enhancing tree cover so that urban liveability can
be improved and showcases this through a case of fast-expanding city of Kochi on
the west coast of India. Misra and Hussain in Chap. 12 conceptualize and elaborate
on remodeling urban spaces for integrating and mainstreaming the blue-green
infrastructure and use the case of Guwahati a fast-expanding urban area in northeast
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India. The concluding chapter of this section is by Gopalan and Radhakrishnan
(Chap. 13) that talks of hidden connections between built form and life in cities. This
chapter discusses how important biodiversity is for the growing urban sprawls of
India and what are hidden socio-ecological connections in concrete jungles. Part IV
of the book volume includes the chapters with a focus on “BGI for SustainableWater
Management.” This section has four relevant chapters (Chaps. 14–17). Chapter 14
by Kimura in Part IV discusses the potential of nature-based solutions for restoring
an urban Abukuma River in Japan. After the typhoon Hagibis, it was important to
explore long-term solutions to reinstate the ecological conditions for the river.
Santhanam and Kundu in Chap. 15 of this section bring insight into the vulnerability
of the coastal area and highlight the need to plan for and use of NbS for coastal
regions. In Chap. 16, deLeon and Magcale-Macandog investigate the physical
vulnerability of residential houses to flooding through a case study from the coastal
area of Sta. Rosa City in Laguna, Philippines. The last chapter of this section
(Chap. 17) by Suganya et al. covers the importance of degrading urban ancient
water systems and sacred groves that have been a core foundation of healthy
ecosystems and biodiversity conservation in these urban landscapes. Urban expan-
sion has taken a toll on these water bodies and the remaining refuge of biodiversity.
The second last section of this volume (Part V) is centered around concepts,
advances, and case studies on including BGI in urban environmental risk manage-
ment with the same title of the section. This section has four relevant chapters
(Chapters 18–21) to address the issue. The opening chapter (Chap. 18) of the section
by Kadaverugu et al. broadly addresses the potential of BGI in air pollution
reduction and mitigation in fast-expanding urban sprawls. The chapter draws atten-
tion through a case of an urban expansion where BGI can be implemented and
mainstreamed in urban planning for urban sustainability and resilience building.
Chapter 19 by Parvin et al. covers the role of BGI in disaster risk reduction and
resilience building in urban areas of Bangladesh. Das et al. in Chap. 20 stress the
importance of assessing ecosystem health in urban sprawls for EcoDRR inclusive
urban planning. Authors endorse and discuss the need for mainstreaming the
Singapore Index or City Biodiversity Index (CBI) for improving the BGI in urban
areas. Waste management and treatment is one of the most neglected areas of work
in urban management. The last chapter of the section (Chap. 21) by Pham Phu et al.
covers the case of greenhouse gas mitigation by integrating waste treatment systems
toward the low-carbon city in Vietnam. The last section of this book volume (Part
VI) is “Policy Concerns for BGI” which further comprises two pertinent chapters
(Chaps. 22 and 23). Chapter 22 by Chiang et al. addresses the relevance of nongov-
ernmental actors in facilitating the inclusion and mainstreaming of BGI. Citing an
example from Taipei City of Taiwan in Northeast Asia, it provides a comparative
overview of the community initiatives for mainstreaming BGI. The last and con-
cluding chapter (Chap. 23) by Ramananda et al. addresses the relevance of
mainstreaming BGI in urban policy planning to positively contribute to SDG
11 that is mostly missing from developing and underdeveloped countries in Asia.
The chapter stresses facilitating new pathways for localizing and achieving SDG 11
that is interconnected with so many other SDGs as a transformative approach in
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urban sustainability and resilient building. Through this book volume, editors, as
well as authors, expect a satisfactory response and if also possible feedback from
readers belonging to diverse backgrounds and fields for encouraging productive
critiques that facilitates intuitive and foresighted professional discussions for
mainstreaming BGI in urban areas and identification of new research issues to fill
the existing gaps.
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Abstract

Rapid urbanization coupled with inadequate infrastructure development impacts
urban air and water quality amidst other challenges. Sustainable urban planning
considers the integration of blue-green infrastructure (BGI) and ecosystems to
produce environmental benefits together with improvement in the quality of life.
In this context, the social-ecological-technological (SET) framework provides
guiding principles for projects visioning sustainable urban futures. Based on the
case study analysis and review of integrated SET frames, BGI innovations, and
nature-based solutions (NBS) approaches, it is suggested that the policies to
improve the urban landscape could consider interlinkages of environmental,
economic, and social systems as important at all stages of planning. Drawing
on the key observations from the past and ongoing NBS- and BGI-focused
projects and programs in selected cities of Asia, this chapter highlights the role
of co-designing, technological innovations, participatory implementation and
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evaluation, and up-to-date knowledge as significant to address challenges in
operationalizing the sustainable urban planning vision. Furthermore, Sustainable
Urban Natural Resources Management framework is proposed as model for
integration of air pollution and water quality management with socio-technical
options supported by institutions, legislations, and finance to boost ecological
sustainability, disaster risk reduction, and climate change adaptation. Overall, the
synthesis will help to understand and evaluate the underlined concepts/
frameworks which are essential to transform these approaches beyond project-
based interventions into broader urban sustainability paradigms.

Keywords

Urbanization · Blue-green infrastructure (BGI) · Nature-based solutions (NBS) ·
Social-ecological-technological (SET) · Sustainable Urban Natural Resources
Management (SUNRM)

2.1 Introduction

Urbanization is a defining phenomenon and process of this century (Haas 2012). In
2008, for the first time, the global urban population exceeded the non-rural popula-
tion, and it is estimated, by 2050, 70% of the global population will reside in cities,
with >50% of them in Asia (Seto and Shephard 2009). Increasing urbanization
impacts water demand, energy demand, infrastructure capacity, pollution trends, and
waste management amidst other challenges. It is to be noted that haphazard urban
planning could lead to serious negative effects on water availability, air quality, and
provision of basic services and can create major setbacks for the urban sustainability
agenda (López-Valencia 2019). On a global scale, water crisis, population growth,
disasters, climate change, as well as the dynamics of frequency, intensity, and spatial
patterns of temperature, precipitation, and other meteorological factors (IPCC 2015)
are projected to have severe impacts on urban spaces and population. For instance,
future scenarios and projections for the urban regions, particularly in the context of
climate change scenarios, show that cities are at high risk of increasing extreme
events (Rosenzweig et al. 2011). Therefore, focus on context-specific and location-
based solutions remains pertinent for ensuring sustainable urban futures.

Sustainable urban planning will depend on a balanced approach to developing
urban infrastructure while fulfilling the green growth targets (Mell 2009; Breuste
et al. 2015). Blue-green infrastructure (BGI) is an “interconnected network of
designed and natural landscape components, including water bodies and green and
open spaces” such as green rooftops, retention and detention ponds, re-naturalized
and de-culverted rivers, swales, and “bioswales” or rain gardens (Abbott et al. 2013).
BGI is a term that is commonly used to represent a multifaceted approach to
ecosystem-based planning where several ecological functions, such as water flow
regulation, air and water purification, are considered (Lee et al. 2018). Local climate
regulation and adaptation (Lehmann et al. 2014), biodiversity conservation (Watts
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et al. 2010), carbon storage and sequestration (Mensah et al. 2016), accessibility for
amenities, environmental education, and recreation (Wolsink 2016), and other
ecological services could be arranged concurrently in the urban planning agenda
through BGI. Key dimensions of BGI planning include connectivity,
multifunctionality, applicability, integration, diversity, multiscale, governance, and
continuity (Renato et al. 2020). Sustainable urban planning could consider integra-
tion of the BGI framework and acknowledge the distinctive capabilities of green
space and water—and the ecosystems in which they exist—to produce environmen-
tal benefits along with improvement in the quality of life (Daniel et al. 2020). Green
infrastructure solutions are a key component of an integrated/hybrid approach with a
focus on existing natural capital such as wetlands, bioshields, buffer zones, green
roofing, street-side swales, porous pavements, wetlands, mangrove ecosystems, etc.
It is to be noted that in literature, BGI often tends to comprehend what we define here
as green infrastructure.

At length, in the past, governments have implemented hard engineering or gray
infrastructure solutions, and currently, there is a growing interest in an integrated
approach to tackle contemporary challenges in urban centers. For example, tradi-
tional urban drainage techniques have generally focused on the volume of
stormwater to be moved, i.e., to move it far away and as quickly as possible from
the city. Water quality and the intrinsic significance of watercourses to various forms
of life, maintenance of biodiversity, and provision of recreational space to urban
inhabitants have long been neglected by policymakers. Gray infrastructure
technologies (i.e., hard or engineering approaches) have not been sufficient and
effective to manage contamination in the culverted watercourses, and aquifer
recharge, and often these approaches do not consider the inherent potential of rivers
and streams and related environmental services (Castro Fresno et al. 2005; CIRIA
2015; CIWEN 2007; Dhakal and Chevalier 2016; Burian and Edwards 2002). The
volume of stormwater increases when natural hydrologic functions such as intercep-
tion, evapotranspiration, retention, and infiltration of rainwater are reduced, which
raises the peak, rate of flow, and frequency of flooding (Dhakal and Chevalier 2016).
Responses to these concerns now indicate a paradigm shift. The novel responses
such as BGI seek to replicate the natural mechanisms of absorption and retention as
close as possible to the site of origin.

Furthermore, hybrid and green-gray approaches which utilize combined gray and
green infrastructures are gaining global consensus to address the shortcomings of
traditional gray engineering solutions to tackling urban drainage. For instance, for
coastal flood protection, wetlands restoration is combined with engineering
measures such as levees. Bioswales, rain gardens, green roofs, street trees installed
in sidewalk tree pits, and other engineered ecosystem approaches to climate change
adaptation and disaster risk reduction are commonly discussed in literature and
development programs (Yaella and Timon 2017).

In this context, the social-ecological-technological (SET) approach broadens the
acknowledgment of technological interventions that include focus on ecological
functions and has better social appeal and acceptability. In other words, SET
perspective aims to address the limitations of a socio-ecological approach that
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sometimes tends to overlook the role of infrastructure and technology, vital to
shaping urban system dynamics (McPhearson et al. 2016). SET also presents as a
fitting framework for researchers and practitioners to explore various adaptation
options to climate change’s impact on urban systems. Adaptation strategies in urban
systems are notably hybrid approaches that work across interacting SETs. Hybrid
techniques, therefore, combine engineering and ecosystem functions and are located
in the SET framework’s ecological and technological intersections. For instance, in
urban settings, where simply green approaches may be insufficient to tackle the
escalating consequences of climate change and other urbanization-related difficulties
such as limited space and cost-effectiveness, hybrid approaches are critical. And
there is growing evidence that hybrid approaches are cost-effective and offer a
platform for integration of multi-objective agendas (Yaella and Timon 2017).

In this chapter, we provide an overview of the SET approaches in the Asia-Pacific
context and within the purview of Sustainable Development Goal (SDG) 11: making
cities inclusive, safe, resilient, and sustainable. The chapter is presented in two key
sections:

• BGI and nature-based solutions (NBS) within the SET context using case studies
from the Asia-Pacific region.

• Sustainable Urban Natural Resources Management (SUNRM) framework with a
focus on common solutions to air and water quality management.

2.2 Blue-Green Infrastructure and Nature-Based Solutions:
Focus on the Asia-Pacific Region

Within the scope of SET systems, the BGI approach is increasingly promoted in the
urban landscapes owing to the “multiple benefits narrative in the context of
sustainability agenda.” Multiple benefits of these approaches have been observed
in the urban areas of Australia, Singapore, the Netherlands, the United Kingdom, and
elsewhere (Derkzen et al. 2015; Kilbane 2013; Andersson et al. 2014; Yau et al.
2017; Goh et al. 2017; Young 2011). This is because BGI can be integrated into
economically efficient solutions for physical challenges like stormwater manage-
ment and heat mitigation while also improving the social well-being and nature
restoration in the urban landscapes (Lovell and Taylor 2013). In most instances,
these interventions are typically implemented for a specific purpose such as flood
mitigation or to improve local aesthetics (Chin 2015; Vincent et al. 2017). The
selected case studies will highlight the BGI and nature-based solutions within the
SET context in urban settings of the Asia-Pacific region, i.e., developing, emerging,
and developed economies.
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2.2.1 Singapore

Singapore, like many other densely populated cities, faces a significant risk of urban
flooding. In 2006, Singapore’s National Water Agency (PUB) launched the Active,
Beautiful, Clean Waters (ABC Waters) Programme to integrate water bodies with
nature-based solutions and built infrastructure—turning Singapore into a “City of
Gardens and Waterscapes.” Furthermore, it is one of the few countries in the world
that harvests considerable amount of urban runoff for its water supply, with
two-thirds of the state serving as a water supply catchment. Rainwater collection is
coordinated through an extensive network of drains, canals, rivers, stormwater
collection ponds, and reservoirs before its treatment for drinking water supply
(Lim and Lu 2016).

In 2008, ABC Waters Programme initiated the first rain garden in the country
which was completed on the 1.5-acre Balam Estate residential complex. The garden
spread is 240 m2 (4% of its catchment area) and drains a highly urban catchment via
a system of detention pond layer (100 mm), filtration layer (400 mm), saturated
anaerobic zone (400 mm), and drainage layers (150 mm). The water filtered through
the system is discharged into a storm drain that flows into the Marina Reservoir,
Singapore’s first urban supply reservoir. Water quality and hydrological monitoring
were conducted after the completion of the project to assess the performance of the
rain garden. This rain garden performed effectively in eliminating total suspended
solids (TSS) and nitrogen. Overall, an average reduction in total nitrogen (46%),
total phosphorous (21%) and TSS (57%) was reported (PUB 2014). The saturated
anaerobic layer of this intervention appeared to enhance nitrogen removal by
converting soluble nitrogen to nitrogen gas. Results indicate that the system was
functioning within its design capability, with some temporal variability in results.
The experiment also presented the challenges of managing leaching problems of
ammonium and phosphorus, a common occurrence observed for bioretention
systems with saturated anaerobic zones. The case study provides an example how
a state and resource managers are trying to understand barriers and success rates of
an NBS-focused intervention and using that information to improve the efficiency of
the system.

In the country, NBS solutions such as bioretention systems and constructed
wetlands are used to treat runoff and reduce the peak flow generated from rain
falling on impervious surfaces (Benjamin 2012). The city of Singapore is well
protected from floods according to an assessment of the Singapore ABC Waters
Programme and related projects (World Bank 2012). In another intervention from
the country, in 2014, stormwater codes required all new developments and
redevelopments of 0.2 hectares or more to implement solutions to slow down
stormwater runoff entering the public drainage system by 25–35%. These on-site
measures include NBS oriented solutions such as rain gardens, bioswales, and
rooftop gardens, as well as detention tanks. Moreover, the long-term land use and
transport plan—2011 concept plan—represents strategic planning focused on BGI
vision to guide the 40–50-year sustainability planning horizon for the country.
Overall, in alignment with the guiding principle of a SET framework, foresight in
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designing integrated solutions as demonstrated in Singapore paves a way for the
region to adopt and adapt some of these practices at various levels. Taking note of
that experience, the country is planning collaboration between various land use
agencies and the Land Transport Authority to accommodate demand-supply of
provisioning services for anticipated population rise and meet the targets of eco-
nomic growth and environmental revitalization. This plan incorporates proposals
from >20 government ministries and agencies into a national development policy
document. The concept plan is translated into operational details in the master plan
via medium-term land use and transport plans that provide a guideline for develop-
ment and implementation with solutions that will determine the use of natural
resources for the 10–15-year time frame. At the local level, urban design guidelines
consider physical integration between transport nodes and surrounding
developments. The integrated framework bears the potential to serve as beneficial
for managing ecological and development needs and goals (Toan and Van 2020).

The case study demonstrates that carefully planned and implemented investments
in NBS and BGI interventions can help shape a more resilient city and a more
sustainable society in the long term while also creating more social spaces for
communities to meet and interact (Soz et al. 2016).

2.2.2 India

The Asian Cities Climate Change Resilience Network (ACCCRN), Surat, Gujarat,
has designed strategies for better management of natural water bodies and prevented
construction on the floodplains in the city. Similar practices have been adopted by
Burhanpur and Indore in Madhya Pradesh with the support of the Ministry of
Environment, Forest and Climate Change (MoEFCC). A key aspect of these
interventions focuses on community participation while designing innovative
solutions and conserving and managing traditional water management practices.
On the otherhand, in Kolkata (West Bengal), wetlands are utilized to clean the
city’s wastewater. This has not only saved the cost of constructing a wastewater
treatment plant but also provided sustenance and livelihood opportunities to 50,000
people through pisciculture and agriculture (Browder et al. 2019).

2.2.3 Sri Lanka

The Sri Lankan capital city of Colombo is situated on a low-lying river estuary and is
highly vulnerable to flooding. Like many developing urban zones, Colombo has
encountered flooding risk due to a mix of factors acting simultaneously, i.e., rapid
economic growth with an imbalance in a change of land use patterns, haphazard land
use planning, and reclamation of the city’s unique marshlands without a proper
environmental assessment. In May 2010, floods paralyzed the city, leaving 36,000
families homeless, marooning traffic, and submerging the country’s parliament in
4 ft. of water (Athas 2010). Economic and financial losses were estimated at US$
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50 million, although actual losses reached around US$100 million. Rozenberg et al.
(2015) reiterated that natural wetlands in this urban landscape had played a key role
in flood management while capturing around 40% of floodwaters during storms.
However, degradation and loss of wetland systems at a rate of 1.2% (23 hectares/
year) has caused several challenges to the city, including but not limited to loss of
1% of its GDP on average per year due to damages from flooding events such as that
of 2010 (World Bank 2016).

To address the above mentioned challenges, the Government of Sri Lanka
developed a “Wetland Management Strategy” in 2006 in partnership with the
World Bank that allocated US$120 million, designed to preserve wetlands, educate
the public, and reduce the social and economic impacts of floods in Colombo. In line
with the SET context principles, this project uses a mix of green and gray infrastruc-
ture with multiple benefits, i.e., reduction of flood risks, improvement of drainage,
and creation of recreational opportunities in the catchment area of the Colombo
Metropolitan Region water basin. NBS interventions such as wetland protection and
restoration were implemented in addition to traditional approaches such as bank
protection walls. The investment of >1 million USD in restoring and protecting the
18-hectare region of Beddagana Wetland Park in the center of the city is a part of
urban sustainability strategy, primarily toward flood management goals and to boost
the value of wetland ecosystem restoration and conservation while promoting
ecotourism and ecological space/aesthetics of the city. The income potential of
recreational opportunities was estimated at around $13.6 million/year, i.e., >10
times the initial investment. The Park also provides a refuge for flora and fauna
and balances the temperature and air quality of the surrounding region (World Bank
2016). This example demonstrates how, in the recent times, the urban landscape
management interventions, urban infrastructure investments, planning, and
programs are reflective of the emerging paradigms such as BGI and NBS.

2.2.4 China

China’s cities face serious challenges related to urban flooding as well as water
shortages. During the last several decades, urban sprawl has increased the impervi-
ous zone and destroyed/degraded natural resources like forests, lakes, and wetlands,
causing a high risk of flooding, stormwater runoff, and pollution. Urban flooding is
causing massive loss of property and human lives. Inundation and water shortage
challenges prompted the government to design urban water management
interventions in 2014 through Sponge City Program (SPC) (Li et al. 2016) with a
NBS design and to address the agenda of comprehensive urban water management
strategies implementation. 10 cities were selected by the government as SPC’s pilot
cities in March 2015, and the “sponge city” concept was applied to 30 cities in 2017.
By 2020, the government aimed that 20% of the built area of each pilot district
characterize a sponge city and 70% of stormwater runoff should be captured, reused,
or absorbed by natural surfaces, and by 2030, 80% of each urban center should meet
this requirement.
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In the year 2008,>100,000 sqm of roofs in the city of Shanghai were vegetated or
had green roofs with the coverage doubling the following year and reaching
900,000 sqm in 2010. Noting multitude of benefits (Qian 2009), such as reduction
in the runoff, mitigation of the heat island effect, filtration of air, regulation of
building temperature, and garden space for urban agriculture, Zhang (2010)
analyzed that the typical green roof could reduce annual rooftop runoff by 55%,
while another study by Roehr and Yuewei (2010) documented 75% decline in
annual rainwater runoff. Therefore, green rooftops are relatively cost-effective
when compared to engineered solutions. In Minhang, the cost estimate for the
intervention was 125 yuan (US$18.30)/sqm for rooftop lawns and 370 yuan/sqm
for a rooftop garden, and an intensive rooftop park costs 125 USD/sqm and an
average of 300–400 yuan/sqm for a simple park. It costs only about 1 USD/sqm for
the maintenance of these green rooftops Roehr and Yuewei 2010. Further, the “Grain
for Green” program or Program of Returning Cultivated Lands into Forest and
Grassland was introduced in 2002 to reconvert agricultural fields in steep slopes
into forests by providing farmers with cash and grain subsidies.

The set of initiatives documented above point to the fact that the local government
agencies and planners in the urban settings are leading efforts to promote
interventions that integrate the urban sustainability agenda targets such as green
roofs through demonstration projects, promoting incentive structure, and organizing
capacity/educational opportunities. Some districts give advice on suitable plants,
trees, and flowers and give incentives to encourage private builders to plant green
rooftops. Individuals can “adopt” trees on public rooftops by making donations.
Moreover, government agencies have designed rooftop demonstrations in public
areas to stimulate individuals and citizens to adopt the practice as the city offers
around 19 million sqm of roof areas suited for scaling such interventions as per the
survey conducted by the Shanghai Landscaping Bureau in 2008 (Soz et al. 2016).
However, less attention is given to explain the cost-benefit analysis and precaution-
ary principles that apply in operationalizing BGI and NBS frameworks in short,
medium, and long term.

The Natural Forest Protection Program (NFPP) (experimented in 1998) or Natu-
ral Forest Conservation Program (NFCP) (launched in 2002) provides both evidence
of success in meeting China’s goals and illustrates many of the challenges and
potential failures of NBS initiatives. In 1998, devastating floods, attributed to
overlogging and steep cultivation in the upper Yangtze, Songhua, and Nenjiang
Rivers in China (Tianjie 2008), caused a total loss of 166.6 billion yuan (US$
26 billion). In response, China introduced the NFPP, which called a logging ban
to help protect against erosion and rapid runoff. Forest loss in provinces enrolled in
the NFCP was >3 times lower compared to non-NFCP provinces (0.62% versus
2.7% forest loss), and program expansion was estimated to grow with annual output
from the forest sector by 5.8 billion yuan and increase employment by 0.84 million
by 2010. The range of benefits included a reduction in soil erosion and biodiversity
loss (Ren et al. 2015). Amid these interventions, the trade-offs associated with NFCP
were presented by critics, pointing to the fact that China has become one of the
leading timber importers in the world because of the timber restrictions (Tianjie
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2008). In essence, the program has exported (teleporting) deforestation to other parts
of the world; some of those regions are now losing biodiversity and forest cover at
alarming rates. Further, many of the projects undertaken as part of this program
involved monoculture plantations of trees that are not native, do not tolerate local
conditions, and fail to provide quality habitat for wildlife (Luoma 2012).

2.2.5 Nepal

Rapid and haphazard urbanization in the Kathmandu Valley in this state has
witnessed severe wastewater management problems. Studies show that only about
12% of urban households are connected to sewer systems. Wastewater treatment is
virtually nonexistent and almost all the wastewater is discharged into nearby rivers
without any treatment. In general, wastewater generated by about two million
residents in the city has severely deteriorated the water quality of the Bagmati
River (WASH 2011; WaterAid 2006). This has primarily affected the poor people
who live in the basin and are most exposed to pollution, degraded and contaminated
natural resource systems. In the late 1990s, the Environment and Public Health
Organization (ENPHO), with the support from WaterAid in Nepal, UN-Habitat
(United Nations program for human settlements and sustainable urban develop-
ment), and ADB (Asian Development Bank), piloted the concept of constructed
wetlands as a small-scale decentralized wastewater treatment strategy. The Sunga
wetlands, like most constructed wetlands in Nepal, used a reed bed treatment system
(RBTS) that constitutes a bed of uniformly graded sand or gravel with plants such as
reeds growing on it. Wastewater is evenly distributed on the bed and flows through it
either horizontally or vertically. As the wastewater flows through the bed of sand and
reeds, it gets treated through natural processes like mechanical filtering, chemical
transformations, and biological consumption of pollutants in the wastewater. The
process employs simple natural phenomena and native plants (most commonly,
Phragmites karka) as it is effective, inexpensive, and easy to manage. The 375 m2

Sunga constructed wetland can treat 50 m3 of wastewater/day, the approximate
amount produced by 200 households (Tuladhar et al. 2008).

Community support was noted as a key to the success of the intervention after
referring to the incident, i.e., failed effort to construct a wastewater treatment
wetland in the nearby municipality of Siddhikali due to protest by a few community
members. In the case of Sunga wetlands, the planning community was approached to
discuss plans for building the wastewater treatment wetland; further they were
actively involved (provided labor during construction) and formed a committee for
construction and maintenance operation as per the general guidelines of the SET
approach. The key highlight is the demonstration of a participatory approach to NBS
oriented solutions, buy-in by the local communities, reduced cost of construction,
and a better guarantee of the long-term sustainability of the intervention. Monitoring
data showed that the system is effective in removing pollutants, such as suspended
particles, ammonia nitrogen, BOD (biochemical oxygen demand), COD (chemical
oxygen demand), and pathogens. The total construction cost of the wetland
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amounted to approx. US$ 26,000 at around US$ 40 per m2 with an average annual
operation and maintenance cost of about US$ 290 (Water Aid 2008).

This example shows how NBS is applied as location-based integrated solution.
As such, restoration of natural wetlands or maintenance of constructed wetlands for
pollution mitigation has significant momentum in the wastewater management
segment, more recently as an NBS solution (Nagabhatla and Metcalfe 2018). Also,
the case of Sunga wetlands restoration set a precedent for scaling in other urban
ecological systems in Nepal and other countries in the region with similar socioeco-
nomic and sociocultural settings. The national urban development projects in Nepal,
such as the Urban Environment Improvement Project, have integrated this as a case
of best practice; however, a major challenge to scaling of this SET approach is the
availability of land to promote and expand the use of constructed wetlands.

2.2.6 Fiji

The rivers and coastline of Lami Town in the Republic of the Fiji Islands are prone to
flash and surge flooding. A study by Rao et al. (2013) provided a cost-benefit
analysis as part of the Climate Change Initiative, UN-Habitat Cities, and UNEP
Ecosystem-Based Adaptation Flagship program. It has been envisioned to guide the
decision-makers when considering several available options for climate change
adaptation. Adaptation responses were categorized into ecosystem-based adaptation
options, social/policy options, and gray engineering options.

Life cycle costs including sensitivity analysis were conducted for these four
scenarios: (a) ecosystem-based adaptation options, (b) social/policy options,
(c) engineering options, and (d) inaction. It was concluded that ecosystem-based
adaptation options integrated with engineering options, i.e., BGI provides a greater
benefit-to-cost return in terms of avoiding damages and providing ecosystem
services such as supporting inshore artisanal fisheries. The most vulnerable areas
of Lami being near rivers, coast damages worth nearly US$115 million were
estimated. However, the implementation of adaptation options costs approximately
US$ 12 million over 20 years. It was recommended that strategic planning and
prioritization of adaptation strategies given the benefits from various options and
identification of potential co-benefits such as employment generated would benefit
wide range of stakeholders and facilitate regular monitoring and evaluation of the
adaptation plans.

2.2.7 Thailand

Koh Mueng in Thailand experiences flooding despite a dike that provides primary
flood protection of the area. To assess conventional and green infrastructure, a
framework consisting of four main components had been proposed: (1) identification
and valuation of ecosystem services (flood regulation, education, tourism, recrea-
tion, and art/culture) for all possible adaptation options including pre-mitigation
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scenario; (2) hydrodynamic simulations used to assess the most effective flood
mitigation techniques, as well as a cost-benefit analysis to assess their economic
viability; (3) flood protection measures selected based on a thorough understanding
of ecosystem services as well as stakeholder/community participation; and (4) devel-
opment of an abstract landscape layout plan. The solution options were evaluated for
flood risk reduction effectiveness using assessments of economic and physical
vulnerability, flood hazards, and ecosystem services. The cost-benefit analysis
evaluated direct and indirect losses through the physical and economic vulnerability
of cultural artifacts, infrastructure, tourism industry, and building stock. Results of
the study indicated that a holistic perspective of economic assessments and ecosys-
tem services, integrated with active participation from all stakeholders, has the
potential to provide more environmentally friendly and socially acceptable flood
protection measures in places especially with cultural heritage (Vojinovic et al.
2016).

2.2.8 Philippines

The country is susceptible to typhoon devastation. The growing scientific evidence
and the experiences of local communities on the role of natural infrastructure such as
mangroves to protect from waves and storm surges have catalyzed the development
of a comprehensive National Coastal Greenbelt Action Plan (World Bank 2015)—
intending to support the protection of coastal vegetation and mangroves for risk
reduction and conservation through the establishment of 100-meter-wide zones of
vegetation. The program prioritized the eastern Pacific seaboard of the Philippines
where typhoons make landfall.

In December 2020, the Philippine Information Agency, an official public infor-
mation arm of the government, supported the ASEAN Centre for Biodiversity
(ACB) and the Philippines’ Climate Change Commission discourse on biodiversity
and building resilience emphasizing to incorporate NBS as part of the approach in
addressing climate change adaptation.

2.3 Sustainable Urban Natural Resources Management
(SUNRM)

Many cities around the world, especially in developing countries, are experiencing
rapid growth of the urban population with domestic and commercial activities and
increasing volume of transport and industrialization. These developments have
resulted in severe water and air pollution affecting the environment and human
health. In the absence of adequate urban sustainable planning policy and action, this
growth could occur at an ascending social and economic cost. The World Health
Organization (WHO) and other international agencies have long identified urban air
pollution as a critical health problem. Air pollution puts a strain on sustainable urban
development, which includes economic growth, human well-being, social inclusion,
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and the environment. Studies during the past decades have attributed air pollution in
megacities in developing countries to emissions from various sources, including
industry, vehicular and inadequate inspection, and maintenance programs (Molina
et al. 2007; Singh et al. 2007; Wang et al. 2010). A study by Baldasano et al. (2003)
provides an account of megacities like Shanghai, New Delhi, Mumbai, Guangzhou,
Chongqing, Calcutta, Beijing, and Bangkok which often record ambient particulate
matter concentrations violating WHO guidelines. World Bank UFCOP (2016)
synthesis reflects that nearly 90% of new urban residents in Africa and Asia reside
in underdeveloped, developing, and emerging countries of these regions. The water
pollution scenarios are not much different. Water quality is intrinsically linked with
human health, poverty reduction, gender equality, food security, livelihoods, and the
preservation of ecosystems as well as economic growth and social development
(Nagabhatla and Metcalfe 2018). Economic development agendas and environmen-
tal sustainability guidelines typically present a challenge of trade-offs in the context
of sustainable urban planning.

Urban pollution not only has immediate localized impacts on human health and
well-being but also contributes to regional and global air pollution and water cycles
due to the “urban heat island” effect. For example, the emission of greenhouse gases
(GHGs) resulting from the combustion of fossil fuels in the industrial and transpor-
tation sectors contributes to global climate change and are estimated to grow
significantly in the cities of developing countries (Johnson et al. 2011).
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Fig. 2.1 SUNRM (Sustainable Urban Natural Resources Management) framework outline
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The Sustainable Urban Natural Resources Management (SUNRM) approach
(Fig. 2.1 presents a schematic presentation of the framework) involves a combina-
tion of various air and water quality management approaches and tools which could
enable planning strategies to improve air and water quality. While air quality
management approaches exist in various regions, water quality management
strategies are not standardized or lack consistency, although water resources man-
agement in general is part of urban planning agendas.

Keypoints of SUNRM Framework
The political will to transform the best available scientific and technological knowl-
edge into action, backed by strong societal support, is the most crucial factor in
successful environmental management (Molina et al. 2019). Note that the adoption
of comprehensive policies and integrated framework to addressing underlying
causes rather than focusing on these challenges in isolation remains key to achieving
urban sustainability. In this context, a ten-point agenda is suggested for consider-
ation and implementation by the city/urban authority to successfully tackle pollution
challenges and assist their transition to sustainable BGI/NBS paradigms.

1. Problem identification and technological innovations in air/water pollution
control aligned to social-ecological-technological approach.

2. Introduction of Air Quality Management System (AQMS) for baseline air
quality assessment and management and wastewater treatment (WWT) for
water quality management.

3. Introduction of real-time smart air/water quality modeling and monitoring
programs—national to community monitoring networks.

4. Identification of gaps and development of intervention strategies such as Envi-
ronmental Impact Assessment and Water Quality Impact Assessment, promo-
tion of NBS interventions like urban green spaces, terrace garden, etc.

5. Implementation and evaluation of changes as well as impacts.
6. Development and enforcement of projects, programs, and policies for the

promotion of NBS/BGI.
7. Legislations and institutions are to be established to regulate commercial

activities that do not comply with/subscribe to the norms of air/water pollution
management.

8. Provide fiscal incentives and tax exemptions to promote application/scaling of
green and clean technologies.

9. Integration of environmental education and SDGs into education curricula and
enabling research collaboration across the nations.

10. Establishment of community monitored surveillance system of defaulters and
champions.

In the above context, Annexures 1 and 2 outline programs and policies
incorporating the focus on innovation and smart interventions as key mechanisms
for sustainable urban development, including the agenda highlighted in SDG
11 goals and targets, like Target 11.B calling for a substantial increase in the number
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of cities and human settlements adopting and implementing integrated policies and
plans toward inclusion, resource efficiency, and mitigation of and adaptation to
climate change. Also, Target 11.6 aims at reduction of adverse per capita environ-
mental impact on cities, including paying special attention to air quality and munici-
pal and other waste management. The interventions showcased in the Annexure are
example of programs that apply integrated framework such as SUNRM. These
examples were selected to reflect how small and medium towns and megacities in
the Asian region are addressing the set of challenges specific to their context. These
interventions do reflect a shift in paradigms toward inclusive and sustainable urban
growth and water management solutions. While smaller cities appear to be more
specific and tailored to the city’s unique needs and available resources, in the large
cities, dealing with high levels of water and air pollution issues, energy demands,
incorporation of green infrastructure norms and regulations, and environmental
sustainability obligations—balancing economic growth and ecological restoration
can be a challenging task and makes it difficult to implement the sustainable urban
planning. Altogether, the impacts of ongoing set of projects/programs may not reach
the desired level, however, these proposed interventions offer potential towards the
creation of vision and strategy to combat the challenges and to support the vision of
sustainable urban future scenarios that promise social, technical, and ecological
equilibrium.

2.4 Discussion Points

Rapid population growth and increasing energy use in sectors like transportation and
industry, particularly such activities in the urban region, generate high levels of
pollution (air and water). Unsustainable environments are created when population
density is combined with insufficient provisioning services and haphazard infra-
structure development. Various SET systems are available to mitigate urban matters,
and many countries have established contamination and pollution management
standards and strategies in recent years, which provide an important planning tool
to improve environmental and human well-being goals. In many cities and urban
landscapes in the Asian region, operationalization of these SET frameworks through
project-based interventions and upscaling is limited.

In Asia, Singapore is a leader in employing these new paradigm approaches to
designing sustainable urban development plans such as the ABC Waters
Programme. In the last two decades, China has implemented flood management
regulations and frameworks that are more comprehensive. The National Flood
Management Strategy (2005) emphasizes nonstructural measures as a supplement
to structural strategies, complementing the 1997 Flood Control Law. Bangladesh is
beginning to explore alternatives to traditional methods. Between 1960 and 2008,
Dhaka, one of the world’s most flood-prone cities, lost 30% of its water bodies due to
urbanization, and the wetlands surrounding the city have reduced from 5.85 km2 to
3.95 km2 (GCF 2020). Broad solutions are being investigated by the government,
including the Dhaka Water Supply and Sewerage Authority, to address the
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importance of effective stormwater drainage systems and restoration of water bodies
and wetlands.

In an island setting, Fiji’s Green Growth Framework (GGF), a tool for
accelerating integrated and inclusive sustainable development, to strengthen envi-
ronmental resilience and manage the anticipated negative effects of climate change
to restore the balance in economic growth and development was drafted by the
Ministry of Strategic Planning, National Development and Statistics. The guiding
principles of the tool focused on the reduction of carbon “footprints” at all levels;
efficient utilization of resources and productivity; strengthening environmental
stewardship and social responsibility through education; adaptation of comprehen-
sive risk management practices; development of an integrated approach with stake-
holder collaboration; and financial incentives for investments in an effective use of
resources. GGF presents an approach to support truly sustainable development by
identifying ten thematic areas under three pillars—environment, social, and eco-
nomic. While the environment pillar focuses on building resilience to disasters and
climate change, sustainable resources, and waste management, the social pillar
emphasizes inclusive social development, water resources and sanitation manage-
ment, and food security. And the economic pillar aims at energy security, sustainable
transportation, green tourism and manufacturing industries, and technology and
innovation.

The set of challenges in many countries in the Asia-Pacific region include
operationalizing and institutionalizing BGI/NBS agenda in the existing policies
and support systems, often due to limited technical and financial capacity (Narayan
et al. 2015; Jupiter 2015). While advanced economies have progressed in
implementing such solutions, developing countries’ interest in the socio-technical
approach, BGI, and NBS is expanding (Nagabhatla and Metcalfe 2018). For exam-
ple, in South Australia, an emphasis on water-sensitive urban design encourages the
sustainable use and reuse of water in the urban settings—the intervention is
supported by the government as a strategy to combat droughts and a way to cope
with water scarcity.

We argue that policies to improve the urban landscape could consider integrated
socio-technical management frameworks, BGI innovations, and NBS oriented
solutions while pointing to the need to carefully evaluate challenges and
opportunities for upscaling. For instance, the case study from China reflects while
these urban planning paradigms aim multiple-objective agendas—i.e., mitigating the
flood risk, creating urban green spaces, wastewater dilution/treatment plans through
constructed wetlands, etc.—the goals and metrics used to evaluate these programs
are not framed comprehensively to reflect multiple benefits of the urban planning
paradigms. The case studies also point to a common issue with NBS monitoring
programs that they tend to assess “easier” evaluation metrics (i.e., hectares
reforested), rather than a multitude of direct and indirect suit of impacts or outcomes
(i.e., reduction in expected annual damages).

The legislative and regulatory frameworks in many developing countries are
emerging to promote the adoption of integrated solutions, as indicated in the
water-air pollution section and programs/projects in Annexures 1, 2, and 3. Although
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the investment in hybrid projects is beginning to rise in the developing countries of
Asia and the Pacific, the impact and success of these projects are yet to be perceived,
assessed, analyzed, and reported. The World Bank report (2016) enlists that most
NBS-based DRM (disaster risk management) interventions are applied in Africa and
the Middle East. In 2017–2018, the regions of East Asia and the Pacific, Latin
America, and the Caribbean reported a significant growth in the use of NBS for
disaster risk management. Additionally, the report elucidates that the investments are
still heavily dominated by built infrastructure projects, as clear guidelines on
perceptions and implementation of BGI/NBS solutions are limited. Still, the
narratives that claim BGI/NBS as cost-effective alternative complementing built
infrastructure with co-benefits such as poverty reduction/better employment
options/socially inclusive strategy remain strong in theory, and only few of these
measures are put in place by urban planners.

Sustainable Asset Valuation (SAVi) developed by IISD (International Institute
for Sustainable Development) demonstrates that governments, citizens, and
investors can get an attractive return on investment in sustainability-focused assets,
programs, and strategies. The ASEAN Catalytic Green Finance Facility for
accelerating green finance in Southeast Asia, the Green Climate Fund (GCF), and
Green Infrastructure Financing programs by World Bank are a few of many
organizations committed to supporting developing countries’ climate change miti-
gation and adaptation commitments and their SDG-related obligations. For example,
the GCF report (2020) states that 36% of global GCF ($2.6 billion) is directed to the
Asia-Pacific region including 12% ($ 849.9 million) in SIDS (Small Islands Devel-
oping States) nations.

The process of securing financing varies significantly across public and private
sponsored projects and regions, with significant disparities in funds/financing
mechanisms in developing and developed economies. In developing countries, for
instance, numerous evolving SET innovations are supported by international donors
and multilateral agencies. The emerging and developed economies are taking active
measures to commit state financing through a blend of government funding and
private sector/equity committed for sustainable urban planning. In that context,
insurance policies and products are also evolving to accommodate this agenda.
However, such efforts remain mostly noted in developed economies where insurance
mechanisms are established and integrated into the existing sectoral operations and
guidelines. In the developing states in the region, multilateral institutions such as the
World Bank and GCF are providing support by funding initiatives that present a
potential to be effective socio-technical systems based on BGI/NBS principles.

2.5 Concluding Notes

To achieve the goal of resilient infrastructure by 2030 as outlined in the SDG
agenda, Browder et al. (2019) estimated the need for $90 trillion funding for
infrastructure, which underscores the merits of adapting NBS- and BGI-based
solutions. To this vision, the central theme of the programs and projects noted in
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Annexure 1 reflects on the interconnectedness aspect in BGI, NBS, and the socio-
technical approaches. The existing efforts reflect the necessity of regional collabora-
tion along with the cooperation of states and communities for effective implementa-
tion of socio-technological oriented solutions created to balance development and
sustainability objectives. In addition, the urban regions can design interventions that
consider local�/context-specific needs. For example, the Green Bangkok 2030
Project benefits from converting the unused land into green spaces towards a
sustainable city vision and addressing integrated goals of air, water, and energy
security. However, these solutions are not linear or straightforward in all instances
and settings, as many dimensions may apply such as financial commitment, the
capacity of the program manager, and acceptability by citizens and communities.
Annexure 3 shows emerging collaborations in the Asia-Pacific region—the
programs that are aimed to provide support through project funding, sharing knowl-
edge from networking opportunities, and implementation of research. Some
programs contain multiple agendas and pledges of participation in a wide range of
sustainability (BGI, NBS, SUNRM)-based interventions.

Noting that the urban areas once established cannot be moved, any measure to
adopt inclusive development should entwine with the urban ecosystem protection
and restoration agenda at the national, regional, and global frameworks. Although
investment in BGI and NBS within the socio-technical setups remains essential for
sustainable urban infrastructure, a lot of countries are pressed with challenges such
as lack of human capacity, financial resources, or understanding of short-, medium-,
and long-term trade-offs. As Luoma (2012) explains about the NFPP in China, the
trade-off of NBS implementation, the State Forestry Administration has begun
collaborating on projects aimed specifically at restoring native species and is work-
ing with the Climate, Community & Biodiversity Alliance (CCBA), whose members
include Conservation International, The Nature Conservancy, and the Rainforest
Alliance (the emerging challenge of teleporting needs attention).

It is evident from the case studies in this chapter that the hybrid engineering
solutions have intensely focused on stormwater management to handle urban
flooding with few studies on coastal flooding and erosion protection, construction
of wetlands, and mangrove-dike solutions for flood management. The SET frame-
work provides guiding principles for projects visioning sustainable urban futures. As
we see in the case of Nepal where community intervention resulted in the closure of a
project of importance, emphasis on local settings, social and ecological goals, and
technological innovation are to be balanced carefully for desired outcomes. Most of
the existing solutions in developing countries are focused on a narrow scale and are
in the process to configure multi-benefits through boosting infrastructure resilience.
This progress will broaden the scope of the NBS/BGI approach in multiple areas
with proven evidence that it empowers communities, enhancing project
sustainability with cost-effective multiple benefits (economic and non-economic).

Long-term funding is another key challenge in developing countries that are
highly dependent on bilateral or multilateral funding for such projects. Besides,
the lack of technical guidance for BGI/NBS implementation is one of the most cited
barriers in all regions and refers to the understanding and knowledge to assess the
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performance of such interventions by the policymakers, regulators, and/or permit-
ting agencies, who often prioritize gray infrastructure over such options because of
familiarity, existing guidelines on compliance, and permissions. A multilevel incen-
tive structure can serve as a driver for inclusive participation and successful imple-
mentation of the outlined agendas. Additionally, forward-looking strategies such as
the Sustainable Urban Natural Resources Management (SUNRM) approach derived
from the SET framework could be promoted and supported under ecological
sustainability, disaster risk reduction, and climate change adaptation measures. For
these urban planning paradigms to be adopted widely, incentives need to be created
for local stakeholders through public and private financing options, technical sup-
port, and policy instrument.

In closing, note that SET innovations and integrated agenda bear potential to
balance urban growth, smart employment, ecological sustainability, and more while
contributing to the interlinked plan of SDGs, i.e., to SDG 8, decent work and
economic growth, and SDG 11—sustainable cities and communities. However, a
barrier such as knowledge and capacity gaps, lack of governance structures for
managing these multifunctional systems, and balancing trade-offs while delivering
multiple goals largely determines the feasibility and endorsement of these planning
paradigms. In the long term, success and acceptance of SUNRM framework
depends both on the efficiency of technological interventions as well as mechanisms
for community involvement and social inclusion. In addition, like for any other
development-focused intervention, public acceptance, financial commitment, and
policy support remain pertinent to sustain these urban planning pathways. The
challenge associated with maintenance, monitoring and evaluation, and upscaling
is also crucial towards certifying the sustainability of NBS and green infrastructure
approaches in the urban planning context.

With better and more sustainable infrastructure, these integrated solutions can
serve useful to managing inequality and social injustice linked to challenges outlined
in SDG 6 (water availability and accessibility to all), mainly for the urban poor. It is
to be noted that the technological and the social component of the SET framework
are aligned with SDG 1 (that includes urban poverty), SDG 2 (managing hunger),
water and clean air, and reducing the impacts of climate change. Alignment of SET
framework to achieving SDG 7 (affordable and clean energy) and SDG 3 (good
health and well-being) is also apparent, as is SDG 5 (gender-focused) agenda. The
technological aspect of the SET framework calls for reduced emissions, projecting
nature-based solutions bearing potential as a carbon sink, besides as a mechanism to
boost climate resilience tying to SDG 13 (climate action), SDG 14 (coastal and
marine environmental protection), and SDG 15 (better land management) directly or
indirectly.
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Annexure 1

Institutional and policy support systems in selected cities and mega urban centers in
Asia that align with the scope of Sustainable Development Goals, particularly SDG
11

City(mega, emerging, or
developing city)

Policy/
programLaunch year Summary and notesReference

Singapore Megacity Singapore’s
Voluntary National
Review Report
2018

Some of the strategies to achieve
SDG 11 are transit-oriented
development and planning,
promoting public transport,
walking, cycling plans, inclusive
transport, safer streets, green
buildings and spaces, and
international collaborations
https://sustainabledevelopment.un.
org/content/documents/1943
9Singapores_Voluntary_National_
Review_Report_v2.pdf

Urban
Redevelopment
Authority (URA)
2011 and 2019

2011 concept plan—Long-term
strategic land use and smart
transportation (in next 40–50 years)
Singapore has a limited land
capacity to establish a long-term
land use plan that balances land use
needs, such as housing, industry,
commerce, parks, transport,
defense, community facilities
https://www.ura.gov.sg/Corporate/
Planning/Concept-Plan/About-
Concept-Plan

2019: The master plan is a short-
term strategic land use plan (for the
next 10–15 years)
Proposes zoning strategy to show
the permissible land use
developments
Plan to be reviewed every 5 years
and translates the plan’s ideas to
guide land development
https://www.ura.gov.sg/-/media/
Corporate/Planning/Master-Plan/
MP19writtenstatement.pdf?la¼en
https://www.ura.gov.sg/Corporate/
Planning/Master-Plan

Hong Kong Megacity Future Hong Kong
2020

To meet SDG 11, Hong Kong has
created Future Hong Kong 2030 to
promote sustainable development.
Numerous strategies developed to
drive sustainability. Some of

(continued)
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City(mega, emerging, or
developing city)

Policy/
programLaunch year Summary and notesReference

which are:
Implementing wastepaper
collection and recycling services to
help stabilize the price and quantity
of local waste management
Adopting electric vehicles,
introducing a smart power grid, and
artificial intelligence-driven
technology can optimize energy
consumption
Cleaner production partnership
program to encourage local-owned
factories to adopt cleaner
technologies
Set up an HKD 200 million green
tech fund to support the R&D and
application of decarbonization and
green technologies
https://assets.kpmg/content/dam/
kpmg/cn/pdf/en/2020/04/future-
hong-kong-2030.pdf

Tokyo, Japan
Megacity

Tokyo’s
Environmental Plan
2020

Tokyo’s strategy toward building a
more sustainable society and
honoring their commitment to the
Paris commitment. And for
sustainable buildings, the Tokyo
cap-and-trade program, carbon
reduction reporting program, and
green building program. Aim is to
promote energy-efficient homes
and expand renewable energy
resources to reduce GHG emissions
https://www.kankyo.metro.tokyo.
lg.jp/en/about_us/videos_
documents/documents_1.files/
creating_a_sustainable_city_2020_
eng.pdf

Shimokawa Town (Hokkaido)
*Town referred to as a model for
sustainable development
Advanced Urban Center in a
Developed Nation

Shimokawa Town
The Sustainable
Development Goals
Report
2018

Report promotes comprehensive
development strategies such as the
Ichi-no-hashi BioVillage, which
addresses economic, social, and
environmental issues
They created an on-demand local
public transportation system for
more efficient traveling
To prevent elders from getting
isolated/lost, they developed a
senior watch system
The town is taking measures to
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City(mega, emerging, or
developing city)

Policy/
programLaunch year Summary and notesReference

preserve water resources, make its
forest more resilient to disasters,
and establish headwater forests
guidelines
https://www.iges.or.jp/en/
publication_documents/pub/
policyreport/en/6571/Shimokawa_
SDGsReport_EN_0713.pdf

Toyama, Japan
Urban Center in a developed
nation

Toyama City
The Sustainable
Development Goals
Report
2018

Has seven plans developed that
address SDG 11: (1) Second
Comprehensive Plan 2017–2026,
(2) Basic Environment Plan
2017–2026, (3) Environmental
Model City Action Plan, (4) Land
Tolerance Regional Plan,
(5) Environment FutureCity Plan,
(6) Comprehensive Strategy for
City, People and Work
(2015–2019), and (7) Resilience
Strategy (30-Year Plan)
By 2025, approximately 30% of the
entire population of Toyama City
will be senior citizens. Therefore,
the city wants to revitalize public
transport, promoting health and an
overall better state of well-being
City will make efforts to reduce the
heavy reliance on cars, create a
walkable city, and recover the
number of public transport users
that have declined in recent years
https://www.local2030.org/
library/478/Toyama-City-the-
Sustainable-Development-Goals-
Report-Compact-City-Planning-
based-on-Polycentric-Transport-
Networks.pdf

Kitakyushu, Japan
Emerging
Urban Center in a developed
nation

Kitakyushu City
The Sustainable
Development Goals
Report
2018

Kitakyushu has developed
17 specific actions to achieve the
SDGs. To meet the SDG goals,
some of Kitakyushu efforts
include:
Building motivation in life for the
elderly; promoting education for
sustainable development (ESD)
activities; increasing urban
resilience by supporting the
development of a voluntary
disaster-prevention system.
Developing an intensive-type
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City(mega, emerging, or
developing city)

Policy/
programLaunch year Summary and notesReference

urban structure promotes people-
and environmentally friendly
transport strategies. Promoting
public facility management
Developing products that can
spread worldwide, such as soap-
based firefighting foam
https://www.uncclearn.org/wp-
content/uploads/library/
kitakyushu_sdgsreport_en_0713.
pdf

Bangkok
Megacity

Bangkok Declaration
for 2020
Sustainable
Transport Goals for
2010–2020
2020

Bangkok’s main priority outlined
in the policy is to improve
transportation and technologies in
the city. Goals include improving
public transport; reducing the use
of private motorized vehicles
through transportation demand
management; and achieving more
sustainable intercity passenger and
goods transport (i.e., high-quality
long-distance bus, inland water
transport, high-speed rail over car
and air passenger travel, and
priority for train and barrage freight
over truck and air freight by
building supporting infrastructure
such as dry inland ports)
https://sdgs.un.org/sites/default/
files/documents/bangkok_
declaration.pdf

Shanghai
Megacity

Promoting health in
the SDGs
2016

One way in which Shanghai
intends on implementing SDG 11 is
by enforcing a smoke-free law and
promoting and providing universal
access to safe, inclusive, and
accessible green and public spaces
https://www.who.int/publications/
i/item/WHO-NMH-PND-17.5

Guangzhou
Megacity

UN SDGs
Guangzhou
Voluntary
Local Review
2020

Guangzhou has many goals
outlined to achieve SDG 11. Some
of these include:
Preserving the urban green
ecological spaces
Refining the quality and the design
of the city and highlight its
personality promote collaboration
Participating and sharing common
interests in the community
Building sustainable communities
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City(mega, emerging, or
developing city)

Policy/
programLaunch year Summary and notesReference

Increasing efforts to build public
transportation facilities and
optimize the traffic
Developing innovations in green
technologies and promoting the
application of green energy
https://sdgs.un.org/sites/default/
files/2021-01/VLR%20Guangzhou
%2C%20China-compressed.pdf

Surabaya, Malaysia
Emerging Urban Center

SDG Summit
2019

Different initiatives taken by
Surabaya to achieve the SDGs
Prioritized disaster risk
management against extreme
weather
They have implemented alternative
energy sources such as using waste
for fuel to create energy
Public and social facilities are
provided for free (this includes
49 broadband learning centers,
475 public parks, 524 sports fields,
learning center, and community
hall)
https://sustainabledevelopment.un.
org/content/documents/250
68Leaders_Dialogue_4_
Localizing_the_SDGs_Mayor_
Tri_Rismaharini.pdf

Muangklang, Thailand
Emerging urban center

Could not find
specific policies but it
is a famous green city
NA

Muangkland, Thailand, is one of
the three model towns in Thailand’s
low Carbon City program
Small town with limited resources
but has managed to become famous
for its green-city development with
its many green activities
The town created a simple outdoor
conveyor belt to separate waste,
reuse, and recycle, significantly
reducing waste in the municipal
landfill. The operation is
compensated for by selling
compost, recyclable materials from
the landfill, and locally grown
organic vegetables
The city also converted unused
land to promote urban farming of
vegetables and rice—This project
aimed to reduce food miles and
energy from food transportation
https://wwf.panda.org/?229194/
Muangklang-low-carbon-city
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Annexure 2

Selected projects and programs in urban landscapes in Asia aligning with agenda
outlined in the Sustainable Development Goals, in particular SDG focused on urban
development

City/region/agency
(mega, emerging, or
developing city) Project/programYear Summary and notesReference

Programs/projects and
case studies

Yokohama, Japan
(Megacity)

Yokohama Partnership of
Resources and Technologies
(Y-PORT) Project
2015

The city of Yokohama was faced
with various urban issues because of
the high concentration of the
population due to significant
economic growth and urbanization
To overcome these challenges, such
as delayed infrastructure
development and pollution from the
rapidly increasing population,
Yokohama developed a sustainable
and environmentally friendly city
Now, Yokohama uses its experience
in urban development and
technologies to help other emerging
cities
https://yport.city.yokohama.lg.jp/en/
y-port-project

ASEAN
Southeast Asia

ASEAN SDGs Frontrunner
Cities Programme (SDGs-
FC)
2018

An initiative under the AWGESC
funded by the Japan-ASEAN
integration fund (JAIF)
This program aims to raise the
capacity and profile of 27 ASEAN
cities and develop and improve
practices/policies toward clean and
green sustainable development
https://sustainabledevelopment.un.
org/partnership/?p¼29570
http://urbansdgplatform.org/pdf/
IGES%20Policy%20Brief%20-%20
ASEAN%20Cities%20Early%20
Reactions%20to%20SDGs%20
Final%207May2018_FINAL.pdf

ASEAN Working Group on
Environmentally Sustainable
Cities (AWGESC)
2009

Improve regional involvement to
address the effects of climate change
on socioeconomic development in
ASEAN
Address regional priorities,
concerns, and interests
Has seven strategic priorities in
the plan: (1) nature conservation and
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City/region/agency
(mega, emerging, or
developing city) Project/programYear Summary and notesReference

biodiversity, (2) coastal and marine
environment, (3) water resources
management, (4) environmentally
sustainable cities, (5) climate
change, (6) chemicals and waste,
(7) environmental education and
sustainable consumption and
production
https://environment.asean.org/
about-asean-cooperation-on-
environment/
https://www.doe.gov.my/portalv1/
en/info-umum/info-hubungan-
antarabangsa/asean-working-group-
awg-2/324045#:~:text¼The%20
ASEAN%20Working%20Group%
20on,a%20clean%20and%20green
%20environment

USAID (International
Cooperation Agency of
the United States)
Mekong region

Pact and the Mekong
Partnership for the
Environment (MPE)
2013

There is accelerated growth in the
Mekong region which led to the
development of this pact. MPE
reinforces the responsible
development of counties in the lower
Mekong region through the
constructive engagement of different
stakeholders such as governments,
businesses, and civil society
Promotes responsible investment
and encourages public participation
through good environmental impact
assessment (EIA) policy and practice
MPE supports strategies that
facilitate socially and
environmentally responsible
development decision-making
https://www.pactworld.org/mekong-
partnership-environment#:~:text¼In
%202013%2C%20USAID%20
awarded%20Pact,the%20Lower%
20Mekong%20sub%2Dregion

Malaysia Malaysia Sustainable Cities
Program
2013–2018

The goal of the program is to study
the sustainable city development
efforts in Malaysia
Scholars from around the world
researched Malaysia
Transform findings into instructional
materials to enhance and spread
sustainable city development lessons
across universities in the global
south
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City/region/agency
(mega, emerging, or
developing city) Project/programYear Summary and notesReference

Graduate students and faculty at
MIT and UTM studied, reviewed,
and refined the research direction
MSCP encouraged additional
reports, theses, and studies to be
conducted in Malaysia
https://scienceimpact.mit.edu/
malaysia-sustainable-cities-program

Shimokawa Town
(Hokkaido Emerging
Urban center in Japan)

Ichi-no-hashi BioVillage
2018

Town with a high aging population
that experienced hardships living in
a colder climate (e.g., removing
heavy snow)
Shimokawa implemented a new
housing community with a woody-
biomass district heat supply system
to improve elders’ quality of life
Their energy cost decreased because
of well-insulated homes and biomass
fuel
Also, they created 30 jobs and US$
0.7 million worth of mushroom
production
https://www.town.shimokawa.
hokkaido.jp/section/2018/05/
sustainable-forest-future-
community-ichinohashi-bio-village-
of-shimokawa-town.html

Toyama
(Developing Urban
Region of Japan)

Toyama City Low Carbon
Farming Village Model
2018

Agricultural land use has decreased
as farmers become dependent on
non-farming income
Toyama is implementing the
Toyama City low-carbon farming
model to revitalize the abandoned
farmlands using renewable resources
and providing farmers with other
crops than rice, such as vegetables
that have a low crop acreage
The facility uses renewable power
sources to power agricultural
machinery and air-conditions
greenhouses for crops
The produce is shared among the
community
https://www.local2030.org/library/4
78/Toyama-City-the-Sustainable-
Development-Goals-Report-
Compact-City-Planning-based-on-
Polycentric-Transport-Networks.pdf
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City/region/agency
(mega, emerging, or
developing city) Project/programYear Summary and notesReference

Kitakyushu
(Emerging)

City Forest Project
2018

Launched a city forest project to
create urban development that
coexists between cities and the
natural environment
Kitakyushu leases idle company-
owned land, unused city-owned
land, and sections of parks to local
groups that use community
involvement to develop green areas
These activities may provide new
life to idle and unused land, which
have become problematic in local
areas otherwise
https://www.uncclearn.org/wp-
content/uploads/library/kitakyushu_
sdgsreport_en_0713.pdf

Kuala Lumpur
(Emerging)

Urban Mass rapid Transit
System—MRT
2016

The advanced and newly established
transportation system will provide an
efficient and environmentally
friendly transportation network in
Kuala Lumpur
Its purpose is to enhance access and
mobility to and from the city center
for its 400,000 daily commuters
https://aseanup.com/kuala-lumpur-
sustainable-development-initiatives/

River of Life Project
2012

The river cuts through the city and
influences the livability and
atmosphere of Kuala Lumpur
The project will have three phases:
(1) clean the river, (2) install gross
contaminant traps, and (3) build two
wastewater treatments
https://www.mymrt.com.my/public/
mrt-need-to-know/

Bangkok (Megacity) The Green Bangkok 2030
Project
2019

The environment department,
Bangkok metropolitan
administration (BMA) goal is to take
advantage of the unused spaces
scattered throughout Bangkok (that
belong to the government and
private agencies) to create more
green spaces.
https://www.c40.org/case_studies/
the-green-bangkok-2030-project

Manila
(Developing)

Escuela Taller de Filipinas
Foundation, Inc.
2019

Nonprofit organization located in
Intramuros, Manila, that implements
skills development and training
targeted toward indigent youth
Students learn about the protection,
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Annexure 3

Regional initiatives, alliances, and coalitions to promote BGI/NBS and integrated
natural resource management initiatives in the Asian region

City/region/agency
(mega, emerging, or
developing city) Project/programYear Summary and notesReference

conservation, and restoration of
cultural heritage sites
The organization highlights the
importance of education and training
programs to address challenges in
other SDGs and sectors, such as
heritage and culture conservation
(under SDG 11)
https://sustainabledevelopment.un.
org/content/documents/233
66Voluntary_National_Review_201
9_Philippines.pdf

Program Description Main agendaReference/source

Asia Smart City
Alliance

A platform for different
stakeholders (i.e., cities,
governments, private companies,
international institutions, and
academics active in smart city
development) in Asia to share
knowledge and facilitate
discussions

Organizes annual Asia Smart
City Conference (ASCC)
https://yport.city.yokohama.lg.
jp/en/city-promotion/asia-smart-
city-alliance-asca

Association of
Southeast Asian
Nations (ASEAN)

Founded by Indonesia, Malaysia,
Philippines, Singapore, and
Thailand (10 members)
The objectives include:
• To accelerate economic

growth, social progress, and
cultural development
• Promote regional peace and

stability, respect for justice and
the rule of law
• Increase collaboration across

various economic, social,
cultural, technical, scientific, and
administrative spheres

The goal is to maintain close and
beneficial cooperation between
countries using existing
international and regional
organizations with similar aims
and purposes (7 aims found in the
ASEAN declaration)
https://asean.org/asean/about-
asean/
https://asean.org/
storage/2020/10/ASEAN-SDG-
Indicator-Baseline-Report-2020.
pdf

ASEAN ESC Model
Cities Programme

Created to encourage the
development of environmentally
sustainable cities by conducting
activities at the local, national,

Model cities receive several
benefits, including funding,
training, and regional networking
opportunities
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52 S. Thammadi et al.

https://sustainabledevelopment.un.org/content/documents/23366Voluntary_National_Review_2019_Philippines.pdf
https://sustainabledevelopment.un.org/content/documents/23366Voluntary_National_Review_2019_Philippines.pdf
https://sustainabledevelopment.un.org/content/documents/23366Voluntary_National_Review_2019_Philippines.pdf
https://sustainabledevelopment.un.org/content/documents/23366Voluntary_National_Review_2019_Philippines.pdf
https://yport.city.yokohama.lg.jp/en/city-promotion/asia-smart-city-alliance-asca
https://yport.city.yokohama.lg.jp/en/city-promotion/asia-smart-city-alliance-asca
https://yport.city.yokohama.lg.jp/en/city-promotion/asia-smart-city-alliance-asca
https://asean.org/asean/about-asean/
https://asean.org/asean/about-asean/
https://asean.org/storage/2020/10/ASEAN-SDG-Indicator-Baseline-Report-2020.pdf
https://asean.org/storage/2020/10/ASEAN-SDG-Indicator-Baseline-Report-2020.pdf
https://asean.org/storage/2020/10/ASEAN-SDG-Indicator-Baseline-Report-2020.pdf
https://asean.org/storage/2020/10/ASEAN-SDG-Indicator-Baseline-Report-2020.pdf


Program Description Main agendaReference/source

and regional levels
Supports national focal points by:
• Mainstreaming the SDGs;

boosting incentives for cities to
better fulfill the ASEAN clean
land, clean air and clean water
indicators
• Strengthening or creation of

national model cities networks

The last report issued from the
program discusses its
achievements from 3 years (last
report from 2017) of existence
Model cities continue to make
improvements to local
environmental quality by scaling
up a variety of innovations
https://www.iges.or.jp/en/pub/
asean-esc-model-cities-year-3-
201617/en#:~:text¼The%20
ASEAN%20ESC%20Model%
20Cities,local%2C%20national
%20and%20regional%20levels

Economic and social
Commission for Asia
and the Pacific
(ESCAP)

Largest regional
intergovernmental platform with
53 member states and 9 associate
members

Goal is to develop inclusive,
sustainable, economic, and social
development in the Asia-Pacific
region
Priority is aligned with the
implementation of the 2030
Agenda for Sustainable
Development and the
achievement of the Sustainable
Development Goals
https://www.unescap.org/
resources/sdg11-goal-profile
https://www.unescap.org/our-
work

Institute for Global
Environmental
Strategies (IGES)

Strategy aims to achieve a new
paradigm for civilizations
through conducting innovative
policy development and research
for environmental measures,
incorporating the research into
political decisions for sustainable
development in the Asia-Pacific
region and globally
Recognizes sustainable
development in the Asia-Pacific
region is critical for international
growth

Undertakes different programs
and projects. Main coordinating
body for APAN
Collaborates with USAID
In charge of hosting ISAP
(International Forum for
Sustainable Asia and the Pacific
2018)
Research and implementation of
Japan’s Joint Crediting
MECHANISM (JCM)
https://archive.iges.or.jp/en/
bangkok/index.html
https://www.iges.or.jp/en/about

Asia Pacific
Adaptation Network
(APAN)

APAN aims to equip Asia and
the Pacific Region with the
knowledge for designing and
implementing climate change
adaptation measures
Operations are carried out by
subregional nodes: Central Asia,
Northeastern Asia, Pacific, South
Asia, and Southeast Asia

Publishes the Asia-Pacific
Climate Change Adaptation
Forum (Seventh APAN Forum)
The conference was held recently
in March 2021
http://www.asiapacificadapt.net/
about-apan/
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USAID Adapt Asia-
Pacific

Assists vulnerable countries to
receive financing to address
climate change impacts
Links climate funding
organizations with eligible Asia-
Pacific countries to help prepare
projects that increase resilience to
climate change’s negative impact

USAID and the US Department
of State-funded “Climate Change
Adaptation Project Preparation
Facility for Asia and the Pacific
Activity” (Adapt Asia-Pacific)
specifically 13 countries in Asia
and 14 Pacific Small Island
Developing States
The project improved the
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adaptation strategies and
provided technical assistance to
allow organizations to access and
receive climate funding for
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A Risk Assessment Approach to Urban
Resilience 3
Debbie Bartlett

Abstract

This chapter begins by focusing on the title of this volume and the implications of
the words ‘resilience’ and ‘sustainable’ and the complexities of addressing these
issues from economic, environmental and social perspectives in the context of
climate change. A risk assessment-based approach is proposed, with the first step
being to fully understand the current situation and the second to identify future
risk and finally an options appraisal reviewing different ways the risk could be
reduced and determining which would be the most appropriate for the specific
situation. The way in which this approach can be implemented is described with
the advantages and disadvantages of different interventions considered. The need
for regions, cities and neighbourhoods to take a strategic approach to improve
urban resilience to minimise climate-associated risk is discussed, drawing on
experience in Europe and beyond.

Keywords

Risk assessment · Climate proofing · Urban resilience · Blue-green infrastructure

3.1 Introduction

My first response when asked to contribute a chapter for this book was decline as,
although I have worked in Bangladesh, India and Nepal, my experience on this topic
is from Northern Europe, a very different context. However, the editors felt this was
useful to bring in a different perspective.
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To begin I’d like to return to the title of this volume ‘Improving Urban Resilience
and Sustainability by Integrating Blue-Green Infrastructure Across Asian Countries’
and suggest considering what this really means. The word ‘resilience’ is variously
defined as the ability to recover quickly from difficulties or for a substance or object
to spring back into shape after stress. These imply a return to a former state after
short-term event. Sustainability is a frequently used word that can be applied to the
economic, environmental and social contexts and, while always desirable, can be
difficult to measure. In reality we are facing real, sustained, environmental change,
and this is likely to be increasing in intensity in the foreseeable future. The multiple
impacts of climate change, specifically global warming, increasing frequency and
intensity of heat waves and extreme rainfall events, are having significant impact,
and, as more people are living in cities than ever before, this is being felt particularly
in the urban environment.

This results in a ‘wicked problem’, a term first proposed by Rittel and Webber
(1973) for the complexities involved in identifying solutions to planning and social
policy problems. These authors outlined ten characteristics of such problems,
including multiple possible solutions, that the problem is symptomatic of other
problematic issues and that defining an end point, i.e. when the ‘problem’ has
been solved, maybe impossible. Climate change falls into this category with multiple
effects on urban communities, particularly those on low incomes, those living in
poor quality housing and specific vulnerable groups such as the old, the young and
those with existing health conditions or disabilities. Clearly there is no simple
solution. While efforts are being made at global, national, regional and local scales
to reduce the rate of emissions, this will not prevent the situation from getting worse;
only when drawdown and carbon sequestration exceeds emissions will this begin to
be addressed; even under the most optimistic scenarios, things are not going to get
better any time soon. Environmental change is occurring at an unprecedented rate
and slowing this will be challenging. There may well be more surprises in the
future—the COVID-19 pandemic has clearly demonstrated the unimaginable can
become a reality. The need for adaptation to deal with changing environmental
conditions is urgent—and may need to go beyond ‘resilience’ as return maybe
impossible and a ‘new normal’ may need to be accepted. But how can this be
done and where does responsibility for action lie? These questions will be explored
in the following sections.

3.2 Nature-Based Solutions

The IUCN has defined nature-based solutions (hereafter referred to as NbS) as
‘Actions to protect, sustainably manage, and restore natural or modified ecosystems,
that address societal challenges effectively and adaptively, simultaneously providing
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human well-being and biodiversity benefits’.1 However, the European Commission,
in transposing NbS into policy, gives a subtly different emphasis, stating that NbS
harness the power and sophistication of nature to turn environmental, social and
economic challenges into innovation opportunities (European Commission 2015).
Fundamental to achieving this is understanding what is meant by ‘nature’, and what
‘actions’ or ‘solutions’ are required. Bridgewater (2018) identified the starting point
for implementation to be understanding the environmental issue—or problem—and
then reviewing the range of the potential solutions to identify the most appropriate.
The human context is crucial; NbS are framed as solutions to ‘societal challenges’
(IUCN) and to ‘environmental, social and economic challenges’ (European Com-
mission 2015), and these elements must be considered simultaneously. The most
effective way to do this is by considering the ecosystem services any NbS delivers
(Diaz et al. 2018) and factoring this into the decision-making process.

This leads to consideration of what is meant by ‘nature’ as little—if any—of our
environment can be considered as natural, particularly in urban areas, which are
examples of extreme ecosystem modification. Trees are generally considered ‘natu-
ral’ and so planting these an obvious action and many tree planning initiatives, in
both rural and urban contexts, have been stimulated by the desire to mitigate climate
change by storing carbon. This is not always appropriate and can have a negative
impact on when, for example, this is at the expense of other important ecosystems
such as grasslands (e.g. Veldman et al. 2015) often an important component of
public open space such as city parks and recreation areas. There are also many
examples, such as the planting of Prosopis juliflora in Northwest India to limit the
spread of deserts, where this has had unintended—and seriously damaging—
consequences (Bartlett et al. 2017). A further factor to be considered in the selection
of appropriate species for planting is the changing growing conditions and spread of
pests and diseases as a consequence of climate/environmental change (e.g. White
et al. 2019).

Blue-green infrastructure is a term encompassing many different types of inter-
vention, both aquatic and plant-based nature-based solutions. All would be appro-
priate in the right situation, but how can we ensure the best option is selected and
effectively implemented to deliver the maximum benefit and so improve urban
resilience and sustainability?

3.3 Societal Challenges in the Urban Environment

The first step is always to understand the current situation and identify all drives of
change, both current and predicted, and what the consequences might be. Only then
can mitigation measures, to ensure ecosystem services are maintained, be considered

1See https://www.iucn.org/commissions/commission-ecosystem-management/our-work/
naturebased-solutions
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to improve resilience. Effectively this is a risk assessment—what is likely to happen
and how can the consequences be reduced (see Fig. 3.1).

Improving resilience requires modelling and prediction. A brief review of the
most likely risks (or societal challenges) to those living in urban environments is
given in the following sections as the context for planning to improve resilience,
adaptation to changed conditions and sustainability and to reduce negative impact(s).

3.3.1 Extreme Weather Events

Severe storms have become more frequent in recent years, typically of greater
intensity than those previously experienced. These have been widely covered in
the media, but in 2019 some serious ones were as follows:

• Hurricane ‘Dorian’ was the second strongest ever recorded in the Atlantic affect-
ing the Bahamas and moving on to Western Canada.

• Cyclone ‘Idai’ caused deaths in Mozambique, Zimbabwe, Malawi, and
Madagascar.

• Typhoon ‘Hagibis’ caused extensive damage in Japan (Masters 2020)

The extensive damage to buildings and infrastructure, the disruption to services
and human misery have long-term social and economic consequences and require
lengthy recovery periods. The psychological impact on those experiencing repeat
events can only be imagined. An example is given by Kayaga et al. (2020) who
investigated the impact of flooding and heat waves on water and electricity supply in
low-income urban settlements in Ghana, Africa. They found flood events often led to
contamination of water supplies, with implications for the spread of disease, and to
power cuts. During heat waves demand for both water and power increased, and, as
Ghana generates about 40% of electricity from hydropower, this is also affected by

Fig. 3.1 The basic risk assessment process
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low flow in rivers. Similar challenges will be faced by supply companies and those
on low incomes globally.

In drought-prone countries, rain may be a source of celebration or a disaster. The
Indian monsoon of 2019 arrived late, delivered more rain than usual replenishing
aquifers which was a relief to farmers (and for food supplies), but also caused
extensive flooding and the death of almost 2000 people (Masters 2020). Whenever
flooding occurs diseases such as typhoid and cholera become a risk; when water
remains it can encourage the breeding of mosquitoes and the spread of malaria and
dengue fever (World Health Organisation n.d.). Coastal areas are particularly at risk
of storm surges and high tides exacerbated by river discharge into the sea after heavy
rainfall.

Another aspect of extreme weather is rising global temperatures and frequency
and intensity of heat waves, causing drought, water shortages and concerns about
food security and livelihoods. The urban heat island (UHI) effect is the term to
describe the warmer temperature of cities compared to the surrounding countryside,
particularly at night, due to reduced air flow and many building materials which
absorb heat during the day, releasing it when the sun goes down and air temperature
falls. This can make it difficult for city dwellers to sleep well, and this can affect
concentration and educational performance (Park et al. 2020) and can be a risk for
those operating machinery, including vehicles, the next day (Medic et al. 2017). This
has knock-on effects on the economy, both locally and for national gross domestic
product (Liu et al. 2020).

Global warming is also affecting daytime temperatures, with higher average
temperatures and more frequent heat waves across the world (Seneviratne et al.
2012). Heat stress is dangerous. A systematic review of health impacts conducted by
Campbell et al. (2018) found little research has focused on the global south and
deaths from heat stroke were used to measure impact rather than longer-term effects
and morbidity. The working population, particularly those engaged in manual
labour, or working in confined spaces, are likely to be particularly affected reducing
productivity, and this has led to calls for revised working conditions and employ-
ment legislation (in Brazil, Bitencourt et al. 2020; in India, Rao et al. 2020; in
Thailand, Boonruksa et al. 2020.). In the general population, the elderly, the young,
the disabled and anyone with an existing health condition are likely to be particularly
vulnerable to heat stress, feeling uncomfortable and less willing to undertake any
exertion.

The above paragraphs provide a brief review of the main consequences of climate
and environmental change posing risk to those living in urban areas (see Fig. 3.2).
Taking a risk assessment approach requires that, following identification and assess-
ment, steps are taken to reduce severity of impact. In the past engineering and
technological solutions were favoured, for example, using drains to move water
away from residential areas and streets as fast as possible into rivers. This results in
fast-flowing rivers and, when their capacity is exceeded, flooding of riverside land.
Warm nights and heat stress can be alleviated by installing air conditioning units and
refrigeration systems, but these increase air temperature outside buildings and
require electricity. Unless this is generated from renewable sources, it will be
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increasing emissions. Using NbS is undoubtedly a more sustainable approach and
there are likely to be additional benefits.

3.4 Options Appraisal

The main risks related to climate change affecting everyone in every city globally
result from extreme weather, manifested as storms, floods and heat waves. These
need to be managed and impact minimised to increase resilience/enable adaptation.
The potential for blue-green infrastructure to reduce these risks is clear, but how do
we choose the most appropriate option for a particular situation?

3.4.1 City Scale

The urban heat island (UHI) effect is caused by the density of buildings and the
ability of many building materials to absorb heat on hot days releasing it when the
sun goes down. Painting buildings white reflecting heat reduces UHI potential, and
this strategy is now being applied to ‘cool’ pavements, with reflective coatings
promoted as a simple low-cost solution for the UHI (Middel et al. 2020). However,
this can increase heat stress in pedestrians (Taleghani and Berardi 2018) and wall
and internal building temperature (Nouri 2015). Similar approaches have been
developed for roofs (Macintyre and Heaviside 2019) although there are
sustainability issues as manufacture of these materials tends to use more energy
and carbon than conventional ones (Gilbert et al. 2017). Yu et al. (2020) critically
reviewed increasing green and blue elements across cities and concluded this was
both more cost-effective and politically/locally acceptable than using cooling
materials.

Fig. 3.2 A simple risk assessment approach applied to the urban environment

64 D. Bartlett



At city scale a tree canopy cover ratio of 30% has been found effective in
reducing UHI in sub-tropical cities (Ouyang et al. 2020), but the proportion of
green space is also important with parks and grassed areas having significant cooling
effect that extends beyond their boundaries. Green roofs, whether designed into new
build or effectively home gardens, with plants in pots housed on roofs are also
effective (Mutani and Todeschi 2020). It is the cumulative area of greenery, includ-
ing domestic gardens, that not only mitigates UHI and local heat stress but has a
myriad of additional benefits, from food production to improving air quality,
benefiting wildlife, intercepting rainfall (reducing intensity) and wellbeing and
aesthetic pleasure for city dwellers. This equally applies to the overall area of
‘blue’ surface, although the larger the individual feature, the greater the effect.
Gober et al. (2010) investigated strategies using water to mitigate UHI and found
position to be important with greatest benefit felt downwind. Hathway and Sharples
(2012) recorded an average reduction of 1 �C when air temperatures exceeded 20 �C
extending up to 30 m from a river. Locating large water bodies, for example, for
flood water storage, to the windward side of the city would be helpful; any existing
wetlands should be preserved.

Extreme weather events and even prolonged heavy rainfall can lead to flooding,
caused not only by amount of water but also the capacity of waterways and land to
absorb it. In many cities the original waterways have been canalised, culverted or
diverted through pipes, and buildings and roadways present impermeable surfaces—
so where can the water go? This is a real problem in built-up urban areas with a
potential solution exemplified by the ‘Sponge City Program,’ adopted by the Chi-
nese Government in 2013. This is based on creating wetlands and planting trees to
retain water, a reversal of the technological approach of moving water away as fast
as possible and so moving the problem downstream, potentially flooding agricultural
land and destroying crops. After initial pilots in 30 cities, this strategy has now been
extended across China and beyond (Qi et al. 2020). Originally focused on flood
mitigation, this has also mitigated the urban heat island effect and provided an
opportunity for public-private partnerships to fund tree planting and management
(He et al. 2019).

3.4.2 The Neighbourhood Approach

Implementing any city scale strategy will, of necessity, require local action, and this
is where detailed examination of available options is required. Trees are good,
contributing to the total canopy cover of the urban area, but individual trees are
part of local identity, serving as landmarks, meeting places and the character of the
street, square or neighbourhood. There is almost always potential to increase trees’
number, and/or add additional shrubs and vegetation, and this will always increase
the thermal comfort of residents.

Urban forest initiatives are emerging, aiming to increase tree canopy cover at city
scale, and, although space is often at a premium, the multiple benefits—including on
wellbeing, biodiversity, air quality and carbon capture—are a strong incentive for
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funding from the authorities. Communities often actively protect existing trees,
particularly when these are old or in prominent positions, and value small areas of
green space or ‘pocket parks’. The long-term success of any blue-green infrastruc-
ture scheme will depend on it being accepted—and ideally welcomed—by local
residents. This will increase the likelihood of them watering plants during dry spells
and reduce risk of vandalism.

Change can be challenging. Adding additional planting can alter the local char-
acter, and while as outsiders we might feel this is for the better, locals might disagree.
It is vital to understand the specific site, how it is used and how existing features/
facilities are valued before deciding on the most appropriate blue-green element.
Participatory Landscape and Ecosystem Service Assessment techniques combine
professional desk-based study and fieldwork with input from local people so that
their views can be fully incorporated into plans and projects. For a description of
these techniques, see Bartlett et al. (2017); a description of use for selection of
nature-based solutions is given in Bartlett (2020).

Trees that have been planted to provide shade maybe reaching the end of their
lives and planting a replacement required. It is tempting to use the same species,
perhaps even propagating from them to produce the next generation; however, in the
rapidly changing environment we are currently experiencing and with many trees
taking decades to mature, is this the best approach? In the UK the London iTree Eco
Project investigated London’s urban forest (Forest Research 2015), revealing it
comprises 8,421,000 trees. Detailed survey found sycamore (Acer pseudoplatanus)
and the London plane (Platanus x hispanica) the most common street trees although
neither is considered native to England. This contrasts with the common emphasis
on selecting natives in planting scheme, but these have survived the harsh urban
environment despite pollution and soil compaction, whereas native species, growing
successfully in the countryside, cannot. The oaks (Quercus spp.) considered the
predominant English tree are found in parks, but there is increasing concern about
oak decline—a disorder severely damaging their condition, as well as the invasive
alien oak processionary moth (Thaumetopoea processionea) which causes defolia-
tion and serious human skin rashes.

Trees grow slowly and take decades to reach maturity, so risks to survival must be
considered. What will the climatic conditions be in 100 years? Will the species that
grow successfully now be able to adapt to future conditions? While this applies to all
plants, including those relied on for food, the life span of trees makes this particularly
important. Climatic zones are shifting challenging our conventional ideas reminding
us the future will not be the same as the past. Increasing resilience (in the sense of
returning to a former state) requires critical examination and using ecological
concepts to ensure the species selected can thrive now and in the future. Survival
depends on three critical factors: precipitation, CO2 concentration and temperature.
Prediction of what and how these will change over the lifetime of a tree is challeng-
ing but must be the route to long-term sustainability. This approach has been taken
by Alizadeh and Hitchmough (2020), and these authors advise sourcing planting
stock from places currently experiencing the conditions for the scenario predicted for
the site under consideration.
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This approach may lead to change, and even the use of non-native species, but
survival is important—dead trees will not improve resilience. It is the value of the
trees and other vegetation to local people and the ecosystem services delivered that
are, ultimately, the important factors. In earlier sections it has been seen that canopy
cover is the parameter for measuring UHI mitigation effect and this is independent of
species. At street level thermal comfort is increased by shade; the larger the tree and
the denser the shade, the greater the effect; but there is little evidence of differences
between species. The significance of trees to local people needs to be understood,
and this is usually done using the participatory ecosystem service assessment
techniques previously mentioned. This can reveal trees are valued for providing
fruit, nuts, flowers or fibre (provisioning services), have medicinal properties or
provide resources for wildlife. Analogue species providing similar resources may be
acceptable to local people.

Blue infrastructure is often thought of as visible water, such as ponds, streams,
rivers and wetlands, but water flows freely through the soil, depending on structure
and water table. This must be included in any consideration of the urban water
resource and the potential for water storage. Trees provide cool shade but also reduce
air temperature by evapotranspiration. Ground water is essential for this, so ensuring
water is held in the soil rather diverted is beneficial. Hard impermeable surfaces,
such as tarmac, paving and compacted soil, prevent infiltration and can exacerbate
flooding. Using permeable surface materials allows water to percolate into the soil
when it rains, cooling the surroundings as it evaporates in hot dry weather. A wide
range of materials are available to create permeable pavements, walkways or robust
hard surfaces containing voids but with the same structural integrity as conventional
pavements. Examples include porous asphalt or open graded friction course asphalt
pavements (also improving road friction in wet weather), and rubberised asphalt
(also reduces noise), pervious concrete, brick or concrete pavement blocks (Wang
et al. 2019). Vegetated permeable pavements use plastic, metal or concrete lattices so
grass or other low vegetation can grow and are suitable in areas with low traffic flow.
Most research into evaporative pavements has focused on their potential to mitigate
the UHI, for example, the review conducted by Manteghi and Mostofa (2020), but
these strategies are equally effective at local level, particularly for reducing surface
water flood risk. Surrounding trees with permeable surfaces ensures water can
percolate though soil to their roots—it is often forgotten that these can extend to
as far as the tree’s canopy.

An extension of this approach aimed to increase flood resilience at
neighbourhood scale is Sustainable Urban Drainage Systems, commonly shortened
to SuDS. Davis and Naumann (2017) discuss the potential for these as effective
nature-based solutions ranging from large-scale interventions, such as creating
wetlands and digging retention ponds, to simple ‘rain gardens’, where slopes direct
surface water into planted areas which act as soakaways. Rainwater harvesting and
storage can be done by individuals and households and deploy guttering and
containers to channel water from sloping roofs into water butts. Multiple small-
scale interventions at neighbourhood scale can have significant impact in reducing
flood risk.
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Tree pits are increasingly used in SuDS strategies combining ensuring ideal
growing conditions for trees, while supporting surfaces to reduce root compaction,
and facilitating slow flow of water through the soil and, when this is at capacity, into
the drainage system. One example is the GreenBlue Urban RootSpace® system2

which comprises strong, lightweight modular frames made of recycled material.
Although installation requires excavation of a relatively large volume of material,
these can then be filled with planting medium to support good tree growth and are
highly effective in mitigating runoff and removing pollution. The number required
for greatest effectiveness is proportional to that of hard surface (Grey et al. 2018).

3.5 Ensuring Sustainability

Whatever the type of vegetation or water feature (SuDS are included in this
category) is selected, resilience/adaptation will only be increased if these are
maintained in good condition. Planting trees is not enough; it must survive, grow
to maturity and be replaced when life span is complete. So then, what are the risks
that must be considered and minimised to ensure maximum benefit from blue-green
infrastructure? These are shown in the following tables with suggestions for
minimising the impact; but it must be noted that it is impossible to remove risk
completely, particularly in times of uncertainty, so ongoing vigilance, monitoring
and adaptive management is required (Tables 3.1 and 3.2).

They are many additional benefits associated with blue-green infrastructure, often
referred to as co-benefits. These will almost certainly far outweigh any potential
disadvantages and need to be factored into decision making. However, the emphasis
of this chapter is risk, so the balance is tipped towards raising awareness of potential
problems so that action is taken to limit these as far as possible. This approach will
help to avoid unwelcome surprises and unintended consequences from well-
intentioned plans and projects.

3.6 Taking a Strategic Approach to Promote Blue-Green
Infrastructure

The previous section has focused on interventions at the local, neighbourhood, scale,
and this is where the success or failure of small-scale plantings and SuDS will be
determined, often as a result of community support (or lack of it). However, it is the
cumulative effect of these that increases resilience/adaptive capacity at town or city
scale, with local projects most effectively initiated and implemented in the context of
a wider strategy. Many cities now have these, variously called climate adaption
strategies or similar, including approaches at different scales. These often focus on
identifying existing areas at particular risk and/or with vulnerable residents, as well

2For details see https://greenblue.com/gb/products/rootspace/
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as providing incentives for incorporation of NbS in new developments. The potential
contribution to the UHI should be included at the Environmental Impact Assessment
(or Sustainability Appraisal) stage in the planning process, firstly reducing negative
impact and including benefits at the design stage followed by mitigating residual
effects using appropriate blue-green options.

We live in a time of change. Climate projections are uncertain. Successful
implementation of blue-green infrastructure strategies to increase resilience/adapta-
tion is undoubtedly the best approach, at both local and city-wide scale. It is
increasingly recognised that the most successful city strategies are those that facili-
tate the involvement of local people in decision making, increasing their feeling of
ownership, and so encouraging them to care for trees, for example, watering them,
discouraging vandalism and acting as the eyes of the authority reporting any
problems. Awareness of risk factors and vigilance to identify emerging risks is
essential at strategy level, but this must be combined with appropriately funded

Table 3.1 Risks associated with blue infrastructure

Risk Minimisation strategy

Lack of water • Design to remain attractive even with no water flow
• Where plants are included in the feature, ensure these have broad range of
tolerance
• Involve community members in monitoring and adding water/alerting
authorities as appropriate

Too much
water

• Design features with overflow provision
• Connect features and building storage capacity (such as tree planting pits)
• Use features to reduce flow rate
• Increase infiltration capacity by using soft (e.g. grass) and permeable surfaces
• Trees and other vegetation intercept rainfall and reduce impact on surfaces,
reducing runoff

Pollution • Consider potential sources of pollution in the feasibility study
• Add filters as appropriate
• Grills can collect large items, such as plastic material
• Monitor and act if pollution is detected

Blockages • Schedule regular maintenance, especially for complex features such as
fountains
• Involve community members in reporting faults

Health and
safety

•Where features are accessible to the public, then checks should be scheduled
to ensure any sharp or dangerous objects are removed
• An additional benefit of water features is to wildlife. However, these may
spread disease such as leptospirosis
• In some areas venomous wildlife such as snakes may be found in water
courses
• Water is a potential breeding ground for insects, such as mosquitoes, which
may cause a nuisance and also transmit diseases such as malaria and dengue
fever

Public
acceptability

• Features, particularly those visible and above ground, are vulnerable to
misuse and vandalism. If local people view them as positive, then they are
more likely to take care of them
• Minimising adverse impacts—Such as disease risk—Will help
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and resourced neighbourhood action plans; incorporating monitoring and adaptive
management will ensure long-term success and the sustainability of blue-green
features and the role these play in urban resilience.
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Abstract

The compounded effects of urbanization and climate change are taking a serious
toll on rapidly growing urban spaces around the world. Blue-green infrastructure
offers a host of opportunities and benefits for addressing the multiple challenges
of environment, social well-being and climate change. Cities can mobilize key
actors for crosscutting and inclusive action, bringing diverse stakeholders such as
national governments, private sector, civil society and common citizens together.
This chapter discusses the role of citizen science which is now seen as a tool for
educating citizens on scientific research, engaging them where possible and
considering views and expectations of different stakeholders. Citizen science
can play a role at different stages of development of urban spaces, and they
include (i) project demand, (ii) project design, (iii) project implementation and
delivery and (iv) project monitoring and maintenance. For facilitating and pro-
moting enhanced participation of citizens through the entire project cycle of blue-
green infrastructure, appropriate policy instruments, ranging from legal to
market-based to communication to organizational, are needed.
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4.1 Introduction

Cities present enormous potential to anchor in wealth generation and economies.
According to the UN Department of Economic and Social Affairs report, by 2030,
there would be 43 megacities globally with more than ten million population each—
mostly in the developing regions (United Nations 2018). The world’s cities that
occupy just 3% of the land account for 60–80% of energy consumption and 75% of
the carbon emissions globally.1 Increasing and rapid urbanization is exacerbating the
pressure on freshwater supplies, sewage, the living environment and public health.2

This is leading to scarcity of resources, lack of basic services, increased congestion
and decline in infrastructure. Unplanned sprawl as cities spill beyond formal
boundaries threatens developmental planning and attainment of global goals of
sustainable development.3 Shao et al. (2020) analysed the extent and pattern of
urban sprawl in Morogoro urban municipality and concluded that urbanization
affects the quality of urban life and its sustainable development.

In India, as per the 2011 census, 31% of people live in urban areas, and by 2025,
46% of Indians will live in cities with more than one million people. By 2030, the
number of cities with more than one million population will grow from 42 to 68 and
is expected to grow to 814 million by 2050 (McKinsey 2010). Oxford Economics
Global cities report (2016) estimated that 17 of the 20 fastest-growing cities in the
world will be from India during 2019 and 2035. Rapid urbanization poses multiple
challenges with regard to liveability. As the cities are expanding in an unplanned
manner, they are ill-equipped to deliver basic services of housing, infrastructure,
water and sanitation. This is evident from the report of Economist Intelligence Unit’s
Global Liveability Index 2019 covering 140 cities, which ranks New Delhi and
Mumbai in the 118th and 119th position. This index is developed by a city being
assigned a rating of relative comfort for over 30 qualitative and quantitative factors
across 5 broad categories. These include culture and environment, healthcare,
education, stability and infrastructure which are rated as acceptable, tolerable,
uncomfortable, undesirable or intolerable. While a rating is awarded based on the
judgment of in-house analysts and in-city contributors for qualitative indicators, the
rating is calculated based on the relative performance of a number of external data
points for quantitative indicators. The scores are then compiled and weighted to
provide a score of 1–100, where 1 is considered intolerable and 100 is considered
ideal.

The challenges to urban spaces could be overcome through improved resource
use such as better water and waste management and by building cities that offer job
opportunities and provide access to basic services like energy, housing and trans-
portation. This is because cities can either dissipate energy or help optimize energy
use by reducing energy consumption and adopting green energy systems (Kennedy

1Cities—United Nations Sustainable Development
2Goal 11 targets; UNDP
3SDG 11: Sustainable Cities and Communities
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et al. 2009). Therefore, building cities that are inclusive and sustainable is not an
option but a requirement.

The Government of India through its Smart Cities Mission, the Jawaharlal Nehru
National Urban Renewal Mission (JNNURM) and the Atal Mission for Rejuve-
nation and Urban Transformation (AMRUT) is working to address the challenge of
improving urban spaces. However, the challenges of congestion, pollution, housing,
sanitation, energy access, transport, unemployment, waste management and poverty
remain (Aijaz 2016). Blue-green infrastructure—an approach to building resilience
through capitalizing the benefits of working with urban green spaces and naturalized
water flows (Lamond and Everett 2019)—offers an opportunity to manage multiple
challenges of urbanization such as infrastructure and water demands, waste manage-
ment, etc., in addition to providing climate change mitigation and adaptation
benefits. In this chapter we explore the multiple co-benefits of promoting blue-
green infrastructure, and also how citizen science—involving general public—
could provide the required impetus to have cities that are sustainable and inclusive.

4.2 Cities, Climate Change and Sustainable Development

Cities are centres of commerce, culture and innovation. The effects of urbanization
and climate change consequences are taking a serious toll on the rapidly growing
urban pockets across the world (Carter et al. 2015). A growing number of people will
continue to face unprecedented negative impacts, both due to climate change and
reduced economic growth, quality of life and increased social instability (Hoegh-
Guldberg et al. 2018). About 70% of cities are already dealing with the effects of
climate change and nearly all are at risk, according to the C40 report.4 Cities are
sources and sinks of emissions (Hoornweg et al. 2011; Lin et al. 2018). According to
the C40 report4, two-thirds of the world’s energy is consumed by cities, and they are
a source of 75% of global CO2 emissions, with transport and buildings being the
biggest contributors. According to Rosenzweig et al. (2015), “temperatures are
already rising in cities around the world due to both climate change and the urban
heat island effect.” In this study for 100 cities, Rosenzweig et al. (2015) reported the
following:

• The mean annual temperature increase in about 39 cities around the world is at a
rate of 0.12–0.45 �C per decade during 1961 to 2010.

• The mean annual temperature is projected to increase by 0.7–1.5 �C by the 2020s
and 1.3–3.0 �C by the 2050s.

• The mean annual precipitation is projected to change in the range �7 to +10% by
the 2020s, and �9 to +15% by the 2050s.

• Sea level is projected to rise in the coastal cities by 4–19 cm by the 2020s and
15–60 cm by the 2050s.

4https://www.c40.org/ending-climate-change-begins-in-the-city
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The impacts of climate change on urban ecosystems are multiple—both direct
and indirect as biodiversity in urban ecosystems and the ecosystem services that they
provide for human health and well-being is impacted, making them vulnerable
(Emilsson and Ode Sang 2017).

The Goal 11 of the UN Sustainable Development Goals (SDGs) is “sustainable
cities and communities.” SDG 11 aims at safe and affordable housing, affordable
and sustainable transport systems, inclusive and sustainable urbanization, protecting
the world’s cultural and natural heritage, reducing the adverse effects of natural
disasters, reducing the environmental impact on cities, providing access to safe and
inclusive green and public spaces, strong national and regional development
planning, implementing policies for inclusion, resource efficiency and disaster risk
reduction and supporting least developed countries in sustainable and resilient
building. SDG 11 is thus a transformational element of the 2030 Agenda as it is
location-specific at a manageable scale, highlighting the interlinkages and
opportunities cities provide across sectors and goals—being microcosms of all the
other SDGs.

4.3 Citizen Science and Blue-Green Infrastructure

In this section, we define citizen science and green and blue infrastructure and also
discuss the evolution of the concept over time, along with looking at citizen science
in conjunction with green and blue infrastructure.

Citizen science: Citizen science is the process of producing scientific knowledge
in which non-scientific or non-professional actors, individuals or groups actively and
intentionally participate (Francois Houllier Merilhou-Goudard 2016). In other
words, citizen science can be defined as the involvement of public or people from
non-academia in the process of scientific research. It is also referred to as participa-
tory action research (Pettibone et al. 2016), civic science, amateur science (Finke
2014), community science and crowd-sourced science. There are also certain related
concepts such as community-based monitoring (Mark et al. 2017), stakeholders’
engagement, etc. The earliest citizen science programme is believed to be developed
in the 1800s by Wells Cooke from the American Ornithologists Union, who looked
at the patterns of bird migration under North American Bird Phenology programme,
allowing private citizens for the first time to join the government programme. Later,
since 1900, the National Audubon Society involved private citizens in their annual
Christmas Bird Counts.

Citizen science thus encompasses a diverse range of approaches and, in addition
to generation of scientific data, provides engagement benefits and other outcomes
such as education, awareness building and action (Kelemen-Finan et al. 2018).
Numerous disciplines and research topics are adopting a citizen science approach
(see Fig. 4.1), and in addition to researchers, engineers and technicians, a range of
actors including individuals as well as groups (associations, companies, regional
authorities, etc.) are beginning to engage in citizen science.
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Blue and green infrastructure: Blue infrastructure refers to water elements—
rivers, canals, ponds, wetlands, floodplains, water treatment facilities, etc. Green
infrastructure refers to trees, lawns, parks, fields, forests, etc. These terms are
borrowed from urban planning and land-use planning. Green infrastructure is
defined as “the range of measures that use plant or soil systems, permeable pavement
or other permeable surfaces or substrates, storm water harvest and reuse, or land-
scaping to store, infiltrate, or evapo-transpirate storm water and reduce flows to
sewer systems or to surface waters.”5 Green infrastructure is a cost-effective,
resilient approach to managing wet weather impacts while providing many commu-
nity benefits.

4.3.1 Citizen Science and Green Infrastructure

Citizen engagement in green infrastructure is driven by the need for “all groups of
society having a say in its planning and implementation to ensure that it meets their
requirements” (Wilker et al. 2016). Such a need for varied forms of citizen engage-
ment is also highlighted in literature by Mees et al. (2019), Faehnle et al. (2014) and
Lovell and Taylor (2013). Citizen participation in green infrastructural development
is focused on the early stages of development, advocating collaborative governance
and co-production (Frantzeskaki 2019). However, Wilker et al. (2016) argue that
current methods adopted for promoting participation such as stakeholder
consultations alone are not sufficient but more interactive participation methods
such as involving communities in plan and design of projects need to be adopted
in order to achieve meaningful outcomes. However, involvement of citizens at the

Biology

Ecology and 
Environmental

Science

Agriculture and 
Nutrition

Health

Energy

Social Science

Education

Astronomy and 
Astrophysics

Students, teachers, 
families

Individuals

Professionals

Amateurs and enthusiasts

Fig. 4.1 Emerging topics and streams of citizen science engagement and actors

5https://www.epa.gov/green-infrastructure/what-green-infrastructure
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later stages such as at the time of maintenance is reported but under-researched
(Jerome et al. 2017).

Despite its promise and increasing use, mixed results of participation of citizens
in green infrastructure are reported (Burton and Mustelin 2013), underpinning the
need for more elaborate forms of citizen engagement such as those reported by Mees
et al. (2019) and Faehnle et al. (2014).

4.3.2 Citizen Science and Blue Infrastructure

Use of a citizen science framework for hydrological studies is complex and limited
by cost, technological demands and need for spatially and temporally distributed
measurements (Paul et al. 2018). However, in the recent times, technological
developments with respect to monitoring equipment and volunteered geographical
information have improved the rate and quality of data collection through real-time
mapping services that are tagged to a location (Newman et al. 2012). This has led to
increased application of citizen science in hydrology (Paul et al. 2018).

Water resource monitoring through citizen science has emerged worldwide
leading to development of networks of well-monitored sites created over time,
improving the spatial coverage of monitoring (Ochoa-Tocachi et al. 2018). Such
monitoring programmes include measurements of precipitation, water quality, soil
moisture, groundwater level, etc. The input and use of citizen science data in
freshwater science has resulted in improvement in the quality of scientific outputs
(Thornhill et al. 2019), which certainly will provide new source of valuable and
much needed freshwater data and knowledge through involvement of volunteers.

A number of studies demonstrate that humans enjoy visual and physical proxim-
ity to water and these settings deliver immense emotional and therapeutic benefit
(DePledge and Bird 2009; Wheeler et al. 2012). To capture on the same benefits and
provide awareness through involvement of people, citizen science project “Fresh-
Water Watch” was globally launched in 2012 to monitor the health of lakes, rivers,
streams, wetlands and reservoirs as part of the HSBCWater Programme (Earthwatch
2012), which, since then, has reached out to volunteers, research organizations and
schools across the world and collected more than 26,461 measurements of freshwa-
ter data (https://freshwaterwatch.thewaterhub.org/our-data/explore-our-data). Other
programmes like BlueCarbonArmy in partnership with Earthwatch and HSBC
aimed at sensitizing and educating community on the values of coastal wetlands
and contributing to blue carbon research. Few other prominent citizen science
programmes are Project BudBurst, BugGuide, FrogWatch USA, NestWatch,
Zooniverse, etc.

The concept of citizen science has thus gained increasing attention and popularity
in the recent years although citizen involvement in collection of data and specimens
of ecological value is not new (Miller-Rushing et al. 2012). According to Kosmala
et al. (2016), the number of peer-reviewed publications on citizen science has
increased significantly over the last decade. Further, there is increased acceptance
of citizen science in the recent decades (Fritsch-Kosmider 2018), and improved
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visibility (Mark et al. 2017; Pocock et al. 2018) unlike in the past, when biodiversity
data collection by volunteers was seldom acknowledged in scientific publications.
Citizen science is now seen as a tool for educating citizens on scientific research,
engaging them where possible and considering views and expectations of different
stakeholders (Wittmayer and Janssen 2019). This has been brought about due to
increased access to new technologies such as the internet, smartphones, apps, etc.,
allowing better access and sharing of data (Goudeseune et al. 2020). Innovative
technologies becoming available such as reliable and relatively cheap environmental
sensors that facilitate data collection and reduce errors in spatial and temporal
information associated with the records (Skarlatidou et al. 2019) have made citizen
involvement easier. Creation of apps and development of website interfaces and
platforms have also enabled easy data hosting, analysis of data or even recruitment
of volunteers (e.g. SciStarter). Waller (2018) reports that on the Global Biodiversity
Information Facility, 50% of occurrence records are citizen science observations and
six of the top ten datasets are citizen science datasets.

Reduced budget, capacity and scope for monitoring by institutions (Carlson and
Cohen 2018) coupled with increased awareness, increasing public knowledge and
concern of citizens on human impacts on ecosystems (Conrad and Hilchey 2011)
have created the needed impetus for citizen involvement in environmental monitor-
ing and decision-making. Several models of citizen science ranging from top-down
to bottom-up participatory approaches are increasingly being adopted, depending on
the level of engagement (Paul et al. 2018; McKinley et al. 2012).

Bonney et al. (2009) distinguish three main forms of engagement (Fig. 4.2):

• Contributory projects where scientist design and citizens contribute data.
• Collaborative projects—where scientists design and citizens contribute data as

well as help refine project design, analyse data and/or disseminate findings.
• Co-created projects—where scientists and citizens co-design projects and a few

citizens are actively involved during the entire project cycle from conception to
dissemination.

Collaborative projects Co-created projects

Scientists design;
citizens

contribute data 
and help refine
project design,
analyse data,

and/or
disseminate 

findings

Scientists 
design;
citizens

contribute

Scientists and
citizens co-

design—active
involvement
through the

entire project 
cycle

Contributory projects

Fig. 4.2 Forms of citizen science engagement
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According to Bonney et al. (2009), 73% of the studies reviewed were contribu-
tory, 23% were collaborative, and 4% were cocreated—employing a deeper citizen
involvement (García and Brown 2009). In the contributory category of studies,
scientists designed the programme, trained the citizens and adopted quality control
measures to ensure credibility of citizen science generated data. Quality control
measures include standardized training programmes, simplified data collection
protocols, use of time series analysis and comparison of citizen science datasets
with standard methods or expert data—as a validation (Weeser et al. 2018; Jollymore
et al. 2017; McGoff et al. 2017; Moffett and Neale 2015).

4.4 Blue-Green Infrastructure for Sustainable Development

There are evidences to show that human contact with green and blue spaces can have
significant health and well-being benefits, in addition to carbon sequestration by
trees, improvement of air quality, dampening of urban heat island effect, flood
prevention, etc.—all needed for sustainable living and development. Conservation
and promotion of biodiversity in urban spaces helps tide over adverse climatic
conditions such as flooding, and act as natural barriers and filters to air pollution.
This is at a time when extreme events under climate change are projected to increase
(Seneviratne 2012), and traditional grey infrastructure—such as underground drain-
age systems—are proving to be inadequate to deal with heavy rainfall and flooding
events, and increased heat due to rising temperature (Davis and Naumann 2017).

Blue-green infrastructure thus offers a host of opportunities and benefits. The
benefits from blue-green infrastructure are summarized in Table 4.1 and Fig. 4.3.

4.5 Citizen Science for Promoting Blue-Green Infrastructure
in Urban Spaces

Cities are hubs of innovation in the past two decades and have been incubators for
movements demanding improvement in resilience and sustainability. Worldwide,
cities are striving to offer desirable living conditions such as clean air and water,
sustainable mass transit, expansive green spaces and safe communities that attract
people. As such, cities are a complex nexus of social, political, economic and
ecological systems. In recent times, it is widely recognized that the way forwards
must be an integrated approach to development and resource management. Addi-
tionally, it should also create and enable processes that facilitate participation of
local and regional governments, and communities (Childers et al. 2015).

Cities can mobilize key actors for crosscutting and inclusive action. Bringing
diverse groups—national governments, the private sector, universities, civil society
and common citizens—is a challenge since, traditionally, they work in isolation.
However, as urban areas are expanding, local governments and communities have
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gradually assumed more responsibilities related to the provision of basic services
within cities. Examples of such creative and resourceful projects in response to
complex challenges include the bus rapid transit in Bogotá, Colombia; waste
management programme in Curitiba, Brazil; and energy saving in Freiburg,
Germany.

A review of the 244 SDG indicators by Fraisl et al. (2020) identified SDG targets
and indicators to which citizen science is already contributing to and those to which
they can potentially contribute to (Fig. 4.4). The number of indicators to which citizen
science “could contribute” is 76 (of the 244). Currently, the contribution to indicators
of SDG 3 (good health and well-being), SDG 11 (sustainable cities and communities),
SDG 15 (life on land) and SDG 6 (clean water and sanitation) is well utilized.
Similarly, Bishop Isabel et al. (2020) have explored the potential of citizen science
to deliver SDGs through integration into monitoring schemes. Fritz et al. (2019) have

Table 4.1 Benefits of blue-green infrastructure

Benefits Evidence Reference

Cooling – Use of green walls in the United Kingdom reduced
indoor temperatures by 4–6 �C during summer

Ip et al. (2010)

– Retrofitting of roofs of existing buildings with
green roofs at a city scale is reported to reduce
surface temperatures on roofs by around 20 �C

Charlesworth
(2010)

– Trees close to buildings have been reported to
lower indoor summer temperature by 4 �C and
increase winter temperatures by 6 �C, compared to
no trees next to buildings—Resulting in reduced
energy consumption by up to 26%

Bozovic et al.
(2017)

Air quality
improvement

– Green infrastructure can improve urban air quality
– Green hedges between roads and pedestrians and
green walls are win-win air pollution measures

Hewitt et al.
(2020)

– Long-term benefits of trees for improved health
due to removal of air pollutants, better cooling and
carbon storage benefits are reported to be twice the
cost of planting and maintenance

McPherson
et al. (1994)

Improved physical
and mental health

– Improved attention and emotional state Tzoulas et al.
(2007)

– Higher survival rates of senior citizens with easy
access to walkable green space

Takano et al.
(2002)

Water regulation and
reduced flooding

– Absorption of 100% of incident rainfall on
installation of green roofs

Mentens et al.
(2006)

– Use of green roofs, water gardens, etc., for
increased infiltration and slower and gradual flow of
rain water into drains, reduces the risk of surface
water flooding

Ossa-Moreno
et al. (2017)

– Reduced run-off of storm water per building
through use of green roofs

ADAS (2019)

Biodiversity
conservation

– Urban spaces are reported to support double the
biodiversity potential when the tree cover increases
from 33% to 52%

Ibid
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created a road map for citizen science and SDG reporting and identified relevant
citizen science projects. SDG 11—sustainable cities and communities—is one of
them. Thus, the potential of blue-green infrastructure to contribute towards sustainable
development and the feasibility of adopting citizen science approaches for promoting
them are established.

It is clear from these studies that citizens can play a key role in promoting
resilience and sustainability. In particular, the feasibility of adopting a citizen science
approach for SDG 11 which relates to sustainable cities (urban spaces) and
communities has been demonstrated.

Increasing the level of participation of citizens in blue-green infrastructure has
wider societal benefits if all stakeholders in a society have a say in its planning and
implementation—ensuring it meets their requirements (Wilker et al. 2016). In
literature, involvement of citizens in blue-green infrastructure is largely reported to
be focused on the early stages of development. However, what is required is
collaborative governance and co-production (Frantzeskaki 2019), in order to ensure
legitimate outcomes (Wilker et al. 2016).

The various stages (Fig. 4.5) at which citizen science can play an important role
include (i) project demand, (ii) project design, (iii) project implementation and
delivery and (iv) project monitoring and maintenance.

4.5.1 Project Demand

Citizen science programmes can play an important role in creating the demand for
blue-green infrastructure in cities. Ongoing citizen science programmes on urban
tree monitoring, water quality monitoring and air quality monitoring could serve as
data sources to understand the issues in urban spaces, and also the potential for

Win-Win BGI
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Access to Green 
Space

Improved 
Biodiversity 

and 
Conservation

Shade and 
Aesthetics

BGI in new
developments

Green Hedges

System

Environment

Water

Energy

Cultural Amenities

Regulatory

Temperature

Water quality

Provisioning Economic growth

Fig. 4.3 Blue-green infrastructure solutions and likely net benefits. Created by authors
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creating blue-green infrastructure. This can be derived through documenting existing
structures, the issues and also the scope for development of blue-green infrastruc-
ture. They could further create awareness which in turn motivates citizens to demand
for improved blue-green infrastructure in cities, if research groups coordinating these
programmes build consciously a component of imparting information on blue-green
infrastructure and its benefits, as well as how cities around the world have success-
fully integrated this into urban planning.

4.5.2 Project Design

Citizen involvement at the time of design revolves around promoting engagement
with the living environment, creating awareness and promoting partnership and

Fig. 4.4 Contribution of citizen science to monitoring of SDGs; “already contributing” (in green),
“could contribute” (in yellow). Adapted from Fraisl et al. 2020
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coalition, so they become involved in project design. Such an example is seen in
projects implemented at Gothenburg and Antwerp (van Popering-Verkerk and van
Buuren 2017). In Antwerp, the opportunity to create green infrastructure was seen as
a means to involve land owners and local residents as it impacts them too, and
therefore their involvement in design, maintenance and delivery was sought. Like-
wise, in Gothenburg where the goal was to transform the Frihamnen area, an
uninhabited harbour area, into a residential neighbourhood, local residents were
involved in co-designing the project, thereby increasing their awareness of the
hitherto uninhabited area (Willems et al. 2020). Yet another example is the city of
Dordrecht,6 wherein investments that were planned for improving the living
conditions and sewage systems were combined to create green infrastructure through
a comprehensive plan that brought together residents, NGOs and local organizations.

Thus, public participation in spatial planning provides an opportunity to take into
consideration local knowledge in decision-making, which otherwise would be lost
(Chaffin et al. 2016). Davis and Naumann (2017) also indicated the increasing social
inclusion in green infrastructure planning process. Previous studies suggest the
importance of involving citizens in the planning process (Anderson et al. 2019), to
promote multifunctionality, and more equitable access to green space services
(Hansen et al. 2017), and strengthening of green infrastructure resilience (Monteiro
et al. 2020).

Citizen Science

Awareness creation

Create demand for blue-
green infrastructure

Inventory

Identify locations for blue-
green infrastructure

Networking and
involvement

Project design

Certain types of projects

Project implementation
and delivery

Small-scale projects with
Nature-based solutions

Project monitoring and
maintenance

Awareness and Research

Fig. 4.5 Phases and stages for embracing citizen science in promoting blue-green infrastructure in
urban spaces

6
file:///Users/indukmurthy/Downloads/BGI%20poster%20BEGIN.pdf

86 I. K. Murthy and M. A. Khalid



4.5.3 Project Implementation and Delivery

The role of citizen science at project delivery phase and the scope for involving
citizens in these projects are quite limited, given the need for green skills for
implementing and delivering projects. Even in ongoing or recently completed
green infrastructure projects such as the one in Bergen and Bradford for providing
light rail transport, and in Aberdeen and Hamburg for creating sustainable urban
drainage system, and water storage systems, opportunity for citizen involvement was
limited to consultations and awareness building as these are predominantly
engineering-oriented but focused on creating climate adaptation measures (Willems
et al. 2020). However, the Sustainable Urban Drainage Systems in Aberdeen is more
nature-based, using ecosystem principles in technical design, and involved creation
of rain gardens along streets—with the scope for citizen involvement (Willems et al.
2020).

4.5.4 Project Monitoring and Maintenance

Governance is one of the principles of green infrastructure planning, aimed at
effective collaboration between the government actors and citizens. According to
Monteiro et al. (2020) “this principle assumes great importance to the development
and implementation of green infrastructure because green spaces offer a wide range
of recreational functions, focused on people, and their management and maintenance
depend directly on the population.”

While the project design phase is aimed at building networks and bridging
interests of a diverse set of stakeholders, the scope for involvement of citizens in
project maintenance is determined by the scale and nature of the blue-green infra-
structure. For instance, small-scale infrastructure could be maintained by citizens
through regular monitoring. In Kent7 and Enfield,8 with rain gardens and wetlands,
respectively, co-maintenance by involving local voluntary groups, potentially
stimulating social cohesion and lowering of budget for maintenance, has been
achieved.

Further, citizen science programmes could provide opportunities for promoting
monitoring of tree and air and water quality and infrastructure through involvement
of volunteers and scientists, thus providing impetus to research understanding and
awareness among citizens for its safeguard and in turn increasing the demand for
blue-green infrastructure in urban spaces.

7Kent, Interreg VB North Sea Region Programme
8https://northsearegion.eu/begin/bgi-pilot-projects/enfield/
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4.6 Widening the Niche for Blue-Green Infrastructure in Urban
Spaces

Blue-green infrastructure holds promise for adaptation to rapidly changing human
and environmental circumstances and therefore needs to be recognized and
internalized in the planning process. This has the potential to (i) secure water during
the dry season and droughts or filter and enable water drainage during flooding,
(ii) create jobs and (iii) mitigate and help to adapt climate change. Given the
interconnectedness of natural and anthropocentric systems, and issues in an urban
system, well-thought-out interventions such as promotion of blue-green infrastruc-
ture would be successful when communities and systems for which these are
implemented are sensitized and made aware of the workings and benefits of blue-
green infrastructure (Sposito et al. 2014).

Implementing blue-green infrastructure in urban spaces will result in both, local,
regional and global benefits. It can help to improve biodiversity, groundwater
storage, water quality and water purification. Additionally, through increase in
green spaces, it can lead to incremental addition of carbon sequestration, thereby
mitigating the impact of climate change. Chen (2015) estimates, based on empirical
data, that carbon stored in vegetation of urban green infrastructure of 35 major
Chinese cities was 18.7 million tons, with an average carbon density of 21.34 t/ha.
Further, Daniel et al. (2020) state that blue-green infrastructure is an environmentally
friendly and cost-effective approach to carbon sequestration. Also, these trees will in
turn promote biodiversity, both flora and fauna, create habitat niches, improve water
holding capacity of soils, reduce erosion and improve the overall flow of ecosystem
services. Blue-green infrastructure can also help create spaces for social and recrea-
tional activities, thereby contributing to improved physical and mental health, and
help people connecting with nature, making the general living conditions of an urban
system attractive. There are case studies of dementia-friendly parks contributing to
well-being of people with dementia in Canada,9 Netherlands10 and Scotland.11

Further Zeisel et al. (2003) report positive outcomes in behavioural outcome of
Alzheimer’s special care units and environment. Additionally, Kuo and Sullivan
(2001) report lower levels of fear, fewer incivilities and less aggressive and violent
behaviour among residents living in green surroundings. If appropriately designed,
blue-green infrastructure can be a significant tool for designing resilient urban
spaces, with improved flexibility and adaptability.

In order to promote enhanced participation of citizens through the entire project
cycle of blue-green infrastructure, there is a need for appropriate policy instruments.
These could possibly range from legal to market-based to communication to

9https://vancouversun.com/news/local-news/canadas-first-dementia-village-to-open-in-langley-
next-year
10https://hogeweyk.dementiavillage.com/en/
11https://www.pathsforall.org.uk/news-post/scotlands-first-dementia-friendly-park-is-launched-in-
stirling
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organizational policy instruments deployed at various stages of implementation.
Putting in place such policy instruments will facilitate enhanced citizen participation
at all stages of blue-green infrastructure implementation, unlike traditional systems
which are hierarchical and engineering/design driven.

Acknowledgements Authors sincerely thank the Center for Study of Science, Technology and
Policy and the Department of Environmental Sciences, Integral University, for supporting this
research.

Conflict of Interest Authors declare no conflict of interest for this publication.

References

ADAS (2019) Committee on climate change: research to provide updated indicators of climate
change risk and adaptation in England

Aijaz R (2016) Challenges of making smart cities in India. Asie Visions No. 87 Ifri
Anderson EC, Egerer MH, Fouch N, Clarke M, Davidson MJ (2019) Comparing community garden

typologies of Baltimore, Chicago, and New York City (USA) to understand potential
implications for socio-ecological services. Urban Ecosyst 22:671–681. https://doi.org/10.
1007/s11252-019-00855-9

Bishop Isabel J, Warner S, Toos CGE, van Noordwijk TC, Nyoni FC, Loiselle S (2020) Citizen
science monitoring for sustainable development goal indicator 6.3.2 in England and Zambia.
Sustainability 12:10271. https://doi.org/10.3390/su122410271

Bonney RH, Ballard R, Jordan E, McCallie T, Phillips J, Shirk CC, Wilderman (2009) Public
participation in scientific research: defining the field and assessing its potential for informal
science education. A CAISE inquiry group report. Center for Advancement of informal science
education (CAISE), Washington, DC

Bozovic R, Maksimovic Č, Mijic A, Smith KM, Suter I, Van Reeuwijk M (2017) Blue green
solutions. A systems approach to sustainable, resilient and cost-efficient urban development.
https://doi.org/10.13140/RG.2.2.30628.07046

Burton P, Mustelin J (2013) Planning for climate change: is greater public participation the key to
success? Urban Policy Res 31(4):399–415

Carlson T, Cohen A (2018) Linking community-based monitoring to water policy: perceptions of
citizen scientists. J Environ Manag 219:168–177. https://doi.org/10.1016/j.jenvman.2018.
04.077

Carter JG, Cavan G, Connelly A, Guy S, Handley J, Kazmierczak A (2015) Climate change and
the city: building capacity for urban adaptation. Prog Plan 95:1–66. ISSN 0305-9006

Chaffin BC, Garmestani AS, Gunderson LH, Benson MH, Angeler DG, Tony CA, Cosens B, Craig
RK, Ruhl JB, Allen CR (2016) Transformative environmental governance. Annu Rev Environ
Resour:41399–41423. https://doi.org/10.1146/annurev-environ-110615-085817

Charlesworth SM (2010) A review of the adaptation and mitigation of global climate change using
sustainable drainage in cities. J Water Clim Change 1(3):165–180. https://doi.org/10.2166/wcc.
2010.035

Chen WY (2015) The role of urban green infrastructure in offsetting carbon emissions in 35 major
Chinese cities: a nationwide estimate. Cities 44:112–120., ISSN 0264-2751. https://doi.org/10.
1016/j.cities.2015.01.005

Childers DL, Cadenasso ML, Morgan Grove J, Marshall V, McGrath B, Pickett STA (2015) An
ecology for cities: a transformational nexus of design and ecology to advance climate change
resilience and urban sustainability. Sustainability 2015(7):3774–3791. https://doi.org/10.3390/
su7043774

4 Promoting Blue-Green Infrastructure in Urban Spaces Through Citizen. . . 89

https://doi.org/10.1007/s11252-019-00855-9
https://doi.org/10.1007/s11252-019-00855-9
https://doi.org/10.3390/su122410271
https://doi.org/10.13140/RG.2.2.30628.07046
https://doi.org/10.1016/j.jenvman.2018.04.077
https://doi.org/10.1016/j.jenvman.2018.04.077
https://doi.org/10.1146/annurev-environ-110615-085817
https://doi.org/10.2166/wcc.2010.035
https://doi.org/10.2166/wcc.2010.035
https://doi.org/10.1016/j.cities.2015.01.005
https://doi.org/10.1016/j.cities.2015.01.005
https://doi.org/10.3390/su7043774
https://doi.org/10.3390/su7043774


Conrad CC, Hilchey KG (2011) A review of citizen science and community-based environmental
monitoring: issues and opportunities. Environ Monit Assess 176:273–291. https://doi.org/10.
1007/s10661-010-1582-5

Daniel K, Hayley H, Alejandro DCM, Demián R, Rodolfo A (2020) Blue-green infrastructure
(BGI) in dense urban watersheds. The case of the Medrano Stream Basin (MSB) in Buenos
Aires. Sustainability 12:2163. https://doi.org/10.3390/su12062163

Davis M, Naumann S (2017) Making the case for sustainable urban drainage systems as a nature-
based solution to urban flooding. In: Kabisch N, Korn H, Stadler J, Bonn A (eds) Nature-based
solutions to climate change adaptation in urban areas. Theory and Practice of Urban
Sustainability Transitions. https://doi.org/10.1007/978-3-319-56091-5_8

DePledge M, Bird W (2009) The blue gym: health and wellbeing from our coasts. Mar Pollut Bull
58:947–948

Earthwatch Institute (2012) Fresh Water Watch, a global citizen science project as part of the HSBC
Water Programme. https://freshwaterwatch.thewaterhub.org/our-data/explore-our-data

Emilsson T, Ode Sang Å (2017) Impacts of climate change on urban areas and nature-based
solutions for adaptation. In: Kabisch N, Korn H, Stadler J, Bonn A (eds) Nature-based solutions
to climate change adaptation in urban areas. Theory and Practice of Urban Sustainability
Transitions. https://doi.org/10.1007/978-3-319-56091-5_2

Faehnle M, Bäcklund P, Tyrväinen L, Niemelä J, Yli-Pelkonen V (2014) How can residents’
experiences inform planning of urban green infrastructure? Case Finland. Landsc Urban Plan
130:171–183

Finke P (2014) Citizen Science: Das unterschätzteWissen der Laien München: oekom Verlag
Quoted in Pettibone et al 2016

Fraisl D, Campbell J, See L, When U, Wardlow J, Gold M, Moorthy I, Arias R, Piera J, Oliver JL
et al (2020) Mapping citizen science contributions to the UN sustainable development goals.
Sustain Sci 15(6):1735–1751

Frantzeskaki N (2019) Seven lessons for planning nature-based solutions in cities. Environ Sci Pol
93:101–111. https://doi.org/10.1016/j.envsci.2018.12.033

Fritsch-Kosmider P (2018) Citizen science is needed to track biodiversity. New Sci 239(3191):52.
https://www.newscientist.com/letter/mg23931910-900-citizen-science-is-needed-to-track-
biodiversity-1/

Fritz S, See L, Carlson T, Haklay M, Oliver JL, Fraisl D, Mondardini R, Brocklehurts M, Shanley
LA, Schade S et al (2019) Citizen science and the United Nations sustainable development
goals. Nat Sustain 2:922–930. https://doi.org/10.1038/s41893-019-0390-3

García CER, Brown S (2009) Assessing water use and quality through youth participatory research
in a rural Andean watershed. J Environ Manag 90:3040–3047. https://doi.org/10.1016/j.
jenvman.2009.04.014

Goudeseune L, Eggermont H, Groom Q, Le Roux X, Paleco C, Roy HE, van Noordwijk CGE
(2020) BiodivERsA citizen science toolkit for biodiversity scientists. BiodivERsA Report
https://doi.org/10.5281/zenodo.3979343

Hansen R, Rall E, Chapman E, Rolf W, Pauleit S (2017) Urban green infrastructure planning: a
guide for practitioners. 88 Hislop M Sc. http://greensurge.eu/working-packages/wp5/. Accessed
1 June 2017

Hewitt CN, Ashworth K, MacKenzie AR (2020) Using green infrastructure to improve urban air
quality (GI4AQ). Ambio 49:62–73. https://doi.org/10.1007/s13280-019-01164-3

Hoegh-Guldberg O, Jacob D, Taylor M, Bindi M, Brown S, Camilloni I, Diedhiou A, KL RD,
Ebi F, Engelbrecht J, Guiot Y, Hijioka S, Mehrotra A, Payne SI, Seneviratne A, Warren TR,
Zhou G (2018) Impacts of 1.5�C Global Warming on Natural and Human Systems. In: Global
Warming of 1.5�C. An IPCC Special Report on the impacts of global warming of 1.5�C above
pre-industrial levels and related global greenhouse gas emission pathways, in the context of
strengthening the global response to the threat of climate change, sustainable development, and
efforts to eradicate poverty. Cambridge University Press, Cambridge

90 I. K. Murthy and M. A. Khalid

https://doi.org/10.1007/s10661-010-1582-5
https://doi.org/10.1007/s10661-010-1582-5
https://doi.org/10.3390/su12062163
https://doi.org/10.1007/978-3-319-56091-5_8
https://freshwaterwatch.thewaterhub.org/our-data/explore-our-data
https://doi.org/10.1007/978-3-319-56091-5_2
https://doi.org/10.1016/j.envsci.2018.12.033
https://www.newscientist.com/letter/mg23931910-900-citizen-science-is-needed-to-track-biodiversity-1/
https://www.newscientist.com/letter/mg23931910-900-citizen-science-is-needed-to-track-biodiversity-1/
https://doi.org/10.1038/s41893-019-0390-3
https://doi.org/10.1016/j.jenvman.2009.04.014
https://doi.org/10.1016/j.jenvman.2009.04.014
https://doi.org/10.5281/zenodo.3979343
http://greensurge.eu/working-packages/wp5/
https://doi.org/10.1007/s13280-019-01164-3


Hoornweg D, Sugar L, Trejos Gómez CL (2011) Cities and greenhouse gas emissions: moving
forward environ. Urban 23:207–227

Ip K, Lam M, Miller A (2010) Shading performance of a vertical deciduous climbing plant canopy.
Build Environ 45(1):81–88. https://doi.org/10.1016/j.buildenv.2009.05.003

Jerome G, Mell I, Shaw D (2017) Re-defining the characteristics of environmental volunteering:
creating a typology of community-scale green infrastructure. Environ Res 158:399–408

Jollymore MJ, Haines T, Satterfield MSJ (2017) Citizen science for water quality monitoring: data
implications of citizen perspectives. J Environ Manag 200(2017):456–467. https://doi.org/10.
1016/j.jenvman.2017.05.083

Kelemen-Finan J, Scheuch M, Winter S (2018) Contributions from citizen science to science
education: an examination of a biodiversity citizen science project with schools in Central
Europe. Int J Sci Educ 40:2078–2098

Kennedy C, Steinberger J, Gasson B, Hansen Y, Hillman T, Havránek M, Pataki D, Phdungsilp A,
Ramaswami A, Mendez GV (2009) Greenhouse gas emissions from global cities. Environ Sci
Technol 43(19):7297–7302. https://doi.org/10.1021/es900213p

Kosmala M, Wiggins A, Swanson A, Simmons B (2016) Assessing data quality in citizen science.
Front Ecol Environ 14(10):551–560. https://doi.org/10.1002/fee.1436

Lamond J, Everett G (2019) Sustainable blue-green infrastructure: a social practice approach to
understanding community preferences and stewardship. Landsc Urban Plan 191:103639. ISSN
0169-2046

Lin JC, Mitchell L, Crosman E, Mendoza DL, Buchert M, Bares R, Fasoli B, Bowling DR,
Pataki D, Catharine D, Strong C, Gurney KR, Patarasuk R, MunkhbayarBaasandorj AJ,
Hoch S, Horel J, Ehleringer J (2018) CO2 and carbon emissions from cities: linkages to air
quality, socioeconomic activity, and stakeholders in the Salt Lake City urban area. AmMeteorol
Soc 99(11):2325–2339. https://doi.org/10.1175/BAMS-D-17-0037.1

Lovell ST, Taylor JR (2013) Supplying urban ecosystem services through multifunctional green
infrastructure in the United States. Landsc Ecol 28(8):1447–1463

Mark C, See L, Copas K, Bonde AMZ, López BC, Danielsen F, Legind JK, Masinde S, Miller-
Rushing AJ, Newman G, Rosemartin A, Turak E (2017) Contribution of citizen science towards
international biodiversity monitoring. Biol Conserv 213:280–294

McGoff F, Dunn LM, Cachazo P, Williams J, Biggs P, Nicolet NCE (2017) Finding clean water
habitats in urban landscapes: professional researcher vs citizen science approaches. Sci Total
Environ 581(2017):105–116. https://doi.org/10.1016/j.scitotenv.2016.11.215

McKinsey Global Institute (2010) India’s urban awakening: building inclusive cities, sustaining
economic growth

McKinley DC, Briggs RD, Bartuska AM (2012) When peer-reviewed publications are not enough!
Delivering science for natural resource management. For Policy Econ 21(2012):1–11. https://
doi.org/10.1016/j.forpol.2012.03.007

McPherson EG, Nowak DJ, Rowntree RA (1994) Chicago’s Urban Forest Ecosystem: Results of
the Chicago Urban Forest Climate Project. Gen. Tech. Rep. NE-186 US Department of
Agriculture, Forest Service, Northeastern Forest Experiment Station, Radnor, Pennsylvania

Mees HL, Uittenbroek CJ, Hegger DL, Driessen PP (2019) From citizen participation to govern-
ment participation: an exploration of the roles of local governments in community initiatives for
climate change adaptation in the Netherlands. Environ Policy Gov 29(3):198–208. https://doi.
org/10.1002/eet.1847

Mentens J, Raes D, Hermy M (2006) Green roofs as a tool for solving the rainwater runoff problem
in the urbanised 21st century. Landscape Urban Plan 77:217–226. https://doi.org/10.1016/j.
landurbplan.2005.02.010

Miller-Rushing A, Primack R, Bonney R (2012) The history of public participation in ecological
research. Front Ecol Environ 10(6):285–290. https://doi.org/10.1890/110278

Moffett ER, Neale MW (2015) Volunteer and professional macroinvertebrate monitoring provide
concordant assessments of stream health. N Z J Mar Freshw Res 49(2015):366–375. https://doi.
org/10.1080/00288330.2015.1018913

4 Promoting Blue-Green Infrastructure in Urban Spaces Through Citizen. . . 91

https://doi.org/10.1016/j.buildenv.2009.05.003
https://doi.org/10.1016/j.jenvman.2017.05.083
https://doi.org/10.1016/j.jenvman.2017.05.083
https://doi.org/10.1021/es900213p
https://doi.org/10.1002/fee.1436
https://doi.org/10.1175/BAMS-D-17-0037.1
https://doi.org/10.1016/j.scitotenv.2016.11.215
https://doi.org/10.1016/j.forpol.2012.03.007
https://doi.org/10.1016/j.forpol.2012.03.007
https://doi.org/10.1002/eet.1847
https://doi.org/10.1002/eet.1847
https://doi.org/10.1016/j.landurbplan.2005.02.010
https://doi.org/10.1016/j.landurbplan.2005.02.010
https://doi.org/10.1890/110278
https://doi.org/10.1080/00288330.2015.1018913
https://doi.org/10.1080/00288330.2015.1018913


Monteiro R, Ferreira J, Antunes P (2020) Green infrastructure planning principles: an integrated
literature review. Land 9:525. https://doi.org/10.3390/land9120525

Newman G, Wiggins A, Crall A, Graham E, Newman S, Crowston K (2012) The future of citizen
science: emerging technologies and shifting paradigms. Front Ecol Environ 10(6):298–304

Ochoa-Tocachi W, Buytaert J, Antiporta L, Acosta JD, Bardales R, Célleri P, Crespo P, Fuentes J,
Gil-Ríos M, Guallpa C, Llerena D, Olaya P, Pardo G, Rojas M, Villacís M, Villazón P, Viñas
BD, Bièvre (2018) High-resolution hydrometeorological data from a network of headwater
catchments in the tropical Andes. Sci Data 5:Article 180080

Ossa-Moreno J, Smith KM, Mijic A (2017) Economic analysis of wider benefits to facilitate SuDS
uptake in London UK. Sustain Cities Soc 28:411–419

Paul JD, Buytaert W, Allen S, Ballesteros-Cánovas JA, Bhusal J, Cieslik K, Clark J, Dugar S,
Hannah DM, Stoffel M (2018) Citizen science for hydrological risk reduction and resilience
building Wiley. Interdiscip Rev Water 5:e1262

Pettibone L, Vohland K, Bonn A, Richter A, Bauhus W, Behrisch B, Borcherding R, Brandt M,
Bry F, Dörler D, Elbertse I, Glöckler F, Göbel C, Hecker S, Heigl F, Herdick M, Kiefer S,
Kluttig T, Kühn, et al (2016) Citizen science for all – a guide for citizen science practitioners.
BürgerSchaffenWissen (GEWISS) publication. German Centre for integrative biodiversity
research (iDiv) Halle-Jena-Leipzig, Helmholtz Centre for Environmental Research (UFZ),
Leipzig; Berlin-Brandenburg Institute of Advanced Biodiversity Research (BBIB), Museum
fürNaturkunde (MfN) – Leibniz Institute for Evolution and Biodiversity Science: Berlin. www.
buergerschaffenwissen.de

Pocock MJO, Chandler M, Bonney R, Thornhill I, Albin A, August T, Bachman S, Brown PMJ,
Cunha DGF, Grez A, Jackson C, Peters M, Rabarijaon NR, Roy HE, Zaviezo T, Danielsen F
(2018) A vision for global biodiversity monitoring with citizen science. Adv Ecol Res 59:169–
223. https://doi.org/10.1016/bs.aecr.2018.06.003

Rosenzweig CW, Solecki P, Romero-Lankao S, Mehrotra S, Dhakal T, Bowman, Ibrahim SA
(2015) ARC3.2 summary for city leaders urban climate change research network. Columbia
University, New York

Seneviratne SIN, Nicholls D, Easterling CM, Goodess S, Kanae J, Kossin Y, Luo J, Marengo K,
McInnes M, Rahimi M, Reichstein A, Sorteberg C, Vera X, Zhang (2012) Changes in climate
extremes and their impacts on the natural physical environment. In: Managing the risks of
extreme events and disasters to advance climate change adaptation a special report of working
groups I and II of the intergovernmental panel on climate change (IPCC). Cambridge University
Press, Cambridge/New York, pp 109–230

Shao Z, Sumari NS, AlekseiPortnov FU, Musakwa W, Mandela PJ (2020) Urban sprawl and its
impact on sustainable urban development: a combination of remote sensing and social media
data. Geo Spatial Inf Sci 24(2):241–255. https://doi.org/10.1080/10095020.2020.1787800

Skarlatidou A, Ponti M, Sprinks J, Nold C, Haklay M, Kanjo E (2019) User experience of digital
technologies in citizen science. J Sci Commun 18(01). https://doi.org/10.22323/2.18010501

Sposito V, Faggian R, Diogo V, Romeijn H (2014) Blue-green infrastructure for creating resilient
regions, a case study in the Gippsland Region, Victoria, Australia. Technical Report Deakin
University

Takano T, Nakamura K, Watanabe M (2002) Urban residential environments and senior citizens’
longevity in mega-city areas: the importance of walkable green space. J Epidemiol Community
Health 56(12):913–916

Thornhill I, Loiselle S, Clymans W, Van Noordwijk CGE (2019) How citizen scientists can enrich
freshwater science as contributors, collaborators, and co-creators. Freshw Sci 38. https://doi.org/
10.1086/703378

Tzoulas K, Korpela K, Venn S, Yli-Pelkonen V, Kazmierczak A, Niemela J, James P (2007)
Promoting ecosystem and human health in urban areas using green infrastructure: a literature
review. Landsc Urban Plan 81:167–178

United Nations, Department of Economic and Social Affairs, Division P (2018) World urbanization
prospects: the 2018 revision. Highlights

92 I. K. Murthy and M. A. Khalid

https://doi.org/10.3390/land9120525
http://www.buergerschaffenwissen.de
http://www.buergerschaffenwissen.de
https://doi.org/10.1016/bs.aecr.2018.06.003
https://doi.org/10.1080/10095020.2020.1787800
https://doi.org/10.22323/2.18010501
https://doi.org/10.1086/703378
https://doi.org/10.1086/703378


van Popering-Verkerk J, van Buuren A (2017) Developing collaborative capacity in pilot projects:
lessons from three Dutch flood risk management experiments. J Clean Prod 169:225–233

Waller J (2018) Will citizen science take over? GBIF Data Blog. https://data-blog.gbif.org/post/
gbif-citizen-science-data/

Weeser J, StenfertKroese SR, Jacobs N, Njue Z, Kemboi A, Ran MC, Rufino L, Breuer (2018)
Citizen science pioneers in Kenya – a crowdsourced approach for hydrological monitoring. Sci
Total Environ 631–632:1590–1599. https://doi.org/10.1016/j.scitotenv.2018.03.130

Wheeler B et al (2012) Does living by the coast improve health and wellbeing? Health Place
18:1198–1201

Wilker J, Rusche K, Rymsa-Fitschen C (2016) Improving participation in green infrastructure
planning. Plan Pract Res 31(3):229–224

Willems JJ, Molenveld A, Voorberg W, Brinkman G (2020) Diverging ambitions and instruments
for citizen participation across different stages in green infrastructure projects. Urban Plan
5(1):22–32. https://doi.org/10.17645/up.v5i1.2613. ISSN: 2183–7635

Wittmayer J, Janssen A (2019) Citizen science – towards democratic science and environmental
democracy? DRIFT Blog. https://drift.eur.nl/publications/citizen-science-towards-democratic-
science-and-environmental-democracy/

Zeisel J, Silverstein NM, Hyde J, Levkoff S, Lawton MP, Holmes W (2003) Environmental
correlates to behavioral health outcomes in Alzheimer’s special care units. Gerontologist
43:697–711

Indu K. Murthy works as the Sector Head-Climate, Environment and Sustainability at the Center
for Study of Science, Technology and Policy (CSTEP), Bengaluru, India.

Monowar Alam Khalid is a Professor and Head, Department of Environmental Science, and
Dean, Faculty of Humanities & Social Sciences at Integral University, Lucknow, India.

4 Promoting Blue-Green Infrastructure in Urban Spaces Through Citizen. . . 93

https://data-blog.gbif.org/post/gbif-citizen-science-data/
https://data-blog.gbif.org/post/gbif-citizen-science-data/
https://doi.org/10.1016/j.scitotenv.2018.03.130
https://doi.org/10.17645/up.v5i1.2613
https://drift.eur.nl/publications/citizen-science-towards-democratic-science-and-environmental-democracy/
https://drift.eur.nl/publications/citizen-science-towards-democratic-science-and-environmental-democracy/


Is Ensuring the Sustainable Implementation
of BGI Possible? System Thinking of Urban
Rivers as Social-Ecological Systems

5

Herlin Chien, Osamu Saito, and Kensuke Fukushi

Abstract

With the mounting pressure of urbanization, how innovative blue-green infra-
structure (BGI) can restore the ecosystem services of urban rivers is a timely issue
for any densely populated city seeking to improve its resilience and sustainability
through ecosystem-based solutions. Yet, the implementation of BGI is not
hazard-free. Its success usually depends on a variety of contextual attributes.

By discussing field research on two urban streams in southern Taiwan, this
chapter adopts a system thinking perspective to explore, evaluate, and search for
the combination of contextual attributes that not only enables the development of
sustainable urban rivers but also improves the resilience of cities. In particular, to
understand the macro system behavior and the problem of social-ecological misfit
are the analytical focuses of this study. By analyzing the mental models of two
urban river cases, this study identifies three misfit problems pertaining to the
contextual attributes that can inhibit BGI-induced urban sustainability in the
long run: (1) the problem of missing feedback, (2) the problem of trade-offs,
and (3) the lack of systematic resilience strategies. The advantage of using a
system thinking approach is that it allows for the holistic implementation of BGI
while reminding policymakers and researchers of the need to craft BGI strategies
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in connection with, rather than in isolation from, social, economic, and political
environments. This study also demonstrates the importance of being aware of the
dynamic relationship between resource users, public infrastructure providers,
public infrastructure, and resource systems.

Keywords

Grey water · System thinking · Social-ecological misfit · Ecosystem services ·
Nature for Society

5.1 Introduction

Unlike the conventional urban expansion observed in Western society as “sprawl,”
with a decreasing trend in population density and a tripling of the area under
construction (Carruthers and Ulfarsson 2003; Gómez-Antonio et al. 2016), research
from the World Bank in 2015 yielded surprising findings in East Asia (World Bank
Group 2015). Their publication suggested an outgrowth of population faster than
urban physical footprints, resulting in urban areas becoming denser while medium-
sized cities gained the greatest population density. To further challenge the
sustainability of future urban planning in Asia, Friedmann and Sorensen (2019)
warned that new technologies such as rapid rail systems would encourage medium-
sized cities to merge into new scales of conurbation already evident in Japan and
China and incipient in India, Indonesia, South Korea, Taiwan, and elsewhere. This
new and unprecedented trend of urbanization significantly increases the importance
of urban sustainability to ensure the well-being of future urban generations, both
native and migratory (Seto 2011), in Asia.

Based on recent comprehensive urban sustainability literature reviews (Journals.
elsevier.com 2017; Kaur and Garg 2019), dimensions of sustainability in urban
settings include being “smart, efficient, green, and socially just.” Yet most common
approaches aim at addressing urban environmental problems, promoting the efficient
use and protection of natural systems of human and urban species; prevention of air,
water, noise, and light pollution; and the management of natural resources, notably
via blue-green infrastructure (BGI) (Ahmed et al. 2019; Iojă et al. 2018), in the
creation of future blue and green cities (Brears 2018). However, the literature also
points to problems and barriers to be overcome1 in harnessing the maximum benefits
of innovative BGI for sustainable urban development.

This chapter aims to supplement the abovementioned research to better under-
stand the challenges of urban sustainability and to seek strategies to improve urban
planning. In particular, the narrowed focus of this study is to investigate problems
created by the reduced proportion of open green and blue space in densely populated

1Blue-Green Cities Research Project (2013–2016), involved by nine UK universities, industry, and
local government partner, aimed to investigate how to better harness the benefits of blue-green
infrastructure. http://www.bluegreencities.ac.uk/ (accessed on July 10, 2020).
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Asian cities (Liao 2019; Wan and Shen 2015) or parts of the cities that were most
under pressure and to empirically evaluate how urban river restoration represents
unique opportunities for sustainable development by creating and integrating BGI in
cities, thus providing multiple social and ecological benefits. Research questions of
this study include (1) how dynamics of social-ecological systems (SESs) influence
the sustainable implementation of BGI to restore urban rivers, (2) what the systemic
fit2 or misfit is that promotes or impedes the provisioning of urban ecosystem
services (UESs), and (3) what the contextual attributes are that can potentially
improve BGI-induced urban sustainability in the long run.

To seek answers to these research questions, this study starts with the specific
premise that urban rivers are not only a transitional ecosystem (Iojă et al. 2018,
p. 217) in space and time but are also contingent on the dynamics of both anthropo-
genic and natural processes as endogenous/exogenous and fast�/slow-changing
variables (e.g., election and climate change). In other words, our goal is to better
understand how urban rivers, as SESs, respond and adapt to changes with BGI
strategies to improve the resilience of cities. We pursue a system thinking approach
focusing on evaluating variability of slow variables (Walker et al. 2012) over time
and their gradual interactions, as opposed to static relationship analysis focusing on
fast variables and fast feedbacks in action situations (Anderies et al. 2019), which is
also important yet less useful to answer our research questions.

The chapter is structured as follows. We begin by discussing how existing
literature identified barriers to implementing BGI to improve urban sustainability
in general, in urban restoration projects, and the resulting research gap (Sect. 5.2).
Next, we design a system thinking-oriented method to evaluate the role of BGI as
public infrastructure (Sect. 5.3). The research goal is to (1) understand the macro
system behavior of urban river cases and (2) identify systemic misfits that inhibit the
implementation of BGI and to derive insights about problems of system resilience
based on two empirical urban river cases in Taiwan (Sect. 5.4). We conclude with
reflections on the usefulness of the system thinking-oriented analysis to analyze BGI
not just as a biophysical component, and we draw attention to the potential human-
nature decoupling problem observed in the empirical findings (Sect. 5.5).

5.2 Application of BGI and Its Barriers to Promote Urban
Sustainability

The application of BGI is often theoretically framed as a sustainable and novel
approach that will save us from the increased intensity and frequency of a changing
climate (Ghofrani et al. 2017). Several studies also confirm the multifunctionality of
BGI strategies (Lawson et al. 2014; Voskamp and Van de Ven 2015) to increase
urban environmental resilience, such as urban flood risk control, with co-benefits

2The use of our “systemic fit” refers to what the literature usually labels as “institutional fit”
(Epstein et al., 2015) or social-ecological fit (Guerrero et al. 2015).
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including energy savings and improved air quality (Alves et al. 2019) while improv-
ing human well-being that is closely related to the creation of societal (O’Brien et al.
2017) and economic welfare (Evans et al. 2019). However, currently, there is far
more research discussing the benefits of green infrastructure (GI) in developing a
healthier city (Hansen and Pauleit 2014; Da Silva and Wheeler 2017, Figs. 5.2 and
5.3) and less focus from the perspective of blue infrastructure (Iojă et al. 2018).
Some studies simply consider water infrastructure as one type of GI (Liao 2019) or
an integrated part when one considers the whole natural system as infrastructure
(McDonald 2015).

In addition, BGI is certainly no panacea. Like all other infrastructure, the
innovation of BGI requires effective implementation and maintenance to success-
fully deliver the benefits or co-benefits it was initially designed for. Researchers,
therefore, are just beginning to explore barriers that impede the healthy introduction
and practice of BGI to promote urban sustainability, especially regarding how to
better integrate the water cycle with urban design. Aside from scientific and technical
barriers, the latest research suggests that social-institutional barriers pose the greatest
hindrance to the implementation of sustainable water management Schemes
(O’Donnell et al. 2017) due to the fact that BGI is still considered a “novel”
intervention compared to traditional gray infrastructure. In a similar vein, social,
political, or environmental “uncertainty” is identified by practitioners as major
impediments to the implementation of BGI (Thorne et al. 2018). These
non-engineered barriers associated with a lack of confidence in BGI are found to
inhibit action at a level equal to or greater than engineered challenges. These
scientific results also pave the way for practical crafting of green and blue practices
as the basis for a circular city to consider “not only technology” strategies but also
emphasize the need for social commitment and new ways of organizing and man-
agement.3 Lastly, to mainstream BGI, scholars call for more future case studies on
practical BGI implementation (Liao et al. 2017) to identify further barriers and
devise strategies for different cities with various social-ecological settings.

5.3 Rationale and System Thinking-Oriented Methods

To address the research gaps and needs discussed above to mainstream BGI and
thereby improve urban sustainability and resilience, this chapter adopts an alterna-
tive research angle—a system thinking-oriented analysis approach—and develops a
mental model to (1) iteratively understand the impact of system behavior on the
implementation of BGI in empirical case studies, (2) identify systemic fits or misfits
that promote or inhibit the ability of BGI to restore UESs, and (3) discuss strategies
to enhance systemic fits and fix misfits to increase the probability of BGI success-
fully contributing to urban sustainability. The next section details the rationale and

3See “Not Only Technology” section in https://www.urbangreenbluegrids.com/about/green-and-
blue/ (accessed on July 13, 2020).
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methods of the system thinking approach and mental models adopted and created by
this study.

5.3.1 Usefulness of System Thinking

Despite the implication of BGI in complex systems, i.e., SESs (Flynn and Davidson
2016) or resilience systems (Gunderson et al. 2012; Kofinas and Chapin 2009),
dealing with countless social and ecological variables that are intentionally or
unintentionally influencing the system, there is a paucity of system thinking
approaches (Hjorth and Bagheri 2006) to analyze the barriers of implementing
BGI and introducing targeted strategies for overcoming barriers. There are, however,
a few projects using a system thinking angle to understand how green or gray
infrastructure improve the well-being of urban populations (Svendsen et al. 2012)
or to enhance urban sustainability in general (Ahmad and Hills 2008; Shen et al.
2009; Tan et al. 2018).

Theoretically, the usefulness of the system thinking approach (Von Bertalanffy
1968), in contrast to static analysis, is to improve our understanding of the reality
that is made out of circularly arranged events, instead of a simple and linear relation.
The approach is usually based on the identification and modeling of feedback
relations, including time delay, that a specific problem is embedded in (Forrester
1961; Sterman 2000). Haraldsson (2004) referred to such an approach as mental
modeling, aiming to explicitly map the understanding of the problem and highlight it
for others using causal loop diagrams (CLD) with reinforcing (R) or balancing loop
(B) and reference behavior pattern (RBP). To generate a mental model of CLD,
seven steps were proposed: (1) define the problem and create the system boundaries;
(2) ask the question and state the purpose and goals; (3) identify principal actors in
the problem; (4) draw a simple causal loop diagram; (5) create RBP; (6) learn and
revise CLD; and (7) conclude (Haraldsson 2004, p.40–41).

One of the system thinking-based frameworks designed to evaluate the gover-
nance of shared resources and associated infrastructures is the coupled infrastructure
system (CIS) (Anderies et al. 2016), which differs from the institutional analysis and
development, which focuses on analyzing static relationships between external
structures and the capacity of collective action, the so-called action situation (Ostrom
et al. 1994). The application of CIS is wide, encompassing one recent study on a
classic example of civil infrastructure, highways (Janssen et al. 2019) to study
700 years of adaptive pathways in Mexico City to minimize water risk (Tellman
et al. 2018). Such an approach broadens the scope of analysis to go beyond
engineering issues and connects it with the integrated social and political drivers at
stake. Through the expanded feedback or causal linkages (Mui et al. 2019), the
framework helps to explain the targeted problem not only as a result of biophysical
processes but also as iterative consequences of choices made by actors in different
organizations and their path dependence.

The latest development of the CIS framework involves the attempt to provide a
list of verbs to lay the foundation for a general typology and a standardized protocol
for representing dynamics captured in CIS (Anderies et al. 2019), the so-called
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robustness framework. Figure 5.1 shows one example of archetype robustness
framework mappings. The framework is formed with several main building
blocks—the resource system (RS), the resource user (RU), the natural infrastructure
(NI), the public infrastructure (PI), and the public infrastructure provider (PIP).
Verbs 1–6 in Fig. 5.1 are regarded as variables for describing dynamic feedback
networks based on “subjectivity,” indicating the intention behind the action, such as
the goal to restrict, collect, or enable. For instance, a “bridge” as a PI “enables” the
pedestrian to cross an urban river yet simultaneously “constrains” the ability of the
urban resident as the RU to access the river’s water resource freely. Figure 5.1 also
reminds researchers to pay attention to the effects of exogenous drivers on human,
social, natural, and man-made infrastructures.

The robustness of the CIS framework is based on the premise that proper
feedback loops generating positive returns, rather than canceling effects, should be
functionally established to ensure the resilience and sustainability of SESs. Yet this
emphasis on feedback loops, path dependence, and longer-term processes under the
influence of institutional change and interactions between resource users and mana-
gerial decisions has received inadequate attention (De Moor et al. 2016; Tekwa et al.
2019). To improve our collective ability to avoid failure of shared resource manage-
ment, scholars have issued a call to advance (through a post-Ostrom agenda) our
understanding of the relationships between institutional structures, processes,
contexts, and outcomes (Cumming et al. 2020). They also pointed out that although
institutional analysis raises the importance of institutional fit, few theories explicitly
specify the combinations of social and/or ecological conditions and the elements of
institutions that give rise to fit.

5.3.2 Case Selection for Urban River Mental Modeling

The goal of this study is to identify systematic misfits that inhibit BGI to ultimately
promote UESs provided by urban rivers and urban resilience in the long run. By
regarding BGI-based urban river restoration as a unique opportunity to improve the
urban ecosystem service provisioning in densely populated cities and the human-
nature coevolution relationship, two successful urban river restoration programs in
densely populated Taiwan are selected as the subjects of this empirical case study for
mental modeling. Both cases incorporated BGI as major ecosystem-based strategies
to cleanse the degraded urban river, create new recreational green space by
riverbanks or in constructed wetlands, and revive the urban economic development
of selected cities. Thus, the two cases are selected to provide empirical data and real-
life social-ecological interactions to improve our understanding and ability to induc-
tively build an urban river system dynamic model while identifying potential
systematic misfits as barriers to implement BGI.
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Case A is the Wannian River (Fig. 5.2) in Pingtung City (population den-
sity4 ¼ 3049 per km2), the second most populated county administrative unit in
Taiwan. Case B is Love River (Fig. 5.2) in Kaohsiung City, the second most
populated special municipality in Taiwan whose population density5 (9958 per
km2) is higher than the density of Hong Kong6 (6690 per km2). Although the
population density in Case A is only one-third of Case B, the Wannian urban river
flowing through the city center of Pingtung is also roughly one-third the length of
Case B (5.5 km vs. 16 km), and the water quality of both cases for the past decade
was classified as moderately polluted (river pollution index of 3.1 < RPI < 6 by the
Taiwan Environmental Protection Administration, EPA) based on concentrations of
suspended solids (SS), biochemical oxygen demand, dissolved oxygen (DO), and
ammonia nitrogen (NH3-N) (Putri et al. 2018).

Despite their different administrative scales, historical context, and social com-
position, the two cities faced similar environmental challenges created by the
reduced proportion of open green and blue spaces in densely populated urban
areas. The PIP, namely, the local government in both cities, had made an intentional
effort to restore the two respective urban rivers by incorporating BGI strategies,

1a

1b
2b

2a

3b

3a
4b

4a

5b 6a

1a: Verbs - harvest, extract, collect

1b: Verbs - flow

2a: Verbs - control, assign, appoint

2b: Verbs - inform

3a: Verbs - provide

3b: Verbs - inform

4a: Verbs - equip 

4b: Verbs - flow

5a: Verbs - restrict

6a: Verbs - constrain, enable

RU

NI/RS

PI

PIP

Exogenous Drivers affecting human and social infrastructures

Exogenous Drivers affecting natural and man-made 

infrastructures

Fig. 5.1 Community governance of shared resource archetype CIS representation sample*.
Source: Graph drawn by authors in reference to Anderies et al. (2019) (Figs. 1 and 2, Example
3). *For other SES cases that are the basis of more archetypal models, see System Representation in
http://seslibrary.asu.edu

42017 data; see reference in https://den.ncdr.nat.gov.tw/1178/1661/ (accessed on July 13, 2020).
5Kaohsiung metropolitan includes urban and suburb section which merged to be single administra-
tive unit in 2010. Since Love River mostly runs through the urban section of the Kaohsiung, the
population density calculation used 2010 data before the administrative merge. See Kaohsiung City
Government, Civil Affairs Bureau for data access. http://cabu.kcg.gov.tw/cabu2/statis61B2.aspx
(accessed on July 13, 2020).
62014 data from Hong Kong government. https://www.gov.hk/en/about/abouthk/factsheets/docs/
population.pdf (accessed on July 13, 2020).
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including the creation of constructed wetlands and detention ponds as PI (Table 5.1)
to purify river water, to minimize flood risk, and to provide extra recreational space.
For instance, a total of 23.8 combined hectares of constructed wetlands were added
to enhance the ecosystem services of the Wannian River, and a total of 58.1 hectares
of BGI were installed for Love River to improve the regulating services and to
reduce the flood risk to neighboring communities. These are reasons for comparing
the two cases based on the practical implementation of BGI and for identifying their
potential systematic barriers to achieving long-term sustainability and resilience and
barriers to successfully becoming truly blue-green or ecological cities7 as envisioned
by local authorities.

5.3.3 Steps to Develop and Evaluate Urban River Mental Model

We design four steps to develop and evaluate the urban river mental model—Step
1, operationalizing the data collection; Step 2, drawing a mental map prototype for
comparison and backcasting; Step 3, designing system resilience matrix to evaluate
the sustainability of system; and Step 4, comparing case studies based on system
thinking approach.

Fig. 5.2 Mappings of the Wannian River (left) and the Love River (right). Source: Drawn by the
author with Google Maps as the base map (accessed on February 22, 2021)

7Pingtung City Mayor promoted the city as “ecological city” at Millennia Park where Wannian
urban river flows through in 2019. https://www.ptcg.gov.tw/Photo_Content.aspx?n¼39A07B920
7533EAB&s¼ACE0F497F4FD8EA5 (accessed on July 13, 2020); the official vision of Kaohsiung
City Government is resilience and green ecological city. See goals in Kaohsiung City Government
sustainable development and climate change adaptation committee regulation. https://orgws.kcg.
gov.tw/001/KcgOrgUploadFiles/258/relfile/15352/55925/45fbed19-7f13-499f-ae85-e475a1f11b0
5.pdf (accessed on July 13, 2020).
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5.3.3.1 Step 1: Operationalizing the Data Collection
Based on the CIS framework and the data available from the two selected cases in
Taiwan, this study devises a CIS-UES data operationalization design (Fig. 5.3) to
facilitate systematic data collection of urban river governance and its outcomes that
serves as the basis for causal mental model drawing in the next step. The model
consists of two major types of data, CIS data and UES data, to improve our
understanding regarding the effect of resource governance on the performance of
ecosystems such as urban rivers. Governance aspects of urban rivers as RS are
captured by the following five infrastructures—hard human-made infrastructure
(HHMI), soft human-made infrastructure (SHMI), natural infrastructure (NI),
human infrastructure (HI), and social infrastructure (SI) outlined in the CIS frame-
work (Anderies et al. 2016). By using CIS as a guideline to disassemble governance
of urban river restoration, proxy indicators are designed to quantify each type of
infrastructure. For instance, HHMI is a proxy for data collected from government
procurement websites specifically dealing with the two river restoration projects; NI
refers to the number of constructed wetlands or detention ponds; HI reflects the
number of urban river restoration-related nongovernmental organizations or educa-
tional facilities. They have similar connotations that are parsed from Ostrom’s three
external or slow variables—biophysical conditions, rules-in-use, and attributes of
the community (AC) (Ostrom 2005).

The outcome of urban river resource governance in this study is represented by
UESs provided as an outcome of urban restoration efforts through the application of
BGI. Based on the Common International Classification of Ecosystem Service
(CICES, version 5.1) released by the European Environment Agency in January
2018,8 three categories of UESs are assessed by using the best available objective
open data: the provisioning service, a proxy for the river pollution index; the

Table 5.1 Comparison of BGI installation

Name of BGI (NI) Area
(ha)

Year of
establishment

Case A:
The Wannian River in Pingtung
City

Hai-Fong Wetland 10.3 2009

Chun-Liao Wetland 11.4 2013

Golden Wetland 2.1 2017

Total 23.8

Case B:
Love River in Kaohsiung City

Benheli eco detention
pond

37.5 2005

Love River wetland 0.7 2006

Heart of Love River 3.1 2007

Shetzulinbi wetland 4.2 2009

Jungdu wetland 12.6 2011

Total 58.1

Source: Compiled by authors based on interviews and archival data collection

8Release of CICES version 5.1 can be found in https://cices.eu/ (accessed on July 13, 2020).
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regulating/maintenance service, a proxy for the variety of algae/plants, flood regula-
tion, and biodiversity; and cultural services, a proxy for river-related outdoor and
indoor events. To provide further subjective comparisons from the perspective of
local governments, periodic reports by city governments to city councils were also
collected and analyzed to reveal the self-reporting part of urban ecosystem service
performance. The primary data methods used by this study include in-depth
interviews and archival data collection (Appendix 1).

5.3.3.2 Step 2: Drawing a Mental Map Prototype for Comparison
and Backcasting

Next, in reference to the two selected urban river restoration case studies in Taiwan
and the list of verbs provided by Anderies et al. (2019) in Table 5.1 (p. 1904) (based
on extant social-ecological system case studies and expert understanding), this study
draws a causal mental map similar to but cannot yet be qualified as the standard
causal loop diagram9 to hypothesize a healthy urban river restoration system proto-
type (Fig. 5.4) as a desirable future for case comparison and backcasting. Consider-
ing the CIS framework, each feedback is explained with some demonstrative verbs,
which is certainly not a comprehensive list of verbs, contributing positively to the
generation of UESs (represented by the green color) provided by the RS.

These positive feedbacks can be further described as balancing or reinforcing
loops in the language of system thinking and CLD in future research. However,
because of the complexity of variables involved in each listed feedback (1a/b to

CIS (governance of RS)
Hard Human-Made Infrastructure 
Public procurement investment in river 
restoration

Soft Human-Made Infrastructure
Urban river restoration-related formal rules

Natural Infrastructure
Artificial wetlands

Human Infrastructure
Association or educational facilities promoting 
river restoration knowledge 

Social Infrastructure
River-related outdoor/indoor events

UES (Outcome of RS)

Provisioning Service
River Pollution Index

Regulating/Maintenance Service
Variety of algae/plants
Flood regulation
Biodiversity

Cultural Service
River-related outdoor/indoor events

Objective data: proxy open data
Subjective data: periodic self-reporting by the 
city government to the city council

Fig. 5.3 Data operationalization for urban river governance and its outcome

9Our current mental map lacks clear “plus” or “minus” signs assigned to all feedbacks as a standard
CLD, along with reinforcing or balancing loop indication. See Haraldsson (2004) for a
standard CLD.
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8a/b), we acknowledge the limitation of this study. Future research with system
thinking or modeling software may further construct the CLD qualitatively and
quantitatively to furnish details regarding the status of each feedback loop and its
corresponding RBPs. For example, in the feedback of 6a, the BGI of the detention
pond as PI “protects” resource users from the threat of flood, in general, enabling
ecosystem regulating services. Based on the measurement adopted by researchers, it
can be regarded as a “balancing” loop with a plus sign (+) in more creation of
detention ponds as PI resulting in a minus sign (�) of RU from the perspective of
preventing loss of human asset due to flooding. If contributing negatively to the
generation of UESs, the line can be colored as red or as black for unknown or
canceling effects. All lines are solid in this visual representation, implying functional
feedbacks, whereas missing links can be designated as dashed lines. For demonstra-
tion purposes, the thickness of lines is equal in this ideal type, representing reason-
able functions in the feedback. Otherwise, a thicker line can signify stronger
functionality or more verbs interacting in a specific feedback loop. In contrast, the
thinner line signifies a weaker functionality of the feedback.

5.3.3.3 Step 3: Designing System Resilience Matrix to Evaluate
the Sustainability of the System

To answer our research question (is ensuring the sustainable implementation of BGI
possible?), we need to evaluate the sustainability of the urban river system. We chose
system resilience as an indicator, and the main question addressed in this section
involves what the characteristics of a resilient urban river system are. In conjunction
with indicators developed for the Asian Cities Climate Change Resilience Network

Fig. 5.4 Healthy urban river mental map prototype*. *Depending on various contexts, green
represents a balancing (B) or reinforcing loop (R) ensuring a balanced human-nature relationship
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(ACCCRN) funded by The Rockefeller Foundation (Moench et al. 2011), Da Silva
et al. (2012; Fig. 5) propose seven characteristics of resilient urban systems: (1) flex-
ibility, (2) redundancy, (3) resourcefulness, (4) safe failure, (5) responsiveness,
(6) capacity to learn, and (7) the dependence on local ecosystems. Whereas “flexi-
bility” emphasizes the ability to move beyond business as usual, the ability to evolve
and to adopt alternative solutions, and the favoring of “soft” rather than “hard”
means for the easiness to change, “redundancy” complements “flexibility” by
ensuring multiple pathways and a variety of options to provide and evolve in case
one component fails or is disrupted (Godschalk 2003). “Resourcefulness” refers to
the ability to mobilize resources, including financial, physical, social, environmental,
technological, and information assets. “Safe failure” and “responsiveness” both
relate to the system’s ability to accept failure and re-establish function to recover
from failure. Beyond reorganizing from failure, the “capacity to learn” also expects
individuals and institutions to learn from failures. Lastly, the goal is to value the
health and stability of “local ecosystems” such as BGI and its role in providing self-
organizing ecosystem services for the well-being of natural, social, and economic
systems.

This above list adds qualitative elements to the quantitative evaluation of resil-
ience proposed by Bruneau et al. (2003), which focused on only four measures:
robustness, redundancy, resourcefulness, and rapidity. In critical infrastructure liter-
ature, scholars additionally posit the importance of evaluating resilience qualities
according to the interdependence of lifeline systems across technical, organizational,
social, and economic dimensions, influencing each other which is an iterative
evolution (O’Rourke 2007). Based on the same logic, this study tries to draw an
urban river ideal matrix of system resilience (Appendix 2) according to six critical
feedback loops specified in the healthy urban river SD prototype (Fig. 5.4), namely,
1a/1b for feedback between the resource system and the RU; 2a/2b for RU and the
PIP; 3a/3b for PIP and public infrastructure; 4a/4b for PI and RS; 5a for PI-RS-RU
intervention; and 6a/6b for PI-RU. Each feedback loop is reflected independently in
the table, yet their interactive effect should not be discounted. The totality of
feedback loops should be considered as a cause-effect chain between fluvial dynam-
ics, habitat, ecology (Schiemer et al. 2007), and social community. The list of
descriptions included in Table 5.1 is not comprehensive but aims to exemplify
what can possibly be done to improve the system of urban river resilience with
exemplified descriptions and samples from related research from the past.

5.3.3.4 Step 4: Comparing Case Studies Based on System Thinking
Approach

To reveal the macro system behavior and identify systemic fit/misfit in the two case
studies, we create their respective mental models based on the in-depth interviews
and compiled archival data (Appendix 1). Then, we conducted two types of compar-
ative analysis: First, to understand the macro system behavior, we compare the two
robustness mappings against the healthy urban dynamics mental prototype discussed
earlier in Fig. 5.4, where ideally all feedback loops are solid lines with positive
effects to improve UESs (denoted in a green color). Second, we also compare the
matrix of system resilience for both cases against the ideal matrix (Appendix 2) and
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determine the most vulnerable part of the system as a barrier to fully implement BGI
and as areas for future improvement.

5.4 System Thinking Findings Discussion

5.4.1 Macro System Behavior

In a cursory view, the macro system behaviors of these two distinct urban river
restoration cases with BGI intervention are remarkably similar. Both of the right-
hand half of the mental model in Fig. 5.5 (green lines between RU-PI-PIP) exhibit all
positive feedbacks generating an enhanced river ecosystem service as the balancing
loop results. In other words, the logic behind these interconnected balancing loops is
that the more local government’s investment in blue and green (3a) infrastructure,
the more ecosystem services (6a) are generated for resource users (human) and the

Fig. 5.5 Urban river model robustness comparison. *The green verbs or lines represent positive
flow potentially enhancing river ecosystem services; red verbs or lines represent negative flow
potentially hindering river ecosystem services; black verbs or lines represent neutral, potentially
canceled, or unknown effects. **The thickness of arrows depends on the number of verbs or the
degree of impact. ***The dashed line represents a missing link
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more positive feedbacks and support provided by voters (2a) to the local government
as the PIP.

Yet in the left-hand half of the mental model (PI-RU-RS), both cases again
unexpectedly exhibit similar balancing loops with more negative or neutral
feedbacks—degrading ecosystem services (red line) and unknown or canceled
effects (black line). In particular, 1a shows a BGI sustainability problem from a
system thinking perspective because more investment in PI including BGI did not
deter resource users from repeatedly polluting the urban river (1a in red), i.e.,
recursively degrading ecosystem service provisioning capability of the urban river
as RS (nature). This negatively balancing loop (1a) did not perform in isolation but is
connected to how our PI such as a bridge or law often “restricts” (5a in black) the
direct contact or interaction between the urban river and resource users such as
resident or school. For example, school kids cannot kayak or swim in the urban river
without government’s special permission in both cities. Thus, the more “restriction”
imposed by PI, the more distance is created systematically between urban citizen and
nature (missing or weak 1b link) and less urban citizen would pay attention or notice
the pollution in the urban river, not generating sufficient public pressure to deter river
pollution activities.

Finally, we also did not observe a clear positive feedback loop between the
installation of BGI and the quality of the urban river (4a in black) in both cases.
Although both local governments made a great effort to install different blue and
green infrastructures such as man-made wetlands to purify urban river water or
increase green coverage in riverscape hoping to “restore” urban rivers, the water
quality of urban rivers was not adequately improved. It is unclear how different
public infrastructures create conflicting consequences to the well-being of the urban
river (nature). For example, the purposeful diversion of wastewater as a method to
improve water quality in rivers results in insufficient inflow and the sudden increase
of algae in the river, turning the river into brown or even green color10 in the summer
or dry season. This changing color problem of the urban river can potentially further
deter citizens from being close to the urban river and benefiting directly from the
urban river’s service (1b), indirectly sending the wrong message to factory or pig
farm as RU to pollute (1a) this already “unclean” river. The vicious cycle of
degrading nature is thus produced for the benefit of human beings.

In brief, the macro system behavior of the two cases demonstrates that the
so-called urban river “restoration” endeavor in southern Taiwan, including the
installation of BGI by the two local governments, fits more to the “Nature for
Society” scenario proposed by the Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services (IPBES) (Pereira et al. 2020). This means that
the river restoration effort creates more utilitarian benefits to people and societies,
and does not “restore” the urban river back to its natural status. To establish a more
balanced human-nature relationship, in the long run, policymakers might need to

10Changing Color of Love River News June 3, 2020. https://udn.com/news/story/7327/4611421
(accessed on April 20, 2021).
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consider how to design a “Nature as Culture” scenario to improve the relational
values of nature to promote nature and human in harmony, or even “Nature for
Nature” scenarios to rehabilitate the natural habitats for the diversity of species and
nature’s ability to function autonomously.

5.4.2 Three Social-Ecological System Misfits

Besides the macro system behavior of urban river cases, there are additional three
social-ecological misfits that inhibit the successful implementation of the BGI for the
long-term goal of increasing UESs and urban resilience: (1) the problem of missing
feedbacks; (2) the problem of trade-offs, and (3) the lack of system resilience
strategies.

5.4.2.1 Problem of Missing Feedback
In a close examination of the SD of Models A and B in Fig. 5.5, we can identify three
missing links in both models, albeit between different feedbacks. In Model A,
feedbacks 1b, 6b, and 3b are missing, and in Model B, the missing links involve
2b, 3b, and 6b. These links, if not fixed, would compromise the robustness of the
system and make the system vulnerable to any change or interruption to the system,
such as climate change or election. In particular, the first major difference between
Models A and B lies in the relationship between the RU (humans) and the RS
(nature) where in the current setting, the Wannian River did not “provide” any
material or direct service to the residents, factories, or farms in Pingtung City such
as edible fish, drinking water, boating, or swimming services. This lack of a direct
functional relationship between urban rivers and users reduces awareness as well as
the likelihood of users demanding higher river water quality. To fix this problem,
nine cities in industrialized countries, such as Boston, Paris, New York City, have
initiated “reclaiming river” projects11 to make polluted waterways into swimming
venues. This is similar to what we have observed in Model B, in which Love River
hosted triathlons for more than a decade, creating a solid green line between RU and
RS. Yet this link is still weak, for numerous individuals were complaining about skin
rashes and diarrhea after swimming in the polluted river water.12

Secondly, the PIP in Case A, the Pingtung County Government, made compara-
tively more effort to engage the local community and civil society to implement the
Wannian River restoration projects (the solid line of 2b in Model A versus the
dashed line of 2b in Model B). According to our interviewees, the Pingtung County
Government, under the leadership of Mayor Tsao, had first successfully encouraged
the establishment of a nongovernmental organization dedicated to Wannian River

11https://www.curbed.com/2017/8/3/16089352/city-rivers-swimming-safe (accessed on July
22, 2020).
12March 22, 2018. News on Love River Triathlon, https://news.pts.org.tw/article/389048 (accessed
on July 22, 2020).
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restoration (the Wannian River Conservation Association 2009) and then in 2012
further pushed for a Wannian River Protection Family, bringing together up to
37 public and private institutions. Such intentional efforts by the Pingtung local
government had strengthened the feedback of 2b between RU and PIP, which is a
vital component for bottom-up governance (Girard et al. 2015; Wicaksono 2020) of
shared resource management, which was argued to have increased the adaptive
capacity toward climate change. This is currently what was missing in the case of
Love River, resulting in a missing link on the mapping in 2b.

Lastly, the SD mappings for both cases show missing feedbacks in 6b (RU-PI)
and 3b (PIP-PI). 6b describes the ability of the RU to “expect,” “monitor,” “co-
design,” or “visit” the PI, including gray and BGI. In Pingtung City and Kaohsiung
City, there is no existing large-scale mechanism to voice the expectations of
residents toward the various infrastructures installed by the local governments,
such as riverbend bike routes or the quality and maintenance of sewage pipes. As
for the design of hard or SHMI, such as river conservation acts, opinions of resource
users were seldom consulted. The exception might be the hosting of public hearings,
which is required by Taiwan law, yet in practice often reflects the expert opinion and
does not include enough general user perspective into the policymaking process
(Tu 2010)—in other words, the “co-designing” (including “visiting”13 to better
understand our infrastructures) process of involving multiple stakeholders. Further-
more, RU, which is recommended by ICLEI (Local Governments for Sustainability)
as a guideline14 to ensure urban sustainability, is currently absent in both cities. As
for 3b, the feedback between PIP and PI is considered to be missing in both cases
since there is no evidence of an innovative mechanism for the actors of public
infrastructure to “inform,” “advise,” or even “challenge” the elected mayor’s policy
decision, which is usually top-down in nature.

5.4.2.2 Problem of Trade-Offs
In the mapping (Fig. 5.5), the two feedback lines are colored as black in both cases,
indicating unknown effects or potential trade-off effects between impacts caused by
adding gray and BGI to the resource system (4a, RS-PI; 5a, PI-RS-RU). Regarding
feedback 4a, since the utilization of BGI or ecosystem-based solutions is a novel
practice adopted by local governments in Taiwan, how it can offset the negative
impact created by gray infrastructure installed decades ago is still unknown and
requires further scientific investigation. Yet, based on the ecological performance of
urban rivers in the two cases, scientists and local residents noticed some trade-off
problems of GI. The most common trade-off is the positive impact of sewage
diversion to lower effluent discharge into rivers, which nevertheless affects the

13To enhance citizen’s knowledge on wastewater interception facilities, Kaohsiung City Govern-
ment built ten sewer display centers along Love River (Case B). See example in http://mmweb.tw/3
6512; http://wrb.kcg.gov.tw/loveriver/rebuild.aspx#4 (accessed on July 22, 2020).
14Guidelines for co-designing and co-implementing green infrastructure in urban regeneration
processes. https://progireg.eu/fileadmin/user_upload/Deliverables/D2.10_Co-design_Guidelines_
proGIreg_ICLEI_18-06-20.pdf (accessed on July 22, 2020).
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quantity and quality of urban rivers (Huang 2014), especially during seasonal
changes with higher temperatures or rain. Historically, during several summers,
there have been numerous citizen complaints about the change of Love River
water to white, green, or brown15 colors, as well as large quantities of dead fish in
the Wannian River.16 Despite the Kaohsiung City Government’s recent effort to set
up information notices explaining the cause of the color change,17 there might still be
room for improvement and reconsidering trade-offs between different PIs. Else-
where, another trade-off was pointed out by a Kaohsiung City councilor warning of
the increased health risk of dengue fever from detention ponds during the dry
season18 when it is not performing its flood risk mitigation function.

Pertaining to feedback 5a, in the relationship between PI, RS, and RU, actors of
PI by law issue penalties (“sanctions”) on the pollution emitter to discourage
pollution. Meanwhile, one of the purposes of PI is to keep RU away (i.e., to “restrict”
it) from the river, which would further alienate people from nature (Morgan 2017)
for the sake of security (trade-offs) or floodplain regulation-related concerns.
Although both local governments have been hosting several “water-familiar
activities,” most activities were restricted to riverfront areas such as annual lantern
festivals hosted in Pingtung City and Kaohsiung City19 or involved the appreciation
of riverscapes, which are considered blue-green or gray infrastructure in this study,
rather than directly engaging the RS (i.e., the urban river itself).

5.4.2.3 Lack of System Resilience Strategies
The last systematic governance-ecological misfit observed in the two cases
surrounds the deficit of system resilience strategies (Tables 5.2 and 5.3), which is
not unusual due to the fact that the resilience principle itself is novel and is only
beginning to be experimented upon in recent years.20 It has therefore not been
utilized enough in cities.

In Case A, the most deficient area of resilience strategies involves the relationship
between RS and RU (1a/1b) mainly due to the lack of dependence on urban rivers for
major services such as fish, irrigation, drinking, or cooling water, resulting in a lack
of resource input to try innovative mechanisms or improve responsiveness for
demand and supply (red box in Table 5.2). Resilience strategy number 4, safe failure

15https://news.ltn.com.tw/news/life/breakingnews/2801087 (accessed on July 24, 2020).
16https://news.housefun.com.tw/news/article/29703768453.html (accessed on July 24, 2020).
17https://udn.com/news/story/7327/4611421 (accessed on July 24, 2020).
18February 19, 2020, news on change of Love River upstream color into white. https://udn.com/
news/story/7327/4356432 (accessed on July 24, 2020).
192020 Kaohsiung Lantern Festival (https://www.2020khl.com/) hosted in Case B; 2020 Pingtung
Lantern Festival featuring animals, https://www.pthg.gov.tw/newyear/cp.aspx?n¼BD366C990800
F1D0 (accessed on July 24, 2020).
20Asian Cities Climate Change Resilience Network (ACCCRN) is one example that was founded in
2008 yet only completed its legacy portfolio of urban climate change resilience (UCCR) in 2016.
See more in http://www.acccrn.net/about-acccrn/history (accessed on July 24, 2020).
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(gray area in Table 5.2), is also lacking throughout all feedbacks in Case
A. Although the city of Pingtung joined ICLEI in 2009 and endeavored to expand
its capacity to learn (PI-RS 6: capacity to learn) through abundant international visits
and climate change and urban resilience best practice exchanges, the focus of
Pingtung has focused more on renewable energy21 rather than ecosystem restoration.
The main resilience strategy for Pingtung County involves transforming the city into
a low-carbon exemplary site for Taiwan by completing the carbon disclosure report
via CDP cities and developing alternative clean energy solutions. Future effort can
be invested into exploring options for ensuring that the urban river system is safe to
fail and can recover fast enough from disruption to be resilient. Monitoring the
current river quality of the Wannian River, the RPI average showed a surprising
trend of continuous degradation from an average of 4.38 during Mayor Tsao’s
2009–2014 administration to 4.58 and 522 for Mayor Pan’s 2014–2018 term. This
data indirectly hints that there is no resilience for the system or safe-to-fail mecha-
nism in place that functions well.

A similar continuous degradation of Love River water quality (RPI average 4.73
for Mayor Hsieh’s 2002–2006 administration; 4.12 for Mayor Chen’s 2006–2010
term; 5.61 for Mayor Chen’s 2010–2014 term; 5.50 for Mayor Chen’s 2014–2017
administration) and the inability to recover from disruption is observed in Case B
where the resilient strategy of “safe failure” (Table 5.3: safe failure for all feedbacks)
can also be strengthened in the future. Nevertheless, Kaohsiung City had been
flexible enough to adopt innovative BGI, create redundancy such as multiple

Table 5.2 Case A system resilience comparison

Case A
Quality/Feedback Loop

RS-RU
1a/1b

RU-PIP
2a/2b

PIP-PI
3a/3b

PI-RS
4a/4b

PI-RS-RU
5a

PI-RU
6a/6b

1) flexibility

2) redundancy

3) resourcefulness

4) safe failure

5) responsiveness

6) capacity to learn

7) dependency on the local ecosystem

, action in place; , partial action in place; , future action required

21ICLEI programs for Pingtung County, https://lcss.epa.gov.tw/LcssViewPage/Responsive/
AreaDoc.aspx?CityID¼10013&ActDocId¼7a6f193e-0ee2-45a1-b6f1-8297aac07ecf (accessed on
July 24, 2020).
22Based on data collection gathered by this study based on Pingtung County Government data.
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detention ponds, invest abundant financial resources, and demonstrate a willingness
to learn to achieve the goal of a resilient city. In particular, in 2012, Kaohsiung City
collaborated with ICLEI Europe to establish the ICLEI Kaohsiung Capacity Center
(ICLEI KCC)23 as the first East Asian regional training center. As for
responsiveness, several Love River patrol groups have been organized and managed
by the Environmental Protection Bureau of local governments and have even
developed a smoke-free zone by organizing a smoke-free Love River patrol group
under the health bureau of the Kaohsiung City Government in 2008.24

5.5 Conclusion

This study begins by asking a question in the title: how do we ensure sustainable
implementation of BGI? Through adopting a system thinking perspective of analy-
sis, this chapter argues that the success or failure of BGI should not be analyzed in
isolation from the social, economic, and political environment it is embedded in. The
system dynamics triggers feedback loop effects and shapes and reshapes the
problems of SESs, such as the loss of open green and blue space in compact cities
and how urban river restoration can be regarded as a window of opportunity to
experiment with resilient strategies and BGI-based solutions.

Table 5.3 Case B system resilience comparison

Case B
Quality/Feedback Loop

RS-RU
1a/1b

RU-PIP
2a/2b

PIP-PI
3a/3b

PI-RS
4a/4b

PI-RS-RU
5a

PI-RU
6a/6b

1) flexibility

2) redundancy

3) resourcefulness

4) safe failure

5) responsiveness

6) capacity to learn

7) dependency on
local ecosystem

, action in place; , partial action in place; , future action required

23http://kcc.iclei.org; ICLEI KCC website (accessed on July 24, 2020).
24Smoke-free Love River news 2008, https://tw.appledaily.com/headline/20080531/7JV62
TFX56ZHGZP6CPGA3PLC2Y/ (accessed on July 24, 2020).
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To understand the macro system behavior and identify systemic misfit that
promotes or impedes the provisioning of UESs based on BGI applications in
urban river restoration, this study bases our analytical findings on two urban river
cases in southern Taiwan. Apart from uncovering the Nature for Society macro
system behavior, three social-ecological misfit problems are identified and discussed
pertaining to contextual attributes that can improve BGI-induced urban
sustainability in the long run: (1) the problem of missing feedback; (2) the problem
of trade-off; and (3) the lack of systematic resilience strategies. We recognize that
most of our empirical work is from specific cities, and they are contingent on local
contexts. However, we also believe that their propositions can generate lessons to
build urban resilience for other compact cities around the world.

In short, the two empirical cases, albeit different, unexpectedly point to a com-
mon problem—the decoupling of humans and nature. This human-nature
decoupling includes the lack of direct relationships between urban rivers and
resource users (link 1, Fig. 5.5) and the biased emphasis on ecosystem services for
human needs such as flood prevention or cultural services (link 6), similar to the
Nature for Society scenario proposed by IPBES. It also marginalizes the need for
“nature” to be “restored” to its original condition (links 4 and 5), namely, the Nature
for Nature scenario in IPBES’s conceptualization. The next question we should ask
ourselves is “what are we restoring?” and “why are we restoring it?” Recognizing
this human versus nature gap in restoration strategies might also have useful
applications in cases worldwide. Topics including how to reconnect cities to the
biosphere (Andersson et al. 2014) (PI-RS feedback), reclaiming and recirculating
urban nature (Yates and Gutberlet 2011) (RU-RS feedback), how to reconcile the
temporal difference between changes in political systems, and the frequency of
climate change25 versus the ability of cities to recover from shocks (Richard and
David 2018) (RU-PIP-PI feedback), either man-made or natural, are all worthy of
our future scholarly attention.

Conflict of Interest Statement The authors report no conflict of interest for this publication.

25Climate change mapping database, https://www.carbonbrief.org/mapped-how-climate-change-
affects-extreme-weather-around-the-world (accessed on July 24, 2020).
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Appendix 1: Technical Note on Data Collection

Case Study A: Wannian Rivera B: Love River

Data
collection
period November 2019–January 2020 January 2020–March 2020

Method 1 13 in-depth interviews with local
government officials and civil society
stakeholders were conducted to
provide background information for
CIS-UES prototype model building

1 visit to water engineering bureau to
understand the background and
problems of Love River with several
staff in march of 2019 to assess the
case selection and data collection
process

1 in-depth interview with senior staff
at Kaohsiung. Bird association who
assists to manage Jungdu wetland in
march of 2019 to assess the case
selection and data collection process

Method 2 Government archival data systematic
collection

– Local government’s periodical
reports to city council 2006–2019 for
100 entries

– Public procurement data
2006–2019 for 123 entries

– River water quality monitoring
data 2010–2019 for 121 entries

– Regulation data

– Other technical reports provided
by local governments or downloaded
from website, such as wetland
biodiversity reports or lantern festival
data summary

Government archival data collection
systematic collection

– Local government’s periodical
reports to civil council 2006–2019 for
803 entries

– Public procurement data
2001–2019 for 399 entries

– River water quality monitoring
data

– Regulation data 1999–2019 for
1765 entries

– Other technical reports provided
by local governments or downloaded
from website, such as wetland
biodiversity reports and flood
regulation reports

Method 3 Social/news data systematic
collection

– Citizen report news archive
2009–2019; search keywords:
Wannian River ¼ 100 news

– Google search for Wannian
River-related events/organizations
mentioned in the above reports

Social/news data systematic
collection

– Citizen report news archive
2007–2019; search keywords: Love
River ¼ 83 news

– Google search for Love River-
related events/organizations
mentioned in the above reports

aMore in-depth interviews were planned for Wannian River as prototype of CIS-UES model
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Appendix 2: Urban River Ideal Matrix of System Resilience

Feedback
loop quality

RS-RU

1a/1b

RU-PIP

2a/2b

PIP-PI

3a/3b

PI-RS

4a/4b

PI-RS-RU

5a

PI-RU

6a/6b

1. Flexibility Identify and
try new
solutions to
treat or dilute
wastewater
and to enjoy
river
(Gambhir
et al. 2012)

Identify and
try new
ways of
open data/
engage
citizen (Petts
2006)

Identify and
try new
combination
of gray
infrastructure
and BGI
(Mulligan
et al. 2020)

Identify and try
new ways of
purifying
(Edmundnt
2000),
transforming
urban river,
and feeding
back
monitoring
data (Baird and
Hajibabaei
2012)

Relax law to
enable citizen
benefiting
more
ecosystem
services
provided by
urban river
(Robbins 2018)

Identify and try
new ways to
educate,
protect, enable,
expect
(Sakamoto
et al. 2018),
monitor,
co-design
(Bradford et al.
2018), and visit

2.
Redundancy

Various
options to
litter, pollute,
provide

Multiple
channels to
complain/
lobby/
inform/
engage
citizen/
prevent rent
seeking

Various
options to
inform/
advice/
challenge/
invest/create/
remove/
maintain

Various
options to
equip/clean/
purify/diver/
build/
transform/
inform

Various
options to
ensure safety of
using and
benefiting
ecosystem
services
provided by
urban river

Various
options to
educate,
protect, enable,
expect,
monitor,
co-design, and
visit

3.
Resourceful-
ness

Provide
technique to
process waste
and benefit
from river’s
resource

Provide
funding/
leverage ICT
to vote/
lobby/
complain/
inform/
engage/
prevent rent
seeking

Provide
funding to
monitor
performance
of BGI

Assemble team
to monitor
urban river and
its associated
ecosystem

Provide
infrastructure
and technique
to enable
services of
urban river to
human

Have laws and
policies ready
to educate,
protect, enable,
expect,
monitor,
co-design, and
visit

4. Safe
failure

Ability of
regulate rate
of waste
discharge and
equip river to
absorb waste
at slower pace

Respond to
part of
complaints/
inform and
engage part
of citizen/
lower
probability
of rent
seeking

Accept minor
damage of
BGI

Minimize
trade-off
impact caused
by gray
infrastructure
and BGI on
urban river

Control of GI
and BGI to
absorb waste at
slower pace

Ability of
system to allow
minor mistakes
and experiment
made by
co-designing

5.
Responsive-
ness

Rapidity to
restore river’s
services after
disruption,
i.e., pollution
and
transformation

Rapidity to
inform/
engage/
lobby/
complain

Rapidity to
fix and
recover
damage of
BGI (Fekete
2019)

Rapidity to
report (Cairns
Jr et al. 1970)
and fix
problems
associated with
ecosystem of
urban river

Rapidity to
punish polluter
and to permit
services to
human when
available

Rapidity to fix
minor mistakes
made by
co-designing
experiment

6. Capacity
to learn

Best practices
and failures of
living with
urban river
and benefiting
from urban
watera

Best
practices and
failures of
open
governance
(Bingham
2006)

Best practices
and failures
of BGI and
PPP
(Takahasi
2004)

Systematic
record of urban
river ecosystem
performance/
best practices
and failures of
urban river
ecosystem
restoration

Maintain
record of
polluters and
learn to enable
ecosystem
services of
urban river to
human

Best practice
and failure
sharing to
educate,
protect, enable,
expect,
monitor,
co-design, visit

(continued)
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Understanding Blue-Green Infrastructure
Through Spatial Maps: Contribution
of Remote Sensing and GIS Technology

6

Akhil Francis Thekkan, Anjaly George, P. Rama Chandra Prasad,
and Shijo Joseph

Abstract

Understanding the spatiotemporal distribution of blue-green infrastructures in
urban environment is a critical element in the landscape-level planning. Asian
cities, which are rapidly undergoing transformational changes in its land cover,
predominantly feature urban signatures at the expenses of natural ecosystems.
The rapid urbanization in conjunction with mega developmental projects and
industrialization requires sophisticated analytical tools in the synoptic
assessments and impact measurements. Remote sensing together with geographi-
cal information system (GIS) and Global Positioning Systems (GPS) plays an
important role in developing the spatial maps and assessing the dynamics of land
cover in the urban environment. This chapter reviews various remote sensing
instruments available to characterize vegetation and water in complex urban
environments. The progress with respect to diverse instruments such as panchro-
matic, multispectral, hyperspectral, radar, and LiDAR in mapping the blue-green
infrastructures is reviewed in this chapter. The chapter helps in understanding the
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diverse initiatives and instruments in mapping the extent and quality of blue-
green infrastructures which are vital for the spatial planning of urban landscapes.

Keywords

Urban environment · Vegetation cover · Water bodies · Spatial planning ·
Geoinformatics

6.1 Introduction

The world is witnessing an unprecedented growth of urban population and expan-
sion of urban areas. The World Urbanization Prospects of the United Nations
(UN) highlights that nearly 55 percent of the world’s population lives in urban
areas (UNDESA 2019). As urban areas are increasingly the home of the majority of
the population and centers of economic growth, it poses new challenges for sustain-
able development. Studies conducted worldwide point out that rapid urbanization
leads to environmental, economic, and social problems (Grimm et al. 2008; Li et al.
2012). Asia is one of the fast urbanizing continents with a population density of
150 per km2 spread across an area of 31 M km2 (Worldometers 2021). The urban
population in this region has increased more than ninefold from 246 million in 1950
to 2.3 billion in 2018 (UNFPA 2020). Seven out of ten most populated cities in the
world are located in Asia. The studies also show that the population of Delhi, India,
is projected to increase by more than ten million inhabitants and will become the
most populated city in the world by overtaking Tokyo, Japan, before 2030. Out of
36 cities with 500,000 inhabitants with a 2.4 or more percent of annual average
urbanization, 28 are in Asia (UNDESA 2019). The urbanization trends from 1950 to
2050 show that Asia marks the highest compared to Africa, Europe, Latin America
and the Caribbean, Northern America, and Oceania.

The process of urbanization requires a large number of buildings and
manufacturing plants to meet the requirements of the urban population. Urbanization
and urban sprawl change land use and replace vegetation and water bodies with
impervious constructions. This leads to loss of agricultural land and open green
areas, depletion of surface water and groundwater resources, degradation of air
quality and pollution, and changes in the meteorological variables including the
formation of urban heat islands (UHI). With the ever-increasing expansion of city
areas, the traffic congestion, waste treatment and disposal, public distribution
systems, and providing utility facilities for urban dwellers are increasingly challeng-
ing in urban environment. Besides, urban safety is also a matter of concern with the
increased rates of crime and violence, terrorist attacks, epidemics, and proneness to
natural and man-made disasters.

BGI is an interconnected network of natural resources and designed landscape
components, including green vegetation and water resources of that area, which
provide crucial functions such as (i) urban heat island mitigation, (ii) water storage,
(iii) flood control, (iv) increasing groundwater recharge, (v) reduction of air and
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water pollution, and many others (Ghofrani et al. 2017). The blue infrastructure
includes lakes, water reservoirs, rivers, wetlands, swamps, water engineering
facilities, and rain gardens, while the green includes forests, arable fields,
non-urbanized areas, grasslands, woodlands, lawns, parks, private gardens, sports
facilities, green roofs, green walls, and other facilities (Antoszewski et al. 2020).
BGI can be applied to various geographic areas like urban, rural, river basin, and
functions across jurisdictional boundaries. Strategies such as BGI can increase
resilience across a range of possible future climates while helping to improve
human health, social and economic wellbeing, environmental quality, and
livelihoods (Ghofrani et al. 2017).

While BGI is a relatively new term, the idea and practice are not new. Historically
BGI is closely related to the concept of “green infrastructure” (Ahmed et al. 2019). In
recent years, BGI is increasingly embraced through diverse initiatives globally, for
making long-term and effective solutions for different local challenges (Liao et al.
2017; Baker et al. 2021). The number of BGI projects that have been successfully
carried out and still in progress is comparatively small. But it is expected that this
number will increase in the future. United Nations Environment Programme (UNEP)
together with UN-Habitat (United Nations Human Settlements Programme) is run-
ning a special program called “Sustainable Cities Programme” to make sustainable
cities in Asia (SCP-Asia). The program bases the contributions of urban areas on
society’s social and economic development and helps cities to respond to
sustainability challenges. Singapore launched the Active, Beautiful, Clean (ABC)
Waters Programme indenting to increase the water quality, recreational value, and
physical appearance of waters in Singapore by 2030 (Liao 2019). It aims to integrate
vegetation and water along with local participants to develop community spaces in
and around the water (Finlay 2018). In India, the Future Proofing Indian Cities
program helps the cities to develop action plans to respond to climate challenges and
promote transitioning toward a low carbon economy while addressing poverty and
economic development (Atkins 2014).

6.2 Mapping BGI Using Remote Sensing and GIS

Knowledge about the patterns of land use/land cover (LULC) of an area is important
not only to assess the current status but also to plan future challenges under changing
environmental conditions (Vani and Prasad 2020). Geoinformatics which is the
combination of remote sensing, geographical information systems (GIS), and Global
Positioning Systems (GPS) is an emerging technology to characterize an area
synoptically and to assess the changes in land cover spatially and temporally
(Joseph et al. 2011). In remote sensing, the light reflected from the surface of the
Earth is measured to locate the type of land cover it represents. GIS tools are useful
in spatial analysis, modelling, and visualization (Wang and Xie 2018; Sebastian
et al. 2019). Remote sensing and GIS tools help to estimate the rates, directions, and
patterns of urban sprawling and to map the changes in blue-green infrastructures in
the urban ecosystem.
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6.2.1 Panchromatic and Multispectral Remote Sensing

Panchromatic (PAN) remote sensing produces images in a single-band gray scale
with high spatial resolution. Sensors combine the information from the visible R
(red), G (green), and B (blue) bands to a single band without any wavelength-
specific information (Filchev et al. 2020). PAN data have the potential for accurate
and detailed mapping of the urban vegetation and water, but at the same time, the
amount of information it can hold is limited due to its single-band imaging. The
multispectral (MS) remote sensing systems record energy in the visible and near-
infrared region (NIR) of the EMR spectrum in several separate wavelength ranges at
various spectral resolutions (Govender et al. 2007). Multispectral imagery from
airborne and satellite systems has been used from the early 1960s for water and
land observations (McGwire et al. 2000; Joseph et al. 2009; Krishnaswamy et al.
2014; DeVries et al. 2015; Thayamkottu and Joseph 2018).

WorldView-4 is a multispectral, high-resolution commercial satellite that is
capable of discriminating objects on the Earth’s surface as small as 31 cm in the
PAN band and 1.0 m in MS. IKONOS operated by DigitalGlobe provides 0.82 m
panchromatic and 3.2 m multispectral resolution, while the QuickBird-2 offers
commercial imagery at 0.61 m panchromatic and 2.4 m multispectral resolution.
The SPOT (from French “Satellite pour l’Observation de la Terre”) satellite series
has been supplying high-resolution, wide-area optical imagery since 1986. Table 6.1
shows the various studies conducted using panchromatic and multispectral imageries
in mapping the blue and green infrastructures in different urban ecosystems in the
world. Majorities of these studies are conducted in the developed countries while a
few only in the Asian region. Kanniah and Kang (2014) studied the role of green and
blue infrastructure in reducing the temperature in Iskandar, Malaysia, using Landsat
Thematic Mapper (TM) data. Tuan et al. (2019) assessed the green space, blue space,
and green infrastructure in Can Tho City, Vietnam, using Sentinel-2, Landsat 5, and
Landsat 8 satellites. The result indicated a declining trend in the blue-green
infrastructures of the Can Tho City from 1990 to 2018. Rafiee et al. (2009) assessed
changes in urban green areas of Mashad city using Landsat TM and IRS LISS-III
sensors. Mukherjee et al. (2018) mapped impacts of LULC changes on urban water
security of Kolkata, India. They analyzed the LULC changes between 1980 and
2014 with satellite data from IRS LISS-III, Landsat TM, and Landsat ETM+ and
found that rapid urbanization and population growth are significantly impacting the
water bodies in the city.

6.2.2 Hyperspectral Remote Sensing

Hyperspectral remote sensing acquires images in many narrow and contiguous
bands throughout the visible and near-, mid-, and far-infrared portions of the EMR
spectrum (Govender et al. 2007). Each object on the surface has a unique spectral
reflectance corresponding to the electromagnetic waves interacting with them. The
characteristics of hyperspectral images help to distinguish each object on the Earth’s
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Table 6.1 Major panchromatic and multispectral remote sensing instruments used for blue-green
infrastructure mapping in various urban ecosystems in the world

Satellite

Resolution Data
period ReferenceSpatial Spectral Temporal Radiometric

WorldView-
2

1.84 m
MS0.41 m
PAN

9 bands 1 day 11 bits 2009–
present

Santos et al.
(2016),
Gašparović
et al. (2018),
Furberg et al.
(2020)

QuickBird-
2

2.4 m
MS0.6 m
PAN

5 bands 3 days 11 bits 2001–
2015

Furberg et al.
(2020)

Landsat 7 30 m
MS15 m
PAN60 m
TIR

8 bands 16 days 8 bits 1999–
present

Farrugia et al.
(2013),
Kanniah and
Kang (2014),
Wu et al.
(2019)

Landsat 8 30 m
MS15 m
PAN
100 m TIR

9 bands 16 days 12 bits 2013–
present

Venter et al.
(2020), Di
Leo et al.
(2016), Labib
and Harris
(2018), Yang
et al. (2020)

Sentinel-2 10–60 m 13
bands

5 days 12 bits 2015–
present

Tuan et al.
(2019), Labib
and Harris
(2018),
Vatseva et al.
(2016)

Landsat 5 30 m MS
15 m PAN
120 m TIR

7 bands 16 days 8 bits 1984–
2013

Di Leo et al.
(2016), Tuan
et al. (2019)

SPOT 5 10 m MS
5 m PAN

5 bands 2–3 days 8 bits 2002–
2015

Calderón-
Contreras and
Quiroz-Rosas
(2017)

RapidEye 6.5 m 5 bands 1 day 8 bits 2008–
2020

Gašparović
et al. (2018)

PlanetScope 3.9 m 5 bands 1 day 8 bits 2016–
present

Gašparović
et al. (2018)

LISS-IV 5.8 m 4 bands 5 days 10 bits 2011–
present

ThiLoi et al.
(2015)
Rajesh et al.
(2020)

WorldView-
3

0.31
mPAN
1.24 m
MS3.7 m
SWIR

29
bands

1 day 11 bits 2014–
present

Hartling et al.
(2019)
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surface by extracting the spectral reflectance of that particular object. Hyperspectral
data are used for many applications in water resource management, agriculture, and
environmental monitoring (McGwire et al. 2000). Hyperion (EO-1 platform) was the
first spaceborne hyperspectral satellite launched in 2000 which captures the data
with a 30 m spatial resolution and 400–2500 nm spectral range. It records data in
220 unique spectral channels with a 10 nm bandwidth. HySIS is another
hyperspectral Earth observation satellite system developed by ISRO. It employs a
hyperspectral imager to take images in visible and near-infrared (VNIR) and short-
wave infrared (SWIR) bands (ISRO 2018). The Environmental Mapping and Anal-
ysis Program (EnMAP) is a German hyperspectral satellite mission that aims to
collect the data in the spectral range of 420–2450 nm at 5–12 nm sampling intervals
and a ground sampling distance of 30 m. EnMAP provides high-spectral resolution
observations of biophysical, biochemical, and geochemical variables that suit a wide
range of ecosystem parameters of agriculture, forestry, and inland waters.

Näsi et al. (2018) studied the damages in urban forests by bark beetle at individual
tree level using Fabry-Pérot interferometer (FPI) hyperspectral camera. The study
was conducted in the city of Lahti, in southern Finland. Tree health was evaluated at
the individual level, and they developed a tree health monitoring method for small-
scale areas. Luo et al. (2017) extracted urban surface water using airborne
hyperspectral images in the Lujiazui, the inner city of Shanghai. Pushbroom
Hyperspectral Imaging II (PHI-2) sensor was used to extract the water-covered
areas in the city. Zhang et al. (2020) mapped urban river quality in Zhongshan
City, China, using GaiaSky mini sensor which was attached to a small unmanned
aerial vehicle (UAV). A Self-Adapting Selection of Multiple Artificial Neural
Networks (SSNN) method was used for linking the spectral properties obtained
from the hyperspectral imager to that of water quality parameters measured at the
ground.

6.2.3 Vegetation and Water Indices

The analysis of panchromatic, multispectral, and hyperspectral data heavily relies on
the vegetation and water indices that are applied on the specific spectral bands in the
electromagnetic spectrum. Spectral reflectance from different vegetation types varies
according to plant type, stage of growth, water content, health conditions, nutrient
status, and other intrinsic factors (Liu et al. 2016). Chlorophyll pigment in plant
leaves absorbs most of the red (630–690 nm) region, while near-infrared (NIR)
(760–900 nm) region is strongly reflected. By combining these, it is possible to
differentiate vegetation area from others (Bannari et al. 1995). Normalized Differen-
tial Vegetation Index (NDVI) is the most widely used vegetation index which is
based on the spectral reflectances in the NIR and red regions of the EMR spectrum.
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NDVI ¼ ρnir � ρred
ρnir þ ρred

ð6:1Þ

NDVI value ranges from�1 to +1, positive for vegetated areas due to high visible
light absorption together with high near-infrared reflectance by plants. Other
portions like soil, rock, snow, and clouds show NDVI value near 0, while water
shows a negative value (Neigh et al. 2008) due to its strong absorbance of near-
infrared radiation. NDVI is widely used in estimating the vegetation fraction in
the urban landscapes, and temporal changes in the vegetation cover, and to measure
the relationship between the vegetation cover and land surface temperature (LST) in
the urban landscapes. Table 6.2 summarizes the major studies conducted in the urban
landscapes in Asia using Normalized Differential Vegetation Index (Fig. 6.1).

Water strongly absorbs most of the visible, NIR, and SWIR radiations (Jones and
Vaughan 2010), while absorbance varies with the purity of water. Normalized
Difference Water Index (NDWI) developed by McFeeters is the most fundamental
and widely used index for the identification of water (McFeeters 1996). The index is
calculated by the formula:

NDWI ¼ ρgreen � ρnir
ρgreen þ ρnir

ð6:1Þ

Results of NDWI value vary from �1 to +1, positive water bodies, while areas
with vegetation show negative values. The green band is selected to maximize the
reflectance of water, while the NIR band is selected to minimize the reflectance of
water and to maximize the reflectance of vegetation and soil factors (McFeeters

Table 6.2 NDVI-based assessment of green infrastructure in the urban landscapes in Asia

Source
Satellite
sensor Study region Focus of the study

Yue et al. (2007) Landsat 7 Shanghai,
China

Land surface temperature and NDVI

Sun et al. (2011) MODIS Pan China NDVI-based vegetation cover change

Gorgani et al.
(2013)

Landsat
5 and 7

Mashhad, Iran NDVI and land surface temperature

Shetty and
Somashekar (2014)

QuickBird Bangalore,
India

Vegetation cover assessment using
NDVI

Grover and Singh
(2015)

Landsat 5 Delhi and
Mumbai, India

Urban heat island (UHI) and NDVI

Huang and Ye
(2015)

Landsat 7 Beijing, China Urban vegetation and land surface
temperature

Son et al. (2016) MODIS Seoul, Korea Urban vegetation and heat-related
mortality

Ren et al. (2017) Landsat
TM

Changchun,
China

Vegetation structural attributes and field
measurements

Wong et al. (2019) Sentinel-2 Pearl River
Delta, China

Vegetation fraction for urban climate
model parameterization
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1996). NDWI has been widely used in mapping the surface water bodies in urban
landscapes, to analyze the changes in the extent of water bodies and to link with
other biophysical measurements. Table 6.3 summarizes the major studies conducted
in the urban landscapes in Asia using Normalized Differential Water Index
(Fig. 6.2).

6.2.4 Radar Remote Sensing

Radio detection and ranging (radar) is an active microwave remote sensing with its
electromagnetic energy source to illuminate the terrain (Gandhi and Sarkar 2016).
Active microwave remote sensing offers cloud penetration and day-night imaging
capability. It can also provide data in all weather conditions which can be used for
the analysis of water and vegetation in extreme weather events. A satellite-based
synthetic aperture radar (SAR) scans the Earth’s surface using microwave radiation.
The SAR antenna transmits microwave pulses and receives the backscattered radia-
tion from the surface. The pulse duration and the length of the radar antenna decide
the spatial resolution of the radar images; therefore the longer the antenna, the finer
the resolution. There are several imaging radar systems on spaceborne platforms.
The RADARSAT-2 and RADARSAT Constellation Mission (RCM) are Canada’s

Fig. 6.1 The Normalized Differential Vegetation Index-based time series analysis of green
infrastructure in the Cochin city of Kerala, India. The results show that the area covered under
vegetation in 2000 got fragmented and the extent is reduced by the year 2020 (Source: Francis
2021)
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Table 6.3 NDWI-based assessment of blue infrastructure in the urban landscapes in Asia

Source Satellite sensor Study region Focus of the study

Li et al. (2013) ALI, Landsat
5 and 8

Hubei province,
China

Comparison of NDWI in TM,
ETM+, and ALI products

Gautam et al.
(2015)

Landsat 7 Bangalore, India Surface water mapping using
various water indices

Mukherjee and
Samuel (2016)

Landsat MSS,
TM, and OLI

Chennai, India Temporal variations of surface
water bodies

Yang et al.
(2017a)

ZiYuan-3 Beijing,
Guangzhou, and
Wuhan

Automated extraction of urban
water bodies

Yang et al.
(2017b)

Sentinel-2 Beijing and Yantai Mapping of urban surface water
bodies

Chen et al.
(2018)

ZiYuan-3 and
Gaofeng-2

Beijing, Tianjin,
and Chengdu

Extraction of urban water bodies
using deep learning

Ali et al. (2019) Landsat 8 Makassar,
Indonesia

Mapping surface water using
NDWI and MNDWI

Guha et al.
(2020)

Landsat 8 Raipur, India Seasonal variability between
LST and NDWI

Fig. 6.2 The Normalized Differential Water Index-based time series analysis of blue infrastructure
in the Cochin city of Kerala, India. The results indicated the shrinkage in water bodies across the
city in the last two decades (Source: Francis 2021)
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new generation of Earth observation satellites that produce radar images for geo-
graphical applications in oceanography, agriculture, forestry, hydrology, and geol-
ogy. Sentinel 1 and ALOS PALSAR are two other prominent missions by the
European Union and Japan, respectively. RISAT is microwave platform operated
by the Indian Space Research Organization (ISRO 2012). ISRO is also developing
another microwave system called NISAR (NASA-ISRO SAR Mission) jointly with
the National Aeronautics and Space Administration (NASA) to measure the causes
and consequences of land cover changes. One of the major uses of radar remote
sensing is its capacity to develop terrain models including Digital Elevation Models
(DEM) and Digital Surface Models (DSM). Soergel (2010) explains the use of radar
remote sensing in urban studies. Water bodies reflect low backscatter which
translates into a homogeneous, nearly featureless, and textureless region in the
water-covered area in a SAR image. Treuhaft et al. (1996) explain methods to
extract vegetation and underlying ground surface topography from radar data.
Although radar is a promising tool, its applications in the urban environment are
limited due to its inability to provide high spatial resolution datasets. Also the
number of operational SAR missions is limited to a few or negligible compared to
satellite missions in the optical region of the electromagnetic spectrum. However,
these limitations may be overcome in the future as the investment and technology
develops.

6.2.5 LiDAR

Light detection and ranging (LiDAR), also known as optical radar, is an advanced
active remote sensing technique that uses electromagnetic energy in the optical
range. It is used to detect an object, to measure the distance between the target and
the instrument, and to understand the physical properties of the object by measuring
the interaction of the radiation with the target through interacting phenomena such as
reflection, scattering, absorption, and fluorescence (Fernandez-Diaz et al. 2013).
LiDAR detects the backscattered light from the atmosphere and surfaces and records
the target characteristics from the changes in the received and transmitted signals.
LiDAR remote sensing systems allow researchers and mapping professionals to
study both natural and man-made environments with accuracy and precision
(Meñaca et al. 2015). Geoscience Laser Altimeter System (GLAS) is the first
LiDAR instrument for continuous global observations of the Earth. Although the
primary purpose of GLAS was to assess the mass balance of the polar ice sheets, it
has been widely used for developing ecosystem structure models across the globe.
The Global Ecosystem Dynamics Investigation (GEDI) produces high-resolution
laser ranging observations of the 3D structure of the Earth. The GEDI contributes to
the analysis of ecosystem structure and dynamics fundamental to the carbon cycle.
The ATLAS is another LiDAR instrument launched on September 15, 2018, by
NASA. Other than spaceborne platforms, there are several ground-based and air-
borne platforms which can be used for the blue-green feature extraction in the urban
environment.
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Pyszny et al. (2020) used LiDAR remote sensing data from airborne platforms to
estimate the density of greenery in the city of Gorzów Wielkopolski located in
Poland. Lafortezza and Giannico (2019) studied the structure and spatial arrange-
ment of green spaces in relation to built-up areas and other infrastructures in Bari city
in Italy. They used high-resolution WorldView-2 satellite images and LiDAR point
cloud data, acquired using RIEGL LMSQ680i laser scanner (RiPROCESS, RIEGL
Laser Measurement Systems, Austria), to map the green and built-up areas in the
city. Jonassen et al. (2019) studied urban blue-green factor estimation in Fredrikstad,
Norway, from hyperspectral and LiDAR data fusion. Bartesaghi-Koc et al. (2019)
mapped green infrastructure typologies for climate-related studies in Sydney,
Australia, synergizing the different data products including thermal infrared (TIR),
hyperspectral, LiDAR, and cadastral data. Herrero-Huerta et al. (2018) estimated
tree relevant individual structural parameters of urban trees using a mobile LiDAR
system named Fugro Drive-map system, which has two high-performance Riegl
VQ250 laser scanners and a navigation system. Zhang and Qiu (2012) mapped
individual urban tree species in Texas using airborne hyperspectral and LiDAR data.
AISA Dual hyperspectral sensor along with Lightwave Model 110 whisk-broom
scanning LiDAR system was used to collect fine resolution data. The study also
developed an algorithm for automatically inventorying urban tree forest from
hyperspectral and LiDAR point cloud data.

6.3 Conclusion

Blue-green infrastructures contribute vital functions to the maintenance of ecosys-
tem services in the urban landscapes. Remote sensing and GIS play a significant role
in delineating the blue and green infrastructures in the city, assessing its spatiotem-
poral changes, and surrogate the biophysical environment. A wide range of remote
sensing instruments are available to characterize the water and vegetation in the
urban environment including panchromatic and multispectral, hyperspectral, radar,
and LiDAR. However, extracting the vegetation and water signatures in the urban
environment is quite complex as these land covers are sparsely distributed and
sandwiched in the predominant urban signature. Multi-sensor fusion especially
integration with LiDAR data is being recently developed to overcome such
situations, though they are mostly done in the developed countries. It is important
that these multi-sensor fusion products should be brought and tested in the densely
populated Asian cities to develop high fidelity maps that are able to unveil complex
structures of the water and vegetation in the urban environment.
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Cities and Biodiversity: Hidden Connections
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Abstract

Urbanisation is perhaps the most crucial factor affecting the environment in the
Anthropocene. Not only does urban development directly impact the biotic
elements in the environment by causing changes in land cover and degradation
of natural habitat, it also indirectly affects the living environment by altering
abiotic components such as temperature, rainfall, soil conditions, humidity, etc.
The biodiversity that exists within the contours of built environments emerges
from the complex interactions between anthropogenic actions and the
surrounding environment. While some floral and faunal species gain from
human interventions, others decline in response to human-caused alterations to
the habitat. The evolution of cities, and the biodiversity that they shape, is not
only impacted by the geography and climate of the region, but is also affected by
sociopolitical changes in the human communities that reside within the cities.
Using a historical lens, and the examples of three Asian cities, this chapter
examines how urban biodiversity evolved and was produced in different
ecogeographic zones in the continent at different time periods. Drawing insights
from these different patterns of urban biodiversity, the chapter explores the
multitudinous ways in which cities and biodiversity have interacted over the
years, the changing conceptualisations of urban biodiversity and the many
challenges that face sustainable urban biodiversity.
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Whether one looks at the city morphologically or functionally, one cannot under-
stand its development without taking in its relationship to earlier forms of cohabita-
tion that go back to non-human species. One must remember not only the obvious
homologies of the anthill and the beehive but also the nature of fixed seasonal
habitations in protected sites, like the breeding grounds of many species of birds.—
Lewis Mumford (Mumford 1956). The Natural History of Urbanization.

7.1 Urbanisation and The Evolution of Cities

Urbanisation is a process that shapes the structure, form, nature and function of
cities. Defining this process has been a challenge because the criteria for what is
urban vary across countries (Deuskar 2015). Researchers argue that there is no
uniform or single process or pattern of urbanisation that has evolved over time.
Smith and Lobo (2019) identify that the variation in the “spatial and social forms of
cities, their size, functions, activities, and growth patterns” has made this difficult.
Urbanisation is most often used to describe the transition of people, change in land
use, economic activity and culture from a rural to urban setting (McGranahan and
Satterthwaite 2014). While sociologists define urbanisation on the basis of demo-
graphical characteristics such as density, size and heterogeneity of population,
anthropologists, historians and archaeologists find this limiting and define it with
respect to the relationship of a city with its hinterland (Smith and Lobo 2019).
Biologists, environmental scientists and ecologists define urbanisation from the
perspective of changes in the environment and associated impacts. It is described
as a growing threat to the Earth’s ecosystems causing degradation of biodiversity
and fragmentation of habitats and disturbing ecosystem services (Santangelo et al.
2018).

An urban ecological perspective of cities sees them as “emergent phenomena in
which each component contributes to but does not control the form and behavior of
the whole” (Alberti et al. 2003). Cities are seen as evolving from complex
interactions between “human agents” (e.g. individuals, communities, the state,
commerce) and “biophysical agents” (e.g. local geology, climate and other natural
forces). Diverse development and land use patterns emerging from these interactions
impact the ecosystems in and around the city, both directly and indirectly. Human
health and well-being, in turn, is affected by these changes. More recent research
explores how urbanisation affects species’ evolution stemming from these changes
to the environment (Johnson and Munshi-South 2017). As the Dutch biologist and
ecologist Menno Schilthuizen puts it, “human actions are the world’s single most
influential ecological force,” and the site of a lot of this change appears to be “the
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city’s underbelly where the artificial and the natural meet and engage in ecological
relations” (Schilthuizen 2018).

The phenomenon or rather the process of urbanisation can be traced to Neolithic
times when the ancestor of a city, as described by Lewis Mumford, was a “tendency
toward formal cohabitation and fixed residence” (Mumford 1956) in contrast to the
peripatetic existence of hunters-gatherers in their quest for food and nomadic
pastoralists. Mumford (1956) uses a natural history lens to discuss the history and
evolution of cities. According to this perspective, early cities and urbanisation were
characterised by a symbiotic relationship between human settlements and fertile
agricultural land and pastures to cultivate food as well as rear animals. Urban growth
was primarily along rivers to draw on these aquatic sources for food. Technological
development, changes in transportation and the ability to store and process food,
brought about by changes in access to, control of and transformation of energy
sources, led to a shift from a symbiotic relationship to one of control over environ-
mental resources. Security and protection from potential aggression led to another
dimension of urbanisation: walled cities from as early as seventh to eighth millen-
nium. Walled cities “retained some portion of the land within their walls for gardens
and the harboring of animals for food in case of military siege.”

As cities grew, urbanisation was accompanied by large-scale transformation of
the environment. Paved surfaces and filling of water bodies to increase land avail-
ability changed the hydrology and microclimate of urban areas. There was a shift in
the availability and choice of building materials: manufactured steel, cement, glass
and composites taking over from materials sourced from the immediate local
environment, e.g. stone, mud, wood, reed, bamboo, etc. Urbanisation therefore is
seen as leading to transformation of the relationship of the city with its surroundings
from a symbiotic one to a parasitic one and then to one of control leading to an
intensive takeover of land and water resources of the surrounding areas to form an
urban agglomeration rather than just a city, “the transformation of eopolis into
megalopolis” (Mumford 1956).

As cities are growing, at various rates and in diverse ways across the planet, there
is a sense of urgency to examine, understand and “manage” the process of
urbanisation. There is increased recognition of how planetary processes such as
global warming, biodiversity loss and threats to freshwater resources are inextricably
linked with deepening socio-economic inequalities, threats to freedom, peace and
justice (Steffen et al. 2015; Raworth 2012). This is pushing for a systemic and
cohesive examination of how cities transform the environment, and how they in turn
are transformed by the environment (Kondratyeva et al. 2020; Kowarik et al. 2020;
Santangelo et al. 2018). Against this background, the present chapter attempts to
understand the relationship between cities and biodiversity.
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7.2 Urbanisation and Impacts on Biodiversity

Many studies have documented the varied effects of urbanisation on biodiversity.
Urban development is regarded as one of the biggest threats to biodiversity, as it
brings about fragmentation and loss of natural habitat. Scholars have pointed out
that, unlike other anthropogenic drivers of habitat loss like logging and farming, the
fallouts of urbanisation tend to be more permanent in nature (Stein et al. 2000) and
that the impacts of urbanisation are not only due to the overall area effect but also
because of the sprawl involved, i.e. the scattered and widespread nature of urban
growth (Concepción et al. 2016). Urban expansion has direct and indirect effects on
the ecosystem and biodiversity. Some of the direct impacts include vegetation loss
and/or degradation, modified soil and microclimatic conditions and local extinction
of species inhabiting the original natural habitat. The more indirect impacts are
altered water and nutrient availability, increase in the abundance of non-native
species and changes in herbivory and predation levels (Pickett and Cadenasso
2009). Urbanised regions often witness what is referred to as biotic homogenisation,
wherein local native species are replaced by non-native species, resulting in a rich
but homogenised urban diversity (McKinney 2006). The replacement of native
organisms by non-native species in urbanised areas occurs due to two reasons:
because (i) they are introduced through human activities intentionally or accidentally
and (ii) human settlements offer environmental conditions that favour the establish-
ment of non-native species (McKinney 2006). Novel, human-altered/human-created
habitats often prove disadvantageous for native species, while they provide a
competitive edge for non-native species (Byers 2002).

Organisms vary in their response to urbanisation and the changes it brings about
both in the physical environment (e.g. presence of tall buildings as potential roosting
sites, urban heat island effect, high alkalinity of urban soils) and the biotic environ-
ment (access to anthropogenic food resources, reduction in predation and competi-
tion levels, etc.). While some specialist/sensitive species (variously called
non-synanthropes, avoiders or urbanophobes) show an avoidance response and
disappear from urban habitats, some species (casual synanthropes, adapters, moder-
ately urbanophilics) are able to adapt to urban settlements by utilising some elements
of these habitats and natural resources (Johnston 2001). Yet others (exploiters,
urbanophiles, full synanthropes) exploit the advantages offered by urban habitats
to the extent that their numbers show high densities in urban areas and they become
almost dependent on human food resources (Marzluff 2001). Highly urbanised
ecosystems tend to have some common characteristics such as high human popula-
tion densities, impervious sealed surface areas, built physical infrastructure,
fragmented vegetation patches, soil alkalinity, average ambient temperatures and
light and air pollution (Collins et al. 2000; Pickett et al. 2001), due to which cities in
different regions tend be more similar to each other than to the environments that
surround them (Savard et al. 2000; Clergeau et al. 2001). This homogenisation in the
physical environment is also reflected in the biotic environment; species
assemblages in cities are more similar to each other than to species communities in
their surrounding areas (Clergeau et al. 2001; Blair 2001). Full synanthropes and
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exploiter species such as house mouse (Mus musculus), Norway rat (Rattus
norvegicus), house gecko (Hemidactylus mabouia), house cricket (Acheta
domestica), rock dove (Columba livia), peregrine falcon (Falco peregrinus), house
sparrow (Passer domesticus), barn owl (Tyto alba) and chimney swift (Chaetura
pelagica) attain their greatest densities in highly urbanised habitats, while the
population sizes of casual synanthropes and adapter species like burrowing owl
(Athene cunicularia), dandelion (Taraxacum officinale) and Chinese privet
(Ligustrum sinense) peak in moderately urbanised or suburban environments
(McKinney 2006).

The paradox of urbanisation is that it results in increased local biodiversity but
reduced global biodiversity. This is because regional or local species richness in
urbanised areas is augmented by the introduction of non-native or invasive species
whereas the disappearance of locally endemic species diminishes global biodiversity
(McKinney 2002; Kowarik 2011; Elmqvist et al. 2016). Specialisation in resource
use, mobility and their interaction has been shown to affect species’ adaptation to
urbanisation, although different taxonomic groups varied in their responses
(Concepción et al. 2015). For example, specialist and highly mobile plants increased
in species richness in response to urbanisation, while the species richness of highly
mobile specialist birds and butterflies showed decreases with increasing urbanisation
levels (Concepción et al. 2015). Other studies also attest that animal taxonomic
groups vary widely in their responses to urbanisation. While bird abundances
generally increase in cities, often due to the increase in numbers of non-native
species, bird diversity and richness tend to decrease (Chase and Walsh 2006;
McKinney 2008; Shochat et al. 2010). Similarly arthropod abundance also increases
(or shows no response) to urbanisation, while arthropod richness decreases
(or shows no change) (Faeth et al. 2011). However, much of this data about species
responses to urbanisation is drawn from studies conducted in temperate cities, which
may therefore represent a skewed view of global urban biodiversity patterns. The
few studies conducted in tropical cities show that species richness and abundances
tend to decline in response to urbanisation, while the handful of studies conducted in
cities with arid climates show that species abundances increase while species
richness may increase or decrease due to urbanisation (Faeth et al. 2011). Clearly
there is an urgent need for more studies in cities with different climates to achieve a
more holistic understanding of urban biodiversity patterns and mechanisms.

7.3 Theorising Urbanisation-Biodiversity Interactions

Studies on ecological phenomena in urban environments reflect certain theoretical
transitions in thought that occurred over the years, and it is useful to understand these
conceptual phases to comprehend the current status of research in urban ecology.
The initial set of studies on biodiversity in urban habitat patches compared species
richness between various kinds of urban habitat patches and forest patches to
understand differences between rural and urban ecosystems (Trepl 1995; Walbridge
1997), effect of patch size on species composition and richness (Klausnitzer 1993),
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invasion and extinction in urban ecosystems (Rebele 1994) and scale of variation in
urban landscapes (Spence 1990; Blair and Launer 1997). These studies largely drew
upon classical theories in ecology such as island biogeography theory (MacArthur
and Wilson 1967), metapopulation theory (Hanski and Simberloff 1997) and inter-
mediate disturbance hypothesis (Connell 1978) to use as frameworks to explain the
processes occurring in urban ecosystems (Niemelä 1999). During this phase, envi-
ronmental variables such as microclimatic factors, soil quality, rainfall, temperature
and landscape factors were considered as the primary drivers for processes within
urban ecosystems (Grimm et al. 2000). The second phase of studies in urban ecology
is characterised by the emergence of the concept that human-induced impacts on the
environment are long-standing and extensive and that urban ecosystems cannot be
studied without considering human activities as an important driver for ecosystem
dynamics. Vitousek et al. (1997), for example, state that “most aspects of the
structure and functioning of Earth’s ecosystems cannot be understood without
accounting for the strong, often dominant influence of humanity.” The “constella-
tion” of studies (to use Mugerauer’s (2010) term) in this phase variously acknowl-
edge the role of human influence on ecosystem functioning and call for more
extensive investigations into the way human beings interact with their environment,
due to the inadequacy of classical ecological theory to capture all aspects of these
interactions, and the need for a more integrative socioecological approach to address
the coupling between anthropogenic components and environmental processes in
urban ecosystems (Collins et al. 2000; Grimm et al. 2000; Pickett et al. 2001, 2008).
The most recent phase of studies in urban ecology has pushed forwards the call for a
more integrative socioecological approach in urban ecology to present urban
ecosystems as coupled human-natural systems (CHANS approach—Liu et al.
2007) and focuses on the feedback mechanisms between human social process and
the environment for a better understanding of eco-evolutionary dynamics and
human-wildlife interactions in cities (Strohbach et al. 2014; Alberti et al. 2020;
Des Roches et al. 2021).

While the large body of literature on urban ecology has addressed at length the
role of human influences in driving biodiversity dynamics in urban ecosystems, there
is relatively little work on how animal species may actuate urbanisation-biodiversity
interactions. As described above, urban ecologists recognise that some species adapt
well and even thrive in urban ecosystems, and based on the degree of adaptation
displayed, they categorise such species as full or casual synanthropes (Johnston
2001). Ethologists refer to this phenomenon as synurbanisation and explain it in
terms of the adjustments that animals make to alterations in their natural habitat
(Luniak 2004). In contrast to this view that presents animals as “passive victims of
changes in their habitats” (Radhakrishna and Sengupta 2020), animal studies
scholars suggest that animals are agents in that they “actively engage with the
environment” for improved chances of their survival and reproduction (Spinka and
Wemelsfelder 2011; Špinka 2019). From this perspective, domestication is also
interpreted as resulting from an act of animal agency; some animal species voluntar-
ily moved towards human settlements for food or shelter and began to be utilised by
humans for their domiciliary purposes (Budiansky 1992, 1994; Clutton-Brock
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1994). A similar view of animal agency was proposed by Richard et al. (1989) when
they characterised some Old World monkeys as “weed macaques” to explain their
distributional spread and adaptive success. The authors suggested that these monkey
species’ dependence on human resources should not be seen as a “fall from grace”
brought about by habitat destruction; instead it should be seen as an adaptive strategy
that allows them to flourish near human settlements. “In short, like weed plants,
weed macaques can be construed as human camp followers that may even occupy
some habitats only because human disturbance is present” (Richard et al. 1989).
Although scarce, ethological approaches that admit the notion of animal agency via
observations on animal decision-making lend enormous insights into the dynamics
of human-wildlife interactions in urban areas (Goulart et al. 2010; Beisner et al.
2015; Maibeche et al. 2015).

7.4 Socioecological Interactions in Cities

Geography, ecology, age and geopolitical position are some of the many factors that
have influenced the evolution of cities and urban centres. Among the many
biogeophysical factors that impact urban biodiversity, temporal dynamics is of
particular import. Although well-accepted in the field of ecology, the importance
of a temporal perspective is less acknowledged in studies on cities (Ramalho and
Hobbs 2012). Urban biodiversity is shaped by the age of cities, as species diversity
and abundance occur in response to climatic conditions, fragmentation intensities,
disturbance regimes and the interactions of these various human and ecological
elements. However, the rate of evolution of cities, urban sprawl and governance
policies also crucially determine the continuing existence of biological communities
in urban patches (Helm et al. 2006; Luck et al. 2009; Blaustein 2013). In the
following sections, we examine three Asian cities from different ecoregions, at
different periods of their history, to illustrate the uniqueness and universality that
is involved in urbanisation processes worldwide and the nature of urban biodiversity
generated by these processes. The rationale behind the selection of these particular
cities was their diversity in geography, climate, age and ecology.

7.4.1 Ancient Jerusalem: Biodiversity Shaped by Religion
and Geography

The earliest archaeological evidence of Jerusalem as an urban centre points to
between 4500 and 3500 BCE (Slavik 2001). Present-day Jerusalem is characterised
by the old “walled” city and the more “modern” new city that was built after 1948
(Slavik 2001). The natural systems from which the urban centre of Jerusalem
emerged and grew are defined by mountainous regions with valleys and ridges on
either side of the watershed line between the Mediterranean and the Dead Sea. The
significant difference in precipitation across the city as well as exposure to the sun
shapes the natural landscape of the city. The area around the watershed line forms a
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relatively narrow strip around which the ancient city of Jerusalem developed. This
was a relatively protected area with natural springs serving as a good source of water
for the population. The geology of the area dominated by diverse limestone
formations was conducive for agriculture and yielded the prized building stones
used in the city’s construction (Avnimelech 1966). These geological and hydrologi-
cal factors shape the quality of the soils in the area which in turn influences the
natural biodiversity, as well as what is cultivated and how the latter modifies the
native biodiversity.

Historical political events and ancient Jewish traditions have played a unique role
in shaping the flora of Jerusalem; the biodiversity of the ancient (and the modern)
city is a product of the intersecting forces of geography, geology and religion.
Drawing from literary and archaeological sources, Shemesh (2018) found that
during the Second Temple period between 560 BCE and 70 CE, the natural and
cultivated vegetation within and around the city was strictly regulated by religious
practices. In the inner urban space, “special ecological regulations” permitted only
the growth of roses and cinnamon trees since they were fragrant, enhancing the
religious and spiritual significance of ancient Jerusalem. Agriculture (local crops
included vines, figs, olives and palm trees) was only practised in the hinterland
outside the city, and the uncultivated area outside the city walls supported natural
vegetation characteristic of the region (e.g. trees such as oak, pines, almond and
hawthorns and several shrub and bush species). These species were harvested for
heating, cooking and building and the areas used as grazing grounds for sheep
(Shemesh 2018). Human processes thus influenced the growth, abundance and
diversity of floral and, indirectly, faunal species. The study also showed that this
biodiversity was significantly transformed by the Great Revolt (66–70 CE) when the
Romans uprooted trees, cleared the agricultural land and destroyed the local vegeta-
tion. Cinnamon and acacia trees disappeared from the landscape.

Palynological studies from Jerusalem provide evidence of the role of palace
gardens in influencing the city’s biodiversity between the seventh and fourth
centuries BCE. For instance, Persian rulers during that period imported tree species
into the palace gardens of Ramat Rahel from other parts of their empire. This also led
to introduction of the shrubby citron tree into the region. Other imported trees grown
in the gardens were the cedar, birch and Persian walnut. Native fruit trees and
ornamentals that were grown include the fig, grape, olive, willow, poplar, myrtle
and water lily (Langgut et al. 2013). This study indicates the nature of biodiversity in
Jerusalem during that period and also provides a glimpse into ways by which native
flora was adapted and finally disseminated throughout the world. Creation of water
features such as garden pools brought in aquatic plant diversity. Local and exotic
shrub and tree species, ornamental plants and aquatic plants shaped the biodiversity
of the area.

The building materials used and architectural style also shaped the urban
ecosystems. Jerusalem stone used for construction (various types of limestone,
dolomite and dolomitic limestone) characterises most parts of the old and new
city. This stone was quarried from the surrounding limestone and dolomite hills.
Centuries-old stone walls with their nooks and crannies, reservoirs and rooftops have
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interacted with natural systems in very dense areas and transformed into habitats for
diverse local and migratory fauna and flora. This includes wet habitats, mature trees,
nesting sites, refuge for molluscs, reptiles, insects and mammals. The most notable
example is how the stones of the Western Wall provide close to 88 nesting spaces
housing the migratory common swift nesting communities for over 2500 years
(SPNI 2013). Historically the walls of the old city “constituted the point of encounter
between nature and the city.” But with the development of the new city, these walls
are considered to have fragmented habitats and passage of wildlife and flora (City of
Jerusalem’s Biodiversity Report 2013).

A large part of modern Jerusalem is built on land that was used for agriculture
until the nineteenth century. Vineyards, orchards and olive groves, which
characterised the hinterland of the Second Temple period, are found in private and
public gardens, open spaces around the city as well as monasteries. Rapid and dense
urban development in the new city has displaced natural habitats and agricultural
land, fragmented wildlife habitats leading to reduction in their population and
eliminated several ecological corridors permanently (ICLEI 2017). On the other
hand, a mosaic of new public and private green spaces in the form of orchards,
groves, parks, gardens and agricultural sites have also been created leading to
formation of new habitats in the built environment for diverse floral and faunal
species. Conflicts of the twentieth century have created separation fences leading to
physical fragmentation of the city that impacts ecosystem functions. For example,
the enclosure of habitats of large mammal populations reduces the chances of their
survival. Other human-natural systems interactions that are exerting selection pres-
sure and shaping the city include efforts at mainstreaming biodiversity governance
into urban planning, periodic urban nature infrastructure surveys that provide infor-
mation needed to plan effectively and the active role of citizen groups in conserving
open spaces (City Biodiversity Report 2013).

Human activities that have transformed the Jerusalem landscape for over close to
5000 years include nomadic pastoralism, settled agriculture, traditional orchard and
grove farming, religious traditions, Jerusalem’s place as a pilgrim centre for the
Abrahamic religions, invasions by the Roman and Persian empires, modern agricul-
ture practices, changing patterns of urban planning, several years of conflict and
strong collective actions by citizen groups and civil society to conserve its biodiver-
sity. Varying degrees of selection pressure have been created by grazing, traditional
agriculture, planting forests of select species of trees, construction of roads and other
infrastructure and, more recently, artificial lighting at night (Amichai and Kronfeld-
Schon 2019). The modern city of Jerusalem has been shaped through interactions
with the natural systems over centuries that have altered the hydrology, temperature
and microclimate of the area, created transitions and gradients between the old and
new city and with the hinterland and contributed to the emergence of the current
urban socioecological system.

7 Cities and Biodiversity: Hidden Connections Between the Built Form and Life 149



7.4.2 Modern Bengaluru: Colonial Production of Biodiversity

Bengaluru, a megacity in southern India, is the largest city in the country (741 km2)
and the third most populous (about seven million in 2007) (Sudhira et al. 2007).
Built in 1537 by Kempe Gowda, a chieftain from the Yelahanka Nadu Prabhu
dynasty, as a fortress town, Bengaluru has gone through many transformations in
structure and governance over its history. Captured by British troops led by Lord
Cornwallis in 1791, the city saw the development of a new Civil and Military Station
(the cantonment town) just outside the old city area in 1809. Following India’s
independence in 1947, the two urban settlements were merged into a single urban
centre, and what is now considered the city of Bengaluru, in 1949 (Sudhira et al.
2007; Kamath 2008; Pani et al. 2010).

Bengaluru is often referred to as the Garden City, due to large green spaces within
the city (now fast disappearing) and its many public parks (Nagendra and Gopal
2011). Yet, the history of Bengaluru establishes that this urban biodiversity was to
large extent produced and created by various regimes that built and governed the
city. The British Cantonment was established in 1809 as separate from the old city
(pete), in the plains towards the east, and historical maps from 1791 depict this area
as largely open and semiarid, with intermittent scrub vegetation and a smattering of
tall trees (Nagendra 2016). Narrative accounts from travelers who passed through the
region then describe the area as open, treeless and stark (Buchanan 1807). Over the
next few decades, persistent greening efforts by the administrators of the cantonment
transformed this landscape. Importance was placed on the cultivation of home
gardens, and British sepoys received small parcels of land for cultivation. With a
focus on garnering income from their home gardens, British soldiers tended to grow
fruit-bearing trees, while the officers’ bungalows displayed a profusion of ornamen-
tal trees and plants (Rees 1891; Arthur 1847). In 1865, the picture that emerges of the
cantonment is of considerable greenery in the home gardens and campuses of
educational institutions, but “little or no jungle” outside of these private spaces
(Ellis 1865). The efforts to intensively plant trees in areas “populated by British
officers” continued apace, and a map of Bengaluru in 1885 “depicts trees distributed
widely across the cantonment, and in lesser density across the native pete areas as
well” (Nagendra 2016).

Planted vegetation in the pete and the cantonment subscribed to the differing
aesthetics of the resident populations. According to Nagendra (2016), “while
sacrality and productivity were the lens through which nature seems to have been
viewed in the pete, recreation played a major role in shaping the cantonment’s view
of nature.” For example, while the trees in the old city were largely native fruiting
trees and sacred plants like jackfruit, mangoes, tamarind, coconut and tulsi, most of
the trees planted in the public parks and along roads were exotic trees, chosen for
their large flowering canopies and seasonal blooming (Issar 1998). The Casuarina
tree, introduced primarily as a fuelwood, was grown so extensively that it “visibly
altered the landscape in some parts” (Rice 1878). The wildlife populations in
Bengaluru also reflected the differing biodiversities of the pete and the cantonment.
While the deciduous forests around the old city harboured elephants, tigers, leopards
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and bear, the grasslands around the cantonment abounded in blackbuck populations,
bustards and snipes (Pollock 1894). The landscape of the new cantonment area was
remade not only through the assiduous planting of trees and shrubs but also by the
construction of new reservoirs to meet the needs of the new immigrants and the
draining of existing lakes to accommodate their recreational requirements (Nair
2005; Unnikrishnan and Nagendra 2014; Nagendra 2016). While much of the
wildlife around the city and the cantonment was decimated due to hunting practices
of the colonial era, the ecologically fragile grasslands around the cantonment area
also disappeared over the course of that era, in response to the demands of the built
environment as well as the recently planted exotic and invasive flora. Within the
cantonment, the presence of smaller wildlife and domestic animals like large fruit
bats, snakes, monkeys and cattle prevailed by adapting to the new habitats (Hoole
1844; Arthur 1847).

The legacy of this colonial production of biodiversity makes its presence felt to
this day in contemporary Bengaluru. Over the years since the colonial era, more
lakes have been drained and the lake beds converted to sports stadiums, markets,
golf club, football grounds and bus stations. Small remnant grassland patches on the
outskirts of the city and their fauna are threatened with destruction to make way for a
film city. Amidst these changes, some wildlife like the bonnet monkey, the slender
loris and fruit bats continue to persist in the ever-decreasing green patches within
Bengaluru city. The existing green patches and the fauna and flora within the city are
a reminder of how biodiversity can be created and destroyed due to the constantly
changing goals of urbanisation.

7.4.3 Contemporary Singapore: A Biodiversity Paradox

Singapore, an island city-state in Southeast Asia, is a highly developed nation, with
392 species of birds, over 50% vegetation cover and a score of 80 out of 100 on the
City Biodiversity Index. Contemporary Singapore is often held up as an example of
exemplary urban biodiversity. However, with its high population density (over five
million in total land area of 714 km2), rapid rate of urban development and extensive
loss of forest cover (the city lost more than 99% of its original lowland tropical
rainforest within a century of its founding in 1819), the city appeared as a poor case
prognosis for biodiversity even a few decades ago (Corlett 1992). Singapore’s
remarkable attempts to recover the loss of its native fauna and flora and overcome
the effects of fragmented landscapes within the city not only offer insights into the
resilience of urban biodiversity but also speak of the success of focused governance
efforts. Post-independence in the 1960s, urban ecosystem development was included
as a national developmental goal to promote the nation as a Garden City (Blaustein
2013). The strategies for this were multipronged: (i) 22 nature areas were set up that
sustain about “255 hard coral species, 50 species of intertidal sea anemones, more
than 2000 species of native vascular plants, 57 mammal species, 364 bird species,
301 butterfly species, and over 400 spider species”; (ii) the quality of nature parks
were improved by adding other green patches to them as buffer parks; (iii) diverse
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microhabitats were inserted into nature sites to improve the complexity of the habitat
and attract higher species diversity; (iv) diversified land management techniques
were employed such as avoiding insecticides, reusing leaf litter, changing
concretised canals to naturalised waterways to encourage growth of greenery
along the sides; (v) making incremental additions to green habitat patches to improve
their attractiveness to wildlife; (vi) planning interventions that accommodate urban
developmental goals alongside urban greenery; (vii) designing structural barriers
that maintain distance between people and wildlife yet permit visual access to
biodiverse landscapes; (viii) establishing landscape connectivity measures that per-
mit movement of fauna between fragmented landscapes, such as the tree-top
overpasses, overhead bridges and underpasses below elevated highways; and
(ix) implementing environmental education programmes that increase citizens’
awareness of and value for urban biodiversity (Chan and Toh 2017; Tan 2017; An
et al. 2020; Low 2020; NParks 2020; Jain et al. 2020; Hwang and Jain 2021).

Going forward, Singapore needs to balance the constructed biodiversity, which
dominates the urban landscape, with trying to retain native species and accommo-
dating rapid economic growth. Yu and Makoto (2017) point out that the biodiversity
conservation approaches adopted by Singapore are characterised by manicured
landscapes and green corridors which have been modelled on urban biodiversity
planning in temperate regions. This approach has also changed the relationship of
the people of Singapore with nature. While most of them support nature conserva-
tion, they identify it as manicured landscapes which have a lower conservation
potential as shown from comparative biodiversity surveys (Yu and Makoto 2017).
Any efforts at regenerating native biodiversity needs to consider this aspect. More-
over as tropical biodiversity has very different habitat requirements and adapts
differently from temperate biodiversity, sustaining the constructed biodiversity
may be a challenge as climate uncertainties increase. The historical top-down
approach to urban biodiversity conservation is also raising some challenges for
Singapore’s future conservation efforts due to increasing inequalities and demands
for more democratic governance (Hamel 2020). A more balanced, democratic, less
top-down governance approach is recommended to promote urbanisation that
benefits both human and natural systems.

7.5 The Urbanisation Benefits for Biodiversity

Research and discourse around urban biodiversity interactions is largely focused on
the impacts of pollution on natural systems, effects of invasive species on native
biodiversity, erosion of biodiversity and human-wildlife conflict. It is only more
recently that some studies have begun to highlight other dimensions of human-
nature interactions in urban environments such as understanding the emergence of
novel ecosystems and examining human activity as a driver of evolution (Alberti
et al. 2003; Johnson and Munshi-South 2017) wherein some species “are actually
adapting to habitats that were originally created by humans for humans”
(Schilthuizen 2018). Some researchers like Johnson and Munshi-South (2017)
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consider that “urbanization represents the best and largest-scale unintended evolu-
tion experiment.” Cities and urban areas thus offer opportunities to understand the
nuances of the mechanisms that are driving evolution.

Spotswood et al. (2021) draw upon examples from various locations to illustrate
what they call the “biological deserts fallacy.” As discussed earlier in this chapter
(Sect. 7.2), rather than seeing urbanisation only as destroying native biodiversity, it
is useful to recognise that urban areas can also provide benefits, support various
species and create novel ecosystems. The study identifies five primary categories of
benefits (Fig. 7.1). The examples used illustrate that urban biodiversity interactions
in cities can lead to increase in abundance of some species by making conducive
habitats available; create refuges during periods of food or water stress for animals
living outside the urban areas; provide habitats that serve to release threats from
predators of some species thus promoting greater survival of the latter; provide easy
access to food for some species through vegetable gardens and availability of waste;

Fig. 7.1 Benefits provided by cities to various species (Source: Spotswood et al. 2021)
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serve as stopovers for migratory birds due to presence of urban parks, forested areas
and water features; and support species through diverse and heterogenous habitats
such as rooftops, windows, various kinds of green spaces, empty lots, gardens, water
features, etc. While considering the benefits of cities to species, it is important to
understand that urbanisation-biodiversity interactions are highly species-specific.
The emergent effect on species is context specific: characteristics of the species,
the actions of the urban system and the nature and responses of the surrounding
environment together influence the adaptation of the species to urbanised habitats.
This is important to understand in the context of urban planning and biodiversity
conservation.

Urban conservation biology studies on the impact of urbanisation on native
species of an area provide evidence of cities supporting both biodiversity and people.
For example, Aronson et al. (2014) found that while cities retained most of their
native species, the abundance of the plants reduced by 75% and that of the birds by
92% compared to their pre-urban density. The authors also point out that “retaining
these connections requires sustainable urban planning, conservation and education
focused on each city’s unique natural resources.” Anthropogenic features such as
land cover and city age were found to be greater determinants of the density of
species in the cities studied compared to geography, climate and topography.

The role of human systems as drivers of “microevolutionary change” through
application of selection pressures, particularly in urbanised environments, is well-
documented. However it is only recently that evidence points to significant evolu-
tionary change occurring over a short time scale (Alberti 2015). While evolution was
considered to be too slow a process to study in the context of urbanisation, more and
more evidence is emerging that evolution can be rapid. Studies are reporting
observable evolutionary change even in two generations (Johnson and Munshi-
South 2017). It is also being recognised that urbanisation is a unique anthropogenic
activity and studies on evolutionary processes in non-urban environments are dis-
tinct and may not be relevant for understanding these processes in urban areas. More
recent studies present evidence of urbanisation affecting both adaptive (natural and
sexual selection) and nonadaptive (genetic drift and gene flow) evolutionary pro-
cesses in diverse organisms (microbes, plants, insects, fish, mammals and birds)
(Johnson and Munshi-South 2017; Alberti et al. 2017).

Alberti et al. (2017) report more than 1600 cases of distinct “signatures” of
phenotypic changes across species (animals, plants, fungi and microorganisms).
Based on an analysis of drivers of change, it was found that the changes were higher
and faster in urbanising compared to non-urbanising and natural systems. The study
also found that the strongest drivers were interactions between organisms and
humans or with other organisms brought into the city by humans (Alberti et al.
2017; Schilthuizen 2018). Urban ecologists are also reporting evidence of a conver-
gence of species of soil microbes, plants and animals across cities and natural areas
in various continents: similar species of these organisms playing similar roles are
being reported in various cities (Schilthuizen 2018).

Globalisation and advances in communication technology facilitate rapid spread
between cities of innovations and technology in transportation, infrastructure
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construction, architecture, building materials, urban planning, etc. These provide the
selection pressure for evolutionary changes in species leading to better adaptation by
some to the new conditions and disappearance of others who are not able to adapt.
While, in non-human-dominated ecosystems, evolution is driven by natural drivers,
in cities evolutionary change appears to be driven by human decisions and
interactions. This extract from Menno Schilthuizen’s book Darwin Comes to
Town (2018) summarises the role of human-natural systems interactions in
cities well:

We build cities full of novel structures made of glass and steel. We irrigate, pollute, and dam
waterways; mow, spray, and fertilize fields. We pump greenhouse gases into the air that
alter the climate; we release non-native plants and animals, and harvest fish, game, and
trees for our food and other needs. Every non-human life form on earth will come across
humans, either directly or indirectly. And, mostly, such encounters are not inconsequential
for the organism in question. . .So what does nature do when it meets challenges and
opportunities? It evolves. If at all possible, it changes and adapts. The greater the pressure,
the faster and more pervasive it does so.

7.6 Sustainable Urban Biodiversity and Its Challenges

Urbanisation has been with us since Neolithic times, but what is new is the scale, rate
and intensity of the process. As centres of economic growth, cities and urban areas
are becoming more and more powerful drivers of environmental change. Urban
processes of the present and future and urban living are being seen as “shaping
planetary dynamics” (UN Habitat 2020). Asian and African cities are projected to be
at the epicentre of urban growth. Studies report that 96% of urban growth is
projected to take place in Asia and Africa with the level of urbanisation in Asia set
to increase from 37.5% in 2000 to 59.2% in 2035. At a country level, India, China
and Nigeria are projected to account for 35% of the increase in global urban
population by 2035 (UN Habitat 2020).

Asia has cities at various stages of urbanisation. While Singapore, Seoul, most
cities in Japan and larger cities in China are witnessing a slowing of population
growth, smaller cities in China and cities in other Asian countries including India are
exploding with increasing in-migration from rural areas. Comparisons of today’s
Asian cities with cities of the Global North note that they exhibit much higher
densities. This is attributed to geographical constraints (e.g. Tokyo, Hong Kong
and Mumbai), rates of infrastructure development not being proportionate to rate of
spatial expansion and population growth. Some of the main challenges that emerge
from this include affordable housing, increased densification of cities, rising water
and sanitation needs, solid waste management, transportation and, underpinning all
this, high energy demands which are predominantly met by fossil fuels (Yue-man
2011; UNESCAP 2013). Other features characteristic of modern Asian cities are
incentives for economic growth through creation of special economic zones, indus-
trial corridors where infrastructure is provided and labour and environmental
regulations are relaxed. This results in a spillover into pressure on land and water

7 Cities and Biodiversity: Hidden Connections Between the Built Form and Life 155



resources which transcends the administrative boundaries of cities and has regional
impacts. Apart from cities drawing on resources from their immediate surroundings,
studies report that multiple urban areas may also depend on the same regions for
their resource requirements. This has implications for urban planning which needs to
go beyond city to regional planning taking cognisance of the finitude of resources
and limits of planetary boundaries (Seitzinger et al. 2012).

It is projected that by 2025 half the world’s expansion in urban land will occur
in Asia, primarily in largely rural countries. Studies on impact of urbanisation in
41 tropical countries document significant increase in pressure on resources in rural
areas as a result of rise in deforestation accompanying changes in land use and land
cover (Hughes 2017). Resource extraction, waste disposal and changes in land use
and land cover from and in these surrounding areas can lead to fragmentation,
erosion and loss of habitats of living species in these areas (ADB 2014). As
discussed in Sect. 7.4 and 7.5 the urbanisation-biodiversity relationships and
interactions are complex and multidimensional. The interactions lead to
transformations both within and beyond the city. In some cases, as discussed earlier,
cities see a rise in species richness and abundance of non-native species including
habitats conducive for species considered invasive. At the same time, it has potential
impacts on species dispersal as a result of habitat fragmentation. In this context an
important distinction is made by Güneralp and Seto (2013): impact on biodiversity is
determined not just by size of urban areas but also by the spatial configuration and
heterogeneity in urban land use. As demand for land increases, it is accompanied by
deforestation with implications for biodiversity loss, release of greenhouse gases,
changes in rainfall patterns and effect on ground and surface water resources.
Urbanisation is also accompanied by contamination of water bodies by wastes
from cities, providing conditions for thriving of potentially invasive species. Com-
pared to cities of the Global North, a large part of the urban areas in Asia, particularly
South and Southeast Asia, fall within biodiversity hotspots. This not only drives a
direct loss in biodiversity in areas where land use and land cover undergoes changes,
but it also potentially impacts biodiversity in surrounding areas and in the region as a
whole.

Emphasis on the need for urban planning that integrates biodiversity conservation
and regeneration is widely being called for by civil society, citizen groups, the
scientific community, UN agencies and international NGOs such as ICLEI—Local
Governments for Sustainability as well as UN agencies (UN 2019; ICLEI).
Exemplars of these are presented from Asian cities considered as well-planned and
managed (e.g. Singapore, Seoul), in the form of creating new green spaces, mainte-
nance and regeneration of existing urban green spaces, promoting food forests, home
and kitchen gardens, living roofs, etc. While they enhance urban biodiversity and
cause evapotranspiration-based cooling of the urban heat islands, they can be a
serious challenge in cities where density of population is increasing and there are
serious spatial constraints on land. Mega coastal cities like Mumbai, Dhaka,
Singapore and others are particularly vulnerable in this regard. Projected sea-level
rise, effects of intense monsoons and unpredictable extreme weather events add to
the challenges of these cities (UN Habitat 2012).
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A number of approaches and solutions are being proposed to find ways to
integrate ecological principles into urban planning, e.g. nature-based solutions in
some cities in China, Vietnam, Laos and India (Lechner et al. 2020; ICLEI) and
maintaining provision of ecosystem services within cities (Hughes 2017). In Kochi,
Panjim and Mangaluru which are non-metro cities in India, projects are underway
with a focus on improving ecosystem services through urban forestry and wetland
restoration efforts and mainstreaming biodiversity conservation in urban policy and
planning (ICLEI—INTERACT-Bio). Some critics argue that most of the urban
planning and management in Asian cities is top-down, and does not recognise or
accommodate ground realities -, “way of life” of most people and communities in the
city and the unique identity of each city; an identity built by historical, cultural and
ecological diversity. The technology focus and requirements of many of these plans
are complex and cost intensive which deepens the inequalities in most Asian cities.
Lack of adequate public consultation of the plans makes them incompatible with the
culture, values and priorities of local communities (UN Habitat 2012).

The future of urbanisation in Asian cities has significant implications for biodi-
versity regeneration and sustainability. Urban planning, approaches to land use,
architectural styles and construction practices will all need to be aligned to the
geography, climate and deeply unequal socio-economic-ecological realities of each
city and region. A democratic, participatory and bottom-up approach to planning is
almost an imperative to ensure that these realities are incorporated in the planning
and actions in these urban areas. Above all, there cannot be a uniform “model” of
addressing urban biodiversity interactions. It has to emerge from the sociocultural
and ecological understanding of the place.

Building socioecological resilience of the linked human-natural system in urban
centres for a climate-uncertain future needs adaptive capacity. In thinking and
planning for the future of human-natural systems and their resilience, two points
merit particular consideration—some of the changes that human systems are creating
in this process of urbanisation are irreversible and, the adaptations by life on Earth to
this “selection pressure” and its impact for the future of life on the planet.
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Assessing Ecological Risks of Urban Air
and Water Environment to Analyse
the Scenarios for Mainstreaming
Nature-Based Solutions: A Case Study
of Bengaluru City, India
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Abstract

Urban ecological risks are intricately linked to several environmental and anthro-
pogenic factors which need closer attention to these relationships at local scales.
Among factors enhancing the impacts of urbanisation, land use changes and land
management frameworks, the management of the urban air quality as well as the
availability of blue-green infrastructure to alleviate these risks are not well
connected with each other despite their synergistic effects over the environmental
and public health of urban centres as reported by several studies. Hence, quantifi-
cation of the ecological risks as well as derivation of nature-based solutions as
effective strategies facilitating the urban sustainability needs to be examined in
detail at different spatio-temporal scales to derive the appropriate strategies and
policy formulations to decrease the risks. The present study takes the case of
Bengaluru city to assess and quantify the ward-wise and overall ecological risks
associated with the reduction in green cover, conversion of permeable land into
concreted surface as well as the increase in particulate matter in the air. Differen-
tial scenarios with respect to the combination of three factors, ratios of the extents
of green-to-blue areas, percentage impervious surface area and air quality index,
were studied to identify those causing summative reduction in the ecological risks
for the city. The use of nature-based solutions in managing the risks is examined
from the perspective of mainstreaming them in land management practices for
urban areas such as the Bengaluru urban area.
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8.1 Introduction

Human activities have significant impact on ecosystem health all around the world
and contribute to the ecological risks, due to the intricate links with different
socioeconomic practices of a given region. Predominantly, anthropogenic activities
contribute to ecological risks in urban ecosystems, including the risks posed to the
biological, air, water and land environments over different scales of the impacts to
the biotic and abiotic components (Tang et al. 2018) as well as the biodiversity.
Urban biodiversity, as urban units, refers to the diversity of life which includes
ecosystem, animals and their genes. While these ‘green spaces’ play vital role in
cooling the cities and provide space for physical activities, for social interaction and
also for recreation purpose, their roles as nature-based solutions (NbS) in the
reduction of pollution and ecological risks are noteworthy. For example, trees
produce oxygen and help to filter out harmful air pollutants including airborne
particulates. Biodiversity of flora and fauna is viewed from standpoint of its under-
lying asset, regardless of their direct or indirect benefits to mankind (Swartjes et al.
2011), and has also been explored as agents alleviating urban ecological risks due to
their presence in the buffer regions of the cities. Most often, complicated resource
usage scenarios and decrease in the carrying capacities of the natural environments
in the urban areas lead to drastic amplification of the ecological risks over the short
term as well as the long-terms. Notably, structural and functional changes to the
ecological units, such as parks, fields, natural meadows and wetlands, due to the
accelerated pace of urbanisation can drastically reduce their ecosystem services
while inducing risks (Pickett et al. 1989; Jax 2006). However, identification, assess-
ment and management of the urban ecological risks have a lot of scope for improve-
ment (e.g. Tang et al. 2018) owing to the local-specific definitions of the nature and
the manifestations of the changes (e.g. Zhao et al. 2000; Power and McCarty 2002;
Wu et al. 2004; Deng et al. 2011, etc.).

For example, ecological risks posed by urban floods to developing urban centres
vary from those posed for the developed ones (Balica et al. 2009). Further, cities may
be flooded predominantly due to natural changes such as acute or chronic changes to
the precipitation levels and patterns or due to anthropogenically induced land use
changes to areas covered by flood plains (Jha et al. 2012). This also results in land
degradation due to soil erosion, further decreasing the yield capacity of the soil.
However, the risks posed vary based on the land use and management policies
prevailing at the respective urban centres (De et al. 2013). Such changes impact both
the land and the water ecosystems of the urban centres to a large extent. Similarly,
the occurrence of spontaneous fire in urban areas may be attributed to different
reasons—natural disasters or anthropogenic activities such as waste fires from
landfill and recycling centres (e.g. Ibrahim 2020). Large amount of heat flux and

164 S. Varshini et al.



heatwaves can cause serious fires over the buildings and/or green cover region of the
city (e.g. Davao City; Villa and Ceballos 2021), alongside the accelerated increase in
the land surface temperatures in response to reduction in the soil permeability and
moisture (Ahmed et al. 2013). These events, if single or in series over a temporal
scale, can compound the ecological risks over the urban areas. The ecological risks
are connected with severe pollution levels which are reflected on the public health
problems, resulting in respiratory illness, bronchitis, asthma, cancer and other
serious health issues. These connections are often ignored in urban policymaking
leading to huge economic and social losses (e.g. Corburn 2004). In the present times
and warming world, there is a growing need to find innovative solutions to solve the
urban challenges because of rampant urbanisation and climate change (Sarabi et al.
2020). Nature-based solutions (NbS) have the much required potential to offer
support for sustainability and resilience building for advancing the urban planning
approach and finding solutions to complex and emerging global urban challenges
(Frantzeskaki et al. 2019). NbS can conserve, sustainably manage as well as help in
restoring the natural as well as man-made ecosystems (Oral et al. 2020). NbS
requires multidisciplinary-integrated approach to solve societal and environmental
challenges especially disaster risk reduction and climate change adaptations (Cohen-
Shacham et al. 2019). While solving societal and environmental issues, NbS are sure
sort approach to secure human well-being and provide many additional co-benefits,
viz. improving water quality, conservation of biodiversity, social co-benefits, ther-
mal stability and cooling by improving microclimate that helps in reduction of
energy consumption (Dhyani et al. 2018, 2019, 2020, 2021). There are evidences
that urban planning can be relevant area to support mainstreaming of NbS and
address trade-offs. NbS has been clearly observed being mainstreamed in circular
cities to make them self-regenerative and more resourceful (Oral et al. 2020). NbS
inclusive urban planning can also help in conflict resolution and addressing the need
of environmental and social justice (Bush and Doyon 2019). Despite being increas-
ingly at the centre of discussion for mitigating urban heatwaves and flooding, there
has been really slow, inconsistent as well as very limited implementation and
mainstreaming of NbS in urban planning and disaster risk reduction approaches
(Croeser et al. 2021). There is a growing need and international consensus on that
urban planners, policymakers, practitioners and scientists to understand, acknowl-
edge and recognise the synergies as well as trade-offs that are linked with NbS and to
enable NbS for its larger benefits (Seddon et al. 2021). It is crucial that NbS to be
implemented in urban areas is guided by customised or place-specific solutions and
are evidence based to facilitate replication and upscaling of NbS, and the integration
of NbS efforts follows the principles of social and environmental justice and
transdisciplinarity (Albert et al. 2021).

The above discussion illustrates the need to integrate the ecological risks due to
land use modification, air quality degradation and loss of green and blue spaces and
derive the optimal strategies to adopt NbS in the long term to provide impetus for
urban sustainable development. The present study is an attempt in this direction and
provides a basis for a more formal discussion of quantification of the place-specific
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risks as well as to plan the appropriate place-specific and customised NbS strategies
using the case study of Bengaluru, India.

8.2 Study Area

The Bengaluru Urban district occupies about 2196 km2 and is located between
12� 500 000 N to 13� 200 000 N and 77� 100 000 E to 77� 500 000 E (Fig. 8.1). In the
past, Bengaluru was popularly known as ‘Pensioner’s paradise’ because of quaint
cottages and pretty bungalows surrounded by lovely gardens, which attest to its long
association with nature-based living. It has also known with many other names such
as ‘Gandu Bhoomi (i.e. Land of Heroes)’ and ‘Bendakaaluru (i.e. Land of boiled
beans)’ which popularly indicate, recognise and celebrate local scale practices that
gave rise to the multi-cultural city with affinity for environmentalism. Historical
documents have referred to the construction of a large number of lakes by its rulers,
thus giving Bengaluru the name ‘Land of Lakes’, and during the same period, a large
number of parks were created like Lalbagh, Cubbon Park, etc., thus getting the name
as ‘Garden City’. However, Bengaluru has experienced the sudden urbanisation
from the past few decades due to unprecedented scales of development activities
focussed more on the economic development in the area, leading to the pressures on
the air and water environments.

Fig. 8.1 Study area, the Bengaluru urban region showing the locations of sites where air quality is
monitored and the various land use categories in existence

166 S. Varshini et al.



With increase in the developmental activities, there are some factors which affect
the ecology of the city. Bengaluru city ranks the sixth among the ten cities globally in
terms of the traffic congestion and volume contributing to pollution (The Times of
India Report, January 2020) which led to increase in impervious layers throughout
the cities. This is due to rapid urbanisation and migration of people from rural to
urban areas leading to urban sprawl. Due to increase migration, the city faces major
problems like decrease in the green spaces, depletion in ground water level, increase
in energy consumption and increase in traffic congestion and pollution levels. The
population has also increased about 154.5% in past two decades. Increase in
livelihoods of urban people with better life standards, good educational opportunities
and business prospects has spurred large-scale migration from the sub-urban and
rural areas into the city. However, a shift from agricultural to residential and
commercial land uses has been detrimental (Verma et al. 2017). These factors
have led to the drastic increase in the concentrated population leading to the pressure
on infrastructure development and natural resources, thus causing serious challenges
such as climatic change; ecological change; traffic congestion; lack of amenities
such as electricity, water and sanitation; and increase in greenhouse gas emission.
This has contributed to the increase in the ecological risks for urban Bengaluru,
compounded by air pollution.

As per the 2019 reports, Bengaluru is the most traffic congested city in India
where drivers spend around 71% extra time on roads which is equivalent to wasting
10 days and 3 h on road every year creating more vehicular pollution (Zhou et al.
2014). The city is also experiencing different levels of pollution with areas having
high level of pollutants. A study by IISc in 2016 shows Bangalore holds second
position in emission of nitrogen oxides after Chennai. Agriculture, ammonium-
based fertiliser application and animal husbandry are the sources of emission of
ammonia to the air by chemical transformations. These gaseous pollutants also
influence in formation of particulate matter and degradation in visibility. Hence
predominantly the anthropogenic factors related to urbanisation such as changes in
land use as well as the traffic sources for air pollutants indicate the significant
contributions to ecological risks, which have not been investigated for their syner-
gistic contributions.

The present investigation provides analyses of the ward-wise contributions to the
total ecological risks for the city as well as the spatio-temporal variations between
the years 2001, 2010 and 2019. The study combines the reported levels of emissions
from limited air quality monitoring stations for the entire city with the changes to the
land use using new indices proposed in the current study to determine the effects of
the spatial variability of the impacts of land use on the differences in the risks at
different parts of the city using geospatial analyses (e.g. by spatial interpolation
techniques like inverse distance weighting, IDW; Chinnaswamy et al. 2016). These
procedures are detailed in the subsequent sections.
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8.3 Methodology

8.3.1 Derivation of LULC and NDVI

The land use changes were derived using satellite images of Landsat 4–5 TM for the
years 2001 and 2010. Using the pixels of the satellite data to obtain the digital
number values, the latter were converted into reflectance using the given formula:

Reflectance ¼ Mρ � Qcal þ Aρð Þ= sin γSE ð8:1Þ
where

Mρ ¼ REFLECTANCE_MULT_BAND
Qcal ¼ Quantised and calibrated pixel values
Aρ ¼ REFLECTANCE_ADD_BAND
γSE ¼ SUN_ELEVATION

All these are obtained from Metadata file.
For the year 2019, data from the satellite Sentinel was considered which required

no conversion. Later the layer stacking of the image was performed. LULC analysis
refers to the categorisation of natural environment along with human activities on the
land surface of a particular time frame based on statistical and scientific methods of
analysis. Here the supervised classification using maximum likelihood parameter
was carried out. Five land use land cover classes were considered, and accordingly
the spectral signatures were created. Normalised Difference Vegetation Index
(NDVI) analysis was performed to measure the state of health of plant based on
how the plants reflect the light at a certain frequency. The value of NDVI lies
between �1 and 1. The formula used to calculate NDVI is provided in Eq. (8.2).

NDVI ¼ NIR� Red
NIRþ Red

ð8:2Þ

where

NIR is reflection in near-infrared spectrum.
Red is reflection in red spectrum.

For Landsat 4–5 TM satellite, data band 4 corresponding to the NIR band and
band 3 corresponding to Red band were used for the analyses. In the case of Landsat
8 OLI satellite data, band 5 corresponding to NIR band and band 4 of Red band were
used. In the case of Sentinel 2A satellite data, band 8 which is the NIR band and band
4 corresponding to the Red band were used for the purpose of mapping. The steps
followed for analyses of LULC and NDVI are illustrated in Fig. 8.2.
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8.3.2 Derivation of Urban Expansion Index, ERI, GBR, BBA and ISA

Using the fishnet tool, the grid size of 5 � 5 km is created for the Bengaluru urban
district. The lat-long values are obtained from the attribute table and are exported to
the MS Excel. By using split tool, split each grids and overlay on LULC created and
clip it. Then the area of each class of the grid is calculated. Once all the areas are
calculated, urban expansion index, ecological risk index, green-to-blue ratio, blue by
built-up area and impervious surface area are calculated for each grid. The centroid
point of each grid is calculated, and inverse distance weighting interpolation is
carried out for the study area. Finally, mapping is done for the same.

8.3.2.1 Urban Expansion Index
The urban expansion index represents the rate of growth of urban area. High value of
the index represents the rapid growth of urban area, whereas low rate represents the
slow growth of the urban area. This can be calculated using the formula provided in
Eq. (8.3).

Ive ¼ ΔU � 100
TLA � Δt ð8:3Þ

where

Sentinel 

(2019)

Landsat 4 - 5

(2001 & 
2010)

Band

values to 

Layer stack 

LULC NDVI

imagery  TM imagery

Conversion 
(Digital 

the images

analysis

Fig. 8.2 Methodology
followed for LULC and NDVI
analyses
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Ive is urban expansion index.
ΔU is urban expansion during certain period.
TLA is total research area.
Δt is time span of certain period considered.

8.3.2.2 Ecological Risk Index
The ecological risk index is used to understand the comprehensive spatial difference
in ecological risk on a particular land type. This can be obtained by the formula
shown in Eq. (8.4):

ERI ¼
XN

i¼1

Ai

A
� wi

� �
ð8:4Þ

where

ERI is ecological risk index.
i is the land type considered.
Ai is area of land type i.
A is total area of research.
wi is weightage assigned to each land type is calculated using AHP method.

For built-up land, weightage assigned was 0.472. In the case of vegetation and
water bodies, the weightages assigned were 0.033 and 0.063, respectively. In the
case of barren land and fallow up land, the weightage assigned was 0.216.

8.3.2.3 Green-to-Blue Ratio
The green-to-blue ratio is a qualitative estimate of vegetation cover over the
waterbodies. The estimation can be done using the formula as shown in Eq. (8.5):

GBR ¼
XG

B
ð8:5Þ

where

GBR is green-to-blue ratio.
G is sum of areas of the vegetation cover.
B is sum of areas of the waterbodies.

8.3.2.4 Blue to Built-up Area
The blue to built-up area is the ratio of waterbodies to built-up. This is calculated
using the Eq. (8.6) as follows:

BBA ¼
X B

C
ð8:6Þ

where
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BBA is blue to built-up area.
B is sum of areas of the waterbodies.
C is sum of areas of the built-up.

8.3.2.5 Percentage Impervious Surface Area
Impervious surface area is the percentage of impervious spaces in the area. It is
estimated using Eq. (8.7) as follows:

ISA ¼ ΣCP
Gþ Cð Þ � 100 ð8:7Þ

where

ISA is percentage of impervious surface area.
C is sum of areas of the built-up.
G is sum of areas of the vegetation cover.

The overall procedure followed is summarised in Fig. 8.3.

Create fishnet 

5km X 5km

Obtain lat-long

Excel

Split each 

fishnet  

Overlay 

fishnet grid

Clip each LULC 

Calculate 

index 

Calculate 

risk factor

Calculate 
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built-up 
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Calculate 

surface area

grid of size 
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each grid & 
export to MS 
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save values in MS 
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urban
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Fig. 8.3 Methodology followed for derivation of urban expansion index, ecological risk index,
green-to-blue ratio, blue to built-up ratio and percentage impervious surface area
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8.3.2.6 Methodology for Generating Air Pollution Maps Using
Ground-Based Data

For studying the changes in the cumulative Air Quality Index (AQI), 2019 data were
considered. The methodology followed for generating air pollution maps using
ground-based data is shown in Fig. 8.4.

Interpolation using inverse distance weighting (Eq. 8.8) was carried out to create
new data points within a distinct set of known data points to estimate unknown
values by providing search distance, nearest points, power settings and barriers
within a GIS environment.

ZP ¼
Pn

i¼1
Zi
di

� �

Pn
i¼1 1 dið Þ ð8:8Þ

where

Zp is value of unknown point.
Zi is value of known point.

Fig. 8.4 Methodology for 3 years air pollution trend analysis using Karnataka State Pollution
Control Board Data
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di is distance of known point.
n is user picked exponent.

Overlay analyses by overlaying individual air pollutants such as nitrogen dioxide
(NO2) over Air Quality Index (AQI) and particulate matters (PM2.5 as well as PM10)
over Air Quality Index (AQI) were performed as shown in Eqs. 8.9, 8.10, 8.11 and
8.12 by the addition of interpolated digital numbers (DN) of NO2, PM2.5, PM10 and
ERI with and AQI in raster calculator.

NO2 over AQI ¼ DN values of NO2 þ DN values of AQI ð8:9Þ
PM2:5 over AQI ¼ DN values of PM2:5 þ DN values of AQI ð8:10Þ
PM10 over AQI ¼ DN values of PM10 þ DN values of AQI ð8:11Þ

ERI over AQI ¼ DN values of ERIþ DN values of AQI ð8:12Þ

8.3.3 Derivation of NbS Scenarios

Based on the values of the AQI, ERI, BBA, GBR and ISA reported in the earlier
sections, the scenarios of low and high ERI and AQI based on the changes to ground-
based indices were performed. Using the assessment of AQI, ERI, BBA, GBR and
ISA in 5 � 5 km grid analysis over the Bangalore city, the above-mentioned four
major criteria have been identified to represent the NbS scenarios of the city. The
values of the indices, i.e. the centroid mean values from spatial interpolation for each
of the 5 � 5 km grids derived, were normalised to a value between 0 and 5 and
classified into six major classes: negligible (n), very low (l), low (l), moderate (m),
high (h) and very high (vh). Scores ranging between 0 and 5 (n ¼ 0; vl ¼ 1, l ¼ 2,
m¼ 3, h¼ 4, vh¼ 5) were allotted based on the ranges of the values obtained as per
the classes to the ERI as well as AQI, BBA, GBR and ISA as shown in the following
Table 8.1.

Summation of the scores of the yielded final scores based on four NbS scenarios
which are as follows with respect to different combinations for each of the 5 � 5 km
grids:

1. Scenarios causing major decrease in final score.
2. Scenarios causing major increase in final score.
3. Scenarios causing moderate decrease in final score.
4. Scenarios causing moderate increase in final score.

The scenarios were further analysed for suggesting appropriate NbS methods to
be adopted.
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8.4 Results and Discussion

8.4.1 LULC Analysis

The land use/land cover maps are obtained by the supervised classification (Level 1;
Patra et al. 2018) as per Space-Based Information Support for Decentralised
Planning at Panchayat level (SIS DP). The spatio-temporal distribution of these
classes for the area of Bengaluru urban district is obtained for the years 2001, 2010
and 2019. The images are shown in Fig. 8.5a–c, and the trend in changes of land use
land cover classes is shown in Fig. 8.5d.

The LULC analysis maps and the graph show that the urban area has been
increasing continuously from 2001 to 2019. It is found that about 15.3%
(i.e. 334.61 km2) of urban area increased from 2001 to 2010 and subsequently
8.3% (i.e. 180.44 km2) of urban area increased from 2010 to 2019, whereas the
barren land has been decreasing continuously from 2001 to 2019. It is found that
about 12.1% (i.e. 265.63 km2) of barren land decreased from 2001 to 2019, and
further from 2010 to 2019, 17% (i.e. 373.24 km2) of the barren land has decreased.
Thus, it is observed that that city is experiencing large amount of urbanisation and
the spread of urban area is taking place from the core of the city towards the
Bengaluru north, south and east part to a major extent. And towards Anekal region,
the less extent of urban expansion has taken place.

The overall accuracy of the LULC map for 2001, 2010 and 2019 is 88.24%,
80.00% and 80.00%, respectively. It is calculated by using the class values of created
random points and then assigning the values to the reference using Google Earth
(substitute of ground truthing).

8.4.2 NDVI Analysis

The NDVI images are obtained by processing the satellite data using ERDAS
IMAGINE 2014. The spatial distribution of plant growth and its health are studied
here. For the same, the NDVI images are obtained for the year 2001, 2010 and 2019
and are shown in Fig. 8.6a–c, while the changes in trends of NDVI are represented in
Fig. 8.6d.

In the NDVI maps, higher value represents the good quality of vegetation, and
other lower values represent the barren land and other built-up area. From the graph
it is observed that the NDVI value has decreased from 2001 to 2010, whereas it has
increased from 2010 to 2019. This trend in NDVI can also be justified from LULC
maps where vegetation has decreased from 2001 to 2010 and increased from 2010
to 2019.

The reasons for this change in trend could be as follows:

• The decrease in NDVI values from 2001 to 2010 may be due to urbanisation and
cutting of trees and utilisation of other agricultural/barren land.
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• The increase in NDVI values from 2010 to 2019 may be attributed to the growth
of vegetation and subsequent greenery in the layouts/IT parks.

• Nowadays the awareness about the importance of greenery among the people is
improving. So, there are social campaigns, and NGOs are coming forwards to
save the greenery.

Fig. 8.5 Land-Use Land-Cover (LULC) classification for the years (a) 2001, (b) 2010, (c) 2019 for
different parts of Bengaluru city and (d) illustration of the percentages of the LULC classes
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8.4.3 Urbanisation Expansion Index

The rate of growth of urban area can be quantified using the urban expansion index.
To understand this, the urban expansion index for each grid considered is shown in

Fig. 8.6 Normalised Difference Vegetation Index (NDVI) changes for vegetation for the years
(a) 2001, (b) 2010, (c) 2019 and (d) illustrates the graph of NDVI for different parts of Bengaluru city
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Fig. 8.7. For the same considered grids, the urban expansion index is calculated and
plotted as shown in Fig. 8.8. The overall urban expansion index is then calculated as
shown in Table 8.2.
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Fig. 8.7 The urban expansion rate for 2001–2010 and 2010–2019
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Fig. 8.8 Urban expansion index

Table 8.2 Urban expansion index

Different
period

Extension area in
km2

Annual expansion area (km2/
year)

Urbanisation expansion
index

2001–2010 334.61 33.461 1.526130904

2010–2019 180.44 18.044 0.822973194
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The rapid expansion of urban area has taken place from the year 2001 to 2010 as
compared to 2010 to 2019. The reason for the sudden development of the city may
be due to the development in IT sectors, transportation, job opportunities or
resources.

8.4.4 GBR, BBA Ratios and ISA

The blue to built-up area and green-to-blue ratio area are calculated for each grid and
then interpolated using IDW technique as shown in Fig. 8.9.

The blue to built-up areas have constantly decreased from 2000 to 2019. The
change in pattern of blue to built-up areas shows that the built-up have increased
drastically over the period of 2001 to 2019. The green-to-blue ratio areas have
decreased a bit from 2001 to 2010 and then had a large increase from 2010 to
2019. This shows that green areas have decreased from 2000 to 2010 and then
increased from 2010 to 2019. The LULC and NDVI analyses justify the trend of
green-to-blue ratio areas. The impervious surface area and ecological risk index are
calculated for each grid, and interpolation is done using IDW. They are shown in
Fig. 8.10a. The overlay of blue to built-up area, green-to-blue ratio and impervious
surface area on ecological risk index is shown in Fig. 8.10b, c.

Fig. 8.9 1 Ratios of blue to built-up area (BBA) ratios for the years (a) 2001, (b) 2010, (c) 2019
and, green-to-blue ratio areas (GBR) for Bengaluru during (d) 2001, (e) 2010 and (f) 2019
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The percentage impervious surface area has increased from the core of the city
towards the periphery over the period of 2001 to 2019. The dominating impervious
areas represent the urban built-up. The ecological risk index is shown in the part of
urban area, and it has increased as the urban area expansion has taken place. The
overlay of blue to built-up area on ecological risk index for the year 2019 shows very
high and high value in the core representing the built-up area with high ecological
risk involved. The overlay of green-to-blue ratio on ecological risk index for the year
2019 shows negligible to very low value. This means that in high ecological risk
area, the value of green-to-blue ratio area is less which implies that the green cover is
very low in that area. The overlay of impervious surface area on ecological risk index
for the year 2019 shows very high to high value in the core. It can be inferred that the
core of the city which has high ecological risk index will have high impervious
surface area due to built-up.

Fig. 8.10 Impervious Surface Areas (ISA) for the years (a) 2001, (b) 2010, (c) 2019 and,
Ecological Risk Index (ERI) for Bengaluru during (d) 2001, (e) 2010 and (f) 2019. Overlay
analyses are represented as (g) ERI over BBA, (h) ERI over GBR and (i) ERI over ISA
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8.4.5 Air Quality Index and Its Parameters

Highest emission of nitrogen dioxide is observed in and around areas of Peenya and
Peenya Industrial Area which are around 28 μg/m3, while the spread is observed
quite lower in ITPL, Silk Board and Domlur regions (Fig. 8.11). Lowest values are
observed over central part of Bengaluru region over surroundings of KR Circle, KR
Market and Banaswadi areas where values range between 22 and 24 μg/m3. The
concentrations of particulate matter less than 2.5 micrometre (PM2.5) show highest
concentration in Silk Board region which is more than 38 μg/m3. Concentration
levels are reasonably low compared to concentration levels in Silk Board in area like
Peenya, Peenya Industrial area, ITPL and Yeshwanthpur regions. Values are rela-
tively lower in central regions like Khaji Sonnenahalli, KR Circle, KR Market,
AMCO Batteries and some parts of Yelahanka with concentration levels around
27 μg/m3 (Fig. 8.11).

Particulate matter having size less than 10 micrometre and more than 2.5
micrometre (PM10) exhibit indistinguishable spatial patterns as PM2.5 except areas
like Yelahanka. The overall Air Quality Index (AQI) for Bengaluru urban region
shows highest accumulation in areas like White Field, Silk Board, Peenya Industrial
Region and Yelahanka. This is largely due to higher level of emission from vehicles
as well as emission from industries. The value of AQI ranges from 61 to 92 which is
almost near to National Ambient Air Quality Standards (Fig. 8.12).

Overlay analysis of NO2 and PM10 over Air Quality Index exhibits similar pattern
showing higher values around Peenya, Peenya Industrial Area, Silk Board and
Yelahanka and lower values in central region, while the only difference of PM2.5

Fig. 8.11 Spatial distribution of air pollutants nitrogen dioxide and particulate matter as well as Air
Quality Index (AQI) for Bengaluru city in 2019
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over AQI is that the values are lower around Yelahanka. Ecological risk index over
AQI shows higher values in north-west and south-east region of Bengaluru, while it
shows lower values in central regions of the city.

8.4.6 Derivation of NbS Scenarios Based on the AQI, ERI, BBA, GBR
and ISA (Under Preparation)

The results of the NbS analyses are shown in Fig. 8.13. It has emerged from the study
that the combination of the indices causing major decrease in score is associated with
very low values of GBR and ISA suggesting that the presence of very less impervi-
ous surface area influenced the increase in the ERI observed here. Hence, the
appropriate NbS options would be the increase in the GBR which corresponds to
an increase in the green and blue areas in the respective area corresponding to this
scenario (e.g. Dhyani et al. 2021). Further, a combination of high and medium AQI
with high ISA caused major increase in score, suggesting that both high AQI and
high ISA caused a high ERI. The combined increase in air pollution indicated by
high AQI as well as the increase in the impervious surface had increased the
ecological risks associated with the combined influences on the environmental
quality, possibly due to longer resuspension of the particulate matter in the air in
selected regions of the city. The appropriate NbS for dealing with the above scenario
should hence be targeted towards both a decrease in the AQI and the ISA. Although
the increasing presence of the green areas seem more effective, other NbS measures

Fig. 8.12 Overlay analyses of air pollutants over Air Quality Index (AQI) to determine their
relative contributions to the overall AQI for Bengaluru city, illustrating the overlay of (a) NO2 over
AQI, (b) PM2.5 over AQI, (c) PM10 over AQI and (d) ERI over AQI
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such as particulate settlement strategies (considering the local scale meteorology) as
well as the prevention of overland flooding by using permeable pavement networks
(e.g. Santhanam and Majumdar 2020) seem effective. Designing planting configu-
ration in urban areas can be more practical than selection of tree species (following
air pollution tolerance index or APTI) for attenuation of the ambient PM
concentrations (Chen et al. 2016). Hence it is observed that two different scenarios
of NbS have emerged from the present investigation, which requires the
mainstreaming of unique NbS strategies. It is interesting to note that major decrease
and increase of ERI scores were observed only in selected areas of the city where
there may be the new construction of built-up area could have overlain the water
bodies previously located at the same place as observed using the LULC. It is
observed that a moderate decrease in score is mostly related to the low to moderate
ISA, while high to very high ISA and moderate to very high AQI caused a moderate
increase in the score.

Further activity-based assessments of the existing scenarios revealed interesting
results detailed as follows. As evident from the observations detailed above, the
combined effects of ISA and AQI are found to be critical in increasing or decreasing
the overall scores for Bengaluru city. For example, the NbS scenarios corresponding
to numbers 37 and 71 (Fig. 8.13) illustrate a major increase in scores due to the high
AQI and high ISA, respectively. Therefore, it can be said that the grids (representing
the respective wards) associated with 37 are highly impacted by the increase in the

Fig. 8.13 Various NbS scenarios evolved with respect to AQI (Air Quality Index), ERI (ecological
risk index), GBR (green-to-blue ratio), BBA (blue built-up ratio) and ISA (percentage impervious
surface area) for Bengaluru city with the corresponding legends
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AQI indicating higher incidence of air pollution. On the other hand, grids
corresponding to scenario 71 are associated with few pervious areas and/or disap-
pearance of water bodies due to the increase in the built-up areas here. Similarly, the
present study illustrated major decreases in the overall scores for scenarios 2, 43,
53, 64, 65, 66 and 85 mainly attributed to the presence of very low ISA in the
respective grids.

The present analyses also showed that the combination of low ISA (i.e. low built-
up area) as well as presence of more blue regions, i.e. water bodies, lakes, etc., can be
used as effective land cover planning strategies only in few areas within the
Bangalore city due to the limitations in space as well as the absence of conducive
geomorphology for creation of moderately sized basins as unique NbS options. It is
interesting to note that the scale of the decrease or increase in the overall scores (high
to moderate or low) could be an important factor to be considered for the duration of
selection of the appropriate NbS strategies for lowering the respective ERI. For
example, NbS such as creation of street tree networks can be achieved on short-term
planning basis for areas where the overall scores are low to moderate. The areas
having less space for plantation of trees in the city should focus on having mandatory
installation of more vertical green walls (like flyover and metro pillars), green roofs
(offices and industrial setups) and green buildings (well ventilated, with indoor
vegetation) to reduce air pollution, heat island effects and less energy-intensive
future city plan. Whereas, to reduce the risks associated with flash floods, polluted
lakes and wetlands in the city NbS is growing choice for mainstreaming can be
bioswales, biopores, constructed wetlands and sponge gardens by involving citizen
based efforts and initiatives (For details please refer Chap. 1). NbS implementation
framework by Albert et al. (2020) will be relevant to be referred for urban area-
specific planning that clearly works on three important criteria that follow six
planning steps, viz. co-defining the urban context and settings, understanding the
specific local challenges, developing better planning for better future scenarios,
evaluating the potential impacts of NbS that are to be implemented, development
of NbS strategies and implementation following active monitoring of NbS. How-
ever, it is also important to mention here that the strongest barriers are in the form
of political, institutional and knowledge-related barriers crucial for NbS
mainstreaming hence, urban planners should prioritize NbS for managing their
actions (Sarabi et al., 2020). It is pertinent that NbS should not be having isolated
discussions within scientific communities and experts; it should be further
introduced, and capacity building should happen for urban planners, bureaucrats,
politicians, civil engineers and architects. To understand the severity of the urban
risks and hazards in the warming world for Bangalore as also comprehensively
elaborated in the results of NDVI, concretisation of the city, LULC changes and
increasing air pollution especially PM, there is a need for proactive planning to
ensure which ward requires specific blue-green infrastructure as an important NbS to
address the place-specific context with active community participation (Fig. 8.13).

The costs associated with such NbS is also quite less, requiring low investment
and maintenance. Still, there is dearth of sufficient economical support available for
the implementation of NbS in urban areas. To provide sufficient funding support to
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realise implementation of diverse place-specific NbS convergence of policies,
public-private partnership mode (PPP) and inner municipal cooperation, creating
financial incentives for communities can help achieve the targets for mainstreaming
NbS (Droste et al. 2017). However, the long-term effects of such NbS strategy may
not be immediately evident. On the other hand, NbS such as creation and/or
maintenance of lake-beds or blue spaces may require to be implemented across
high to moderate spatio-temporal scales, involve huge investments and sustained
community participation as well as stewardship. It is also important to consider and
understand that with exponential rise in population and increasing influx to urban
areas, every year more cities are expanding and becoming tier II and tier I cities. This
is especially true for India where every census in decade adds more small towns
graduating to tier III and tier III to tier I cities, while there is less scope for integrating
NbS and BGI in fully expanded tier I cities in India because of the over
concretisation, infrastructure build-up and shortage of space. Still NbS that cover
less space and can give larger benefits should be integrated in urban planning along
with proactive restoration of degraded green and blue spaces. The study provides
some significant research-based evidence to support efficient NbS planning and
implementation in Bangalore. However, there is still a lot of scope for the effective
use of NbS in the design of urban infrastructures of small towns, tier II and tier III
cities that are expanding where restrictions to control air and water pollution should
be applied. Efforts should also undertaken to make them disaster proof, resilient and
sustainable by enforcing NbS as a mandatory compliance followed by regulated
expansion.

8.5 Conclusions

The present investigation thus provides a suitable quantification of the effects of the
LULC, air quality statuses and the prevalence of ecological risks at high spatio-
temporal resolutions at a city level, associated with different areas of a city as
Bengaluru. The ecological risks can be attributed to the following:

1. The increase in the built-up regions of the different portions of the city causes the
high incidence of increase in the ecological risks as indicated by the increase in
the values of the indices.

2. The rise in air pollution proves be the co-factor enhancing the ecological risks for
the city of Bengaluru.

3. Simulation of various NbS scenarios reflects that the decrease in the built-up to
green area, as well as the AQI, corresponding to an increase in the GBR can
provide optimal scenarios for reduction of the overall ecological risks across all
the wards of Bengaluru city.

The study further provides the scope to select the appropriate NbS options for
implementation based on the availability of monetary and labour investments, public
participatory approaches as well as planning on varied spatio-temporal scales. The
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NbS scenarios associated with major decrease in score can be investigated to derive
appropriate city-level plans/framework for effective mainstreaming of NbS and to
meet the targets of SDG 11.
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Do People Appreciate Economic Value
of Water in Baku City of Azerbaijan? 9
Pasquale Lucio Scandizzo and Rovshan Abbasov

Abstract

The increase in demand in potable water, in response to the growing population,
assumes great significance in the context of Azerbaijan due to its implications for
economic growth, productivity, and poverty reduction. Efficient and equitable
management of water, wastewater, and stormwater for the big cities is becoming
an increasingly complex task. Increasing shortages of water and pollution issues
in and around urban centers are superimposed on issues such as continuing
urbanization, inadequate management capacities, poor governance, and inade-
quate legal and regulatory regimes, posing a daunting task for the future.

This study aimed to develop the quantitative basis for a comprehensive
analysis and evaluation of water use and non-use values in the Great Baku Area
of Azerbaijan, with a vision of integrated water management, including potable
water and wastewater treatment. Water distribution system, with its leakages,
patches, and breaks, gradually worsens the quality of the water causing it to fall
well below the standards. Low service quality and reliability have also driven
consumers to resort to various coping strategies such as use of overhead storage
tanks, household filters, pumps, boiling of water, and consumption of bottled
water, at considerable financial cost.

The Contingent Valuation (CV) methodology is used to estimate willingness
to pay (WTP) of Baku residents for improved water services in the context of
integrated demand. Results suggest that Baku residents behave as rational
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consumers in evaluating water opportunity costs and are ready to pay for better
water services.

Keywords

Willingness to pay · Water services · Water shortages · Water values · Bidding
game · Drinking water

9.1 Introduction

The challenge of ensuring efficient and proper water, wastewater, and stormwater
management in large cities is becoming increasingly difficult. Water scarcity and
pollution problems are becoming more prevalent in and around urban areas,
compounded by issues such as continued urbanization, insufficient management
capacities, weak governance, and ineffective legal and regulatory frameworks,
posing a daunting challenge for the future (Phu Le 2004).

The increase in demand for drinking water is of great importance in the context of
population growth, economic growth, and poverty reduction. The country’s limited
water resources, scarce water resources, weak natural water supply, and uneven
distribution across the country require a quicker solution to these problems (Abbasov
and Smakhtin 2012). The water resources of Azerbaijan are not abundant, and they
are unevenly distributed both seasonally and geographically (Abbasov and Smakhtin
2010).

Located on the Absheron Peninsula and on the shores of the Caspian Sea, Baku is
both the capital and the largest city in the country. Most of the country’s industry is
connected with Baku. For this reason, a significant part of the Azerbaijani population
lives in Baku and the nearby city of Sumgait. Together with Sumgait and the other
towns of the Absheron Peninsula, Baku is the central city of the main urban area in
Azerbaijan, named the Greater Baku Area (GBA).

GBA population at the early 2019 was estimated at over three million and 65,000
people. Following the disintegration of the Soviet Union, the rural areas of
Azerbaijan have been suffering from considerably high unemployment rates, and
many people have migrated to the Baku and Sumgait areas in search of jobs and
opportunities. In 1993 Baku accommodated 153,400 internally displaced persons
and 93,400 refugees. Current (unofficial) estimates indicate that the Greater Baku
area has more than three million people, or about 30% of all inhabitants of
Azerbaijan (Mammadzadeh 2020).

Several estimates agree on a normal water use in GBA of 400 L per capita per
day. While the latest surveys show that real consumption was never more than
170 L/day, the apparently high individual water use rate is the result of several
influences, mostly related to the bad condition of the water distribution networks, of
home water devices, as well as to the absence of metering (Mammadzadeh 2020).

Despite the high rates of consumption, in most parts of GBA, water supply is not
available for 24 h 7 days a week (Fig. 9.1). In most cases, duration of water services
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has been less than 4 h a day, with most households suffering from low-quality,
unreliable water services.

Lacking reliability and safety of water services in GBA are the main causes of the
still not satisfactory quality of the water. The old water distribution system, with its
leakages, patches, and breaks, gradually worsens the quality of the water causing it
to fall well below standards. Reliability is affected by service interruptions and low
pressure. The low level of the water quality is also associated to bad color, taste,
odor, and chemical/bacteriological contamination.

An additional problem of water supply is the considerable urbanization of the
Absheron Peninsula. The problem is not only the rise in number of the Baku
population but also the constant inflow of population from the villages and the
refugee migration to the GBA area. Various types of small and big houses built by
refugees and other migrating population have turned the Baku suburban area into a
huge illegal region of shanty towns. None of these shanty towns has been equipped
with planning water supply networks, but only after construction, in order to meet
daily needs, illegal pipe networks have been laid out and connected to the main
pipelines. These illegal pipes are usually shared by three or four and sometimes five
or more neighboring houses, which are typically made from low-quality materials
and may be easily broken or damaged. These circumstances cause huge amounts of
water losses during service hours. In these illegal residential areas, city water is
supplied for only few hours each day on a rotating schedule that is incompatible with

Fig. 9.1 Length of the water services in Greater Baku Area (2017)
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sanitary requirements. Crossing lines of wastewater and water supply networks
make the situation especially risky for public health. Serious health concerns have
been raised by the increasing stress on the water supply and the growing pollution
problems.

Uneven distribution of the network has been an additional problem of the water
supply. Most of the highly urbanized areas are relatively better supplied by the
distribution network, while some of the agricultural sub-regions and remote towns
are not connected to the network and are supplied only by local groundwater
resources.

The other most important problem of the water management in the region relates
to the urban wastewater management and the degradation of ground and surface
water quality from illegal urbanization, chemicals associated with the oil industry,
and fertilizers and pesticides from agriculture. Oil and gas production has polluted
large areas of the Absheron Peninsula, including the heavily populated sub-regions.
Leaking sewage pipelines have further degraded the water quality in the superficial
aquifer, while agricultural production has contributed to nitrate and pesticide pollu-
tion. Water supply contamination is aggravated by spills from chemical plants and
aerial deposition of pollutants from the highly industrialized areas of Baku and
Sumgait as in the rather common cases were oil fragrant water comes directly to
households. As a consequence of all these factors, evidence of water contamination
is frequently observed throughout the water distribution network, and most of the
population is supplied with drinking water that does not meet generally accepted
standards.

In GBA, the wastewater network serves roughly 80% of the total households, but
only about half of the wastewater is cleaned. The state of wastewater treatment plants
is generally deplorable. The key causes are a lack of maintenance for more than a
decade, excessive flows due to leaks and infiltration, and a poor quality of construc-
tion and materials. Discharges of inadequately treated polluted industrial wastewater
into municipal drain systems weaken the effectiveness of the wastewater treatment
plants. In some places, the wastewater systems have been constructed by residents
but are not adequate to standards and are sources of permanent leakages. These
leakages in most cases occur in places, where the water distribution network is
located. These circumstances cause mixing of potable waters with sewage waters.

These issues are tackled by the Integrated Urban Water Management (IUWM)
strategy, which views water supply as a portion of a larger and more comprehensive
problem of strategic urban planning, in which the city serves as a catchment area for
water from a variety of sources and uses, including drinking, washing, wastewater
disposal, recreational uses of water sources and waterways, recycling, and a variety
of other activities (Green and Srinivasan 1978; Srinivasan 1988; Ehrlich and Becker
1972).

Low service quality and reliability have driven consumers to resort to various
coping strategies such as use of overhead storage tanks, household filters, pumps,
boiling of water, and consumption of bottled water, at considerable financial cost.
Inadequate demand side management of available water supply remains an issue in
most urban areas.
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This research aims to provide a quantitative foundation for a systematic overview
of water usage and non-use values in the GBA, with the goal of achieving sustain-
able water management at the basin level, which includes potable water, wastewater
storage, and stormwater.

The study also aims to the more ambitious goal of taking into account that rational
choices from water users are performed in the context of dynamic uncertainty,
thereby using option values as one the main frameworks of formulation and inter-
pretation of the questions asked. In accordance with the bulk of the literature, the
option value is interpreted as something akin to a risk premium arising from a
combination of the individual’s uncertainty about his future demand for a natural
resource or its services and uncertainty about their future availability (Carson and
Mitchell 1993). This kind of uncertainty concerns the potential future value of the
quantity and quality of the water if it were preserved in the present form or were
improved through various means and policies. More generally, it is suggested that
option value is the hypothetical risk premium arising from the difference between the
expected value of water at a future date and its certainty equivalent, i.e., the object of
the usual WTP elicitation at the time of estimation (Trigeorgis 1996; Wilson et al.
2020; Otsetsewe 2001). This suggests that, by asking the respondents to elaborate on
their preferences under uncertainty, the survey may be able to obtain a richer set of
estimates, where controls for consistency will be more demanding and, if successful,
more convincing (Wang et al. 2010; Pearce 1993; Mark 2000).

9.2 Materials and Methods

In order to address these issues within an appropriate economic framework, an
approach to water evaluation has been developed that comprises of three comple-
mentary methodologies: cost avoidance measurements, hedonic analysis, and con-
tingent evaluation. These three techniques are utilized to measure both use and
non-use values (Hausman et al. 1993; Sen 1984; Bueno et al. 2016) from the
stakeholders’ point of view.

The study is based on a field survey with the main purpose to investigate the most
important aspects of water consumption, perception of water quality, health and
hygiene, productivity, and value. The survey itself was conducted by asking a
sample of GBA residents a series of questions built on the hypothesis that water
consumption in its various forms is the consequence of a rational choice (Shaikh
et al. 2007). In this sense, the objectives of the survey were as follows:

• To reveal how citizens of GBA cope with the issue of insufficient water supply by
implementing a number of strategies to improve the quantity and efficiency of
water consumed, from direct purchase and storage of water to various strategies
for improving its quality, such as boiling, filtering, purifying it, etc.

• To investigate the importance of water availability, wastewater treatment, and
quality of services in determining decisions for choosing one’s residence and, as a
consequence, as determinants of housing values.
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The target groups of the study were the GBA population, and for this purpose the
GBA population was divided into several categories, according to the rights and
interests held by each group:

1. People who live or work in the Baku city: given the geographic location of the
city and its relation with the other areas of GBA, any change affecting water
services, or the waterfront, could impact the everyday life of these users.

2. Other GBA citizens: they are the holders of significant interests linked mostly
with the public good function of water and water services, and they may be more
likely to face a change in their everyday life as a consequence of major
improvements in water supply.

3. Visitors/tourists: they represent potential users of both water services and the
waterfront.

The questionnaire was composed of closed questions, in order to facilitate the
task of the interviewers and because of time constraints. Closed questions tend, in
fact, to be quicker to administer and easier to analyze, even though they tend to have
also drawbacks (McFadden 1978; Freeman 1979; McFadden 1999; Train and
McFadden 1978). The most important drawback is that the respondents cannot
raise new issues during the interview, so that relevant and interesting information
could be lost (Train 1986, 1998, 2001). To avoid this risk, a question on whether the
respondent wanted to add something was included at the end of each questionnaire.

The bulk of the interviews were concentrated on the households connected to the
water network, which, according to the official records, comprise 90% of the total
population. These households can be classified into four categories, according to the
length to the service: 18–24 h, 12–18 h, 4–12 h, and up to 4 h. The last two categories
represent the greatest majority of the respondents. The sixth group, represented by
the households not still connected to the water network, appears to be a very small
proportion of the total. They are mostly dependent either on the provision of a public
hydrant or a private tube well. While the average willingness to pay varies somewhat
across the different groups, these variations turned out to be not statistically
significant.

The following sections were included in the questionnaire:

Socioeconomic data: The sections concerning personal data, education, and income
were aimed at framing the answers that the respondent would give in all the other
sections of the questionnaire (socioeconomic data are demonstrated to be impor-
tant drivers of individual preferences and decisions about the consumption and
use of public goods). These sections enclose questions concerning age, gender,
household status, education level and domain, job, and earnings.

Hedonic prices: This section concerned the location and the quality of the dwelling
of the respondent and had the objective to identify characteristics for the hedonic
analysis, which may give also the possibility of estimating hedonic prices for
water services (Train 1986).
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Feelings and knowledge: This section had a special importance for GBA citizens,
given their condition of distress and discontent regarding water services.
Outlining and understanding the feelings of local community members with
respect to the quantity and the quality of water services delivered were also
central for framing more specific questions in other sections of the questionnaire
and to obtain insights on the value of water from the point of view of the
individuals and the community. Answers to the questions of this section can
also be used to analyze to what extent and in what forms a communication
program would be needed to appropriately implement any rehabilitation plan
(Wang et al. 2010).

Possible uses: this section explored the preferences of the respondents with respect to
alternative uses of water as a public good (e.g., potable water, irrigation, energy,
etc.). A list of facilities and services was presented to the respondent, and she/he
was asked to declare whether or not she/he would like to see each of them
realized. The objective of these questions was to give the respondents the
possibility to combine the uses and services proposed in a way that they would
consider suitable for water resources.

WTP: In this section a set of alternatives of quantity/quality of water supply are
presented to the respondent, who is asked both to order them on the basis of her
preferences and to declare how much she would be willing to pay to see each of
them realized, according with a bidding game that progresses gradually across
alternative monetary ranges (McFadden 1999). The alternatives represent possi-
ble combinations of activities and services that could be implemented inside the
area and were chosen to represent different approaches to the rehabilitation of
water supply in GBA. In building up the themes, we also chose to stress the social
and economic functions of water under the different approaches. Therefore each
theme represents a different way to provide and use water. The choices offered to
the respondents range from a traditional water supply network to a multifunc-
tional model (water management and waterfront use) fully integrated in the
everyday life of GBA citizens. The questions in this segment, when paired with
the questions in the previous parts, were designed to see how respondents shape
their perceptions about water usage and whether these expectations meet general
economic rationality hypotheses (coordination between ends and means, conti-
nuity, promotion of individual and communal gains, knowledge of alternative
alternatives, sea level rise, etc.).

Feelings and knowledge on climate change: This section had the objective to
investigate the level of awareness and the impact of climate changes attitudes
on water demand, willingness to pay, and possible changes of behavior of GBA
citizens.
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9.3 Results and Discussion

9.3.1 Survey Results

The survey lasted approximately 6 weeks. A total of 24 enumerators and 3 tabulators
were involved in the process with average number of 90 questionnaires filled by each
enumerator. The questionnaires completed were 2155.

Table 9.1 presents some general results of the survey of willingness to pay (WTP)
for potable water service. Average WTP (additional to the tariff already paid) for the
full service is about 15 AZN. A comparison of survey results with official govern-
ment data reveals many differences. Official data were provided by the State
Statistics Committee.

Respondents showed a high interest in better services, including wastewater, and
most of them (70–80%) exhibited enthusiasm and cooperation in participating to the
survey process. Women tended to participate more actively than men and more often
asked enumerators about the purpose of the survey. Respondents also posed a variety
of questions on social problems and future plans of the government. In several cases,
nevertheless, for various reasons, respondents declined to be interviewed, because
they were either tired or busy.

The duration of the interview was one of the main challenges for enumerators.
According to them, the interest on the questions of the respondents tended to wane
after the first 30–40 min, with cases when respondents interrupted the interview,
because they were “tired.” After the pretest of the questionnaire, short breaks

Table 9.1 Comparison of the survey results with official data of government of Azerbaijan

Monthly expenses on (AZN)
Survey
averages

Survey
modes

Official
data

Food 237.6 200 390.656

Clothing 67.4 50 57.988

Housing (rent, repair etc.) 42.7 10

Transport 112.9 50 68.016

Utilities 54.1 50 61.912

Education 161.2 100 20.928

Health 42.5 20 32.264

Other 129 100

Number of persons that contribute to household
income

1.736419 2

Yearly savings if any 1299.4 0 1891

Total household income per month 857.77 1000 833

Number of persons living in the household 2.96 4 4.36

No. of adults (>16 years) 2.92 2 2.08

No. of minors (<16 years) 1.43 2 2.38

Education (years) >12

Value of the house, for 1 sq.m; AZN 1650.4 1350
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(5–10 min) were used to keep respondents’ interest high. During these breaks,
respondents asked additional questions regarding the goals of the survey, and
some of them expressed opinions on the social policy of the government.

The responders, who contained water users, were asked if they would agree to a
rise in their monthly water bill to help another investment project outcome such as
improving water provision, sewage treatment, and the protection of the environment.
These projects included investment to secure immediately and with certainty
(i) uninterrupted water supply to the users, and/or (ii) full wastewater treatment,
and longer term investment with the same aims but on a longer time horizon and with
some uncertainty.

Table 9.1 shows a comparison between the survey results and the official
statistics, which points to very similar mean values for almost all variables, including
the most difficult to measure such as income and savings. However, major
discrepancies appear in the statistics on transport and education, where the sample
means are much larger than those reported in the government statistics. Table 9.1
shows descriptive statistics for the sample data.

According to the interviews (Table 9.2), water interruption happens in the
summer for 512 of the households connected, for 243 households in the winter,
and for 1042 households “all the time.” The irregularities in water provision,
however, appear, paradoxically, very regular, as Table 9.1 shows very little variation
(relatively low variances) of all answers to the questions inquiring on the number of
days of water service, water availability during the different seasons, and complete
lack of service. While most of the households declared that the water service was
available seven times a week, however, the average length of water service per day
was 9.2 h and the mode only of 6 h. The number of days without any service during
the year, on the other hand, was said on average to be 14 days but with a standard
deviation of about 27 and a mode of only 1 day. Thus, the picture of potable water
service emerging from the survey is not a dismal one, and most households do

Table 9.2 Water service characteristics

Water availability Maximum Minimum Average Variance Mode S.D.

Length of the daily
water services in hours

24 2 9.2744 47.55 6 6.9

Number of days per
week with water service

7 2 6.77 0.52 7 0.72

Number of days with
water service during
July–September

90 0 85.1845 66.42863 90 8.15

Number of days with
water service during
December–March

93 0 85.4129 59.72332 90 7.73

Number of days in a
year with no water
service

250 0 14.2097 702.8351 1 26.51
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appear to have access to fresh water throughout the year, even though the reliability
of such an access is low and appears to be rather variable across the population.

The households using water from a street hydrant (Table 9.3), on their part, with
much lower water consumption than the average (116 vs. 400 L per day), show a
somewhat less variable picture of availability and continuity of supply, with the
same average provision of water in number of days (6.72) of the households
connected, but with more continuous service throughout the year. The households
receiving water from other sources, such as street vendors and bottled water, manage
an average level of consumption near 200 L per day, with similar regularity

Table 9.3 For households with primary source from a public street hydrant

Water
availability from
public water
hydrants Maximum Minimum Average Variance Mode S.D.

Distance from
the public street
hydrant, m

150 3 21.7742 1076.637 6 32.80

Consumption
(L/day)

400 5 116.947 11220.39 100 105.92

Collecting time
(min/day)

120 1 35.7059 1533.564 10 39.15

Monthly
charges, if any

50 2 14.3636 168.4545 15 12.96

How many
hours per day do
you receive
water from the
public street
hydrant?

24 1 10.3333 46.47179 7 6.78

How many days
per week do you
receive water
from the public
street hydrant?

7 1 6.72308 0.703365 7 0.84

In summer/dry
season, how
many days per
week do you
receive water
from the public
street hydrant?

7 3 6.46 0.824898 7 0.91

In winter/rainy
season, how
many days per
week do you
receive water
from the public
street hydrant?

7 5 6.02273 0.67389 6 0.82
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parameters to the public hydrant sources, with a majority stating that the present
arrangement is satisfactory.

Tables 9.4 and 9.5 offer a picture of the perception of the quality of the water and
its effects. While most respondents consider the quality “average” and the great
majority professes of not being informed, a considerable number of not identified
illnesses are attributed to the bad quality of the water. Finally, Tables 9.6 and 9.7
show some statistics on water use that reveal a consistent picture of low pressure,
poor availability, and widespread practices both to purify the water, mostly through
boiling and filtering, and to use privately installed storage capacity to secure more
continuous water supply. This last practice, in particular, appears to be costly, both
for capital costs (about300 AZN on average) and for maintenance (about 50 AZN
per year).

Table 9.8 presents some general results of the survey of WTP for potable water
service. Average WTP (additional to the tariff already paid) for the full service is
about 15 AZN (Manat), with a standard deviation (S.D.) of about 7 and a mode of
only 10 AZN. For a long-term investment with the same results, but only in 10 years’
time and with a 20% probability of failure, average WTP is about 9 AZN per month,
with a mode of 8 AZN and S.D. of 2.8. This WTP can be interpreted as an option
value, i.e., as a risk premium that users would be willing to pay to avoid further

Table 9.4 Water quality and waterborne diseases

1 2 3

Water quality Taste 1. Good
2. Average
3. Bad

109 1524 347

Smell 1. Good
2. Average
3. Bad

121 1628 225

Color 1. Good
2. Average
3. Bad

54 1377 543

Information of responders about the quality of consumed
water

1. Yes
2. No

392 1551

Waterborne diseases occurred in the household during the
last year

1. Cholera
2. Typhoid
3. Malaria

4 3 16

Table 9.5 Characteristics of waterborne diseases

Characteristics Maximum Minimum Average Variance Mode

Number of persons that
were ill in one household
due to the consumption of
unsafe water

10 1 1.57143 2.920635 1

Duration of sickness, days 90 1 20.3103 591.7217 30

Medical costs (Manat) 1200 2 211.759 61675.98 250
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deterioration of the service. As shown in Table 9.9, the willingness to pay for service
improvement extends to wastewater disposal, both in the scenario of immediate
action and in the option like scenario of uncertain, time delayed action. WTP for

Table 9.6 Characteristics of household water use

1 2 3 4 5 6

Water pressure 1. Strong
2. Generally strong
3. Weak
4. Sometimes weak
5. Very weak
6. I use own pumping
engine to create pressure

631 274 338 204 205 211

House water
treatment

1. Boil
2. Filter
3. Precipitate
4. Others

1343 339 106 16

Type of water
collector

1. Overhead tank
2. Underground tank
3. Drum
4. Bucket/vessel

1107 70 213 82

Preferred payment 1. Fixed charge
2. Metered bill

198 1692

Water from
secondary source, if
any

1. Neighbor
2. Public street hydrant

11 331 0 0

Table 9.7 Characteristics of overhead tank use

Maximum Minimum Average Variance Mode S.D.

Total volume of a
water tank

6000 50 1004.48 458.313 500 676.99

Installation cost
(Manat)

1200 0 124.543 18136.8 50 134.67

Capital costs (initial
purchase costs in
AZN)

1380 0 241.281 54409.93 150 233.26

Purchase cost of
pump (AZN)

500 0 64.5545 10146.52 20 100.73

Cost of other
materials (AZN)

100 5 26.5385 530.9201 5 27.04

Annual maintenance
cost (cleanup,
energy, etc.)

50 0 23.7895 306.731 10 17.51

How many
additional hours per
day of water supply
will be required to
meet all your needs?

24 0 6.54054 13.65525 5 3.70
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waste disposal is roughly one third or less of WTP for potable water and tends to
decline sharply with uncertainty and time delayed investment.

9.4 Econometric Analysis: A Structural Model of Demand
for Integrated Water Services

9.4.1 Random Utility Model

WTP can be rigorously defined in the indirect utility framework as follows (Train
1986; McFadden 2001): for a fixed level of public good provision, a respondent’s
WTP is defined as the dollar amount Y, which equalizes two indirect utilities:

V1 I � YjZ, εð Þ ¼ V0 IjZ, εð Þ ð9:1Þ
In Eq. (9.1), I is disposable income, Z is a vector of observed social demographic

characteristics, ε is a scalar variable representing unobserved personal
characteristics, and V1 and V0 are, respectively, the respondents indirect utility
with and without the provision of the public good. When two levels of the public
good provision are compared, V1 and V2 may have the same functional form but
include the level as an independent function argument. Assume that for any fixed (Z,
ε), V1 (u|Z, ε) is monotonically increasing in u. Then there exists an inverse function
U (v: Z, ε) such that U(V1(u| Z, ε) : Z,∑) ¼ u for all u � 0. Therefore, WTP can be
expressed as

Y ¼ I � U V0 IjZ, εð Þ : Z, εð Þ � Φ � X, εð Þ, where X ¼ I, Zð Þ ð9:2Þ
Marschak (1960) developed the random utility model in Eq. (9.1), which has

since been researched, modified, and applied by a number of scholars, including
McFadden (1978, 1999, 2001), Train (1998, 2001), Train and McFadden (1978),
and Hausman et al. (1993). The model assumes that economic agents’ decisions are
heterogeneous due to two factors: a systematic component based on the agent’s
measurable socioeconomic characteristics (e.g., sex, age, wages, family size, etc.)
and an unobservable random component. Using this hypothesis, we can thus inves-
tigate the preferences of a sample of agents by using a survey designed on the
assumption that the WTP of each given agent could be considered as a latent process
explained by a number of socioeconomic and behavioral variables and by a random
shock.

Each interviewee was asked a question on her WTP for a particular investment
outcome, using the so called “bidding game” procedure (Nam and Son 2004).
According to whether the interviewee responded “yes” or “no” to the question, the
interviewer asked the same question for the next highest price or the next lowest
price. As a consequence, for each series of questions, the WTP of the ith interviewed
lies in an interval whose lower bound, WTLPi, is given by the highest value to which
the respondent answered “yes” and the upper bound, WTHPi, by the lowest value to
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which he answered “no.” Because the intervals were designed to be rather small, in
our survey, upper and lower bounds for each interval are sufficiently close that the
last “yes” answer can be considered to approximate reasonably well the maximum
willingness to pay of the respondent.

In the literature on willingness to pay for water services, WTP is generally
interpreted as a “demand price,” i.e., as the maximum amount of money that the
respondent is willing to pay for one or more specific features of the water service
(e.g., 24 h continuous availability of potable water). Problems of separability arise,
however, for several reasons. First, water services are likely to be interdependent
both in demand and in supply, and respondents may be presumed to perceive this
interdependence in their own responses. Second, because service improvements are
proposed as outcomes of a specific investment program, respondents are likely to
consider their delivery to be jointly conditional to the program’s success. Third, the
hypothetical nature of the improvements and the fact that they are contingent on
projects yet to be decided upon and depending on a host of external factors (politics,
financing, etc.) cast a common shadow of uncertainty on all elicited WTPs, creating
one more sources of interdependence.

Because of these reasons, the WTPs elicited with the survey can be considered
altogether indexes of integrated water demand. Even though their analysis cannot be
simplified by strong separability assumptions, it can provide important information
on the extent to which consumers’ utility is affected by joint performance of key
water services.

Even though it has been criticized because its results may be affected by the initial
value provided to the interviewees, the bidding game has the advantage to yield a
direct measure of the maximum willingness to pay, comprising the whole
consumer’s surplus of the respondent. In our survey, in particular, any possible
initial value bias is partly neutralized by the fact that we explicitly anchor our
questions to the last monthly bill paid by the respondent. The effect of this variable
can thus be explicitly factored out and taken into account in the statistical analysis.
That said, the WTP can be either retrieved from the ordered choice questions or,
more directly, from a regression of the maximumWTP bid on a series of explanatory
variables collected by the survey. These variables include income, a few measures of
wealth, various types of consumption, several socioeconomic characteristics of the
household, and a number of features related to the quantity and the quality of the
water provided today. As the results of some studies (e.g., Otsetsewe 2001) suggest,
these variables are likely to be the main determinants of households’ WTPs. How-
ever, several critiques have been made to CV studies and their conclusions. These
critiques range from responses to please the interviewer to the lack of a real budget
constraint and from various responses to starting point biases (Mitchel and Richard
1989). Because cross-sectional CV studies have often shown low R-squared, several
studies (e.g., Carson and Mitchell 1993) have indicated that a minimum level of
fitness to the data (such as an R2 of at least 15%) is necessary to reject the hypothesis
that the CV results are just the effect of random responses on the part of the
interviewees.
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In our study, we follow the stochastic utility model in assuming that the expected
WTP is linearly dependent on a vector of social and economic characteristics Xi and
on a stochastic term with zero mean:

WTPij ¼ E WTPij=X
� �þ εij ¼ α j þ β jXli þ β2jX2i þ . . .þ βnjXni þ εij, i

¼ 1, 2 . . .N ð9:3Þ
where WTPij is the ith stakeholder’s willingness to pay for the j-th investment, given
by the highest bid he has accepted, Xk k ¼ 1,2,. . .n a set of conditioning variables,
and εij a random disturbance. We confine our estimates to households connected to
the water pipe (98% of the population), and, because of the interdependencies across
the range of water services and the consequent problems of identification, we specify
and estimate the following structural demand model for integrated water services:

Ci ¼ ac þ bcSi ccMi þ β1cX1c þ β2cX2i þ . . .þ β2cXni þ εic ð9:4Þ
Si ¼ as þ bsCi þ csMi þ β2sX2i þ . . .þ βnsXni þ εis ð9:5Þ

Mi ¼ am þ bmCi þ cmSi þ β2mX2i þ . . .þ βnmXni þ εim ð9:6Þ

WTPi ¼ aw þ bwCi þ γwSi þ λwMi þ μwWWTPi þ β1wXli þ β2wX2i þ . . .
þ βnwXni þ εiw ð9:7Þ

WTPUi ¼ au þ buCi þ γuSi þ λuMi þ β1wXli þ β2wX2i þ . . .þ βnwXni

þ εiw ð9:8Þ
In Eqs. (9.4), (9.5), (9.6), and (9.7), the Xji are the exogenous variables, while the

endogenous variables are specified as follows1:

Ci¼water consumption of the ith household; Si¼ storage volume installed of the ith
household;Mi¼market value of the dwelling of the ith household; WTPi ¼ will-
ingness to pay for an investment aimed at improving water supply and/or
wastewater treatment; WWTPi ¼ willingness to pay for an investment aimed at
improving water supply and/or wastewater treatment different from the above;
and WTPUi ¼ willingness to pay to reduce uncertainty (option price—willing-
ness to pay either in water supply or in water supply and wastewater treatment).

The model in Eqs. (9.4), (9.5), (9.6), (9.7), and (9.8) is based on the hypothesis that
demand levels for water, storage, and housing are simultaneously determined,
while, at the same time, willingness to pay measures are interdependent with
water demand and are themselves simultaneously determined. Equation (9.7), in
particular, hypothesizes that WTP to contribute to a project to improve water

1Because of the literature suggestion that WTP and the perceived quality of water may be
simultaneously determined (e.g., Whittington 2003), we tested and rejected the hypothesis of
endogeneity of water quality in our sample.
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supply depends on the present level of water consumption, the demand for
storage, the value of the dwelling, and, possibly, on WTP measures for other
improvements. Equation (9.8), on the other hand, shows a similar hypothesis for
the WTP to reduce uncertainty, obtained by subtracting from the WTP for
improvement the WTP stated under uncertainty, which in the question asked
was quantified as a 50% probability in 10 years for the improvement to be
delivered.

9.4.2 The Econometric Estimates

The model in Eqs. (9.1), (9.2), (9.3), (9.4), (9.5), (9.6), (9.7), and (9.8) has been
estimated with two stage least squares and white heteroskedasticity consistent
covariance. Tables 9.10, 9.11, 9.12, 9.13, 9.14, and 9.15 present the estimation
results and show that the following hypotheses cannot be rejected at a high level of
statistical confidence:

1. WTP depends on present conditions of water supply, the current level of con-
sumption, available storage, and how users perceive the quality of the existing
water.

2. Women are more active in the survey and interested in paying more for better
water and sanitation services.

3. Income and wealth of a household positively affect the WTP for improved water
service.

4. Educational level of the respondent positively affects WTP.
5. Households would be willing to pay for their water use at the rate equivalent to

the average incremental cost of provision better water service.
6. WTPs and demand for different water services are interdependent and depend

positively on incomes, current water prices paid, and per capita water
consumption.

While these are general conclusions, the equations estimated present also several
interesting features.

First, R-squared are generally well over the threshold of 0.15 indicated byMitchel
and Richard (1989), but they increase considerably when zero (possibly protest)
responses are singled out as fixed effect variables. This can be seen in the equation
estimated by using the first principal component of all WTP measures and by a set of
parallel results shown in the appendix. The latter can also be considered a robustness
test of the main results presented in the text.

Second, for per capita consumption of water, in spite of some elements of
rationing in water supply and the flat rate component dominating the water bill,
the equation estimated displays the typical features of market demand, with positive
income and negative price elasticities of the same orders of magnitude of most
studies reported in the literature. For example, our estimated price elasticity is
around �0.65 which is just at the top of the range of �0.3 to �0.6 reported by
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Nauges and Whittington (2010) for LDCs and is not significantly different from the
average price elasticity (�0.51) reported by Espey et al. (1997) for industrialized
countries. Similarly, our estimate of income elasticity equals 0.159, well within the
typically estimated range (0.1–0.4) reported in the study of Arbués-Gracia et al.
(2003). The effect of household size is found to be significant, implying a reduction
of per capita consumption of about 87% when the number of permanent residents
doubles, a result larger, but of comparable magnitude of the effect (50%) estimated
by Cheesman et al. (2008) for Vietnam. Also similarly to results reported in the
literature, an extra hour of piped water availability would increase per capita
consumption of households of 2.2%. Nauges and Van Den Berg (2009) estimate
for Sri Lanka an average effect of by 2%.

Third, estimates of demand for storage volume and the value of the dwelling are
based on a smaller number of useful responses and, even though plausible enough in
the coefficient estimates, exhibit much lower fits. Demand for storage appears to be
not significantly affected by p.c. income but positively related to the size of the bill,
education, the index of bad quality rating for water, the lack of water pressure, and
the reliability of water delivery. The value of the dwelling, as shown in several
classical studies (e.g., Freeman 1979), turns out to be significantly related to income
(the income elasticity is approximately the same as for water consumption) and

Table 9.11 Estimates of the integrated water service demand model

Log total WTP (water and
waste treatment)

All WTPs’ first principal
component

Method TSLS TSLS

Variable Coefficient p-value Coefficient p-value

Constant 0.617* 0.056 �4.969*** 0.0003

Log (income) 0.105*** 0.000 0.048*** 0.0000

Log (water cons.) �0.051** 0.0066 �0.020 0.323

Log (bill) 0.440*** 0.000 0.121*** 0.0000

Log (vol. storage) �0.0075* 0.0302 �0.058* 0.0299

Gender (1 ¼ female, 0 ¼ male) 0.067*** 0.0002 0.043* 0.0612

Lack of water pressure 0.026*** 0.0004

No delivery season 0.036*** 0.0003

Education (years) 0.082*** 0.0000 0.024* 0.0293

Log (water bad quality rating) �0.048 0.223

Log (house market value) 0.065** 0.0023 0.051** 0.0026

Dummy WTP 1.958*** 0.000

Dummy WTP waste 1.744*** 0.000

Dummy WTP waste 50 1.393*** 0.000

R2 0.337 0.943

Observations 1575 1620

Note: 1. Stars stand for degrees of significance: ***¼ 0.001 or better, **¼ 0.01 or better, *¼ 0.05
or better; 2. All dummy variables are defined as being equal to 1 when the response to the
corresponding variable is non-zero and zero otherwise
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education of the head of the household and negatively related to the volume of
storage installed, unreliable water supply, and distance from the subway.

9.5 Conclusions

This paper has presented the results of a study on water services and WTP in the
GBA, in the context of integrated demand. The main results confirm the integrated
nature of water services and suggest the following conclusions:

1. Water consumption preferences are exercised in the context of constrained
choices and depend on the present conditions of water supply, as well as on
past investment in housing and water storage.

2. As a consequence, water consumption, available storage, housing values, and
WTPs for water supply improvements are all interdependent.

3. Water demand, storage, housing values, and WTPs are all significantly depen-
dent, but inelastic, on per capita incomes.

4. While water demand is negatively related (in an inelastic way) to water price,
WTPs appear to be positively related (though still inelastic) to it.

5. The introduction of uncertainty tends to reduce WTPs of an amount that is itself a
function of the present conditions of water supply, incomes, and water prices.

6. Gender significantly affects willingness to pay for improved water services
(women are willing to pay more, especially for sanitation).

7. The educational level of the respondent positively affects WTP.
8. Households would be willing to pay for their water consumption at the rate equal

to the average incremental cost of supplying improved water service.

From a theoretical point of view, the results obtained provide support to the
hypothesis that demand for water services is consistent with the economic paradigm
of rational choice. From the policy perspective, this implies that WTP for existing
and expanded water services is sizable and appears to justify further investment in
increasing integrated water supply services, in terms of size, reliability, and quality
of the water for all its uses, including drinking, sanitation, and recreation.

Conflict of Interest Statement The authors report no conflict of interest for this publication.

Appendix

Estimates with dummy variables for zero (protest) responses (Tables 9.13, 9.14, and
9.15)
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Table 9.14 Estimates of the integrated water service demand model

WTP waste WTP waste 50
All WTPs’ first
principal component

Method TSLS TSLS TSLS

Variable Coefficient
p-
value Coefficient

p-
value Coefficient

p-
value

Constant �6.474*** 0.000 �4.969*** 0.000 �4.969*** 0.0003

Log (income) 0.087*** 0.000 0.051*** 0.000 0.048*** 0.0000

Log (water cons.) �0.111*** 0.0004 �0.021** 0.0014 �0.020 0.323

Log (bill) 0.116*** 0.0012 0.117*** 0.0007 0.121*** 0.0000

Log (vol. storage) �0.058* 0.0299

Gender (1¼ female,
0 ¼ male)

0.131*** 0.0002 0.043* 0.0493 0.043* 0.0612

Education (years) 0.082*** 0.0000 0.025* 0.031 0.024* 0.0293

Log (water bad
quality rating)

�0.147** 0.0180 �0.071** 0.0014 �0.048 0.223

Log (house market
value)

0.115*** 0.0000 0.053*** 0.051** 0.0026

Log (WTP water) 0.051** 0.0034 1.958* 0.0872

Log (WTP waste) 1.744* 0.0856

Dummy WTP 1.399*** 0.000 1.958*** 0.000

Dummy WTP waste 6.574*** 0.000 0.938*** 0.000 1.744*** 0.000

Dummy WTP
waste50

6.607*** 0.000 1.393*** 0.000

R2 0.971 0.989 0.943

Observations 1517 1774 1620

Note: 1. Stars stand for degrees of significance: ***¼ 0.001 or better, **¼ 0.01 or better, *¼ 0.05
or better; 2. All dummy variables are defined as being equal to 1 when the response to the
corresponding variable is non-zero and zero otherwise

Table 9.15 Estimates of the integrated water service demand model

Log WTP waste treatment
(recreational use of water)

WTP credit for sanitation
(log)

Method Probit TSLS

Variable Coefficient p-value Coefficient p-value

Constant �1.95 0.037 �4.442 0.000

Log (income) 0.048 0.477 �0.000 0.926

Log (p.c. water cons.) �0.380 0.0008 0.143 0.0013

Log (bill) 0.456 0.0003 0.161 0.000

Log (bill/water cons.) �0.408 0.0133

Log (vol. storage) 0.045 0.0005

Log (water bad quality rating) �0.888 0.000

Waterfront 0.586 0.000

Log (house market value) 0.183 0.0253

Dummy WTP waste treatment �0.512 0.0042

Dummy credit 170.577 0.000

R2 0.10 0.968

Observations 1327 1344
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Homegardens as Sustainable Urban
Agroforestry Systems to Promote
Household Well-Being in Kandy, Sri Lanka

10

Sachini Kavinda Jayakody and Mrittika Basu

Abstract

Accessibility to green space is vital for physical and mental well-being and
homegardens in urban areas present space to connect with nature and derive
benefits. Homegardens, whether small scale or large scale, represent sustainable
agroforestry systems as spaces for physical exercise and mental health and also
are a repository of a wide range of biological diversity that provides multiple
benefits including provisioning, regulatory and supporting services. With increas-
ing urbanization, urban hinterlands and rural areas are often encroached, threat-
ening the ecosystem sustainability. Homegardens in Sri Lanka boast of age-old
traditional knowledge and hold distinctive and multifunctional characteristics.
They have been an integral part of Sri Lankan culture and a source of household
food security. Though no immediate dangers to the homegardens in Sri Lanka are
witnessed, the urbanization impacts are becoming evident and the future
sustainability of homegardens is questionable. This chapter attempts to summa-
rize the existing literature on homegardens in Sri Lanka, especially Kandyan
homegardens, their characteristics, significance and threats. Due to the distinctive
features of Kandyan homegardens and their benefits to the local community, they
are an ideal example of agroforestry systems and provide instances that can be
downscaled or upscaled for effective implementation in other parts of the world.
This chapter explains the threats to homegardens and urban green policies/
programmes in Sri Lanka as an opportunity to identify the challenges faced in
mainstreaming policies and/or programmes on homegardens. This chapter
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discusses future urban planning strategies for inclusion of homegardens in rural
as well as urban areas of Sri Lanka.

Keywords

Homegardens · Urban green spaces · Agroforestry systems · Kandy · Sri Lanka

10.1 Introduction

Urbanization results in physical and socioeconomic changes including changes in
land use as well as lifestyle of people (Madsen et al. 2010). Urban green spaces
(UGS) present important solutions to these impacts that arise from the unsustainable
activities that include not only environmental impacts but also social and economic
impacts (Rostami et al. 2015). UGS are natural or man-made vegetated areas that are
private or open to and accessible by the public in urban areas, allowing urban
dwellers to be close to nature and for biodiversity within the urban area to be
conserved. They have the ability to enhance air and water quality, reduce noise
pollution, provide a barrier for extreme events, as well as provide health benefits for
people, such as improving social interactions and reducing stress (Rostami et al.
2015; World Health Organization 2017). A study by Dobbs et al. (2017) studied
100 cities from 6 continents to evaluate the principal factors behind the global
patterns of the landscape structure of urban vegetation. They determined that the
main factors driving these global urban vegetation patterns were population and Gini
index (a measure of income inequality within societies). Consequently, as popula-
tion increased, green cover was observed to decrease and vegetation fragmentation
to increase (Dobbs et al. 2017; Basu et al. 2020). Furthermore, cities with a higher
level of income inequality were observed to have more fragmented vegetation
(Dobbs et al. 2017). There is also some differences in participation between lower
income households and higher income households of urban areas as those with lower
income may not have a property with an area to grow food (Ranasinghe and
Hemakumara 2018; Jayasinghe et al. 2021). They determined these findings to be
supported by several other studies that have been conducted at the local and regional
scale. When developing UGS, it is important to ensure that the different spaces, such
as parks and forests, are interconnected using links, such as green corridors, to
enable the flow of ecosystems (Benedict and McMahon 2002; Lafortezza et al.
2013; Semeraro et al. 2021). The percentage of urban area that has been allocated
for green spaces from the total extent of the urban area can be used to assess the
environmental sustainability of a city (Chiesura 2004). Various organizations
suggested different standards with the aim of assessing the ecological sustainability
of cities. One such method is determining the per capita green space extent of a city
(Laghai and Bahmanpour 2012). This value represents the extent of green space in
square meters (m2) per individual. UN has expressed that the per capita green space
should be more than 30 m2 and such cities are named as sustainable cities, while the
European Union (EU) stated the minimum value as 26 m2 (Khalil 2014). The World
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Health Organization (WHO) has defined that an area of 9 m2 of green space should
be maintained for each person in an urban area to provide a better quality life (Khalil
2014). Sometimes, developed countries have their own per capita green space
values, for example, 50 m2 in the USA, 30–60 m2 in Germany and 50–60 m2 in
Switzerland (Hosseini et al. 2015). Major cities, too, in developed countries have
defined individual values, for example, 154 m2 by Los Angeles and 47 m2 by
New York (Hosseini et al. 2015).

As the urban green spaces are under immense pressure from urbanization and are
rapidly vanishing, and access to green spaces at a distance becomes troublesome,
homegardens and/or community gardens are considered as potential UGS that help
to reconnect people to nature in an urban space (Teuber et al. 2019). This connection
contributes to the resilience in cities, as it fosters ecosystem services on local to
regional scales (Ernstson et al. 2010). Especially, the direct human-environment
interaction of gardening might increase the resilience of the urban social-ecological
system, as gardens provide ecosystem services like food and habitat provision or
local climate regulation (Cabral et al. 2017; Speak et al. 2015). The provision of food
by homegardens can also play a vital role in alleviating food insecurity. Food
insecurity is already a major problem faced by many parts of the world, and with
the increment of the world’s population and rapid urbanization, this may become a
crisis for both developed and developing countries, more so for developing countries
(Lal 2020). It was recently intensified by the COVID-19 pandemic from
interferences to food supply chains (Lal 2020; Sofo and Sofo 2020). People resorted
to growing food at home for various reasons such as to avoid going outside to
crowded places, a solution to food shortages and increase in food prices, as well as to
fill the day with outside activity during lockdown (Chenarides et al. 2021). Apart
from food security during the pandemic, homegardens are reported to significantly
contribute to physical and mental well-being by helping them to connect to nature as
well as providing them a space for physical exercise (Corley et al. 2021). Despite all
the importance and services provided by homegardens, they are not extensively
studied in a comprehensive manner and often ignored as potential urban green
spaces (Calvet-Mir et al. 2012; Mohri et al. 2013).

Sri Lanka has a population of 21 million people, with approximately 18%
residing in urban areas, of these about 15% of urban dwellers live in Colombo
(Li 2017). The land use land cover map of Sri Lanka (Fig. 10.1) provides some
insight into the vegetated and built-up areas in Sri Lanka. As clearly illustrated, the
highest built-up area is in Colombo which is situated on the western coast of Sri
Lanka. When analysing urbanization and UGS in Sri Lanka, the city of Colombo is
the most studied area being the commercial capital that has observed a rapidly
increasing migration from other parts of Sri Lanka. Maintaining or increasing
green spaces in urban areas proves to be difficult due to more space being required
to accommodate the growing population as well as increased urbanization. The study
by Li (2017) on Colombo meeting UGS standards showed that the 83.1% of green
space in Colombo in 1980 dropped to 13.5% by 2015, with a 20.7% increment in
population by 2015 compared to 1980. It can also be observed that Sri Lanka
consists of significant areas of homesteads/homegardens which was determined by
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Fig. 10.1 Land use and land cover of Sri Lanka. (Source: Land Use Policy and Planning
Department 2021)
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the Land Use and Policy Planning Department to be 18.18% of all land in 2018. In
Sri Lanka, the Kandyan area, which is in the mid-country region, is renowned for
homegardens. They come from ancient and traditional ways of sustainable produc-
tion that comprises of a wide variety of plant species with multiple uses and
sometimes include livestock (Pushpakumara et al. 2010; Mohri et al. 2013). Their
importance come from their ability to act similar to natural forests and provide food,
an income and an aesthetically pleasing environment for home owners
(Pushpakumara et al. 2010). It should be noted that the availability of UGS in Sri
Lanka depends on whether settlements are planned and unplanned (Senanayake et al.
2013) and on the perception of the residents (Ranasinghe and Hemakumara 2018;
Jayasinghe et al. 2021). With the pressures experienced by public UGS in Sri Lanka,
gardens that are privately maintained may provide a solution to fulfilling the UGS
requirement.

The homegardens of Sri Lanka are well known for their expanse and varied
composition and multiple ecosystem services. However, with increasing threats
from urbanization and other anthropogenic factors, homegardens in Sri Lanka
have also become vulnerable. With the understanding of the importance of UGS
and the threats they face, this chapter aims to explore the homegardens in Sri Lanka,
especially Kandy, and to identify its role as important small-scale green spaces in Sri
Lanka that can support urban sustainability. The findings will provide an under-
standing about the characteristics of homegardens and their role in improving urban
socio-ecological resilience.

10.2 Literature Review

10.2.1 Urban Green Space Policy in Sri Lanka: Initiatives
and Strategies

As previously explained, most literature on UGS in Sri Lanka focusses on Colombo.
Colombo has seen a 83.8% drop in green space between 1980 and 2015 (Li 2017).
The availability of UGS in Colombo may depend on planned and unplanned
settlements such as the differences in UGS observed in the Southern Colombo
Municipal Council (CMC) area (planned) and north-central CMC area (unplanned),
where planned settlements had more access to UGS (Senanayake et al. 2013). As per
two studies conducted in the city of Galle and a town in Matara in Sri Lanka,
availability of residential gardens can depend on various factors such as land area,
land ownership, residents’ orientation towards nature, time availability to maintain a
residential garden and perception of advantages and disadvantages of having a
residential garden (Ranasinghe and Hemakumara 2018; Jayasinghe et al. 2021).
Because there are a variety of factors that affect the presence of green spaces, it is
important that proper policies and strategies are in place to ensure that current UGS
are protected and sustainably utilized.

There are several policies/initiatives/plans/strategies in Sri Lanka that involve
sustainable development, environmental management and land management with
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regard to urban development as per the information given in Table 10.1. The
documents show that governing bodies have identified the importance of
maintaining and improving UGS, with many of these documents placing emphasis
on protecting and increasing urban green cover. However, there is no clear directive
on accomplishing this, as was also determined in the study by Asmone et al. (2016).
For example, the Annual Performance Report & Accounts in 2015 by the Ministry of
Mahaweli Development and Environment states that, with regard to Mission 8 of the
Haritha Lanka Programme of 2009 (Table 10.1), “a policy has to be developed to
enhance and manage urban green cover” and that it will be considered in Megapolis
Planning. While the Megapolis—Western Region Master Plan of 2016 refers to
certain actions that can and should be undertaken, no policy on urban green cover
has been developed so far in Sri Lanka. However, a lot of focus has been given for
the enhancement of homegardens through programmes such as Haritha Lanka, Api
Wawamu Rata Nagamu (let us grow and uplift the nation) and Divi Neguma
(livelihood development) (Pushpakumara et al. 2012), mainly at the rural level.
Irrespective of urban and rural areas, considering the important role of homegardens
in food security, people are encouraged to cultivate vegetables and multipurpose tree
species (food and fruits) in their own backyards for their daily consumption under
the current Food Production National Programme aimed at eliminating poverty and
making the country self-sufficient in food. Homegardens are also indirectly referred
in Sri Lanka’s Intended Nationally Determined Contributions (INDCs) to the United
Nations Framework Convention on Climate Change (UNFCCC 2016) and are
identified to have a prominent role in meeting climate mitigation goals under Sri
Lanka’s UN REDD+ Programme to sequester carbon (UN-REDD 2015).
Homegardens are also recognized as a good practice to promote traditional methods
of biodiversity conservation for increased crop resilience in Sri Lanka’s National
Adaptation Plan for Climate Change (NAP) for 2016–2025 (Ministry of Mahaweli
Development and Environment 2015).

10.2.2 Homegardens in Sri Lanka

Agroecosystems provide bunch of social benefits that usually transcend from their
provisioning services. Apart from food, fuel and fibre, some agroecosystems provide
important regulatory, supporting and cultural services which in turn depend on the
intensity of use and diversity of the ecosystems. Despite the recognition of ecosys-
tem services provided by agroecosystems, ecosystem services and benefits provided
by homegardens or homestead lands remain somewhat unexplored. Studies are
available from Global North where homegardens have been identified as potential
agroecosystems that significantly contribute to quality of life. However, existing
knowledge on homegardens from Global South is still at an infant stage even though
homegardens are common throughout the tropics and often referred to as household
or homestead farms, multi-strata tree gardens, analogue forests, compound farms,
backyard gardens, village forest gardens, dooryard gardens and house gardens. This
demonstrates lack of knowledge about the services provided by homegardens among
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Table 10.1 Policies, initiatives and strategies in Sri Lanka on UGS

Policies/initiatives/
strategies Year

Potentially applicable
principles/statements from
the document Reference to UGS

The National
Environmental Policy

2003 – Traditional knowledge
and practices will be
respected in the
development of
environmental management
systems
– Sri Lanka’s attractive
landscapes—rural and
urban, coastal and inland—
as well as sites of
archaeological, cultural and
religious interest are
protected
– Sri Lanka’s traditional
knowledge on biodiversity
is protected
– Adopt strict planning of
urban centres, allowing for
the expected growth of the
urban population and
paying special attention to
maintaining a healthy
environment

No reference

National Action Plan for
Haritha Lanka
Programme

2009 Mission 8: Green cities for
health and prosperity
– Keep adequate lands for

conservation needs in urban
areas
– Encourage urban

biodiversity parks as part of
the public outdoor
recreation space network in
each urban area
– Declaration of wetlands

and establishing city-based
monitoring systems for
declared wetlands
– Establish landscape

units and design the city
incorporating greening
aspects, design management
and implementation, in all
local authorities
– Transform urban cities

into green urban cities
extending the green cover at
all appropriate places

Some reference to ensuring
urban environmental
sustainability and increasing
urban green cover

(continued)
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Table 10.1 (continued)

Policies/initiatives/
strategies Year

Potentially applicable
principles/statements from
the document Reference to UGS

National Land Use
Policy

2009 Conversion of good
agricultural lands for
non-agricultural uses in
urban fringe areas will be
discouraged

No reference

Mahinda Chinthana—
Vision for the Future—
Manifest regarded as a
national policy

2010 Beautiful cities—“Green
villages” to be launched
under Gama Neguma
Programme

No reference nor any
specific actions listed for
green villages

The Megapolis—
Western Region Master
Plan 2030

2016 – Ensure that wetland in
Western region is conserved
and are well integrated as
public spaces in urban areas
– Campuses to be designed
with green buildings and
open spaces
– Basic recreational
facilities to include public
spaces and parks
– Conserve the natural
capital of the Western
region by demarcation and
protection of the
environmental sensitive and
ecologically important
hotspots, by declaring three
types of eco zones that
include forests, wetlands,
urban parks, green belts,
buffer zones, paddy fields,
etc.

Reference to public open
spaces and urban parks in
the Western region

National Physical
Planning Policy & The
Plan 2050

2019 5.2 The Urban Development
Strategy:
– Selection of the most

appropriate lands as part of
assuring environmentally
sustainable and “green”
developments
–Minimum un-built open

area requirement and space
for green cover strictly
regulated and maintained
within urban areas as
specified in respective urban
development plans
– An island-wide

programme to shade main
streets and major public

Specific reference to urban
green cover and proposes
preserving of 60% of
agricultural lands and
plantations within
development corridors

(continued)
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Table 10.1 (continued)

Policies/initiatives/
strategies Year

Potentially applicable
principles/statements from
the document Reference to UGS

spaces of all urban areas
with trees of endemic
species, implemented by the
Urban Development
Authority
5.7 Agriculture and
Plantations
– Respective urban

development plans shall
evaluate the non-market-
based benefits of urban
agricultural land such as
open public spaces
– The agricultural lands

and the rubber plantations
within the proposed
development corridors to be
thoroughly evaluated for
their alternative uses such as
carbon sequestration if
demanded for alternative
developments. In general, at
least 60% of these lands in
urban environments are
proposed to be preserved to
meet the national forestry
improvement targets as set
by the UN REDD
Programme (2016)

Sri Lanka 2030 Vision
and Strategic Path

2019 Open spaces—Present
urban development schemes
don’t meet the general
requirement of 1 ha per
1000 people
– Enforcing the National

Physical Planning Policy

Reference to open spaces

Draft National Policy
and Strategy on
Sustainable
Development

2020 Policy goal 11: Cities and
human settlements are made
inclusive, safe, resilient and
sustainable
– By 2030, provide

universal access to open and
green public spaces,
develop standards/design
guidelines and introduce
regulatory provisions to
mandate incorporation of
sufficient green and public

Specific reference to urban
green spaces and increasing
urban green cover

(continued)
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Global South population which is also leading to the degradation of these
agroecosystems along with other factors like increasing population, urbanization,
climate change, etc.

Though there is no established definition of homegardens yet, a homegarden can
be generally defined as “a farming system that combines physical, social and
economic functions on the area of land around the family home” (Landon-Lane
2004). Homegardens are an agroforestry system that can be found in both rural and
urban areas, providing food, herbs and medicine, and sometimes livestock, for home

Table 10.1 (continued)

Policies/initiatives/
strategies Year

Potentially applicable
principles/statements from
the document Reference to UGS

spaces in city planning
Policy goal 15: Sustainable
use and conservation of
terrestrial ecosystems are
ensured
– By 2022, promote the

implementation of
sustainable management of
all types of forests, halt
deforestation, restore
degraded forests and
substantially increase
afforestation and
reforestation—increase the
tree cover wherever
appropriate covering both
urban and rural areas

National Agriculture
Policy

2021 Policy statement 1: Improve
production and productivity
of food and feed crops
through a well-organized
agricultural production
system while harnessing the
agroecological potential and
strengthening the food
system
– Promote and support

systematic home gardening
– Promote different

production technologies
(e.g., vertical farming,
family farming, rooftop
gardening, community
gardens), especially
focussing on urban and peri-
urban food systems and
metro agriculture

References to homegardens
and farming/gardening in
urban and peri-urban areas
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use, but it can also be an additional source of income if extra food is produced
(Galhena et al. 2013). The study by Calvet-Mir et al. (2012) in Spain identified that
while the most important and obvious service provided by homegardens is quality
food for consumption, there are many other less recognized services that are highly
valuable. These include services such as habitat services (maintenance of landraces)
and cultural services (heritage value, enjoyment of homegardens, etc.). Mazumdar
and Mazumdar (2012), in their study on homegardens in the houses of immigrants
from different countries, reported that homegardens represent a space for religious,
cultural and ecological socialization, and it helps them to continue their identity.
Since homegardens can vary based on cultural, ecological and socioeconomic
factors, Niñez (1984) determined common traits to help identify homegardens as
mentioned in Table 10.2.

Homegardens in Sri Lanka have been studied for a long time (Perera and
Rajapakse 1991; Weerahewa et al. 2012; Galhena et al. 2013; De Zoysa and Inoue
2014; Mattsson et al. 2013, 2018; Marambe et al. 2018; deHaan et al. 2020; Herath
et al. 2021; Jayasinghe et al. 2021; Melvani et al. 2020; Mohri et al. 2013, 2018;
Pushpakumara et al. 2010, 2012, 2016). Homegardens, often a traditional life
supporting system, cover a significant land area (18.18%) of the country and was
estimated to increase at an extent of 1% per year until 2020 (FAO 2009).
Homegardens in Sri Lanka are often characterized as a piece of land, which has a
dwelling house and some form of cultivation on a total area of between 0.05 and
2.5 ha (mean 0.4 ha) (Pushpakumara et al. 2010). These gardens are mostly privately

Table 10.2 Common traits of homegardens

Trait Description

Species density High

Species type Stable, vegetable, fruit (cultural)

Main production objective Home consumption

Labour source Family (female, elderly, children)

Labour requirements Part time

Water requirements type High irrigation

Harvest frequency Daily, seasonal

Size of unit Small (relative)

Space utilization Horizontal, vertical

Fencing Frequent

Location Close to dwelling

Cropping patterns Irregular, row

Economic role Supplementary

Technology Simple hand tool

Inputs—cost Low

Geographical distribution Rural and urban

Skills Gardening—Horticulture

Government assistance None or minor

Source: Niñez (1984)
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owned and are managed through family labour using indigenous technologies that
rely on rich local knowledge systems (Pushpakumara et al. 2010, 2012). In Sri
Lanka, homegardens represent complex sustainable land use system that combines
multiple farming components, such as annual and perennial crops, livestock and
occasionally fish, which provides environmental services, resources for household
needs as well as employment and income generation opportunities (Weerahewa et al.
2012; deHaan et al. 2020; Jayasinghe et al. 2021). Apart from the provisioning
services like supply of food, the role of Sri Lankan homegardens in providing
regulating and supporting ecosystem services like maintaining carbon stock, polli-
nation, water retention, soil retention, etc. is well evident. Apart from this, cultural
services like aesthetic and ornamental preferences and social relations through
homegarden product sharing are found to be quite prominent (Saito et al. 2013).

The composition of Sri Lankan homegardens is reported to be different based on
the different climatic zones of the country (Mattsson et al. 2013). Dry zone (with
annual rainfall �1750 mm) homegardens have lower tree density when compared to
wet zone (with annual rainfall�2500 mm) homegardens and are often larger in size.
The biomass production in dry zone homegardens is often limited by moisture,
leading to a weaker capacity to replenish soil fertility by organic matter inputs than
wet zone homegardens (Sangakkara and Frossard 2014). Wet zone homegardens are
characterized by higher level of plant diversity and a denser canopy structure than
dry zone homegardens due to climatic conditions favourable for high growth (FAO
2009; Pushpakumara et al. 2010; Ali and Mattsson 2016). Wet zone of the country
also records a high population density, higher urbanization, low land availability, a
developed infrastructure and high opportunity for off-farm jobs. An estimation
reported more than 400 different woody species in Sri Lankan homegardens
(Ariyadasa 2002) with a total of 153,493 million trees across 20 districts. The
average density of trees in homegardens of Sri Lanka is varying from 20 to
475 trees per hectare.

10.3 Homegardens in Kandy

10.3.1 Kandy District: A Glimpse

The district of Kandy, with an area of 1940 km2 of which land and an internal
reservoir take up 98.04% and 1.96%, respectively (DCS 2020a), is located in the
Central Province of Sri Lanka, as shown in Fig. 10.2. Its administrative capital is
Kandy city which was named by UNESCO as a World Heritage Site, and it is well
known as the last kingdom of medieval Sri Lanka (Priyantha and Harankahawa
2018) where the last monarch was betrayed by his own ministers to the British.

Located in the transition between wet and intermediate zone, Kandy district is
mountainous and boasts much greenery. In 2019, forests and homegardens
contributed to 33.03% and 35.03% of Kandy, respectively, and the built-up area
covered only 1.53% of the district’s land area (DCS 2020a). With an annual rainfall
of about 1840 mm (Statistics Division Kandy 2020), the highest rainfall in 2019 was
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in October while the lowest was recorded in January, and the observed temperature
varied between 18.5 �C and 33.2 �C (DCS 2020a). The socio-demographic
characteristics of Kandy district are given in Table 10.3. Kandy is sustained by the
Mahaweli River, the longest river in Sri Lanka, which flows around Kandy city
keeping it hydrated and luscious (UDA 2019). The river is fed by many streams,
some of which are nourished by Udawatta and Wakarewatta forests that surround

Fig. 10.2 Land use map of Kandy district based on data from 2016. (Source: SriCAT 2019)
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Kandy city (UDA 2019), but the water for the river is mainly obtained from the
summits of the Knuckles mountain range (Statistics Division Kandy 2020).

10.3.2 Kandyan Homegardens and Their Characteristics

Homegardens in Kandy district are often called as Kandyan Homegardens (KHGs)
or Kandyan forest gardens. While primarily found in Kandy district, KHGs can also
be found in the other mid-country areas of Kegalle, Rathnapura, Matale and
Kurunegala districts (Pushpakumara et al. 2010). Land use changes, in the form of
deforestation for coffee and tea plantations, occurred under the British rule. The
indigenous people had to adapt to losing forest resources; thus homegardens became
even more important, especially in terms of conserving a wide variety of species
(Wickramasinghe 1995). Kandy district was reported to have nearly 82,563
homegardens that covered about 32 per cent of its land area and are attached to
about 70 per cent of households (FAO 2009; Mohri et al. 2013). Only the urban
households were reported to either have no homegardens or they share homegardens
with relatives in neighbouring households (Landreth and Saito 2014).

The composition of homegardens can differ from home to home in addition to the
differences observed across regions and agroecological zones in Sri Lanka
(Wickramasinghe 1995), depending on the physical characteristics of the area, the
expected outputs as well as how much time the homeowners spend to tend to the
plants. For example, if the homeowner has more time to spend in the garden, then
plants that need more tending to may be available in the homegarden. Consequently,
KHGs are uniquely diverse within the district and can consist of both agri-
silvicultural systems and agro-silvopastoral systems (Wickramasinghe 1995;
Pushpakumara et al. 2010).

The characteristics of KHGs, as reported by Pushpakumara et al. (2010), are
given in Table 10.4. A study by Perera and Rajapakse (1991) determined that there
were four distinct vertical canopy strata in the Kandy area, and the study by

Table 10.3 Socio-demo-
graphic characteristics of
Kandy district of 2019

Indicator Value

Area (in km2) 1940.0

Population 1,475,627

Population density (per sq. km) 761

Urban population 182,974

Rural population 1,200,796

Gender Male 703,588

Female 772,039

Employment Total 513,443

Male 334,311

Female 179,132

Literacy rate (for the year 2012, in %) 95.4

Source: DCS (2020a, b)
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Wickramasinghe (1995) determined that two neighbouring villages consisted of five
layers, both of which are within the range stated in Table 10.4. In general, the most
distinctive physical features of Kandyan homegardens are multi-storeyed canopy
cover, high natural and cultivated species diversity and steep hillside gradients. The
topmost layer of tree canopy includes valuable, mature timber species, such as
sandalwood, teak, mahogany, jackfruit and coconut trees. The second layer below
includes smaller fruit, ornamental, medicinal and spice trees, such as nutmeg and
clove. The lowest layer consists of wild ground cover and cleared patches for
cultivating annuals and vegetables. No specific arrangement is considered while
planting, but there is significant correlation between crop and tree species, such as
introduced Gliricidia trees cultivated to support pepper vines and provide high
nutrient compost. In addition, as reported by Pushpakumara et al. (2010), about
15% of KHGs include livestock, principally cattle and poultry. Homegardens from
the suburbs of Kandy city centre, Mapanawathura, Anniewatta and Dodamwala, as
shown in Figs. 10.3, 10.4, 10.5, and 10.6 clearly demonstrate the different multi-
storied layers and diversity of homegardens in Kandy. For example, the homegarden
from Anniewatta (Fig. 10.4) is spread across an area of 0.18 ha and consists of a wide
variety of plants and trees such as pomegranate, guava, star fruit, soursop, passion
fruit vine, coconut, banana, papaya, bird chilli, governor plum, cardamom, rambutan
and breadfruit as well as flowers. There is also a small apiary for beekeeping and a
well which is used to water the plants using an electric motor. Similarly, a
homegarden from Dodamwala (Fig. 10.6), located around 5 km from Kandy city
centre, is mainly maintained as an ornamental garden with a small pond and includes
various fruit-bearing and other trees like durian, wood apple, mango, red palm,
mangosteen, king coconut, coconut, cashew, jackfruit, lemon, lime, curry tree,
hummingbird tree, snow pea vines, neem, arecanut, guava, papaya, bird chilli,

Table 10.4 Characteristics of KHGs (Pushpakumara et al. 2010)

Characteristics Value

Size of HG (ha) 0.05–2.5 (mean ¼ 0.4)

Family size (numbers) 2–9

Number of vertical canopy strata 3–5

Canopy coverage (%) 45–98

Ground coverage (%) 50–90

Dominant soil type Reddish brown latosolic to immature brown
loam

Slope of land (%) 10–40

Number of species per KHG 37–143

Number of woody taxa per KHG 11–39

Tree species density per ha (over 5 cm DBH) 92–3736

Plant species density per ha (including
annuals)

654–5663

Dominant natural vegetation of the area Tropical wet evergreen forests

Land tenure Mainly privately owned
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sweet orange, canereed, ivy gourd and nutmeg. The two homegardens from
Mapanawathura (Figs. 10.3 and 10.5) clearly demonstrate the plant succession and
tree canopy structure, one of the most distinctive characteristics of KHGs.

The different resource requirements of the different species mean that the plants
can flourish in the varying KHG configurations and develop into self-sustaining
systems (Wickramasinghe 1995; Pushpakumara et al. 2010). The most common

Fig. 10.3 KHG with trees and a scattered plantation of cassava in the middle and a small stream

Fig. 10.4 KHG with diverse plants, trees and apiary in Anniewatta, Kandy
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floral species found in KHGs are stated in Table 10.5 from the study by Perera and
Rajapakse (1991) which include the frequency of their occurrence as well as the uses
of each species. Their results were obtained from analysing 50 randomly selected
households in five sub-administrative divisions from Kandy district.

Fig. 10.5 KHG consisting of a variety of trees and plants including coconut, king coconut, fishtail
palm and banana, next to an abandoned paddy field, which consists of a scattered planting of
elephant ears

Fig. 10.6 KHG surrounding a house in Dodamwala, Kandy
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As demonstrated in Table 10.5, the most common life forms in KHGs are tree
species. While the produce from trees in KHGs are generally used for home
consumption and/or sometimes sold, there may also be some sharing of extra food
with neighbouring houses, relatives and friends, especially if that household with the
homegarden does not require the additional income from selling the extra produce.
This helps maintain social relations within communities.

It has been reported that the KHGs conserve about 50% of fruit crop species
diversity in Sri Lanka (Pushpakumara et al. 2016). The diverse floral species found
in KHGs also provide suitable habitats for a range of fauna to nest and feed.
Pushpakumara et al. (2010) stated that the wide variety of fruit trees and low
disturbance are among few reasons for the high faunal diversity observed in KHGs.

10.3.3 Importance of KHGs in Sustainability and Resilience Building

Climate change and its impacts are widely accepted around the world. As a devel-
oping country, Sri Lanka is especially vulnerable since Sri Lanka’s GDP is highly
dependent on the agriculture sector, which is sensitive to changes in the climate
(Mendelsohn 2008). In fact, changes in rainfall patterns are already prevalent in Sri
Lanka, and it has forced farmers to adapt in several ways to protect their livelihood
like changing cropping patterns and adjusting sowing date (Marambe et al. 2018).
The farmer is a key player in the adaptation of agroecosystems, and in developing
countries, this means the farmer has to rely on his instincts and own innovation rather
than new expensive technologies (Verchot et al. 2007).

Verchot et al. (2007) suggested that an agroecosystem, such as a homegarden,
that is well adapted and houses high diversity is less sensitive to changes in climate
and also enables the farmer (or homeowner) to quickly adapt to any changes.

Table 10.5 Common floral species found in KHGs

Frequency of
occurrence Species

Life
form Uses

Canopy layer height
(m)

90%
(very common)

Jackfruit Tree Multipurpose >10

Coconut Tree Multipurpose >10

Cloves Tree Cash 2.5–10

Avocado Tree Fruit 2.5–10

Mango Tree Fruit 2.5–10

70–90%
(common)

Coffee Shrub Cash 1–2.5

Pepper Climber Cash –

Arecanut Tree Cash 2.5–10

Gliricidia Tree Multipurpose 2.5–10

Fishtail
palm

Tree Multipurpose 2.5–10

Papaya Tree Fruit 1–2.5

Alstonia Tree Timber >10

Source: Perera and Rajapakse (1991)

240 S. K. Jayakody and M. Basu



Accordingly, agroforestry systems such as KHGs are sustainable systems due to the
many benefits they provide. These include high biodiversity and conservation of
endemic species, acting as carbon sinks, hindering soil erosion and nutrient leaching,
enabling nitrogen fixing, controlling pests and diseases and connecting canopy
patches (De Zoysa and Inoue 2014; Marambe et al. 2018).

Furthermore, the presence of a high density of trees in homegardens may provide
much needed resilience to climatic changes (De Zoysa and Inoue 2014). For
example, the inclusion of a large number of trees provides many advantages over
changing rainfall patterns; these include longer roots that are able to reach deeper
into the soil for water and nutrients, higher water infiltration due to the more porous
soils that also have a better cover from the canopy helping to reduce run-off and
erosion, better soil aeration due to the higher evapotranspiration of trees and having
trees that yield better value produce than row crops (Verchot et al. 2007; De Zoysa
and Inoue 2014). While more research into the resilience that can be provided by
these systems is required, it has been reported that homegardens that are diverse and
dense, and also include livestock, are able to endure climatic changes (Verchot et al.
2007). This means that even with the impacts of climate change, homes with
agroforestry systems such as KHGs will be able to sustain the lives of those who
rely on them.

10.3.4 Threats to Homegardens

Pushpakumara et al. (2012), based on reports over the 20-year period before his 2012
study, stated that homegardens in the wet zone experienced fragmentation and
urbanization, causing degradation to homegardens. This refers to the fact that the
quality of ecosystem services that KHGs were once able to provide had deteriorated.
In addition, farmers are increasingly choosing to replace traditional homegarden tree
species with high yielding cash crops by clearing a part of their homegarden area to
sustain their needs, thus converting the highly diverse homegardens into lands with
mono crops and reduced vertical layers, which may lead to a loss in canopy cover,
carbon stocks and genetic material (Pushpakumara et al. 2012, 2016). Despite this,
the study by Herath et al. (2021) shows that the overall extent of homegardens in the
Mahaweli Upper Catchment area, which includes Kandy district, have increased by
60% (approximately 32,000 ha) between 1992 and 2017 through the conversion of
agricultural lands (excluding paddy) and some tea land. At the same time, the study
reports that 1000 ha of homegardens were lost due to urbanization. As it was
highlighted, it is extremely important to ensure and retain high biodiversity in
these newly converted homegardens so that the ecosystem services provided are of
high quality.

Households with homegardens often perceive the disservices from wild animals,
insects and other pests, and this threatens the high biodiversity of homegardens
(Mohri et al. 2018; deHaan et al. 2020). In the study by Mohri et al. (2018),
macaques, boars and porcupines were observed to be the primary culprit, and the
households stated that these incidents have only grown over the years. This is also
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confirmed by deHaan et al. (2020), who also adds rats, mice and squirrels to the list,
and by Melvani et al. (2020), who further added giant squirrels, grey langurs,
elephants and peacocks. Consequently, some owners abandon homegardens while
others change various aspects to discourage/stop the wild animals from venturing in
to cause damage. An example of this is clearing surrounding canopy so that
macaques do not have a direct path to reach the homegarden (Mohri et al. 2018).
People also resort to shooting at the macaques and other pests such as giant squirrels
(sometimes with rubber bullets) to scare them away; however, this is a very
temporary solution. In addition, when food is primarily used for domestic consump-
tion, they are less inclined to use pesticides on the produce; thus, they will find other
methods to protect their produce. Examples of this are provided in Fig. 10.7. If such
methods do not work, they are likely to eliminate the species of flora that attracts the
pest (Melvani et al. 2020). For example, banana plants were infested with snails at a
homegarden, and the snails eventually moved to attacking the other plants in the
garden; thus, the only solution for the homegarden owner was to eliminate the
banana plants completely.

Wild animal incursions and attacks from insects and pests mean that households
may be unable to sustain their needs and thus depend on outside markets and that
households are not able to replace damaged crops with new plants as the wild
animals will destroy the new plants as well (Mohri et al. 2018). Changing of the
homegarden structure or composition (such as from food crops to only spices or
eliminating certain species) leads to loss in biodiversity, while abandonment will
lead to the formation of secondary forests that are ideal ecosystems for these very
same wild animals to thrive, creating a feedback loop that is likely not beneficial for
the household or the community (Mohri et al. 2018; deHaan et al. 2020). It is

Fig. 10.7 Bitter gourd (a) and guava (b) covered with plastic bags and bottle containing methyl
eugenol on namnam (Cynometra cauliflora) (c), to protect the fruits from pests and insects
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therefore important to conserve remnant forest patches surrounding these areas to
ensure wild animals do not feel the need to venture into homegardens (Melvani et al.
2020).

Another threat to KHGs is the succession by secondary forest which leads to the
loss of agricultural diversity—without active human management, endemic plants
covering the ground are often out-competed by dominant secondary forest species,
including invasive coffee, or lack of sunlight in the ground because of unpruned tree
canopies. KHGs provide almost a quarter of household staples, and abandonment
increases vulnerability to market price fluctuations, especially expensive vegetables.
Other threats include climatic changes causing unpredictable rainfall which forces
homegarden owners to seek alternative income sources (Mohri et al. 2013), unavail-
ability of labour to harvest produce from homegardens, lack of interest in younger
generations to continue the gardening practises and reduction of available land to
expand homegardens due to high population density and urbanization (deHaan et al.
2020). Finally, another important threat identified is the loss of the traditional and
cultural knowledge that has been passed down for generations due to the structural
changes being made to homegardens as well as younger generations not taking part
in homegarden activities (deHaan et al. 2020).

10.3.5 How Can Homegardens Be Incorporated in Urban Planning
Strategies in Kandy

Kandy city of the Kandy Municipal Council (KMC), being the second largest city in
Sri Lanka, experiences major congestion and threats to the cultural heritage and
environmentally sensitive sites (UDA 2019). To alleviate these issues, fostering
developmental corridors between special-inclined suburban centres was proposed
in the Kandy Town Development Plan from 2019 to 2030 by the UDA (2019) as
illustrated in Fig. 10.8. This means that certain activities from the central business
district (CBD) of Kandy will be pushed towards the surrounding towns of
Katugastota, Kundasale-Digana and Peradeniya, and these will be developed further
to accommodate the needs of the growing population of Kandy city. It is expected
that focussing development on these areas will control/halt the unplanned develop-
ment occurring in environmentally sensitive areas and landslide-prone areas. In this
plan, it is also proposed that the Udawatta and Wakarewatta forest reserves are
protected due their importance in terms of environmental services and scenic beauty.
Furthermore, environmental sensitive zones are to be declared, and open spaces in
the form of parks are to be established.

With the planned expansion into neighbouring towns, it is important to ensure
that the greenery and climate that Kandy is known for are protected. The benefits
provided by homegardens will greatly compliment this and, in addition, provide
areas of high carbon stock compared to other open spaces. Open spaces such as parks
and golf courses are seen by urban planners to be more in line with the image of
urban areas (Drescher et al. 2006).
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Fig. 10.8 Proposed land use plan in the Kandy Town Development Plan 2019–2030 by the UDA
(2019)
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Mattsson et al. (2013) proposed expanding homegardens into abandoned and
degraded lands, and this can be incorporated into the planned development and
expansion of Kandy city. Therefore, it is first necessary to identify any abandoned or
degraded lands along these developmental corridors and in cluster towns that have
the potential to be converted into homegardens. Then, owners of the lands can be
incentivized to convert the lands into homegardens instead of selling the land for
construction. Incentives can include, among others, promoting homegardens and
highlighting their importance and benefits and providing seeds or seedlings of crops
free of charge or at a low cost. However, it is also necessary to determine the cause of
abandonment and propose solid strategies and provide access to new technologies to
alleviate the issues faced by the homegarden owners.

It is also imperative to ensure that proper land zoning is implemented to protect
surrounding forest patches from clearing for construction or other purposes so that
wild animals and other pests do not need to venture into homegardens in urban areas
in search of food. The establishment of these urban homegardens will also conserve
the biodiversity, provide food security and improve the hydrology of the developing
urban areas (Mattsson et al. 2018). Land zoning can also be used to specify the
certain land areas of the planned development that can only be used to establish
homegardens.

10.4 Conclusion

Demographic changes and globalization pressurize the existing traditional agrofor-
estry systems like homegardens, with visible changes in urban areas. Commerciali-
zation is leading to oversimplification of homegardens. This leads to disappearance
of homegardens and the traditional knowledge associated with it and subsequent loss
of species richness, the genetic diversity it contains and the ecosystem services. The
high structural and floristic diversity of Sri Lankan homegardens reflects the unique
biophysical environment and sociocultural factors under which they exist. Vast and
diverse number of plants around the home and in direct and constant interaction with
its owners fulfils specific economic, social and cultural needs of the garden owners
as well as provides biological conservation, carbon sequestration and such other
intangible yet valuable benefits to the society. Kandyan homegardens present dis-
tinctive biophysical characteristics that make them multifunctional and sustainable.
Irrespective of the demographic pressures and expansion of urban areas, Kandy
district has still been able to maintain the homegardens as they can be considered as
ecological assets of Kandy that helped to socially connect its inhabitants and sustain
the community for the last 2000 years. However, the multiple existing threats like
urbanization, commercialization, wildlife threats, economic changes, climatic
variations, etc. endanger the existence and sustenance of Kandyan homegardens in
future. In addition to the different programmes and strategies adopted by both the
national and regional government, it is required to create awareness among the local
people, especially the younger generation about the values of homegardens and also
involve them in conservation and maintenance so that they develop a sense of
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ownership towards these gardens and maintain them in future. Kandyan
homegardens demonstrate ideal examples of microscale agroforestry systems that
can be practiced and implemented. Hence, reinforcing and augmenting the Kandyan
homegarden systems so that they continue to provide sustainable ecological habitats
and other social and economic functions, and connect wild and other cultivated
habitats, are important for the future adaptation of this globally important landscape.
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Opportunities for Improving Urban Tree
Cover: A Case Study in Kochi 11
Kanchana Balasubramanian, Sidhtharthan Segarin,
Priya Narayanan, and Pulakesh Das

Abstract

The unprecedented nature of human action has a direct relation to increasing heat,
and unlike many other natural disasters, heat risk can be mitigated. Our engage-
ment in Kochi helped prioritize urban heat as a risk, enable identification of
potential areas for improving urban tree cover, and facilitate and establish a
community-based strategy for continued efforts under the Cities4Forests initia-
tive. Sentinel-2 satellite data was employed to generate the land use land cover
(LULC) map, while Land Surface Temperature (LST) map was prepared using
Landsat data. Two participatory mapathons were conducted with the local
residents and city councillors of Kochi to assess spatial baseline of trees, potential
areas for improving tree cover and restoration interventions using Open Foris
Collect Earth tool. Focussed analysis was carried out in two wards of Vaduthala,
Kochi. The LULC class-wise maximum potential estimates shows higher poten-
tial to improve tree cover in the built-up area (49.59%), followed by vacant land
(34.77%) in Kochi city. Similarly, Vaduthala region shows maximum potential
for vacant land (42.31%) and built-up area (40.38% area), wherein home garden
(42.32%), plantation in the entire plot (28.84%) and boundary plantation
(23.08%) are recommended as the most suitable interventions. The spatial analy-
sis in Vaduthala indicated the potential for home garden in 96.11 ha (94.75%),
avenue/linear plantation in 2.97 ha (2.93%) and mangrove in 1.65 ha (1.63%).
Areas of existing tree cover and mangrove (31 ha) in Vaduthala are identified for
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protection. The generated data suggests the potential for tree-based interventions,
which can improve urban liveability and provide long-term heat resilience in
Kochi city.

Keywords

Cities4Forests · Nature-based solutions (NBS) · Heat resilience · Community-
based approach · Mapathon · Urban heat island

11.1 Introduction

Extreme heat events are increasing across the globe, and cities are the epicentres of
this invisible climate risk. Urban environments are becoming increasingly dense
with ever more demand for space for development. Most of our cities are hot, dry,
polluted and impermeable (Enzi et al. 2017). Over the past two decades, extreme
temperature events have increased in frequency and severity around the world. A
study states that trees in urban cities benefit 68.3 million people across 245 cities
through reduction in summer maximum air temperatures by approximately 0.5 �C–
2.0 �C (0.9 �F–3.6 �F) (McDonald et al. 2016). It has been well established that
increasing tree cover and green spaces help combat urban heat island effects,
increase urban biodiversity and have positive effects on health and well-being of
people. Recent research shows that extreme heatwaves have increased the mortality
of urban residents more than rural residents, over the last decade. Studies show that
urban heat islands may result in a projected 8 �C increase in temperature in cities by
the end of the century (Zhao et al. 2021). Heat islands are common in urban areas,
resulting in higher daytime temperatures, reduced night-time cooling and higher air
pollution levels. The higher variation in temperature results in heat-related deaths and
illnesses amongst the vulnerable groups. It is projected that investing $100 million
annually in tree planting could benefit 77 million people with cooler urban region
(McDonald et al. 2016). Built environment in cities can be effectively redesigned and
retrofitted to provide safe and liveable spaces using tree-based interventions.

To the best of knowledge, there is no comprehensive typology of tree-based res-
toration interventions in the literature to cover all types of tree interactions in an
urban landscape. Most of the literature describes typology of tree intervention based
on the interaction of trees in a city landscape or addressing urban environmental
issues. In all these classifications, trees within the boundaries of residential and
commercial spaces and trees along canals are missing. Similarly, there is no clear
definition of trees in open spaces, either public or privately owned lands. Most
classification in the literature is incomplete. Based on the historical evidence, a
European study mentions three broad categories of tree-based interaction in the
cities, depending on the tree plantation carried out in the European cities
(Konijnendijk and Gauthier 2006). It includes urban woodlands, trees in parks and
open spaces, and street trees. However, it is unclear if trees in open spaces include
private or public spaces. The definitions are also overlapping in some cases. In
addition to trees along streets, trees in other urban areas such as public spaces along
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canals, edges of rivers and avenues also fall under street trees. The Food and
Agriculture Organization (FAO) guidelines on urban and peri-urban forestry catego-
rize urban forests into city parks greater than 0.5 ha, pocket parks and gardens with
trees less than 0.5 ha, trees on streets and other green spaces (Salbitano et al. 2016;
FAO 2020). The FAO classification scheme does not encompass trees within
residential and commercial complexes, trees in open spaces and those along canals.
According to the Urban Greening Guidelines 2014, Government of India, tree
interaction in an urban landscape is classified based on the pattern of interaction
such as patch, corridor and network structure (Ministry of Urban Development
2014). The patch includes urban domestic gardens, public and private parks and
urban forest patches, whereas the corridor consists of roads, avenues, walkways and
urban greenways, and the network structure includes a network of patch and corridor
patterns. However, using this definition, the categories to classify trees in open
spaces and trees along the boundary of buildings is unclear. The lack of an
all-encompassing typology of urban tree interventions calls for identifying a com-
prehensive list of possible restoration interventions for an urban landscape.

Some of the well-recognized restoration interventions are defined based on the
literature. These include urban forest parks; gardens; trees along roads, rivers and
canals; trees between buildings; trees in open lands; and remnant tree cover patches.
It can operate at a scale from a single dispersed tree to a group of trees and patches of
forest (FAO 2020). Trees along the roadside, median or pathways are called as linear
or avenue plantations (Ministry of Urban Development 2014). It also includes single
trees planted for aesthetic appearance along pathways, which is categorized as
informal (avenue) plantations. Tree cover in the premises of houses is part of
homestead garden or home garden (Niyas et al. 2016). Canal or riverbank plantations
include trees along the banks of the canal or river, respectively. Boundary
plantations are tree plantations along boundary walls of buildings or boundaries of
open spaces (Ministry of Urban Development 2014; Konijnendijk and Gauthier
2006). Parks are public areas developed by the city that include tree cover and
various other land covers, which are greater than 0.5 ha in size (Salbitano et al. 2016;
FAO 2020). Mangrove plantations are present in backwaters, estuaries, lagoons and
creeks (Mohandas et al. 2014; Kerala Forest Research Institute 2009). Urban areas
also include patches of green cover that can either be present in private or revenue
lands. Some instances define plantations in an open land as a block of trees or block
plantation, which are part of social forestry, and plantations in institutions and open
space within industrial premises (Gujarat Forest Department 2012; Guidelines for
Plantation in the Industrial Parks of Telangana 2015). Since block plantation is a
term primarily used in farm forestry, patches of green cover less than 0.5 ha are
termed as gardens with trees, including patches of tree cover in private lands and
institutional areas. Chaturvedi et al. (2018) developed an atlas for forest cover
protection and tree-based restoration interventions at a national scale in India,
integrating several thematic layers. However, such initiatives are limited to
non-urban areas. This chapter highlights how participatory mapping can help iden-
tify potential areas for restoration at a neighbourhood scale and aid in building long-
term heat resilience in Kochi city through the Cities4Forests (https://www.wri.org/
our-work/project/cities4forests) initiative.
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11.1.1 Mapathon: A Methodological Approach

Mapathon is an intensive, multiday event focussed on the collection and interpreta-
tion of spatial data. It is a participatory exercise developed based on the tool Collect
Earth to systematically assess a landscape (Reytar et al. 2021). Collect Earth is a data
collection platform developed by the Open Foris Initiative of the FAO (http://www.
openforis.org/tools/collect-earth.html). Collect Earth enables assessing a landscape
using very high-resolution satellite images available in Google Earth and Bing maps
in conjunction with Google Earth Engine.

11.2 Study Area

Kochi is a coastal city that lies in the district of Ernakulam, located in the state of
Kerala, India. Kochi has a complex estuarine system evolved due to the Periyar and
Muvattupuzha rivers and many other small canals and backwaters. The Thevara-
Perandoor canal is the longest canal of Kochi, running for about 10 km. Kochi
Metropolitan Corporation (KMC) is spread over an area of 9,488 ha and has a
population of 602,046 (Census 2011). The city is divided into 74 administrative
wards. The seacoast is approximately 48 km in length, covering the entire Kochi
Taluk in the Ernakulam district with more than 20 km2 of mangroves forest area.
About 80% of the city lies within 5 m of mean sea level, making residents highly
vulnerable to sea level rise, coastal inundation and frequent storm surges during the
monsoon months.

Nair et al. (2016) study, on run-off change due to urbanization using toposheet
and satellite images in Cochin, reported that built-up area increased from 36.51 km2

in 1968 to 48.07 km2 in 2010. They observed the majority of the changes are due to
the conversion of agricultural land and open spaces into residential, commercial and
industrial areas. Urban heat intensity in the city is moderate to high during winter and
summer and most intense in “compact mid-rise zones” in the central part of the city,
mainly comprising tall buildings (9–24 m) (Thomas et al. 2014). The map below
(Fig. 11.1) shows the urbanization context of Kochi city and its greater region, where
a significant rise in urbanization is seen after 1990, and most of the new development
in the last decade has occurred in the peri-urban region. The rapid peri-urbanization
of the Greater Cochin region has increased ecological stress on the region’s rivers,
canals and waterbodies and causes waterlogging, flood risk and coastal inundation.

11.3 Materials and Methodology

11.3.1 Data Used

The Sentinel-2 multispectral data was employed for land use land cover (LULC)
mapping. The cloud-free Sentinel-2 data for 2019 was accessed from the Copernicus
Hub (scihub.copernicus.eu/dhus/#/home). The Landsat satellite data was employed
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to understand urban heating in Kochi city. The thermal infrared (TIR) band of
Landsat data was used to derive the land surface temperature (LST) maps for two
time periods (pre-monsoon season of 2015 and 2019).

The first field visit was carried out between 15 and 17 October 2019 in KMC to
collect the geolocation of different LULC classes. About 120 ground control data
points were collected in the first visit. A second field visit was carried out between

Fig. 11.1 Urbanization trends in Kochi (source: WRI India)
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27 February and 1 March 2020 to record and verify the potential areas for restoration
as identified in consultation with the local people and government representatives.
Additionally, a consultation program was conducted with the local representatives
from the selected areas to identify the potential interventions for restoration.

11.3.2 Methodology

An urban heat island is an urban area that indicates a significantly warmer region
than its surrounding regions. The land surface temperature (LST) maps were created
as a surrogate to urban heat islands using the TIR band of Landsat 8 data. The digital
number (DN) value image was converted into the top of the atmosphere spectral
radiance band, which was then converted into at sensor temperature, followed by the
land surface temperature. Moreover, the ground emissivity factor was applied, which
was computed using the normalized difference vegetation index (NDVI) and pro-
portion of vegetation cover (Pv) (Kaplan et al. 2018).

The mapathon event was conducted to collect data on LULC classes, existing tree
cover and potential areas for tree-based interventions using citizen science approach.
The baseline LULC map was prepared using Sentinel-2 data, where four spectral
bands (blue, green, red and NIR) available at 10 m spatial resolution were used.
Supervised maximum likelihood classifier (MLC) was applied using Quantum GIS
(Q-GIS) software for LULC mapping. The attribute data (existing tree cover,
potential area, ownership, etc.) was collected for each land parcel for various
LULC categories through the mapathon. The LULC classes, such as highly built-
up, major roads and shallow water, which are unsuitable for restoration or tree-based
interventions, were excluded. Mapathon data collection was carried out for the
remaining classes that includes mixed vegetation, built-up mixed, vacant mixed
vegetation and waterbodies. The purpose of including mixed classes is to represent
the highly heterogeneous urban landscape as well as considering the resolution of
input satellite data. The mixed vegetation class indicates predominant vegetation
cover, while the vacant mixed is dominated with vacant land, and the built-up mixed
indicates predominant built-up areas. The raster LULC map was converted into
polygon vector data, where a random feature collection tool was employed to
generate the sampling plots for the mapathon.

Two participatory mapathon events were conducted in Kochi (first Phase: 9–-
11 January 2020 at St. Teresa’s College, Kochi; second Phase: 25 and 26 February
2020 at Alapatt Heritage, Kochi). These events brought together the participants who
were trained in the “Collect Earth” tool with the local participants (local councillors,
resident welfare association members and other local experts) from Kochi with
intimate knowledge of the landscape.

11.3.3 Mapathon Process

The process of mapathon for Kochi was undertaken in the following steps:
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11.3.3.1 Step 1: Planning Phase
WRI India discussed the process and requirements of mapathon with the Centre for
Heritage, Environment and Development (C-HED), Kochi, which functions as the
research and development wing of KMC. A series of meetings and discussions took
place to demonstrate the process of mapathon and emphasize the importance of
participation of ward councillors and residents of Kochi. The participants invited for
the mapathon include ward councillors, representatives from the ward, members of
resident welfare associations, self-help groups and residents of Kochi. The
invitations were extended to all 74 wards of KMC to ensure representations from
all the wards. The student volunteers from St. Teresa’s College, Kerala Agricultural
University and School of Architecture, Mookambika Technical Campus,
participated in the mapathon event for data analysis and entry.

11.3.3.2 Step 2: Preparatory Phase
1. Identify exclusion area and delineate sampling plots for mapathon

LULC map enabled identification of exclusion areas and delineating areas for
mapathon data collection. About 40% of KMC comes under exclusion areas
which include dense built-up and shallow water areas. The inland waterbodies
in Kochi include canals, ponds and marshy wetlands, which were not identifiable
due to coarse resolution of input data (10 m Sentinel-2). Hence, high-resolution
Google Earth (GE) imagery was referred to delineate pond and canal, which are
potential for boundary and canal bank plantations. The coastal marshy wetlands
were also identified in GE imagery to detect ecologically suitable areas for
mangrove plantations. In addition to the sampling plots, the ward councillor or
the representatives from the wards also provided information on additional sites
potential to improve tree cover. This way, the process ensured extending the
intricate local knowledge and capturing potential areas to improve tree cover
in KMC.

2. Preparation of the survey form
Collect Earth survey form was prepared using the Open Foris Collect tool
(Fig. 11.2). The following attribute data were collected for each sample plot:
• Year of available high-resolution GE image.
• Land use class.
• Number of existing trees and dominant species.
• Existing tree-based interventions.
• Presence of potential to improve tree cover.
• Land ownership details.
• Additional comments.

11.3.3.3 Step 3: Mapathon Events
The mapathon events were conducted by pairing trained student volunteers with the
local participants (Fig. 11.3). Student volunteers were trained on the Collect Earth
tool and provided demonstrations and hands-on training to add information for plots
provided by the local participants. Participants in the first mapathon included
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30 female student volunteers paired with 60 local people from Kochi, including
34 female and 26 male participants. The local participants included Kochi Mayor,
ward councillors, representatives of the ward members and resident welfare associa-
tion members. Participants in the second phase of the mapathon included one female
and six male student volunteers paired with five local people (one female and four
male participants) from Kochi resident welfare association members.

11.3.4 Data Curation and Identification of Suitable Wards for Deep
Dive Analysis

Data collected in two phases of the mapathon were compiled and cleaned before
further analysis. Collect Earth Saiku and Microsoft Excel were used for data
cleaning and quantitative analysis. Mapathon data curation included data cleaning
and verification of a sample of data on the ground. A deep dive analysis was carried
out to develop restoration potential for selected regions. The purpose of selecting
regions for the deep dive analysis was (i) total potential area identified for restora-
tion, (ii) heat islands effect and (iii) willingness from the ward councillors and self-
help groups. Spatial analysis was carried out to map the existing tree cover area using
Google Earth Engine (GEE) employing Sentinel-2 data in the selected regions. The
multi-temporal normalized difference vegetation index (NDVI) images were stacked
to map the existing tree cover using a threshold-based approach. Composites of
Sentinel-2 images from January to March 2019 with cloud cover <1% were used,
where the NDVI threshold value of >0.36 provided the total green cover areas,
including tree cover, grassland and scrubs. Further, the NDVI value of the driest
period (21 February 2019) was used to remove the grassland and scrubs from the
green cover area. The overall classification accuracy in tree cover mapping was
estimated as 83%.

Fig. 11.2 The survey form used in mapathon
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11.3.5 Developing the Restoration Interventions

The tree-based restoration interventions endorsed by the participants are framed and
schematically represented in Fig. 11.4. Randomly placed, dispersed trees and

Fig. 11.3 Mapathon exercise in Kochi (photo credit: Nazreen C.J.). Mapathon Phase I (top) and
Mapathon Phase II (bottom)
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boundary plantations are not identified as tree-based intervention, instead considered
into other interventions based on the dominant LULC category.

• When the majority of LULC class is built-up:
– Randomly placed or scattered trees or boundary plantation with built-up area:

classified as home garden.
– Garden or presence of trees: classified as home garden.
– Roadside linear plantation: classified as avenue/linear plantation.

• When the majority of LULC class is vacant land:
– Randomly placed trees or vacant land with trees: classified as plantations in a

plot/garden with trees.
• When the majority of LULC class is vegetation:

– Randomly placed trees: classified as gardens with trees.
• When the associated LULC class is canal:

– Linear plantations along the canal/possibility to plant trees on the riverbank:
classified as canal bank plantations.

• Moreover, the suggested potential areas for plantation in marshy land are classi-
fied as mangrove plantation.

11.4 Results and Discussion

The classification accuracy of the LULC map was assessed using the field observed
data points, which indicated >89%overall accuracy (Fig. 11.5). The raster LULC
map was converted into vector polygon data. About 80,000 polygons were generated
from the LULC map, wherein 6000 polygons were selected using the stratified
random sampling approach. These 6000 polygons cover about 7% of the total area

Mapathon and Field data

Land Use Land Cover (LULC) classification (S2)

High built up

Major roads

Shallow water

Waterbodies
Built up mixed 

(built up 

dominance)

Vacant mixed 

(vacant land 

dominance)

Vegetation mixed 

(GrC dominance)

Vegetation cover analysis (S2 
NDVI)

Tree cover 
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removed)
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Protection and 
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delineation using FD 

and Google Earth)
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Fig. 11.4 Framework suggested for tree-based intervention in Kochi
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used for mapathon data collection (Fig. 11.4). In the first phase, 2740 sampling plots
and 1314 additional plots were assessed across 32 wards in KMC. From the first
phase of the mapathon, it was observed that the willingness to participate in the
exercise was low. Two major challenges were observed: (i) absence of participants
for some wards caused improper representation of existing tree-based intervention of
Kochi city, and (ii) under-representation of local participants was observed in some
of the wards with larger area and higher sampling plots. Moreover, the average time
spent by the local participants was significantly lower (~2–3 h) than the actual
requirement. This resulted in incomplete data collection for some wards. Thus, a
second mapathon event was conducted, focussing on the Fort Kochi region based on
the convergence of other activities of Cities4Forests in Kochi.

11.4.1 Exiting Interventions and Restoration Potential for Kochi
Based on Mapathon

The existing interventions, potential areas for restoration and suitable interventions
were identified based on the existing LULC distribution, mapathon data and field
observations. Restoration potential areas falling within 5 m buffer on either side of
the roads is marked for avenue/linear plantation. The restoration potential areas
falling along the canal banks are marked as canal bank plantations. The restoration
potential for existing parks with less tree cover is classified as parks to improve tree

Fig. 11.5 (a) LULC map of Kochi Municipality area and (b) selected polygons for mapathon
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cover. Other areas as built-up mixed, vacant mixed and vegetation mixed are
classified as gardens, where home gardens, gardens with trees in institutional spaces
and boundary plantations are possible (Table 11.1). The LULC-wise existing
interventions were observed highest for the built-up area (63.53%), followed by
vacant land (18.62%), wherein home garden (57.23%) and boundary plantation
(25.67%) were dominated (Fig. 11.6a). The potential for tree-based restoration

Table 11.1 Tree-based intervention and interpretation of existing and potential interventions

Tree-based
interventions in
Kochi Definition and criteria

Interpretations from mapathon and field visit

Existing tree-based
interventions

Potential restoration
interventions

Avenue/linear
plantation

Tree plantation along
roads, rail and
pathways, including
single trees planted
along the pathways and
squares in public or
private lands

Linear plantations
along roads from
mapathon

Linear plantations
along roads from
mapathon and field
visit

Canal bank
plantation

Tree plantation along
the bank of the canal in
the unpaved surfaces,
which are revenue land

Canal bank plantation
from mapathon

Canal bank plantation
from mapathon and
field visit

Mangrove
plantation

Mangrove tree species
found as coastal
vegetation or
backwaters or in
marshy areas

Mangrove plantation
from the field visit

Mangrove plantation
from mapathon and
field visit

Parks (enrich
tree cover)

Public areas developed
by the city includes
tree cover and a variety
of other land covers

Parks identified in the
field visit

Parks with potential
open spaces to enrich
tree cover

Home garden Tree plantation within
the premises of
residential buildings,
which are private land

Home garden from
mapathon

Gardens
– Home garden
– Boundary

plantation
– Gardens with trees

(trees in a plot/trees in
the entire plot/
dispersed or randomly
placed trees from
mapathon or
recreational parks)

Boundary
plantation

Trees along the
boundary walls of
institutional or
industrial premises or
along the boundary of
open vacant land
This can be private or
revenue lands
depending on the
premises

Boundary plantation in
mapathon and field
visit

Garden with
trees

Patches of green cover
in open lands, which
are private or revenue
lands

Trees in a plot/trees in
the entire plot/
dispersed or randomly
placed trees with
existing tree cover
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interventions for various LULC classes in Kochi is shown in Fig. 11.6b. The
maximum potential was estimated for the built-up area (49.59%), wherein the
dominant contribution is observed for gardens with trees (36.03%). The second
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Fig. 11.6 (a) Existing and (b) potential for tree-based interventions against the existing LULC
classes (*the mangrove plantation is merged with canal bank/riverbank plantation)
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highest potential was estimated for the vacant land (34.77%), wherein the plantation
in the entire plot (27.01%) has been suggested as the dominant intervention type.
Moreover, the existing canal bank/riverbank/mangrove plantation was observed in
4.16% area, while 3.44% area has been recommended under restoration potential.
Linear plantation was recommended in 8.37% area of the total plot along the roads.
The land ownership details assessed based on 51 plots reveal that more than 90% of
the potential areas are private. However, the confidence level in identifying land
ownership of public spaces is low. The lower confidence levels and small sample
size indicate insufficient data on land ownership, which needs additional consulta-
tion with the Kochi Municipal Corporation.

11.4.2 Deep Dive Analysis

The LST change during 2015–2019 indicated an overall increase throughout Kochi,
where the maximum increase was observed in the northern part of the Fort Kochi
region (Fig. 11.7). It could be attributed to the higher proportion of settlement area
compared to green the cover. In comparison, the change in LST was lower in the
Willingdon Island and Ernakulam regions. During the field visits, it was observed
that most wards in Kochi are densely populated, dominated by the built-up area.
Moreover, the willingness to participate and buy-in for restoration was low in several
wards. C-HED and a former Mayor also confirmed that the local people would
express opposition to improve tree cover in Fort Kochi, given the trade-off with
protecting the importance of heritage structures and buildings in the ward. This
concern arises as some of the existing tree plantations are damaging the heritage
building and threatening the longevity of the structures. Hence, a deep dive analysis
was conducted in the Vaduthala region (wards 31 and 32) based on the availability of

LST in ˚C
40.21

28.31

LST in ˚C
31.04

22.70

(i) (ii) (iii)

Change in LST

High

Low

Fig. 11.7 LST change map for the KMC for (i) year 2015 (ii) year 2019 and (iii) change from year
2015 to 2019
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mapathon data, significant areas for restoration and the interest of the local people
(Fig. 11.8).

11.4.3 Existing and Potential for Tree-Based Interventions
for Vaduthala Based on Mapathon

Mapathon data was employed to assess existing tree-based interventions using
124 sampling plots with 217 additional plots in the Vaduthala region. Baseline
tree estimates for 2019 in the Vaduthala region are 5650 trees with a tree density
of 38 trees per ha. It is observed that about 70% of the Vaduthala region has tree
cover. The major tree species found in this region include coconut (C. nucifera),
jackfruit (A. heterophyllus) and mango (M. indica). Coconut is the most prominent
tree species, present in more than 80% of tree-covered areas of the Vaduthala region.
Other tree species found are areca nut (A. catechu), peepal (F. religiosa), raintree
(S. saman or A. saman), banyan (F. benghalensis), neem (A. indica), tamarind
(T. indica), gulmohar (D. regia), bamboo (Bambusa sp.) and devil tree
(A. scholaris).

The existing tree-based interventions identified by the participants in Vaduthala
include home garden, parks with trees, boundary plantations, linear plantation, canal
bank plantations and mangrove plantations. Boundary plantation was estimated in
41.81% of the total area, wherein 14.18% and 13.45% were observed in vacant land

Fig. 11.8 KMC ward map and location of wards 31 and 32 (Vaduthala region)
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and built-up category, respectively (Table 11.2). The linear plantation was estimated
in 17.48% area, wherein 14.92% area was associated with roads. The home garden
has been estimated in 34.54% of the total areas, wherein 27.27% of the area were
built-up area dominated. Moreover, 1.81% area was observed under the canal bank/
mangrove category.

The restoration potential classes for tree-based interventions as obtained via
mapathon data analysis are given in Table 11.3. The results indicated maximum
potential for home garden (42.32%), followed by plantation in the entire plot
(28.84%) and boundary plantation (23.08%). The home garden is recorded in
28.85% of built-up area, followed by vegetation (9.62%) and vacant land (3.85%).
The vacant land was mostly preferred for plantation in the entire plot (26.92%) and
boundary plantation (11.54%). Participants also suggested potential for avenue/
linear plantation along the roads, canal bank plantation along the waterbody and
mangrove plantation nearby built-up area.

11.4.4 Potential for Tree-Based Interventions Based on Spatial
Analysis

About 17.76 ha in the Vaduthala region were excluded due to areas unsuitable for
tree-based interventions. Potential area for mangrove plantations was identified in
the coastal areas having a smaller number of trees. The roads, canal banks and
existing parks were manually digitized using Google Earth and the information

Table 11.2 LULC class area (%) against existing interventions based on mapathon

Class
Home
garden

Plantation in
entire plot

Boundary
plantation

Canal bank/riverbank/
mangrove plantation*

Linear
plantation

Built-up 27.27 0 13.45 0 0.74

Vegetation 1.09 0 9.45 0 0.73

Roads 0 0 4.73 0 14.92

Vacant
land

6.18 4.36 14.18 1.45 1.09

Waterbody 0 0 0 0.36 0

*The mangrove plantation is merged with canal bank/riverbank plantation

Table 11.3 LULC class area (%) under different interventions categories based on mapathon

Class
Home
garden

Plantation
in entire
plot

Boundary
plantation

Canal/
riverbank
plantation

Mangrove
plantation

Avenue/
linear
plantation

Built-up 28.85 1.92 7.69 0 1.92 0

Vegetation 9.62 0 3.85 0 0 0

Roads 0 0 0 0 0 1.92

Vacant
land

3.85 26.92 11.54 0 0 0

Waterbody 0 0 0 1.92 0 0
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collected on the ground. Existing mangrove and tree cover areas were identified
using the NDVI threshold-based approach in 0.95 ha and 29.53 ha, respectively. The
existing mangrove and tree cover areas can be protected and maintained (Fig. 11.9a).
The restoration potential for tree-based interventions was recommended in the
remaining 101.44 ha. Out of the total potential area, the maximum area was
estimated for home gardens or gardens with trees (96.11 ha), followed by the
avenue/linear plantation in 2.97 ha (Fig. 11.9b). About 1.65 ha were observed
suitable for mangrove plantation, mostly identified in the coast in the northern
boundary and two patches in the western boundary. Canal bank plantation is
identified in 0.53 ha in the south-east boundary. Additionally, the ground-based
observations indicated that the tree cover in vacant area (dominated with weeds)
beside the Greater Cochin Development Authority (GCDA) park, Vaduthala, can be
increased through suitable tree-based interventions in the western boundary
(Figs. 11.9b and 11.10).

The major challenges in conducting mapathon event in an urban set-up include
insufficient data collection due to (i) absence of participants for some wards,
(ii) under-representation in some of the wards with respect to ward size and the
number of sampling plots and (iii) lesser time spent by the participants in the data
collection process. The analysis shows higher restoration potential for built-up and
vacant land areas. Results obtained suggest that the tree-based interventions are
observed more in built-up areas, along roads and vacant spaces in densely populated
Kochi, while the areas preferred for restoration in the built-up and vacant space. A
limited additional potential was observed along roads, canal bank and waterbody. In

Fig. 11.9 (a) Estimated areas for protection and restoration and (b) the proposed tree-based
interventions for the Vaduthala region, Kochi

11 Opportunities for Improving Urban Tree Cover: A Case Study in Kochi 267



addition to improving biodiversity, air quality and urban heating, the green infra-
structure helps in restoring the pre-development hydrology and mitigating water
quality issues in cities (Rai et al. 2019). The lack of joint initiatives between top-level
aspirations and on-the-ground implementation causes limited data on restoration
activities (Stanturf and Mansourian 2020). The remote sensing and GIS-based data
analysis and integration with the citizen science approach are useful for public
involvement and awareness (Nilsson et al. 2007). In this purview, the current
study and adopted approach may lead bridging the data gaps and land use planners
for improving tree cover in urban areas.

11.5 Conclusion

Enabling city led NBS interventions to develop heat mitigation and adaptation
strategies for resilient neighbourhoods is the most prudent way forward for resilient
cities. Community-led actions to identify potentials for NBS interventions and
increased awareness of the need for urban greening as city mitigation and adaptation
solutions against climate change and extreme weather events will play a key role in
achieving a more liveable and sustainable city. Through mapathon data analysis, we
have been able to identify potential areas of tree-based intervention and the
typologies in Kochi. Home garden and boundary plantation were observed as the
dominant existing interventions, while home garden and plantation in the entire plot
were mostly recommended for restoration in Kochi. In addition to mapathon data
analysis, spatial analysis was carried out in the focussed region in two wards (31 and
32) of Vaduthala. Home garden (34.54%) and boundary plantations (41.81%) have
been observed as the dominant exiting tree-based interventions. In comparison,
home garden (42.32%), boundary plantation (23.08%) and plantation in the entire
plot (28.84%) have been recognized as the maximum potential interventions in the
Vaduthala region. Based on the spatial analysis, tree cover and mangrove were
identified in 29.53 ha and 0.95 ha in the Vaduthala region, respectively. These
areas have been recommended for protection. Around 101.44 ha was identified

Fig. 11.10 Location of the Greater Cochin Development Authority (GCDA) park, Vaduthala,
identified in Google Maps (LHS) and field photo (RHS)
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potential for restoration, wherein 96.11 ha area was recommended for home garden.
The generated data and maps will be useful to build capacities amongst city decision-
makers and other stakeholders on the importance of trees for improving liveability
and long-term heat resilience.
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Abstract

Urban protected areas are vital green infrastructure elements that provide a host of
co-benefits ranging from mitigation of urban pollution and heat islands to recrea-
tion, in addition to their well-established role in biodiversity conservation. This
study uses an ecosystem services framework to understand the transformations in
people-nature interactions around a recently established protected area in a fast-
urbanising landscape in South India. Data collection involved methods ranging
from ecosystem services ranking to key informant interviews with diverse stake-
holder groups in the protected area. The study revealed that provisioning services
such as grazing land for livestock and water for drinking and irrigation are the
most preferred by local communities, while protected area regulations prioritise
management for conservation and recreational benefits that benefit urban
dwellers. Though the impacts of conservation on the focal species remain uncer-
tain, the repercussions on local livelihoods are immense as forest-dependent
communities are pushed out to rely on urban job opportunities. The study calls
for careful integration of diverse ecosystem service uses and stakeholder
perceptions to manage protected areas as green infrastructure elements for
social-ecological benefits in urbanising landscapes.
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12.1 Introduction

Protected areas (PAs or nature reserves) are a widely recognised strategy for
safeguarding biodiversity at multiple levels ranging from species of conservation
interest to iconic ecosystems and landscapes (Bruner et al. 2001; Eken et al. 2004;
Hannah 2008). Over the 2000–2020 period, the global extent of PAs has increased
from about 10% to at least 15% terrestrially (Secretariat of the Convention on
Biological Diversity 2020). Globally 32.8% of protected land is under intense
human pressure, and 57% of all PAs, concentrated in Western Europe, Southern
Asia and Africa, encompass land under intense human pressure (Jones et al. 2018).
With the current staggering rates of urban expansion globally, median distance from
a nature reserve to an urban area is already less than 50 km in many regions
(McDonald et al. 2008), and the extent of urban land within 50 km of PAs is
predicted to triple from its 2000 value by 2030 (Güneralp and Seto 2013).

In many fast-urbanising landscapes, PAs have become the last remaining patches
of critical green infrastructure providing a multitude of ecosystem services such as
mitigation of urban pollution, heat islands and climate impacts, water provisioning
and air purification. The role of urban green spaces in enhancing human physical and
mental well-being and fostering social cohesion and stewardship is being better
appreciated following the COVID-19 pandemic-induced lockdown across the globe
(Ugolini et al. 2020; Kleinschroth and Kowarik 2020). Despite their diverse roles as
vital green infrastructure elements, management of PAs in urbanising landscapes is
fraught with intense conservation-development tensions. Tryzna (2014) describes
certain distinctive stressors on urban protected areas, some of which include the
large number of visitors who generally lack opportunities to experience wild nature,
intense urban development, disproportionate impacts of crime, vandalism, littering,
dumping and light and noise pollution and urban edge effects such as frequent and
severe fires, air and water pollution and introduction of invasive alien species. Such
impacts are more pronounced in urban peripheries of Global South where unplanned
urbanisation has been driving astounding transformations of ecological commons
and green infrastructure with serious repercussions on ecosystem-dependent
communities (Mundoli et al. 2014, 2017).

India is estimated to add 416 million urban dwellers by 2050 and together with
China and Nigeria will account for 35% of the projected growth of the world’s urban
population between 2018 and 2050 (UN 2019). Some of India’s densest urban
settlements are found just outside PAs (e.g. Sanjay Gandhi National Park in Mumbai
and Bannerghatta National Park in Bengaluru) that are increasingly threatened by the
growing urban sprawl (Rodary et al. 2018). Changing land use in peri-urban regions
has disrupted the rural agricultural-forest continuum, blurring the historically fluid
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boundaries between human and wild spaces (Vikas 2019). The impact of
urbanisation on ecosystem services from blue-green infrastructure elements such
as lakes (D’Souza and Nagendra 2011; Mundoli et al. 2014; Derkzen et al. 2017),
wooded groves (Mundoli et al. 2017) and agriculture (Patil et al. 2018) in the
peripheries of Indian cities is well documented; however, changing people-nature
relationships around peri-urban PAs has not received adequate academic attention in
the Indian context. This study attempts to understand the transformations in social-
ecological interactions around a recently established PA in the vicinity of India’s
fastest growing metropolis, Bengaluru. We seek to unpack the role of urbanisation in
mediating the synergies and trade-offs between biodiversity conservation objectives
and the sustainability of local livelihoods with a view to inform the management of
the PA as a green infrastructure component for urban resilience.

12.2 Methodology

12.2.1 Study Area

Ramadevarabetta Vulture Sanctuary (RVS), located between the North latitudes
12�45096300 to 12�45011500 and East longitudes 77�18029100 and 77�17046600 in
Ramanagara district in the Bengaluru Metropolitan Region, is a unique landscape
with huge granite rocks (Location map in Fig. 12.1). Ramadevarabetta State Forest,

Fig. 12.1 Location map of RVS
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originally notified under Section 17 of Mysore Forest Regulation Act in 1917, was
declared as a wildlife sanctuary for protecting vultures in 2012.

From over 40 million in 1991–1992, the numbers of India’s three vulture species
of the genus Gyps, viz. the long-billed (LBV-Gyps indicus Scopoli), the slender-
billed (Gyps tenuirostris G.R. Gray) and the white-rumped (Gyps bengalensis,
J.F. Gmelin), have plummeted by a drastic 97–99.9% by 2007 (Bindra 2018).
Social-ecological repercussions of this collapse have been catastrophic; millions of
carcasses were left rotting in the absence of nature’s most efficient scavengers
thereby increasing the transmission potential of diseases such as tuberculosis,
anthrax and foot-and-mouth disease, contamination of drinking water and explosion
in feral dog population. The human health costs of vulture decline, and subsequent
increases in dogs and rabies were estimated to be about $1.5 billion annually in India
(Markandya et al. 2008). Cultural practices were also severely hit; for instance, sky
burial rituals of Parsi community in India and Tibetan Buddhists, in which corpses
are disposed of by vultures, had to be discontinued, and the dead is now burnt using
solar power concentrators (Markandya et al. 2008). Extensive veterinary use of the
anti-inflammatory drug diclofenac causing renal failure in vultures on ingestion of
carcasses of treated livestock has been confirmed as the major reason for decline in
Asian vulture populations (Prakash et al. 2012; Swan et al. 2006). In an effort to
revive the vulture populations, the governments of India, Pakistan and Nepal
withdrew manufacturing licenses for veterinary diclofenac in 2006 (Prakash et al.
2012).

RVS was reported as a unique vulture habitat in 2006, when a local NGO
identified four species of vultures (LBV, Egyptian vulture (Neophron percnopterus
L.), white-rumped vulture and king vulture (Sarcogyps calvus Scopoli)) as
documented in archival records from the region (Lakshmikantha 2016). In 2012,
an area of about 346 ha in Ramadevarabetta State Forest was declared as RVS by
state government making it the first vulture sanctuary in India. Supporting around
150 species of birds belonging to over 40 families, RVS is part of the Important Bird
Area network in India (Islam and Rahmani 2004). The tropical scrub and dry
deciduous vegetation of RVS harbours fauna including sloth bear (Melursus ursinus,
Shaw.), leopard (Panthera pardus L.), striped hyena (Hyaena hyaena L.) and jackal
(Canis aureus L.) and flora such as ivory tree (Wrightia tinctoria R. Br.), used
extensively in the local wooden toy-making industry. The famous Ramadevarabetta
temple within RVS and the popularity of the hills as the shooting location of the
blockbuster Bollywood movie Sholay draw large flocks of tourists year-round.

To further buffer the vulture habitat, an area of 708 ha within a radius of 130 m to
1.80 km around the boundary of RVS was declared as Eco-Sensitive Zone (ESZ) in
2017 (MoEFCC 2017). Stone quarrying, polluting industries, veterinary use of
diclofenac, establishment of meat processing units and rock climbing and allied
activities are prohibited within the ESZ, while commercial establishment of hotels
and resorts and construction activities are regulated. Despite these measures, the
vulture populations of RVS have dwindled considerably, with only two species, the
LBV and the Egyptian vulture now found in the region, from the four species
reported earlier. Partying at the hills leaving over liquor bottles and meat, movie
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crews flying drones (Chetan 2016), poaching of hatchlings and adult birds (Khanna
2015), influx of photographers trying to capture the birds and tourist traffic to the
temple during festivals along with lack of animal carcasses and nesting trees in the
surrounding urbanising landscape (Abhisheka et al. 2011) have been reported to
have driven away vultures from RVS. There are six villages in the ESZ (Fig. 12.1
and Table 12.1) with a total population of around 11,000 (MoEFCC 2017). Local
livelihood options including livestock grazing in forests (prohibited in PAs under
Wildlife Protection Act (WPA), 1972), forest produce collection (banned under
Wildlife (Amendment) Act 2002) and quarrying activities (prohibited in ESZ notifi-
cation) have been curtailed following sanctuary and ESZ notifications. At the same
time, urban developmental projects such as construction of a 4 km bypass for the
Bengaluru-Mysuru highway through the ESZ and Satellite Town Ring Road within
200 m of the ESZ (Rao 2018) are being proposed and implemented. Recognising the
role of urban growth in further complicating the conservation-livelihood interactions
in this landscape, we traced the transitions triggered by these drivers in people-nature
linkages around RVS.

12.2.2 Data Collection

Data collection involved multistage interactions with stakeholder groups including
local communities around RVS, conservationists and government officials over
March–December 2019, as described below.

12.2.2.1 Exploratory Interactions in Villages
Preliminary exploratory interactions were held with groups of eight to ten members
in eight locations in the six villages located in the fringes of RVS (inside the ESZ)
using a checklist to collect information on land use, cropping, livelihood options,
dependence on forests and perceptions on the impacts of the conservation project
and urban expansion. Each interaction lasted for 80–90 min, and multiple
discussions were conducted in two villages to capture the variations in perceptions
based on caste composition. All interactions happened in the local language.

12.2.2.2 Focus Group Discussions (FGD) for Participatory Ranking
of Ecosystem Services and Disservices from Forests

Four villages where communities depend closely on forests at RVS, as identified in
the preliminary explorations, were selected for further detailed ESS assessment.
FGDs for ESS ranking were conducted in total six sites in the four villages,
following Schreckenberg et al. (2016) and Drekzen et al. (2017). Each discussion
lasted for around 2 h and was conducted in common gathering places such as kattes
(a social gathering place under a tree, usually of Ficus species), schools, etc. Before
the actual meeting, visits were made to the villages to meet people and invite them
for discussion. It was ensured that people who have lived in these villages for more
than 30 years and those belonging to all important caste groups are represented in the
meeting. In villages with deep caste divisions, separate sessions were conducted for
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different groups. Male and female group sessions were conducted separately in each
site to assess the gender differences in the use of ESS from forests. Thus, a total of
11 discussions were conducted in the six locations to capture the changes in peoples’
use of ecosystem services in the context of urban growth and the launch of the
conservation project.

We used Ecosystem Services Approach to portray social-ecological interlinkages,
following the Common International Classification of Ecosystem Services or CICES
(Haines-Young and Potschin 2018). From each section of the CICES classification,
types of ESS that were appreciated by participants in the exploratory interactions
were selected for the ranking exercise. Fourteen ecosystem services were thus
considered (Table 12.2), and additionally seven ecosystem disservices (conflicts
with leopards (Panthera pardus L.), wild boars (Sus scrofa L.), sloth bears
(Melursus ursinus, Shaw.) and snakes (Serpentes L.) and nuisance from mosquitoes,
forest fire and antisocial activities due to increased tourist influx) that were
highlighted in the interactions were also ranked. Important ESS benefits from PAs
such as recreation and education did not figure in the ranking exercise as these were
not found relevant for the local communities in the exploratory discussions.

Participants were asked to rank the services/disservices based on their relevance
in two periods: present and past (20 years back when urbanisation pressure started
mounting around Bengaluru). Picture cards depicting each service/disservice were
used to facilitate people’s understanding, considering that most of them are illiterate.

Table 12.2 ESS and disservices listed for participatory ranking exercises

Section Group Class type

Provisioning
(biotic)

Wild plants/animals for nutrition,
materials or energy

• Grazing livestock in forests
• Fodder for stall-fed

livestock
• Fuelwood
• Wild fruits and leaves
• Medicinal plants
• Other NTFPs

Provisioning
(abiotic)

Surface/ground water for nutrition,
materials or energy

• Surface/ground water for
drinking and agricultural uses

Regulation and
maintenance
(biotic)

Regulation of baseline flows and
extreme events

• Soil erosion control

Atmospheric composition and
conditions

• Temperature regulation
• Air quality moderation

Lifecycle maintenance, habitat and
gene pool protection

• Habitat for useful or iconic
flora and fauna

• Pollination

Cultural (biotic) Intellectual and representative
interactions with natural
environment

• Aesthetic benefits

Spiritual, symbolic and other
interactions with natural
environment

• Tree worship and religious
values

Source: Modified from Haines-Young and Potschin (2018)
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Each group arrived at a unanimous ranking of ESS after debating the relevance
within the group and ordered the cards in columns based on the ranks, with the
number one ranked service placed at the topmost position and lower ranks below
that. After the ranking exercise, reasons for changes in preferences between the two
time periods were elicited qualitatively in the group discussions.

12.2.2.3 Key Informant Interviews
Semi-structured interviews were conducted with seven key informants from the four
selected villages using an interview guide consisting of open-ended questions.
People who have lived in the village for more than three decades and members of
local institutions like panchayats were selected as key respondents, taking care to
include both genders and the major caste groups in the villages. Personal perceptions
on the past and present land uses and livelihoods in their villages, experiences about
changes in the use of ecosystems and impacts of the conservation project and urban
growth were elicited in these interviews. Further three vulture conservationists were
interviewed to understand the status of LBV—the focal species of conservation in
RVS. A wildlife sanctuary official was interviewed to garner information on the
management strategies for the sanctuary. Respondents were interviewed in locations
convenient for them (house, office, etc.) for durations ranging from 90 to 120 min,
except for the international vulture conservation expert who was interviewed over
email.

12.2.3 Data Analysis

Data collected from interviews and ranking sessions were analysed using simple
statistics such as percentages and averages wherever possible. Rank 1 was consid-
ered as the highest rank for both ESS and disservices with higher numbers indicating
lower preferences. Ranks were converted to scores using the formula Score ¼ 1/
Rank. For instance, rank 2 was scored 0.5 (1/2) and so on. For both ESS and
disservices, the lowest score was 0 (not considered for ranking indicating no
relevance), while the highest rank was 1 for both groups. Spearman’s correlation
coefficient was worked out using SigmaStat 3.5 to assess the association of prefer-
ence scores with gender and variation of scores with respect to the two time periods
and distance of the village from the PA boundary.

12.3 Results and Discussion

12.3.1 Shift in the Use of ESS and Disservices from the Forests

Participatory ranking exercises revealed that provisioning services such as grazing
land for livestock, water for drinking and irrigation and fodder for livestock are the
most preferred by local communities across villages, followed by cultural and
regulatory services, both in the past and present time periods (Fig. 12.2). Other
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studies also have shown stakeholders attributing higher relevance for provisioning
services over regulatory and cultural services from forests (Agbenyega et al. 2009;
Hartter 2010). Grazing livestock remains the highest ranked option across time
periods. This is a crucial use of forests, especially for the socially marginalised
and landless groups such as Iruligas whose prominent livelihood options have been
forest produce collection and livestock rearing. The role of forest in water provi-
sioning is also being acknowledged better now as indicated by the improved
ranking—second position now—from third in the past. However, harvesting fruits
and medicinal plants from forests has reduced as food from farms or markets and
modern medicines, respectively, substitute these produces. Similarly, fuelwood
collection which was the second most preferred use in the past is not ranked high
in the present due to replacement by liquefied petroleum gas (LPG) as cooking fuel.
But local communities continue to collect produce such as broom sticks for which
there are no better replacements yet.

Preferences for the regulatory service—air quality moderation—and cultural
services, religious and aesthetic benefits, have increased from past to present corol-
lary to the decreasing subsistence use of forests. Shift in preference from provision-
ing ESS towards cultural services such as recreation in urbanising landscapes is well
documented as in the case of ESS uses from lakes in Bengaluru (Derkzen et al.
2017). Growing concerns about air pollution from urbanisation, industrialisation and
higher vehicular movement fuelled by increasing tourist visits to RVS have
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sensitised people on the role of trees and green spaces in maintaining air quality,
propelling this ESS to the third preferred position now. Other regulatory services—
habitat for wildlife, pollination, soil erosion control and temperature moderation—
were ranked consistently low in both present and past time periods.

ESS preferences also reflected the spatial and social locations of the stakeholders.
Scores for the most appreciated service, grazing showed a significant positive
correlation with the distance of the village from RVS (Spearman’s rank correlation,
rho ¼ 0.6, p < 0.05). Communities in locations farther away from the forest tend to
feel the negative impacts of grazing ban more severely in the absence of other
grazing commons, while those close to the forest boundaries still use the peripheries
for grazing as and when opportunities arise, when forest guards are absent or in some
cases bribing the guards for gaining access. Absolute lack of access to forests for
grazing resulted in higher appreciation of this service for respondents who live
farther.

Men and women have distinct leanings in ranking the services; men preferred
regulatory services like air quality moderation, while women preferred provisioning
services like grazing and fuelwood collection. No significant correlation could be
found between the ranks assigned by men and women for all services. Caste
positions also influenced preferences, reflective of diverse livelihood dependencies
on forests, e.g. landless scheduled tribes (Iruligas) value services such as NTFP
collection and livestock grazing, while landowning agricultural castes consider
water provision for irrigation as the major service. In villages with homogenous
caste composition, preference is mostly tilted towards a single service.

Among the various disservices, attacks by sloth bear were the most prevalent in
the past (Fig. 12.3). But in the present, bear raids have reduced, and wild boar and
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leopard attacks have increased. The key informant from FD attributed this change to
improved food sources for bears inside the forest following planting of fruit trees
such as Tamarindus indica L., Ficus religiosa L. and Ficus benghalensis
L. (Manjunatha 2016). Community members pointed out loud music and noise
from tourist resorts and quarrying activities as deterrents for bears from approaching
human habitations. Higher food availability in forests led to an explosion in popula-
tion of wild boars that now raid agricultural crops. Change in cropping pattern in
response to crop depredation was also revealed in the exploratory interactions and
FGDs. Sugarcane (Saccharum officinarum L.) and groundnut (Arachis hypogaea L.)
which attracted bears were replaced by horticultural crops that are now prone to wild
boar attacks. The major conflict currently is with leopards that raid on livestock,
especially sheep. Up to 25–30 sheep were lost annually in some villages from
leopard attacks, as reported in the FGDs. During 2010–2014, there were 355 cases
of crop damage, 75 cases of cattle kills, 19 human injuries and 2 human deaths from
wildlife conflicts in Ramanagara division for which compensations of INR 7,12,778,
INR 3,17,250, INR 2,93,187 and INR 10,000,00 were paid by the Forest Depart-
ment, respectively (Manjunatha 2016).

The use of forests as spaces for antisocial activities such as alcohol consumption
is another disservice that has increased from past to present. Tourists who visit RVS
party at the hills and leave over the liquor bottles and other trash (Chetan 2016). Both
men and women expressed dissatisfaction over such activities, which they consider
are consequences of urbanisation and changing cultural values. But women
complained about local men also indulging in such activities, whereas men spoke
about this as a disservice from outsiders. People found loud music played from
tourist resorts on weekends and continuous vehicular movement in village roads
disturbing. No trend was discernible with respect to distance of the village from the
PA in ranking of the disservices.

12.3.2 Impacts of Urbanisation and Conservation on Livelihoods

Our research unravelled the multifarious impacts of the conservation project and
urban expansion on livelihoods of local communities. Urban expansion was revealed
to have mixed outcomes, for certain groups exacerbating the livelihood
vulnerabilities created by the conservation project and for certain others ameliorating
them, hinging on the resource endowments of the stakeholders. The ramifications
were particularly acute on traditional livelihood activities such as animal husbandry
and forest produce collection.

12.3.2.1 Impacts on Livestock Rearing
Both urbanisation and the conservation project has equally impacted livestock
rearing, an important livelihood option for local communities such as Adi Karnataka
and Iruliga. Spiralling urban demand for exotic crop produce, land, water and labour
has been creating new agroecologies in peri-urban Bengaluru (Patil et al. 2018).
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Within the ESZ of RVS, between 2009 and 2018, plantations of horticultural crops
such as mango and coconut and timber species such as teak andMelia dubia grew by
47% and built-up area expanded by 14%, replacing agriculture and fallow lands
(Harini 2019). In Ramanagara district, the extent of area under mulberry (Morus
spp.) for sericulture jumped by 59% during 2008–2014 tied to the branding of
Ramanagara as sericulture hub of Karnataka, while area under traditional rain-fed
crop of groundnut (Arachis hypogaea L.) decreased by 53%, castor (Ricinus
communis L.) by 43% and black gram (Vigna mungo (L.) Hepper) by 73%, during
the same period. Such changes were facilitated by expansion of irrigation; irrigated
area as percentage of net sown area increased by 20–200% in villages in ESZ
between 2002 and 2011 (Ministry of Home Affairs 2001, 2011). Urban growth
transforms traditional agriculture and animal husbandry practices on account of
(a) conversion of grazing lands for low-cost housing or developmental projects
and (b) shift to perennial cropping patterns such as horticultural orchards to cater
to urban demand, precluding the grazing of livestock during non-cropping seasons.
In these circumstances, forests continued to support the grazing needs of poorer
communities. While landowning communities have responded to loss of grazing
areas by shifting to hybrid breeds of cattle that are stall-fed, for landless people,
maintaining such exotic cattle is not possible. High urban demand for milk also
promoted dairying activities using exotic high-yielding breeds by resourceful
groups. Those who could not afford such shifts have completely discontinued
livestock rearing and now rely on itinerant wage labour and other urban job
opportunities.

In 2012, exotic breeds constituted only 48% of the total cattle population in the
district, whereas in 2019, 78% of all cattle raised were exotic. Sheep population
declined by 65% during the same period (Department of Animal Husbandry and
Dairying 2012, 2019). Iruligas have reduced or completely moved away from sheep
rearing on account of loss of access to forests, other grazing commons and livestock
depredation by wildlife. Around PAs in India, livestock depredation by carnivores is
reported to have driven the shift from native to hybrid breeds of cattle, as hybrids are
usually stall-fed avoiding conflicts with wildlife during grazing in forests (Bhardwaj
2018). Such changes also lead to declining tolerance from community for injury and
death caused by carnivores in view of the enormous financial damage that farmers
are likely to face on the loss of hybrid cattle (Bhardwaj 2018). But around RVS,
livestock raid by wildlife was not highlighted as a reason for shift to hybrid cattle by
dairy farmers; rather growing urban demand for milk was reported to have spurred
intensive dairying activities.

12.3.2.2 Impacts on NTFP Collection
During FGDs and key informant interviews, people reported collection of diverse
produces ranging from honey, fuelwood, bamboo, broomsticks to wild greens such
as seege (Acacia concinna (Willd.) DC.), bade (Foeniculum vulgare Mill.), thonde
(Coccinia grandis (L.) Voigt), fruits of bel (Aegle marmelos (L.) Correa), elche
(Ziziphus jujube Mill.), nerale (Syzygium cumini (L.) Skeels), amla (Phyllanthus
emblica L.), tamarind (Tamarindus indica L.), custard apple (Annona squamosa L.)
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and roots of magali (Decalepis hamiltonii Wight Arn.) before the initiation of
conservation project, but at present, occasional collection of honey, greens and
firewood only is reported.

Iruligas (also known as kadupujararu or the priests of the forests) the traditional
hunter-gatherer community have been extremely forest-dependent, foraging on wild
tubers, fruits and honey and hunting rats to meet dietary requirements. Sales of
honey, magali roots and firewood were the mainstay of their livelihoods. Iruligas
possess rich traditional knowledge on wild medicinal herbs and sustainable
harvesting of honey from shrubs, hollow trees and rocks. The beehives are smoked
to harvest honey in a process that doesn’t harm the bees (Iyer 2016). The extensive
ethnobotanical knowledge of Iruligas also comes in handy to avoid beestings using
herbal repellents while collecting honey (Krishna 2020). If the hive is small with less
honey, small amount is consumed in forests, and if large amounts are available,
honey collected is brought back home and shared with others. Honey collected from
shrubs is considered the tastiest and is consumed with wild tubers, dug from forests
using a sharp stick and boiled and seasoned with forest peppers. Green leaves of
several edible species are also cooked this way (Radhamani 2014). With restricted
access to wild food sources, the community is now dependent on free supply of rice
through food security programmes, and the low-quality food leads to poor health and
nutritional outcomes including high rates of infant mortality and maternal mortality
(Mutharaju and Kodandarama 2019). After PA declaration, some Iruliga community
members were purportedly arrested for collecting and selling Magali roots.

Loss of access to natural resources from exclusionary conservation has been
reported to cause severe impoverishment among poor, indigenous rural
(Brockington and Igoe 2006; Dowie 2009) who depend heavily on “subsidy from
nature” in the form of fodder, water, wild food and other forest produce to meet basic
consumption and livelihood needs (West et al. 2006; Angelsen et al. 2014). Conser-
vation displacement increases the importance of wage labour as communities whose
traditional livelihood and labour opportunities are disrupted find themselves exposed
to networks of capitalist exchange (Brockington and Duffy 2011), a trend visible
around RVS.

12.3.2.3 Community Perceptions on Livelihood Impacts of the PA
Community involvement in the management of RVS and livelihood benefits from
the PA has been minimal, as reported in our interactions. Community members are
provided wage labour in pre-monsoon tree planting and plantation maintenance
programmes of FD. FD has also organised training programmes on controlling forest
fires, but community participation in the programme was underwhelming as reported
by a key informant who is member of Panchayat. A few families in the Iruliga
settlement near the entry gate of RVS run small shops for tourists, and one of them is
employed as a guard with FD. This group had a positive outlook towards the
conservation project despite its impacts on their customary livelihoods. Larger
landscape level and socio-economic changes have been rendering traditional
occupations non-viable even before the conservation project, in their opinion. For
instance, FGD participants among Iruligas noted that honey resources in forests
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have dwindled as a consequence of intensive chemical use in surrounding mango
orchards decimating honeybees. At the same time, people also acknowledged the
importance of labour opportunities that mango orchards provide when forest-depen-
dent livelihoods are declining. Thus, the urban demand for food produce has both
positive and negative impacts on Iruliga livelihood sustainability. In fact, most
respondents from this settlement portrayed urban growth as beneficial since
amenities including road, electricity connection and accessibility to cities that
facilitate exploration of wage labour opportunities have improved. However,
Iruligas in other settlements away from the PA boundary expressed anguish against
the conservation project on account of declining access to forests. Thus, the attitude
towards and benefits from conservation is heavily determined by spatial location,
i.e. proximity to the sanctuary, besides the social hierarchy in terms of caste position.

The landowning class that comprises of upper castes found opportunities in
urbanisation in terms of higher sales and rental value of land and improved access
to education and jobs. Land was acquired by government from villages for highway
construction and other developmental projects including the proposed textile park
for which 50 ha of land in one village has been identified (Department of Industries
and Commerce G 2016). Land value has skyrocketed from INR 5000 per hectare to
INR 1.75–2.5 million in the past decade depending on availability of irrigation and
proximity to highway. The attitude towards conservation project was mostly neutral
among upper castes except for concerns over the possibility of ESZ regulations
restricting land sales, land use changes and further agricultural expansion.

Discontent was apparent among the Scheduled Caste group of Adi Karnataka
with both urbanisation and conservation project. Urbanisation has made life more
expensive and the community less cohesive in their opinion, with sociocultural
practices such as collective celebration of festivals fast-disappearing. This commu-
nity has been leasing out agricultural land from landowning groups, but with
rampant land sales and conversion, it has become difficult to avail land on lease
for farming, while the conservation measures ban the use of forests for livestock
rearing.

The impacts of displacement created by protected areas are spread unevenly
across diverse actors within local communities, and community responses are
contoured around age, caste, class, gender and ethnicity (Hall et al. 2015; Dao
2016). Kabra (2019) while examining contestations within and between different
caste groups to corner resource flows associated with state welfare in a conservation
displacement site in central India argues that the distribution of risks and
opportunities among the affected population tends to enhance existing socio-
economic inequalities and power imbalances. Around RVS, both the landowning
class and sections of the scheduled tribe community who expect economic gains
from the conservation project expressed positive attitude towards it, while the
subaltern caste group of Adi Karnataka perceive themselves as losers in the tussle
between conservation and livelihoods, accentuated by urbanisation.
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12.3.3 Impacts of Conservation on the Status of Vultures
in the Urbanising Landscape

Our interactions with multiple stakeholders showed that RVS faltered in the stated
objective of conserving critically endangered LBVs. LBV populations at RVS have
plummeted from 22 to just 4 between 2011 and 2020, and since 2014, there has been
no breeding success (2019 email from Mr. Shashi Kumar and Mr. Darshan,
Karnataka Vulture Conservation Trust). At the same time, Egyptian vultures have
become more abundant over years, from 5–6 to 30–35 facilitated by increased
availability of silk pupae from sericulture units and chicken waste in the surrounding
region (Kaggare 2019). LBVs feed only on medium- to large-sized carcasses like
those of cattle and other large mammals and have not adapted to the decreasing
availability of such food in the landscape.

12.3.3.1 Community Perceptions on Vulture Conservation
In group discussions and interviews with local community, respondents unani-
mously observed that vulture population in RVS had decreased from the past
(from 50 to 100 a decade back to only 10–12 now); however, there were seasonal
variations in their abundance, ranging from as low as 3 in summer up to 15 during
monsoon season. Respondents related the reduction in vulture population to dwin-
dling food and water sources, radiation from mobile towers, construction projects,
decline in tree populations in the landscape and poaching by some traditional
hunting communities. Though there is a general awareness about decline of vulture
population, their ecological role as scavengers and the need of establishment of a
sanctuary for vulture conservation were not recognised by local community. How-
ever, respondents were aware of and concerned about the change in rules about using
the forests after declaration of sanctuary, especially restrictions on grazing.

Though ecological role was not appreciated, local communities want vultures to
be conserved due to cultural values. Key respondents spoke about cultural practices
such as offering food to vultures during death-related rituals on the belief that the
deceased soul would enter heaven. This practice, according to them, is not followed
now as vultures have become rare. Activating such cultural links therefore would be
a crucial step towards building positive perceptions and a sense of ownership of the
community towards conservation project. Markandya et al. (2008) and van Dooren
(2010) recognise the role that Hindu mythology associated with a revered vulture
God, Jatayu, has played in vulture conservation in Indian subcontinent.

12.3.3.2 Perceptions of Vulture Conservationists and the FD Official
As grazing ban was highlighted as the major negative impact of conservation project
in community interactions, we solicited the opinion of conservationists on the
usefulness of banning livestock grazing in the PA. There were contradictory
opinions: some found the ban necessary because disturbance from any human
movements, especially during feeding, could lead vultures to abandon the food
and fly off, whereas others opined that grazing ban is not particularly beneficial to
vulture population. Heavy tourist influx and ongoing construction of a highway
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bypass in the ESZ were recognised as huge threats to vultures by both the local
community and conservationists. Noise from vehicular movement close to the
nesting site of the vultures and from blasting of explosives to crack boulders for
road construction could threaten the chicks or the just migrated vultures that are new
to the landscape. Shift in animal husbandry practices from native breeds to exotic
breeds with higher milk yield was recognised as a major driver of vulture decline in
RVS by experts. Hybrid cattle are expensive to maintain and are therefore insured,
and on death, burial of carcasses is mandatory to claim the insurance, leading to
scarcity of cattle carcasses for LBV to feed on. Conservationists thus agree with the
community perceptions of decrease in vulture numbers from food shortage.

There was no consensus between the conservationists interviewed about the best
conservation strategy—studies to understand breeding and flying behaviour and
establishment of captive breeding centres for vultures were highlighted as urgent
requirements by the local vulture conservation group. Suggestions have been put
forth to bring carcasses of mammals dying in road kills from PAs in the nearby
districts for the vultures to feed on, after testing for presence of diclofenac. Some of
the experts were sceptical about a sanctuary as conservation strategy, given that
vultures routinely travel 50–100 km, and, in their view, addressing the threats,
especially drug contamination of carcasses in areas of feeding potential, to create a
safe zone for vultures is a more effective protection measure.

According to the FD official interviewed, vulture populations at RVS are showing
an increasing trend, and nesting activity has also been noticed. The official justified
the ban on livestock grazing as undisturbed forests are beneficial not just for the
vultures but also for other wild fauna. FD has carried out afforestation projects in
RVS, and consequently between 2009 and 2018, forest area has increased by
19.25% within the ESZ of RVS (Harini 2019). However, experts point out that
barren landscapes are conducive for vultures as their huge wingspan demands large
open spaces for landing. Afforestation therefore is not likely to have any direct
positive impact on the area as a vulture habitat. LBV nests exclusively on rock cliffs,
while Egyptian vultures could occasionally nest and roost on coconut trees. A
growing area under horticultural plantations of coconut may marginally promote
nesting and roosting of Egyptian vultures.

12.4 Conclusions

Several positive and negative feedbacks are conspicuous between vulture conserva-
tion, local livelihood sustenance and urbanisation process around RVS (as depicted
in a driver-pressure-state-impact-response or DPSIR diagram in Fig. 12.4); for
instance, expanding cultivation of coconut trees to cater to urban demand for the
produce and waste from chicken shops and sericulture units enhancing EV popula-
tion is a positive feedback, while the shift to hybrid cattle for meeting demand for
milk from the city has led to shortage of cattle carcasses and high use of veterinary
drugs negatively impacting vultures. Thus, as the vulture experts suggested,

286 B. Dhanya et al.



declaring a limited area as a sanctuary without acknowledging these larger landscape
level social-ecological linkages might not lead to revival of LBV population.

Though the conservation outcome of establishing RVS remains uncertain as far as
the focal species is considered, the repercussions on local livelihoods are conspicu-
ous as forest-dependent livelihoods are pushed out to rely on urban job
opportunities. While changing cultural preferences brought about by proximity to
urban centres might also have influenced such shifts, restrictions on forest use is the
major trigger. Diclofenac, the well-known driver of vulture extinctions, does not
appear to be the major risk factor as of now owing to the shortage of cattle carcasses
for vultures in this landscape. Social-ecological transformations including land use
transitions, changes in agriculture and animal husbandry practices and alienation of
the forest-dependent communities from fortress conservation approaches are bigger
threats to the sanctuary and the vulture population. Under the intense influence of a
metropolis, cultural and aesthetic values of green infrastructure for urban visitors are
prioritised overlooking the local provisioning needs. It is ironic that while the local
community is criminalised for minor livelihood use of forests, several ecologically
devastating state-sponsored development schemes such as expansion of highways
are carried out undeterred.

Conflicts of interests in and perceptions towards the conservation project are
evident between stakeholder groups; local people clearly recognise grazing as the
most preferred ecosystem service from the forest, whereas some conservationists and
FD consider grazing as a threat for the vultures and other fauna. Recreational uses of
the forests were not valued by local people; for FD, this is an important service as a
potential revenue generator. Negative preference of local people towards PAs is
triggered by the restriction of access to forests and lack of involvement in its
management, and the probability of positive preference decreases with increasing

Fig. 12.4 DPSIR framework depicting conservation-livelihoods-urbanisation interactions
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dependence on provisioning services (Amin et al. 2015). The ecological impacts of
excluding livestock have been often disastrous in other PAs in India; colonisation by
invasive species and consequent changes in vegetation composition resulting in
biodiversity decline have been reported in the absence of other herbivores to fulfil
the functional role that livestock play in human-influenced ecosystems (Nautiyal and
Kaechele 2007; Zeeshan et al. 2017).

12.5 Implications and Recommendations

The study clearly reveals the need for inclusive approaches of planning for green
infrastructure—the PA in this case—in urbanising areas. A socially just approach of
conservation should carefully craft mechanisms to integrate local livelihood needs as
part of the conservation plan while remaining cognisant of the differential impacts of
conservation on local populace. Buscher and Fletcher (2019) outline a new future of
conservation that is “convivial” instead of exclusionary and preserves integrated
spaces of diverse landscapes and governance systems within which multiple human
stakeholders and other species can coexist equitably. An inclusive model of conser-
vation that allows sustenance of livelihood activities of forest dwellers and leverage
indigenous knowledge for protection of the ecosystem and its iconic raptors could be
the way ahead for a robust conservation strategy in RVS. Cultural links with vultures
enshrined in rituals, myths and folklore that were extolled during our interviews
could be invigorated to ignite community’s interest in the conservation project
thereby creating integrated spaces of coexistence.

It is important to recognise that “community” is a heterogeneous entity with
intrinsic power asymmetries that are further worsened by alienation created by
conservation. Dispossessed communities are left dependent on the vagaries of
urban wage labour markets that are highly volatile, accentuating livelihood vulnera-
bility as has happened during the COVID-19 pandemic. India witnessed large-scale
reverse migration from cities to rural areas in the wake of the pandemic. At this
critical juncture, maintaining the historic linkages of communities with forests and
even encouraging communities to forge sustainable linkages with forests should be a
priority for conservation plans. Restoring the community’s right to forest produce
and traditional forest management practices is crucial for sustaining people’s partici-
pation in conservation. Envisioning PAs as pathways for sustainability goals beyond
biodiversity conservation and as part of wider social-ecological systems helps foster
sustainable human-nature relationships, environmental health and livelihood and
landscape resilience (Loos 2021).

While most of these recommendations hold true for many PAs in the Global
South, in the case of a peri-urban PA, tele-couplings with macro level factors such as
global- and national-level socio-economic changes and policies arising from the
proximity to an urban centre are to be recognised as unique pressures. In the present
case, such pressures are evident in the form of the post liberalisation economic
changes in India that accelerated real estate boom, population growth, densification
and sprawl in urban peripheries. These factors are manifested as different direct
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stressors on the landscape such as extensive conversion of rural land, changes in
cropping practices to produce certain commodities for urban food consumption,
increased recreational demand from urban centres, etc. Governance challenges are
also rampant, with multiple urban planning agencies and institutions responsible for
the management of the PA. In the present case, parastatal agencies including the
Bangalore Metropolitan Region Development Authority, Ramanagara Urban Devel-
opment Authority and Satellite Town Ring Road Planning Authority are all respon-
sible for landscape planning, while the Forest Department is responsible for
management of the PA, and coordination between these agencies for devising an
integrated approach of planning and management are often lacking. Planning for
nature reserve as urban green infrastructure should be mindful of such challenges
that are quite different from conservation issues in rural areas. Both urban growth
and the area designated for biodiversity conservation to meet commitments set under
Aichi targets and other biodiversity frameworks are predicted to intensify in the
coming decades in the Global South, so are the conflicts between urbanisation and
conservation. Preserving PAs as protected islands devoid of human pressure in a sea
of urban growth might not lead to sustainable outcomes, if the intense social-
ecological interactions around urban PAs that are amplified by urbanisation are not
factored in. A deliberate reorientation of current conservation planning approaches
to reimagine the role of PA as urban green infrastructure with multiple ecosystem
service uses to diverse stakeholders is undoubtedly vital for inclusive and sustainable
urbanisation in the Global South.
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Remodelling Urban Spaces in the Light
of Blue-Green Infrastructure: A Case Study
of Guwahati, India
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Abstract

Guwahati, the fastest-growing metropolis of North East India, is surrounded by
beautiful hillocks and the mighty River Brahmaputra flowing through the north.
The city is endowed with rich biodiversity and blessed with pleasant weather. But
since the 1990s, migration from rural Assam started; unplanned growth and
expansion of the city soon followed. Unforeseen problems, like urban floods,
landslides, land and water quality degradation, heat island effects and scarcity of
basic amenities, are now quite common in Guwahati. The only Ramsar site of the
state, the Deepor Beel, as well as other wetlands in Guwahati is under severe
threat due to the encroachment and exploitation. The city falls in most vulnerable
seismic zone V, but preparedness to combat big earthquakes and similar disasters
is not in place. The present study has been carried out to assess the decadal
changes over a period, starting from first spell of population influx, senseless
expansion to environmental degradation. Data used for the study comprised of
Landsat TM, ETM+, OLI and TIRS, ASTER Digital Elevation Model
(DEM) and Survey of India Topomap. Data classification, analysis and mapping
were carried out in GIS environment using ESRI ArcGIS 10.1 and Hexagon
ERDAS 2014 software. It was found that urban expansion increased by 11.53%
in 2000–1990, 16.31% in 2010–2000 and 13.64% in 2020–2010. But open
spaces reduced by 14.47% in 2010–2000, waterbodies have shrunk and forest
cover have reduced considerably. Based on these, suggestions have been made
for restoration of existing natural resources and remodelling the city using blue-
green infrastructure.
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13.1 Introduction

Rapid urbanization and unplanned growth have led to urban sprawl, water and air
pollution, environmental degradation and exposure to natural and man-made hazards
in many countries (Li et al. 2015; Zhang 2016). Fifty four percent of the world’s
population resided in urban areas in 2014, which is projected to rise to 66% by 2050.
Asia and Africa will urbanize at a greater pace than all other regions of the world,
where increase will be from 48 and 40% to 64 and 56%, respectively, by 2050. The
world urban population has grown from 746 million in 1950 to 3.9 billion in 2014,
which further will reach 6.3 billion by 2050. Africa and Asia combined will account
for 90% of this rise. Though high-income developed countries have undergone
urbanization for several decades, this process started much later in upper middle
class countries, mainly due to collapse of rural economy, extreme climate events,
people displaced by mega projects and lack of basic civic amenities in rural areas.
The 57% urban population in developed countries in 1950 is expected to rise to 86%
by 2050, while the same data for upper middle class countries would be from 20% in
1950 to 79% in 2050 (UN 2014).

Among the developing countries, India possesses the most characteristic features
of urbanization. In 1951, India’s total population was over 361 million, with 17.29%
urban population which increased by 13.87% in 2011. The growth of urban popula-
tion started gaining momentum after 1980. Post 1991, economic growth of the
country due to Liberalization-Privatization-Globalization (LPG) brought into sharp
focus the economic role of cities (Sadashivan and Tabassu 2016). Urbanization in
India is referred to as pseudo-urbanization because people migrate to cities due to
rural push factors and not due to urban pull (Breese 1969). Continuous concentration
of population and activities in cities marks the pattern of urbanization in India
(Jaysawal and Saha 2014). An example of this was the mass migration of marginal
workers from cities during the nationwide lockdown period from March to June
2020 owing to COVID-19 pandemic. Urbanization in India is involuted (Mukherji
1991) and has been characterized by weak economic base and poor industrialization.
Such lopsided urbanization has given rise to class I cities with massive growth of
slums and denial of shelter, basic amenities such as potable water, hygiene, sanita-
tion, electricity, etc., along with misery, poverty, unemployment, inequalities,
exploitation and degradation of the environment and quality of urban life (Bhagat
1992; Kundu 1994). During the last 50 years, the urban population of the country has
grown five times (Chakrabarti 2001), and the number of mega cities has increased
from three (Delhi, Mumbai, Kolkata) to six including Bengaluru, Hyderabad and
Chennai. As urbanization takes place and urban population increases, demand for
land also increases resulting in unprecedented changes in land use-land cover,

294 A. K. Misra and T. Hussain



draining and filling of wetlands either to house the growing population or build
urban infrastructure for industrial and commercial purpose or expansion of transport
and communication, felling of trees in the forest, ploughing or grazing of grasslands
and conversion of agricultural lands for other purpose.

Indian cities report of steady land cover erosion due to intense urbanization.
Between 1973 and 2007, built-up area in Bengaluru has increased by 46% leading to
a sharp decline from 68% to 25% in vegetation and 61% in waterbodies (Kumar et al.
2009). Disposal and management of solid waste is another matter of concern because
in most of the cities there are no effective mechanisms to collect and dispose wastes.
Similar evidence of urban progression from Delhi reflects that the city is developing
very fast in the west, south-west and eastern sides. Urban expansion in the fringe
areas has engulfed 17% of agricultural land in the Union Territory of Delhi.
Considered as the lungs of Delhi, there has been considerable decrease in the famous
Kamala Nehru Ridge area from 6.7% in 1992 to 5.5% in 2004 because of continuous
felling of trees, construction and quarrying (Sherbinin et al. 2007).

North East (NE) India comprises of eight states, viz. Assam, Arunachal Pradesh,
Meghalaya, Nagaland, Mizoram, Manipur, Tripura and Sikkim. Compared to the
rest of India, NE is least urbanized where only 18% of the population reside in the
414 towns of various sizes. The only “million city” in the region is Guwahati in
Assam, the gateway of the region, located on the left bank of Brahmaputra. Of the
half dozen towns with population of more than 100,000, the largest number of towns
falls in the group having population of 5000–10,000 people. Many of these towns
are administrative or service centres with few industrial towns. The important cities
or towns in the region are Guwahati, Jorhat, Dibrugarh, Tezpur and Silchar in
Assam; Shillong and Tura in Meghalaya; Dimapur and Kohima in Nagaland;
Agartala in Tripura; Imphal in Manipur; Aizawl in Mizoram; and Tawang and
Ziro in Arunachal Pradesh. Digboi with a petroleum refinery and several hydrocar-
bon industries is the oil town of Assam; Itanagar is the newly planned town of
Arunachal Pradesh and Agartala an upcoming urban hub. The number of towns in
the NE India has increased from 30 in 1951 to 414 in 2011, and urban population has
increased by 3.5% only of which highest urban pollution of 52.44% resides in
Assam followed by 11.48% in Tripura, 9.82% in Manipur, 7.11% in Meghalaya,
6.85% in Nagaland, 6.71% in Mizoram, 3.74% in Arunachal Pradesh and 1.81% in
Sikkim (Dikshit and Dikshit 2014).

13.1.1 Grey Infrastructure and the Challenges Within

Grey infrastructure refers to the traditional methods of managing water using
man-made or constructed drainpipes, curb inlets, minor channels, manholes, road-
side ditches and culverts designed or installed to remove storm water as fast as
possible from sites to avoid or reduce on-site flooding. Grey infrastructure is often
designed to avoid any type of ecosystem to grown on it. The grey infrastructure
sewer system is of two types: combined or separate. The combined sewer system is
the one in which storm water and wastewater are collected in the same pipe network,
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and then the mixed water is taken to wastewater treatment plant before being
discharged into the nearest large waterbody or main river channel. On the other
hand, in the separate sewer system, the storm water and wastewater are collected
separately, and the wastewater is transported for treatment, whereas the storm water
is directly discharged in nearest large waterbody or river channel if it does not
contain pollutants (Jha et al. 2012; Opperman 2014).

This traditional grey infrastructure has been proved to be quite effective in
collecting storm water run-off and draining it until unintended negative
consequences related to quality and quantity of water started emerging in the form
of changes in hydrological cycles, increased peak flows, downstream flooding risks,
changes in groundwater and surface water levels causing increased climate change-
related flood risks and flash floods, enhanced delivery of nutrients and toxins causing
eutrophication threatening aquatic habitats in urban waterways and combined sewer
overflows (CSOs) during heavy downpour or wet conditions, exposing urban
populations to health risks from waterborne pathogens and toxins (Driscoll et al.
2015).

13.1.2 Dual Impacts of Urbanization and Grey Infrastructure
on Urban Ecosystem

Combined impact of urbanization and grey infrastructure has pushed urban ecosys-
tem to the edge of vulnerability. Under natural conditions, only a limited portion of
the ground surface is covered by impervious layer. So, most rainwater goes down to
recharge groundwater resources, filling rivers and lakes and taken up by plants and
trees through the process of rainfall interception, infiltration, evapotranspiration and
soil retention (Wagner et al. 2013). But in the cities, sealed surfaces like buildings,
squares, sidewalks and pavements act as barriers, and instead of infiltration through
the soil, the rainwater simply flows over the impervious surfaces. Secondly, urban
expansion, particularly in flood-prone areas, alters the natural path of the flowing
waterbodies and reduces rainwater infiltration, again increasing overland flows
exceeding the capacity of drainage systems. Although urban drainage systems are
designed to prevent local flooding by draining out storm water as fast as possible
from the vulnerable sites, many a times urban flooding in the downstream is also
observed (Jha et al. 2012). Such downstream flood risks may be amplified by ageing
systems causing sewers to overflow, blocked natural flow paths and increase run-off
(Grant 2010). This issue is severe in cities like Guwahati, which are facing financial
challenges of developing new infrastructure, at the same time operating,
maintaining, rehabilitating and ensuring environmental compliance of the current
ageing infrastructure (Ozment et al. 2015).

Due to impervious surfaces and storm water systems, infiltration and evaporation
are reduced in urban areas causing rise of ambient temperature resulting in urban
heat island (UHI) effect (Chetia et al. 2020). This also changes the local climate
parameters resulting in low precipitation, slower groundwater recharge rates and less
water for the citizens. The lower groundwater levels in the urban areas can
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potentially lead to lower streambase flows, decreasing habitats and cover available
for instream inhabitants, therefore increasing competition and vulnerability to
predators. With reduced flow, there is also the likelihood of increased water
temperatures and lower dissolved oxygen levels, both of which will create additional
stress to stream inhabitants (Howe et al. 2011; Knight 2003).

Run-off from roads and highways frequently washes pollutants like dirt, oil,
grease, toxic chemicals, heavy metals, road salts, wintertime salting and sanding
deposits, sodium chloride and calcium chloride on the roads, nitrogen and phospho-
rus, rubbish from roadside vehicle repairing centres (brake pads, wear-related
deposits include copper and zinc) and pathogens into nearby waterways including
rivers, streams and lakes. Fertilizer application on agricultural strips is a source of
nitrogen and phosphorus. Urban run-off also reduces visibility of water with
outbreaks of blue-green algae, fish kill, piles of foam, cloudy and coloured water
and oil slicks. In addition, the degradation of roads and pavements also generates
pollutants, and floating inorganic debris and litter (bottles and aluminium cans, car
tyres, oil drums, etc.) raises community concern. The decomposition of organic
debris like leaves, twigs, timber, paper, cardboard and food waste reduces visibility
of water, and nutrients released can form rich organic sediment resulting in algal
blooms (Lloyd et al. 2002). The effect of these pollutants from road run-off is
harmful for the human ecosystem as well as flora and fauna. Urban storm water
run-off also significantly contributes to thermal pollution of waterways and
waterbodies. Increased temperatures can threaten survival of aquatic species by
interfering with spawning and migration patterns, promote harmful algal blooms
producing toxins, raise treatment costs for drinking water and harm industries that
rely on clean water, besides creating dead zones in water (Brears 2018; Stuart and
Stanford 1978; Qian et al. 2019).

13.1.3 Blue-Green Infrastructure and Its Advantages

Blue-green infrastructure (BGI) is a network of strategically planned natural and
semi-natural areas encompassing green spaces and blue areas concerning aquatic
ecosystems and other environmental features. BGI is designed and managed to
protect biodiversity and deliver a wide range of ecosystem services (Brears 2018).
It is supposed to utilize natural processes to improve and manage water quality and
quantity by restoring the hydrological function of any urban landscape. Spatial
planning is the most effective way of implementing BGI. This allows interactions
between different land use patterns over a large geographical area. Spatial planning
at strategic level helps to pinpoint the best locations for habitat enhancement projects
to house the increasing population load and reconnect healthy ecosystems, improve
permeability of landscape and connectivity between protected areas and guide
infrastructural developments away from sensitive natural areas to more robust
areas that in addition may contribute to recreating and restoring green infrastructure
features in the development proposal. It also helps to identify multifunctional zones
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where compatible land uses are favourable and support healthy ecosystems over
single focus development (Foster et al. 2011).

13.1.4 Footprints of Urbanization in Guwahati City

Guwahati, the largest city of North East India, has witnessed influx of people since
1972 when the capital of Assam was shifted from Shillong to Dispur. The population
of the city increased at a compound annual growth rate of 4.0% from 293,219 to
646,169 between 1971 and 1991. By the last decadal census in 2011, its population
reached 968,549, and at present, the city probably has about one and a half million
people. The city is of strategic and geographical significance, located at the banks of
the mighty Brahmaputra River, with few tributaries flowing through the city nurtures
biodiversity (Figs. 13.1 and 13.2). But rapid and unplanned urban growth has
changed the land use pattern of the city. Like numerous Indian cities, Guwahati
also faces problems of land use-land cover (LULC) change due to inadequate
planning efforts, uncontrolled development activities compounded by urban popu-
lation growth and expansion with adverse impacts on the ecology and environment
of the city. The only Ramsar site of the state, the Deepor Beel (wetlands, lakes and
ponds are commonly called “beel” in Assamese language), located in Guwahati is
under severe threat due to the encroachment and unplanned urban developmental
activities. The city is located on the seismic belt (Zone V) and prone to floods and

Fig. 13.1 Base map of Guwahati Municipal Corporation (GMC) area
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landslide. The capacity and preparedness of the city to combat with such disasters
and deal with its impacts are not up to the mark, which make its residents quite
vulnerable.

On 25 June 2015, the Ministry of Urban Development (MoUD), Government of
India under its Smart City Mission, launched an ambitious initiative to develop
100 smart cities and 500 small medium towns under Atal Mission for Rejuvenation
and Urban Transformation (AMRUT). Guwahati is the only city from NE India
among the top 20 cities (Round 1) to be developed as a smart city (Kaushik et al.
2015). The city is extolled as lynch pin to the gateway to Southeast Asia and India’s
Act East Policy (Pawe and Saikia 2018; Sarma 2012). The vision for smart city
includes Solar City Guwahati Mission, Integrated Command and Control Center
(ICCC) with smart electric poles for smart lightning, robust IT connectivity, skill
development centres, Deepor Beel development project, strengthening eco-tourism
in the city, flag construction at Gandhi Mandap, special road which connects
Guwahati to AIIMS (Guwahati), round-the-clock electricity supply, smart metering,
wastewater recycling, smart parking, etc.

This has pressed upon the need for efficient urban planning and proper environ-
mental management of the city. Planning and management necessitate advanced
methodologies like space technologies and spatial mapping which aids urban
planners, environmentalists, ecologist, economists and resource managers to solve
problems accompanied with urban growth (Maktav and Erbek 2005). Traditionally,
in the field of geography and planning, there is research on description,

Fig. 13.2 Road network map of GMC area
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characterization, mapping and measurement, understanding the morphology, form
and evolution of urban environment (Taubenböck et al. 2009). The classical theories
of urban morphology defined urban patterns as concentric rings with different land
use types as sectors (Burgess 1935), modification of concentric zones pattern based
on transportation network (Hoyt 1939) and the multiple nuclei theory model of urban
patches with specialized multiple centres of land use (Harris and Ullman 1945).
Meanwhile, techniques of remote sensing (RS) have been proved effective in
mapping urban areas at various scales acquiring data for urban LULC analysis
(Batty and Howes 2001; Donnay et al. 2001; Herold et al. 2002).

In this study, a spatiotemporal analysis of Guwahati city’s LULC and its changes
using time series of Landsat data has been carried out to detect the pressure of urban
population growth and expansion on the forests, rivers and rivulets, and its increas-
ing vulnerabilities.

13.2 Methodology

Methodology adopted for the study has been shown in Fig. 13.3.

13.2.1 Data

Primary Data for the study comprised of Landsat time series data (TM, ETM+, OLI
and TIRS) and ASTER Digital Elevation Model (DEM) were downloaded from
United States Geological Survey’s interface Earth Explorer, Survey of India (SOI)

Fig. 13.3 Flowchart of methodology adopted in the study
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Topomap for Guwahati city and secondary data for the consisted of flood and
landslide hazards maps for Guwahati city developed by Assam State Disaster
Management Authority (ASDMA), Government of Assam. Data classification,
analysis and mapping were carried out in GIS environment using ESRI ArcGIS
10.1 and Hexagon ERDAS 2014 software (Table 13.1).

13.2.2 Image Classification and Accuracy

The LULC characteristics of Guwahati Municipal Corporation (GMC) were
generated using supervised classification technique through maximum likelihood
classifier for the Landsat time series data, while classifying it ensured that different
clusters do not overlap and at least 30 numbers of observations per cluster were
maintained (Saikia et al. 2013; Janssen et al. 2001). Based on the spatial resolution of
the Landsat data and the multifunctional LULC pattern of Guwahati city (Borah and
Bhagabati 2015), the datasets were classified into eight LULC categories. The LULC
scheme adopted in this study complies with the land cover classification scheme
designed by the Food and Agriculture Organization (Gregrio and Jansen 1998;
Latham et al. 2002). An accuracy assessment was performed for each decade
(1990, 2000, 2010 and 2020) with a set of 40 random ground points for each
LULC class. Overall accuracies and Cohen’s kappa coefficient (κ) for 1990, 2000,
2010 and 2020 images were 96.80% (κ ¼ 0.95), 96.88% (κ ¼ 0.96), 94.31%
(κ ¼ 0.92) and 92.96% (κ ¼ 0.92), respectively. An overall accuracy of 85% is
generally regarded satisfactory (Anderson 1976). The value of kappa coefficient
ranges between 0 and 1, and over 0.75, it is deemed excellent (Fleiss 1981).

13.3 Results and Discussion

13.3.1 Spatiotemporal Analysis of Guwahati City

From the LULC classification of Guwahati Municipal Corporation areas for the
decades 1990, 2000, 2010 and 2020, it is evident that natural areas (closed forest,
open forest, aquatic vegetation, open space, riverine sand) and agriculture were the

Table 13.1 Details of satellite data used in the study

Data Bands Resolution Path and row Year

Landsat TMa 7 30 m 137/42 1990

Landsat ETM+b 8 30 m 137/42 2000, 2010

Landsat OLI and TIRSc 11 30 m 137/42 2020

ASTERd 14 30 m – 2011
aLandsat Thematic Mapper
bLandsat Enhanced Thematic Mapper
cLandsat Operational Land Imager and Thermal Infrared Sensor
dAdvanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER)
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predominant LULC categories during 1990 and 2000. However, with increasing
urban pressure and population growth, these areas have largely been replaced by
built-up areas in 2010 and 2020 (Table 13.2; Fig. 13.4).

Over the four decades under study, urban built-up increased by 11.53% in
2000–1990, by 16.31% in 2010–2000 and by 13.64% in 2020–2010 (Table 13.3).
Although waterbodies have increased by 0.62%, this increase can be linked with the
decrease of aquatic vegetation by 7.94% which helped the signature of water to be
visible. However, both waterbodies and aquatic vegetation decreased by 1.42 and

Table 13.2 Decadal LULC statistics of GMC area (in ha)

LULC categories

Area under different LULC categories (in ha)

1990 2000 2010 2020

Urban built-up 3711.85 5733.71 8594.16 10986.71

Waterbodies 652.73 761.46 512.90 341.98

Aquatic vegetation 2085.00 693.24 396.24 432.92

Closed forest 1114.43 1308.12 1273.27 1255.76

Open forest 5700.47 3454.10 5788.1 4048.58

Open space 1353.49 3547.22 968.08 468.90

Agriculture land 2891.64 2030.72 0.00 0.00

Riverine sand 27.77 8.84 4.61 2.56

Total 17,537 17,537 17,537 17,537

Fig. 13.4 Decadal LULC map of GMC area
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1.69% between 2010 and 2000. Aquatic vegetation grew by 0.21% in 2010–2000,
but waterbodies continued to decrease by another 0.97%. Closed forest increased by
1.10% in 2000–1990 but continued to decline by 0.20 and 0.10% in 2010–2000 and
2020–2010, respectively, due to human pressure. Open forest reduced by 12.81% in
2000–1990 and then increased by 13.31% in 2010–2000 to witness decline again by
9.92% in 2020–2010. Clearance of open forest in the city led to the rise of open
space by 12.51% in 2000–1990 which later continued to decline by 14.71 and 2.85%
in 2010–2010 and 2020–2010, respectively. Rapid urbanization and need to house
the growing population have created tremendous pressure on the agriculture land
which reduced by 4.91% in 2000–1990 and by 11.58% in 2010–2000 which got
wiped out from the land use pattern of the city (Fig. 13.5). The emergence and
submergence of the riverine sand is a continuous dynamic annual episode.

13.3.2 Encroachment of the Reserve Forest by Urban Built-Up

The city is surrounded by 18 hills of which 8 are reserve forests (RF), and 6 of them
are in the city, namely, Fatasil RF, Gotanagar RF, Hengrabari RF, Jalukbari RF,
Sarania RF and South Kalapahar RF. Primarily, the vegetation of the city is tropical
deciduous. Over the years, expansion of built-up areas occurred inside the notified
reserved forests (RFs) and on the hills within the jurisdiction of GMC (Table 13.4
and Figs. 13.6 and 13.7). Such encroachments are predominantly made by the urban
poor. In 2001, nearly 170,000 people were residing in the city hills (Borah and
Gogoi 2012). Besides the urban poor, some pockets of land have been encroached of
by commercial entities and wealthy urbanites (Borthakur and Nath 2012). Urban
poor residing in informal settlements on the tenuous hill slopes of the RFs often face
the problem of soil erosion or rainfall-induced landslide (Forman 2014). During
2000–2007, around 60 people lost their lives due to mudslide in the hills of
Guwahati (Dutta et al. 2017). These makeshift houses often lack access to basic

Table 13.3 Decadal LULC change statistics of GMC area

LULC
categories

Decadal LULC change (in ha)
Rate of decadal LULC change
(in %)

2000–
1990

2010–
2000

2020–
2010

2000–
1990

2010–
2000

2020–
2010

Urban built-up 2021.86 2860.45 2392.55 11.53% 16.31% 13.64%

Waterbodies 108.73 �248.56 �170.92 0.62% �1.42% �0.97%

Aquatic
vegetation

�1391.76 �297 36.68 �7.94% �1.69% 0.21%

Closed forest 193.69 �34.85 �17.51 1.10% �0.20% �0.10%

Open forest �2246.37 2334 �1739.52 �12.81% 13.31% �9.92%

Open space 2193.73 �2579.14 �499.18 12.51% �14.71% �2.85%

Agriculture
land

�860.92 �2030.72 0 �4.91% �11.58% 0.00%

Riverine sand �18.93 �4.23 �2.05 �0.11% �0.02% �0.01%
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amenities such as all-weather or drivable roads, electricity and water supply and
sanitation. Ever increasing population and lack of space have forced humans to settle
in the vulnerable locations of the city (Forman 2014), thereby increasing pressure on
the slopes, natural domain of the rivers and rivulets, wetlands and flood plains.
Urban expansion changes a city’s seven basic factors—natural vegetation, water,
agricultural land, housing, communities, jobs and transport (Forman and Wu 2016),

Fig. 13.5 Decadal urban expansion in GMC area

Table 13.4 Urban expansion in the reserve forests of Guwahati city

Reserve
forests

Area under urban built-up in the RFs (in ha)
Decadal growth of built-up in
RFs

1990 2000 2010 2020
2000–
1990

2010–
2000

2020–
2010

Fatasil 9.80 26.59 79.20 132.31 16.79 52.61 53.11

Gotanagar 2.42 5.97 8.70 18.53 3.56 2.73 9.83

Hengrabari 79.09 188.80 385.12 396.73 109.72 196.32 11.61

Jalukbari 0.00 0.94 0.71 1.17 0.94 �0.23 0.46

Sarania 2.12 2.16 0.96 8.69 0.04 �1.20 7.73

South
Kalapahar

1.58 2.99 7.93 45.47 1.41 4.93 37.54

Total 2085.00 2227.46 2492.62 2622.89 132.46 255.16 120.27
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Fig. 13.6 Showing urban built-up in the reserve forests within GMC area

Fig. 13.7 Decadal expansion of urban built-up and reduction of forest cover in the RFs of
Guwahati
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although unequally on the basis of economic strata. Changes in all these have been
quite significant in the case of Guwahati as well.

13.3.3 Impacts of Urban Growth in Guwahati

Change in the land use pattern and fast pace of urbanization during the past four
decades has resulted in significant depreciation of the environment and ecology of
the city. Growing urban settlement in and around the hills and reserve forests of the
city at the cost of forest or vegetation cover have exposed the surface to landslide,
soil erosion and rise in air pollution. Urban expansion and human settlement along
the flood plains of Brahmaputra River and banks of other rivulets within the city and
around the wetlands have led to decrease in the water retention capacity of the
waterbodies exacerbating problems of flooding and water logging (Gogoi 2013).
Degradation of wetlands is a notable problem of Guwahati due to shrinkage of the
Ramsar Site Deepor Beel and complete encroachment and conversion of Silsako
Beel and Borsola Beel. Water contamination and bacterial pollution in Brahmaputra
River and Bharalu River have increased due to direct and untreated discharge from
combined sewer systems, and biological oxygen demand (BOD) of Bharalu River
has increased due to presence of various oxygen demanding organic and inorganic
matter (Girija et al. 2007; Hussain et al. 2015). Deforestation and cutting of hill
slopes for earth filling of low-lying areas have increased the risk of sheet-wash, slope
failure, high rate of soil erosion, increased siltation and choking of drainage
channels. Soil erosion and heavy siltation have raised the riverbeds, and the capacity
of natural and artificial drainage network to discharge storm water has drastically
reduced. Backflow of water from rivers, rivulets and wetlands also causes frequent
floods during monsoons and occurrence of heavy rainfall. The growing urban
population and its need of potable water has put tremendous pressure on the
groundwater resources leading to lowering of groundwater table and scarcity of
water (Nath et al. 2021). The groundwater of the city reports moderate mineral
content with slightly higher concentration of iron and toxic elements (Das et al.
2003; Singh et al. 2019).

13.3.4 Vulnerability of Flood Hazard in Guwahati

Other than the mighty Brahmaputra River flowing through the north of the city, a
number of other rivers and rivulets, namely, Bharalu, Basistha and Bahini,
originating from the Khasi Hills of Meghalaya flow through the city. The river
Bharalu drains into Brahmaputra River and river Basishta into the Deepor Beel
through the Mora Bharalu channel. Besides the city is also known for its numerous
wetlands such as Deepor Beel, Silsako Beel and Borsola Beel which sustain signifi-
cant flora and fauna in the heart of the city. Based on its physiography, the city is
divided into six natural drainage basins, ultimately discharging into the mighty
Brahmaputra River with different drainage lines and reservoirs (Baruah and Naik
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2020). These are Silsako basin, Deepor basin, Bharalu basin, Kalmoni basin,
Foreshore basin and North Guwahati basin:

• Bharalu basin: Bharalu is the major river running across the city. It is heavily
degraded due to haphazard construction on the natural domain of the river,
unplanned commercial developmental, sewage and solid waste disposal, etc.
Decline in water-holding capacity during heavy rainfall or monsoon season
causes flood in the city due to backflow from Brahmaputra River. City life
comes to a standstill, with frequent loss in life and property. The river has been
marked as one of the most polluted rivers of the country by the Central Pollution
Control Board (CPCB), New Delhi.

• Deepor basin: With a respectable tag of Ramsar site, this wetland was the storm
water storage of the city. Basishta river drains into this wetland, and it is the single
largest basin located in the southernmost part of the city. The basin is again
subdivided into two sub-basins, viz. Bijubari and Deepor sub-basin. Deepor Beel
used to act as a sponge retaining the excess storm water during heavy rainfall and
then slowly releasing it into the Brahmaputra river.

• Silsako basin: Silsako Beel is located in the eastern part of Guwahati city. This
basin consists of industrial estate of Bamunimaidam, IOC refinery (Noonmati)
and military (Narengi) area. Silsako Beel is connected to Brahmaputra river
through Bondajan rivulet.

• Kalmoni basin: Although the entire basin lies outside the Guwahati Municipal
Corporation (GMC) area, it discharges into Brahmaputra river through Deepor
Beel and Khanajan rivulet indirectly.

• Foreshore basin: This basin mainly consists of residential, institutional and
commercial areas of the city. Due to the shallow bowl-like physiography of the
city, water logging and urban floods are regular features in Guwahati during
monsoon.

• North Guwahati basin: This basin discharges into the Brahmaputra river directly
or indirectly through the Ghorajan rivulet.

The city suffers from the worst impact of urban floods every time after heavy
rainfall with worst consequences on and in the fringes of Guwahati-Shillong
(GS) Road, RG Baruah Road, GNB Road and Beltola-Basistha Road (Fig. 13.9)
due to lack of planned drainage system; ageing water channels and feeder drains with
reduced holding capacity due to siltation and solid waste accumulation (Sarmah and
Das 2018); encroachment along the edges of the rivers, rivulets and wetlands; or
blocking of the channels for construction and settlement and backflow from the
channels on occasion or heavy downpour. During incidents of incessant or heavy
downpour, the wetlands cannot retain storm water resulting in blockage of
waterways and flooded streets with sewage water. On the other hand, clearing of
slopes in an around the hills and RFs of Guwahati for settlement and other activities
has either blocked or concealed the streams discharging rainwater leading to slope
failure induced by downpour. This is another geoenvironmental hazard other than
floods that affects the city every year (Dutta et al. 2017). Guwahati Metropolitan
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Development Authority (GMDA) identified mushrooming slums as the root cause of
urban floods in the city (Sarmah and Das 2018). Figures 13.8 and 13.9 shows
the flood hazard zones of Guwahati city, pressure of urban built-up and population

Fig. 13.8 Flood hazard map of Guwahati city (source: ASDMA)

Fig. 13.9 Expansion of urban built-up in Guwahati city
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on the natural waterways of the city. Apart from Deepor Beel, other important
wetlands of the city “Silsako Beel” and “Borsola Beel” have been gradually
squeezed by urban built-up. Silsako Beel spreads over an area of 87.67 ha in 1990,
127.00 ha (the waterbodies spread over a considerable area due to reduction of
aquatic vegetation and inundation of the nearby agriculture land by the waterbody)
and 11.62 in 2010, and in 2020, it has no existence. Similarly, Borsola Beel was
2.86 ha in 1990, 2.63 ha in 2000 and 0.87 ha in 2010 and was wiped out in 2020.
From this it is evident that the non-existence of wetlands in the city has exacerbated
the vulnerability of flood hazard.

13.4 Role of Blue-Green Infrastructure in Remodelling
Guwahati City

Remodelling Guwahati city in the light of BGI is the solution to reduce the risks and
vulnerability to flood and landslide hazards, improve drainage network for storm
water discharge and water ways, enhance green cover of the RFs and open spaces,
restore and improve the existing waterbodies of the city and aid GMDA in adopting
compatible and favourable building bye-laws to enrich the urban ecosystem. Some
of the BGI measures proposed, based on the present study, are as follows:

• Storm water detention and retention basin: This is a system to store run-off
storm water temporarily, which includes detention or retention basins,
bioretention basins or swales that capture run-off from roadways and buildings.
Unlike the traditional urban storm water pathways, this system does not interrupt
the upstream storm water sewer inlets. The detention basins are systems to
temporarily store storm water run-off during incidents of downpour and later
release it at a controlled rate to the drainage system. Retention basin again holds
permanent pool of water which is designed for peak run-off control and
pre-treatment (Driscoll et al. 2015). Since the city has different depths and
pockets of shallow areas, both in the plain and hill slopes, therefore, strategic
configuration of these areas into retention and detention systems and connecting
them with the storm water drainage will capture inflows and overflows from
external and internal conveyance respectively. This will mitigate the flooding of
streets and downstream localities and reduce incidents of slope failure.

• Revival of the concealed or dilapidating rivers, rivulets and streams: Revival
of the existing, blocked or concealed rivers (Bharalu, Basistha, Bondajan),
rivulets and streams (Bahini, Mora Bharalu, Khanajan) through dredging,
desiltation and networking all the waterways will aid in restoring the aquatic
ecosystem of the city (Fig. 13.10). Apart from, conservation of the existing
wetlands and cleaning (DeeporBeel), desilting and restoring the dying wetlands
(BorsolaBeel and SilsakoBeel) and reviving its connections with the drainage
waterways network like Bharalu river—BorsolaBeel—Brahmaputra River,
Basistha—Bahini—Mora Bharalu—DeeporBeel—Khanajan—Brahmaputra
River and SilsakoBeel—Bondajan will also bring back the natural retention
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capacity of the water bodies to hold excess water, improve micro-climate, enrich
the natural flora and fauna of the urban landscape, enhance groundwater recharge.
During the rain-free periods, these areas can be utilized for recreational purposes
(Wang et al. 2018).

• Riparian buffers: Riparian buffers are biological filters of vegetation between
catchments and receiving pathways, preventing a significant amount of nutrients,
toxins and solid wastes from entering into the water system. The vegetation and
humus layers hold significant volume of water and directly uptake the
contaminants; hence, the storm water run-off is slowed and filtered, allowing
infiltration into the soil and releasing the run-off over a longer time period
(Wagner et al. 2013). Riparian buffers also reduce erosion and preserve the
function and form of the channel (Wang et al. 2021). Riparian buffers along the
rivers, rivulets and wetlands of the city will not only reduce the run-off velocity of
storm water but will also replenish groundwater and address to its scarcity during
lean season, enhance water quality of the natural bodies, conserve the urban
biodiversity, reduce man-animal conflicts and add to the aesthetic value of
urban landscape.

• Urban forests and vegetation: The city already has eight reserve forests.
Enhancing forest cover of these RFs will increase green cover of the city, absorb
pollutants, improve air quality, act as windbreaks protecting urban infrastructure
from wind damage, regulate urban heat island (UHI) effect, control ambient air
temperature through evapotranspiration, shelter wildlife and mitigate effects of
climate change by carbon sequestration.

Fig. 13.10 Map showing flow accumulation intensity in the rivers and rivulets of Guwahati city
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• Green roofs: Flat rooftops are conducive to rainwater capture. Green roofs are
permeable fabric of a growing vegetation grown on flat roofs, capable of treating
storm water through retention or bioretention. Green roofs reduce storm water
run-off by 50–60% and capture nearly 85% of pollutants. These also filter air
pollutants, absorb carbon dioxide and reduce ambient air temperature by about
5 �C and surface temperature by 22 �C preventing UHI effect (Brears 2018;
Meerow et al. 2021). Adopting green roofs in the residential housing complexes,
government buildings, prestigious buildings and other flagship buildings will
provide boost to the concept.

• Downspouts and rain barrels: In many commercial buildings and residential
complexes, the rainwater is directly passed to the sewage system. Downspout
disconnects the route of rainwater from the sewage system and redirects the water
towards permeable areas. Besides, downspouts can be connected to rain barrels or
cisterns (Foster et al. 2011). Rain barrels are small above-ground water
receptacles which usually hold 50 gallons, best suited for small parcels of land
as the water captured can be used for irrigation, whereas cisterns are large and can
be either above or below ground. Size of the cistern range from 300 to 1000
gallons and are mostly used in large buildings. Installing rain barrels and
downspouts in the commercial and residential buildings can solve the groundwa-
ter crisis of Guwahati city and improve its water regime.

• Pervious pavement and depaving: Pervious pavements are specially designed
pavements that let water to percolate through the pavement, preventing it from
becoming run-off. There are various types of porous surface such as pervious
concrete, pervious asphalt and interlocking. These pavements are made of a
porous surface with an underground stone reservoir. The underground reservoir
stores the water temporarily before the water infiltrates into the soil. Function of
interlocking pavers is different from pervious concrete and asphalt. Interlocking
pavers are spaced apart with grass or gravel in between allowing water to infiltrate
through the paving. Installing such pavers in the parking lots, sidewalks, front-
wards and backwards or urban infrastructure has obvious advantages. On the
other hand, depaving of concrete areas will liberate underutilized paved surfaces
for vegetation, allowing storm water to infiltrate into the ground where it falls
instead of carrying pollutants into waterways, as well as providing a habitat for
insects, birds and other wildlife (Jalali and Rabotyagov 2020).

13.5 Conclusion

The present study has unfurled certain problems of Guwahati and its degrading
environment and ecosystem. Urban evolution has been expeditious in the past two
decades and taken the citizens by shock and surprise. But there are still scope to
undertake restructuring and remodelling activities for its recovery, one major
approach being building resilience to existing urban hazards by promoting urban
infrastructure in the light of BGI. Urban settlement along the slopes of the hills and
RFs cannot be uprooted now, but the remaining green patches, rivers, rivulets and
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waterbodies can be conserved. Rather than putting all loads of urban infrastructure
development and settlement on the bowl shape physiography of Guwahati, the
neighbouring areas of the metropolis beyond eastern and western limits should be
developed into a few satellite townships to decongest the city. Financial endowments
should not pose problems in this context because Guwahati is one of the 100 “smart
cities” in first phase of AMRUT. Guwahati’s strategic location and its importance for
the country, as well as Southeast Asian countries, will be an advantage for future
projects so far as government or international funding is concerned. Success of all
restoration projects will largely depend on mainstreaming BGI with the masterplan
for the city and going back to the basics.
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Nature-Based Solutions for the Restoration
of the Abukuma River Basin (Japan) After
Typhoon Hagibis
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Abstract

In October 2019, Typhoon Hagibis hit many areas of Japan, including the
Abukuma River Basin. It brought enormous precipitation and caused many
river banks to break, resulting in serious flood disasters. In the Abukuma River
Basin, there is a structure called the Hamao flood retention reservoir, which was
constructed in 2004 as an environmentally friendly means of flood control.
However, its sluice gate was broken by the river’s increased flow of water causing
a serious flood in the neighboring area. Having previously experienced such
floods, such as those which followed heavy storms in July 2020, national and
local authorities changed the direction of flood management policy to a basin-
wide approach (ryuiki-chisui in Japanese). With this policy change, the recon-
struction of the river banks has been conducted. The concept for reconstruction
employs modern engineering flood control techniques as well as traditional ones,
effectively depending on the characteristics of given sites. This chapter clarifies
how officials are integrating nature-based solutions or ecosystem-based disaster
risk reduction. Also, it discusses the future tasks in the implementation of basin-
wide approach flood management integrating NbS.
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14.1 Nature-Based Solutions in Flood Management in Japan

The issues of disaster prevention with hard infrastructure have had to be
reconsidered regarding the increasingly extreme climate and meteorological events
that have become unprecedented in frequency and extreme level. A report by leading
scientists calls this weather extreme “a new normal” (Pihl et al. 2019, p. 17). Floods
have increased and measures have been called for, introducing a concept of “nature-
based solutions (NbS)” in a broader sense, which is different from the protection of
specific species and communities in the narrow sense and the ecosystem conserva-
tion approach (IUCN 2020). Since around 2008, the definition of a new nature
conservation gear has been studied, in which clear discussions and brute force
processes are not always sufficient in Japan. Estrella and Saalismaa (2013) define
“ecosystem disaster mitigation” as “the sustainable management, conservation and
restoration of ecosystems to reduce disaster risk, to achieve sustainable and resilient
development (p. 30)” citing Sudmeier-Rieux and Ash (2009), “sustainable manage-
ment, protection and restoration.” With this definition, it can be understood that
ecosystem disaster mitigation envisions two possible practices: conservation and
protection of existing natural ecosystems and a new restoration of lost natural
ecosystems. Meanwhile, the International Union for Conservation of Nature
(IUCN) has addressed NbS as societal issues and tasks such as climate change,
food security, water security, human health, natural disasters, and social and eco-
nomic development in a highly adaptable and effective manner. It is defined 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).

Floods larger than the planned scale are called “excess floods” but as long as it is
premised on intensified rainfall due to climate change. If the location of the collapse
is in a densely populated residential area, the damage is only for continuous
embankments where the precise location of the collapse is unknown. The damage
will be enormous. Even if equal safety is ensured up to the planned scale, it is
necessary to determine in advance areas which can be flooded intentionally to
prevent excessive flooding and damage can be minimized. This is a rebellion-
tolerant hydraulic control measure, and we can learn the basics of this feeling from
the traditional NbS technologies such as Kasumi-tei (open levees), etsuryu-tei
(overflow levees), flood-protecting forests, etc.

Kasumi-tei (open levees), etsuryu-tei (overflow levees), and flood protection
forests, which are traditional hydraulic control methods for rivers, are traditional
green infrastructures that first appeared in the sixteenth century and remain today.
Unfortunately, since the enactment of the River Act in 1896, the need for high-water
construction has been called for, and the idea of Western European technology to
flush floods with embankments has been adopted, resulting in that the traditional
hydraulic technology has gradually become less recognized. However, in the time of
“a new normal” as mentioned above, more attention has been paid to such traditional
flood control techniques as an approach of NbS. The following sections introduce a
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few representations of traditional flood control methods used from early times in
Japan.

14.1.1 Traditional Nature-Based Solutions in Japan

In late nineteenth-century Japan, the flood control experts of the time, Odaka Junchu
and Nishi Moromoto, said “river banks are like as armor” in their books (Takahashi
1971). It means that the damage may be more severe when one wearing armor is hit
by bullets. Thus, they warned people about placing too much emphasis on building
strong banks, as we build much stronger and higher banks expecting more security
once we build it. Also, they pointed out that stormwater level gets higher by building
riverbanks or dikes. This precisely tells us about the vulnerability of modern society
that has depended much on “gray” infrastructures, such as dams, paved
embankments, and roads.

14.1.1.1 Kasumi-Tei
Kasumi-tei is a type of discontinuous levee system that was used from the seven-
teenth to mid-nineteenth centuries in Japan to mitigate the impact of river flooding
(Sendo and Ishikawa 2018). The Kasumi-tei levees are funnel-shaped, and the
openings allow stormwater exceeding the river channel capacity to spread back-
wards, reducing the river discharge, and return to the channel when the floods
withdrew (Fig. 14.1). Sendo and Ishikawa (2018) elucidated that the funnel-shaped
levee openings effectively help a portion of stormwater exceeding the river capacity

Fig. 14.1 Typical Kasumi-tei levee arrangement (source: Sendo and Ishikawa, 2018)
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to spread when flooding and return to the main river through computational
simulation.

According to Okuma (1987), who has been studying the arrangement and func-
tion of Kasumi-tei levees for many years, it is carried out in steep alluvial fan-shaped
gravel rivers of 1/500 or more, and in gentle low-flat sandy rivers of 1/1000 or less. It
has been pointed out that the purpose is different upon implementation. The former
is designed to return floods that have overflowed and flooded to river channels and to
eliminate inland waters. It is thought that the flood control function is dependent on
backflow, which is often said to be limited by steep terrain and therefore slight. In the
Tedori River, in southern Ishikawa Prefecture and other areas, some Kasumi-tei
levees overlap over 1 to 2 km and even above the water levels that rise during floods.
First of all, the embankment facing the river prevents flooding, and if the embank-
ment alone fails and collapses, the idea of defense in detail is to minimize flooding
with the overlapping rear embankment.

14.1.1.2 Nokoshi (Overflow Levee)
Nokoshi is another example of flood damage mitigation used from early times in
Japan (Fig. 14.2). In the Jobaru River in Saga Prefecture, many overflow levees
called “Nokoshi” remain to this day, which provides valuable knowledge for
understanding the effects of overflow levees. A pair of “Nokoshi” levees was set
up along the river, protecting nearby villages from flooding, which played an
important role in reducing damage to the inland area of the embankment. Unfortu-
nately, the importance of the embankment’s function has not been well understood,
and like the Kasumi-tei levee, many levees have been removed for field maintenance
and road construction (Tanabe and Okuma 2001). Residential land development is
progressing around the Jobaru River Basin and retarding basins, and the risk of
exposure to disasters is increasing during overflows. Currently, hydraulic control by
the Jobaru River Dam is being considered, and a plan to eliminate Nokoshi has
emerged, but it is clear that the dam has its limits in preventing excessive floods.
Inundation-tolerant basin hydraulic control should be considered by utilizing
Nokoshi and Kasumi-tei levees. Some flood inundation simulations have been

Fig. 14.2 A cross section of “Nokoshi” (modified Nakajima and Ogushi, 2012)
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conducted to verify the effects of Nokoshi and Kasumi-tei levees on the Jobaru
River, if the flow rate of the main river increases, causing overflow from Nokoshi
and Kasumi-tei levees (e.g., Nakajima and Ogushi 2012; Teramura and Shimatani
2021). If there ever were such a case, the water level of the main river would hardly
rise at all.

14.1.1.3 Etsuryu-Tei (Overflow Levee)
Due to flood control, the structure is such that floods flow over the embankment.
When a part of the embankment is lowered and the flood exceeds the height of the
overflow embankment, a part of the flood flows over the overflow embankment into
a retention reservoir or a regulating pond. The surface of the overflow dike must be
covered with concrete or asphalt so that it will not be damaged by the flow of the
water, and it must have a strong structure (MLIT 2012). The zone between the levees
can be a floodwater retention reservoir, hence a green infrastructure.

14.1.1.4 Bobirin (Protecting Forests)
Bobirin is an artificial forest created to prevent and mitigate damage to residential
land, roads, agricultural land, etc. from disasters caused by natural phenomena or
human causes. Although these forests may be built by the private sector or
individuals, they are often designated as “protection forests,” based on the public
interest functions stipulated in the Forest Law. Of the various protection forests, the
following 11 types correspond to disaster prevention forests established to prevent
disasters: (1) sediment runoff protection forests (for preventing sediment runoff and
erosion by roots and fallen leaves), (2) sediment collapse defense protection forests
(for the prevention of unstable ground collapse), (3) flying sand protection forests
(for preventing flying sand), (4) windbreak protection forests (for prevention of
damage caused by strong winds), (5) flood protection forests (prevention of flooding
of rivers and mitigation of water force), (6) tidal damage protection
forests (to prevent damage caused by tsunami and storm surge), (7) snow protection
forests (protecting roads and railroads from snowstorms), (8) fog-proof protection
forests (protecting cultivated land from sea fog), (9) avalanche protection forests
(to prevent avalanches and to act as a buffer zone when they occur), (10) rockfall
prevention protection forests (to control the danger of rockfall), and (11) fire protec-
tion forests (to prevent the spread of fire with fire-resistant tree species) (Watanabe
1998). In the Japanese context, satoyama forests prevent and mitigate sediment
disasters from hitting nearby villages and help in mitigating crop damage by wild
animals (MoE 2016).

14.2 Abukuma River Basin Restoration

The Abukuma River is 239 km long, and its basin area is 5400 km2, located in the
southern part of the Tohoku Region (the northeastern area) in Japan (Fig. 14.3). Its
headwater is located at Mt. Asahi (1835 m above sea level) in Tochigi Prefecture and
runs through Fukushima Prefecture and Miyagi Prefecture, from south to north,
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emptying into the Pacific Ocean. The basin has a population of 1.3 million. The
average annual precipitation is 1100 mm in the plains and 1200–1500 mm in the
mountain areas. The river improvement project using modern techniques started in
1919 (MLIT 2021).

Fig. 14.3 Location of the Abukuma River Basin (modified from MLIT 2012)
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14.2.1 Hamao Retention Reservoir

Construction of the Hamao Retention Reservoir began in 2004 as an environmen-
tally friendly method of flood control, and the retention reservoir was completed in
2012 (MLIT Tohoku Region Development Bureau 2012). In addition, to formulate a
utilization plan for the retention reservoir, the Ministry of Land, Infrastructure,
Transport and Tourism (MLIT) held workshops in which residents also participated
and carried out in collaboration with the local community.

The Abukuma River system was severely damaged by a flood in August 1998.
For this reason, various studies have been conducted so that even if a similar flood
occurs in the future, the flood can be safely mitigated. The Hamao Retention
Reservoir temporarily stores part of the water that flows through the river during
floods, reducing the amount of water that flows downstream. The traditional tech-
nique of etsuryu-tei (overflow levee) has been employed at the Hamao Retention
Reservoir. In addition, the improvement of the embankment and the excavation of
the river channel and the Hamao Retention Reservoir, which is to be carried out in
the “Great Heisei Renovation,” will aim to reduce the flood damage downstream.
Thus, urgent maintenance was carried out to reduce flood damage caused by floods
on the same scale as the August 1998 flood. The area size of the Hamao Retention
Reservoir is 75 hectares. The retention capacity was improved from 1.8 million
square meters up to 2.3 million square meters by excavation work (MLIT Tohoku
Region Development Bureau 2012). Figures 14.4 and 14.5 show the overview of the
Hamao Retention Reservoir and the Abukuma River.

Fig. 14.4 Overview of Hamao Retention Reservoir (modified from MLIT 2012)
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14.2.2 Typhoon Hagibis Hits Japan

Typhoon Hagibis called “Typhoon No.19” or “2019 East Japan Typhoon” in Japan
formed in the central Pacific Ocean on 5 October 2019 and made landfall on
mainland Japan on October 12 with a central atmospheric pressure of 955 hPa
(at 18:00 on 12 October). The typhoon moved from south to north, across the
Kanto and Tohoku Regions until heading out into the Pacific Ocean (Japan Meteo-
rological Agency 2019).

Typhoon Hagibis caused record precipitation and floods in widespread areas of
eastern Japan including the Abukuma River Basin in Fukushima Prefecture. As the
Abukuma River flows from south to north, the Typhoon Hagibis took its route along
the Abukuma River with enormous rainfall from the upper river basin to the
downstream basin, bringing such enormous amount of rainfall that exceeded the

Fig. 14.5 Pooling the flood water successfully (2.6 million square meters) at Hamao Retention
Reservoir (modified from MLIT 2012)
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designed discharge of the bank (Kitamoto 2019; The Sankei 2019). Throughout the
basin, more than 200 mm rainfall, which is more than double the monthly average in
the area, was observed in only 48 h. The characteristics of the rainfall were temporal
concentration and spatial distribution. This brought record discharge. At Fukushima
Observatory, an estimated actual discharge was 6020 m3/s, which exceeded both the
record of 4310 m3/s in 1941 and even the interim river improvement goal of
4600 m3/s (MLIT 2020b). It resulted in a 2-day average rainfall of 253 mm, which
exceeded historical record floods in 1986 with 234 mm/2 days or in 1998 with
208 mm/2 days (MLIT 2020b) (Fig. 14.6).

14.2.3 Damages at the Hamao Retention Reservoir

When typhoon Hagibis struck the Abukuma River, various types of infrastructures
were damaged, limiting waterway capacity and causing a severe flood disaster
throughout the entire basin. The damage of Hagibis in Fukushima Prefecture
resulted in 38 deaths (direct, 32; indirect, 6) and left 59 people seriously injured.
Damage to houses and other properties resulted in 1434 total collapses, 12,010 semi-
collapses, and partial damage to 2005 houses. 1022 houses were inundated higher
than the floor, and 432 houses inundated below the floor as of 13:00, 13 July 2021
(Fukushima Prefectural Government 2021).

On 13 October 2019, when the typhoon struck the Abukuma River Basin, the
embankment in the Hamao district of Sukagawa City, Fukushima Prefecture, broke
for an extension of about 50 m. The surrounding area was flooded. Tohoku Jisei,
which manages rivers, established a Committee of Experts on October 14, the
following day. After that, the cause of the levee breach and the restoration method
were examined three times until December 2 (Nikkei Tech 2020). The Expert
Committee investigated the damage situation at the location of the collapse

Fig. 14.6 Average 2-day rainfall at Fukushima Observation on the occasions of historical floods in
1986, 1998, and 2019 (modified from MLIT 2020b)
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immediately after the typhoon. Upon first inspection, it was thought that there was a
possibility that water had overflowed from the embankment side where residential
areas and paddy fields are located.

The damage caused by the heavy rainfall above was the inland flood. An
additional cause of flooding was due to a large volume of runoff water being stored
inside of the levee of the Abukuma River (Kawagoe 2019), and the Hamao Reten-
tion Reservoir was not an exception. The embankment in the Hamao district of
Sukagawa City, Fukushima Prefecture, was broken for an extension of about 50 m,
and the surrounding area was subsequently flooded as mentioned earlier. Due to the
record heavy rainfall of the typhoon, the water level of the Abukuma River rose and
remained above the designed high-water level for a long period of time. In the
Hamao area, the water level on the embankment side rises due to flooding and inland
water from upstream. This flood caused overflow to the river to reach beyond the
height of the embankment. The top of the flooded area was paved with asphalt.
However, when overflowing, a water level difference occurs between the river
surface (river) side and the levee inside, and a lifting pressure exceeding its weight
acts on the asphalt at the top. In this case, the asphalt was peeled off and washed
away, and the embankment near the top was washed away as well. Figure 14.7
shows the mechanism of the main collapse of the levee at the Hamao Retention
Reservoir, as reported by the Committee of Experts.

Fig. 14.7 Embankment collapse mechanism concluded by the Committee of Experts (source:
MLIT Tohoku Regional Development Bureau)
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14.3 Basin-Wide Flood Management Approach

High-water construction is planned to suppress the flooding of rivers when the water
level of a river is high, that is, in the event of a flood, to temporarily store river water
in a dam or to drain it to the sea earlier by the drainage channel construction. It is the
basic concept of current river construction. However, in the 2019 Typhoon Hagibis
disaster, floods exceeding the planned scale occurred in various parts of the country
such as Chubu, Kanto, and Tohoku, the embankments broke at 140 places, and many
houses were swallowed by muddy water. While being asked how to adapt to climate
change, disaster prevention technologies that keep flood currents in river channels by
conventional embankments have exposed their fragility and danger (MLIT 2020c).

14.3.1 Shifting to Basin-Wide Flood Control

The national government agreed with a consensus on the Integrated Flood Manage-
ment (IFM) project of the Abukuma River on 31 January 2020 (MLIT 2020a). Also,
having experienced the floods after Typhoon Hagibis and a heavy rainstorm in July
2020, the national government and several local municipal governments changed
their flood control policies to a trans-sectoral, basin-wide approach as a part of IFM
(MLIT 2020a). In the future, it will be necessary to systematically carry out the
second stage of maintenance, taking into consideration the maintenance status of the
entire Abukuma River.

Since the basin-wide approach is regarded as one whole basin including the
flooded area, cooperation with all the stakeholders concerned in the entire river
basin is required to reduce future flood damage. For this reason, as with the “Urgent
Flood Management Project (緊急治水対策プロジェクト)” for nine water systems
severely damaged by the Typhoon Hagibis and the heavy rains of July 2020,
riverbank restoration was also carried out in Class-A water systems nationwide
(MLIT 2020d). Furthermore, for all the Class-A water systems nationwide, MLIT
formulates “the basin-wide flood management project (流域治水プロジェクト)”
integrating both hardware and software in which maintenance of rivers and rainwater
storage facilities, land use regulation and guidance by designating disaster risk areas,
as well as preliminary discharge from water-supply dams under the management by
municipality governments and private sectors, etc. are all comprehensively included
(MLIT 2020d).

Based on the compilation of “full-scale disaster risk reduction (6 July 2020), the
“basin-wide flood management project” has been discussed by the basin-wide flood
management committee, comprised of the national government, local municipalities,
private sectors, etc. “The basin-wide flood management project” in all 109 Class-A
water systems nationwide was formulated and announced to the public on 30 March
2021 (MLIT 2021).
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14.3.2 Integration of Traditional Flood Management Techniques
in the Basin-Wide Flood Management Project

Figures 14.8 and 14.9 illustrate the whole image of the basin-wide flood manage-
ment project. The basin-wide flood management project includes Kasumi-tei levees,
retention reservoirs, and likely overflow levees which will be selected and installed
depending on the geographical and demographical conditions in a given area.
Artificial forests are also to be included in the mountainside or coastal zone.

In the case of the Hamao retention reservoir, the broken levee (the sluice gate)
was restored and reinforced so that the reservoir will keep functioning to pool flood
water and prevent large floods in the down shed. Taking the impact of climate
change into account, construction of another retention reservoir has been planned,
whose capacity will be approximately nine million m3 in the upper shed area of the
Abukuma river (MLIT Tohoku Region Development Bureau 2012). Temporal
storage of floodwater in crop fields has been included in the basin-wide flood
management project although it is not mentioned in Fig. 14.9. This flood control
function of agricultural fields has been long recognized as one of the multifunctional

Fig. 14.8 Overall image of basin-wide flood management project (source: MLIT, 2021)
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aspects of agriculture, and there is an institution called Multifunctionality Payment
System (MPS) to simultaneously conserve ecosystem services, rural landscapes, etc.

14.3.3 Issues and Future Tasks

Considering climate change impacts and floods in the past, the flood management
approach has been shifted to a basin-wide approach. However, the road to social
implementation may still have several issues and tasks ahead. NbS for disaster risk
reduction has been long discussed; however, not many cases have a proactive
introduction, nor do they employ NbS in disaster risk reduction. This section offers
a discussion focusing on the following three aspects: technology, economic, and
coordination.

14.3.3.1 Technological Issues
The assessment methods for effects and benefits of NbS, including ecosystem-based
disaster risk reduction or green infrastructure, have not been established yet (Masuda
2018). In response to these issues, the existing environmental impact assessment
system can be used to promote NbS. Environmental impact assessment is the current
procedure required when carrying out the development of a certain scale or larger,
and businesses need to reduce the impact on the environment as much as possible.

Fig. 14.9 Example measures of a river basin-wide flood management project (Modified from
MLIT 2020e)
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NbS such as green infrastructure utilizes the functions of nature and can be used as
an effective tool when consideration for the environment is required. In addition, the
evaluation technology for environmental impact assessment and the technology for
environmental conservation measures can also be applied to the evaluations and
designs when introducing NbS in the future. Furthermore, the introduction of NbS
through the procedure of environmental impact assessment will enable the formation
of a favorable environment for those who proceed with the project (Masuda 2018).

14.3.3.2 Economic Matters
Concerning the current period of climate change, a hybrid approach integrating
conventional civil engineering techniques with NbS is an option for implementation
considering the increase of extreme weather patterns (Furuya and Shimatani 2018).
However, close attention must be paid to the cost-benefit trade-off in planning and
decision-making. The higher the ratio of green infrastructure, the more expensive the
cost may become. Prioritizing the cost, it might not only lessen environmental
multifaceted functions but also end up a mere excessive gray infrastructure with a
hint of green infrastructure as NbS (Onuma and Tsuge 2018). Isaka (2010) pointed
out the risks in depending too much on modern civil engineer-based river improve-
ment, or gray infrastructure, which increases the risk of flood and environmental
damage in case a flood occurs. This corresponds to claims made by Nishi Moromoto
in the nineteenth century.

The price of land and safety can be an important concern for residents as well as
private sector enterprises. Results of risk assessment influence land value and may
also affect the subjective safety of residents living in the area. When it comes to
relocation, it takes longer and involves more steps and processes. In these cases,
institution systems for subsidies for residents must be organized. To pursue such
processes and avoid unwanted bottlenecks, sufficient risk communication with
adequate trust between local government officials, experts, and residents is necessary
(Taki 2018). Thus, solutions to economic issues lie in the hands of those who are
responsible for implementing budgets, residents, and potential project beneficiaries.
Without sound risk communication, the benefit of a basin-wide flood management
approach cannot be achieved.

14.3.3.3 Coordination Tasks
Since basin-wide flood management projects by MLIT and NbS involve all the
stakeholders in a given basin, conflicts among the stakeholders are likely to occur.
Hence, coordination and cooperation are key. Disaster management requires that
multilevel governance systems enhance the capacity to cope with uncertainty and
surprise by mobilizing diverse sources (Neil Adger et al. 2005). Likewise, there must
be cooperation among inter-stakeholder work across boundaries of knowledges,
practice, priority, scale, institutional histories, and cultures (Becker 2018).

The number of stakeholders and their interests must not be underestimated when
it comes to a basin-wide approach, and various aspects such as disaster risk reduction
and regional revitalization are involved. With the variety of stakeholders and aspects
involved, the actors who lead the coordination and consensus-making have not been
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clear in the past and must be clarified especially for multilevel governments, where
trans-sectoral information sharing and/or communication in normal time affects
emergency responses and support provision (Sakamoto and Yamori 2012).

From the case of the Abukuma River, Konami et al. (2021) assert the significance
of preparedness and the role of pre-disaster discussions for consensus-making of
IFM after a flood disaster as preparedness for the next occasion, in conjunction with
timely, efficient response and recovery. To discuss consensus-making with response
and recovery requires all parties to pay attention to local context and knowledge
including emergency responses in the past disaster cases. There is no “one-size-fits-
all” approach or method in strengthening collaborative mechanisms (Ishiwatari
2019). Also, the structure of flood risk is caused by the risk directly generated by
the legal system, and the flood risk is caused by the indirect legal system that exerts a
shadow on the rules of behavior and decision-making in political processes and
governance (Isaka 2010). It requires improvement of the current systems, which
takes additional time. Hence, an optional strategy for applying a basin-wide flood
management approach under the current legal system must be adopted to add
concepts that come out of discussions rather than denial (Kada et al. 2010). The
Shiga Prefectural Government in Japan succeeded in formulating the integrated
flood management ordinance in this manner, which was implemented in
March 2014.

14.4 Conclusions

This chapter provided the impact of Typhoon Hagibis at the Hamao Retention
Reservoir in the Abukuma River Basin as well as some Japanese traditional
techniques as NbS for flood mitigation and discussed the policy of the basin-wide
approach for flood management and its future tasks through literature reviews. MLIT
launched the trans-sectoral-wide basin flood management project in 2020, which
integrated some traditional flood mitigation techniques as NbS. The Hamao Reten-
tion Reservoir was restored by reinforcing the bank, and construction of another
large flood retention reservoir has been planned. However, the tasks of technical,
economic, and coordination matters are to be overcome as NbS is related to a variety
of issues in many sectors. For the sound implementation of the future NbS in Japan,
the following two things are crucial: (1) to make clear which actors lead the
coordination and consensus-making, especially among multilevel government
officials, and (2) to promote proactive interaction among all the stakeholders in the
process of consensus-making.
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Nature-Based Solutions (NbS)
for Sustainable Development
of the Resource Base and Ecosystem
Services of Marine and Coastal Ecosystems
of India
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Abstract

The imminent dangers due to increasing anthropogenic stress on the coastal seas,
as well as marine pollution in the Anthropocene, have highlighted the need to
devise and adopt novel eco-sustainable solutions through the use of technology
for India. Special emphasis on the use of scientifically derived marine fishery
advisories (MFAs) can have multiple co-benefits with the utilization of nature-
based solutions (NbS) for monitoring and management of coastal and marine
resource bases. Such co-management options can be effective to realize the
targets for Sustainable Development Goals 14 (SDG 14) for 2030. At present,
the Indian National Centre for Ocean Information Services (INCOIS) under the
Ministry of Earth Sciences (MoES) provides the MFAs on a daily basis by using a
combination of data from satellite imageries and ground-based datasets. How-
ever, sustainable use of marine and coastal ecosystems services needs to be
informed by appropriate technological models of resources usage, including the
incorporation of coastal zone management plans as per NbS frameworks for
achieving long-term successes. The present study highlights the need to adopt
NbS and MFAs as co-management approaches for adaptation and/or mitigation
of the impacts of climatic and environmental factors as well as for fostering
sustainable fishing initiatives for the Bay of Bengal. Such integrative
methodologies are crucial for the development of model-based policy
frameworks for sustainable marine resources management. Accordingly, an
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assessment of the NbS techniques for deriving a new adaptive framework is
presented and discussed in the context of consideration of MFAs as NbS
Assisting Technologies (NAT) to obtain significant co-benefits for sustainable
development.

Keywords

Marine resources · Coastal zone · Ecosystem services · Nature-based solutions ·
Marine fishery advisories

15.1 Introduction

The Indian region is characterized by the various landforms forming the unique
tapestry of diverse coastal and marine ecosystems along with its 8118 km of long
coastline. From the perspective of ecosystem services for India, the coastal regions
act as a buffer zone as it links land and ocean together and also creates a system of
socio-ecological interactions typical to the Indian subcontinent. On the other hand,
the marine ecosystems form the basis of the ecological heritage as well as the source
for national, regional and local economies for India. The coastal region of India also
plays a vital role in marine fish landings across its 1511 fish landings centres located
in 9 maritime states and 2 union territories (UTs). In case of India, marine fishes have
been treated as one of the best source of animal protein to remedy malnutrition
(Hinds 1992). Further, the fishery sector creates large employment in India, and
currently about 16 million fishers are directly dependent on this sector, while the
number is double along the value chain (NFDB 2020). In 2019, India has harnessed
about 3.56 million metric tons (Mt) of marine fishes with a 2.1% of annual growth
rate where Tamil Nadu contributed the highest share among all maritime states and
UTs (ICAR-CMFRI 2020). As per the latest statistics, fish capture from the
mechanized sectors contributed about 83%, while the contribution is only 1%
from the traditional fishing sector. India also exported nearly 1.40 Mt. of seafood
worth INR 465.89 billion (USD 6.73 billion) during 2018–2019 (NFDB 2020). In
this way, coastal and marine ecosystems have provided the vital basis to support
lives and livelihoods by improving the economy of the country and henceforth
improved the socio-economic conditions (Nayak 2017). In recent times, various
anthropogenic activities along with global warming-derived climate change have
been posing major threats for the conservation and sustainable development of the
coastal and marine ecosystems in India (Nayak 2017).

Activity-based challenges in coastal and marine area management have enhanced
the recognition of the imminent limits for exploitation of the marine resources base.
However, the matching of the management approaches requires the expansion of the
current technological solutions to meet not just the present but even presumptive
challenges to sustainable development. For example, at present, the fishery sector in
India faces a wide range of challenges associated with lack of infrastructure,
overfishing, water pollution, habitat degradation, insufficient market information,

338 H. Santhanam and S. K. Kundu



post-harvest losses, weak organizations, a lack of access to financial services, etc.
(FAO 2018). In the last two decades, small-scale fishers had also reported the forced
displacement of fishes from their traditional fishing grounds as well as reduction in
the stocks, as a direct consequence of the impacts of industrialization, pollution, etc.
Despite the recognition of the environmental limits and the need for sustainable
fishing, overfishing becomes a substantiated activity at local levels to enhance the
sources of the incomes of fishers caught in the loop of poverty and indebtedness
(Pramod 2010). Such activities in turn lead to the inevitable environmental degrada-
tion of unimaginable proportions. Matthew (2015) also reported that small-scale
fishers in India suffer from water pollution, destruction of fish habitats, increasing
competition and high prices of coastal land. Anthropogenic pollution in the marine
environment is the most common threat in achieving sustainable marine resources,
i.e. marine fish management (Bradley et al. 2019).

A large part of the management approaches undertaken at national and local
levels in dealing with these challenges have been ably supported by several of
India’s flagship programmes at central and state levels for maritime conservation,
supported through the use of spatio-temporal monitoring of the resources. For
example, the use of geospatial technologies has contributed to a wealth of data on
the coastal and marine environments from various remote sensing satellites such as
INSAT, OCEANSAT, RESOURCESAT, CARTOSAT, RISAT, SCATSAT,
SARAL-ALTIKA, IRNSS, etc. by enhancing the knowledge on physical structure
and conditions, spatial pattern and extent along with its temporal changes of coastal
and marine habitats (Nayak 2017, 2020). However, mainstreaming the use of data
for managing the critical ecosystems requires three major perspectives:

1. Approaching marine and coastal conservation by adopting nature-inspired and
nature-based management options which provide long-term benefits to the envi-
ronment as well as the society.

2. Planning for infrastructural approaches which reduce and prevent human depen-
dence on pollution-causing materials for achieving livelihood targets through use
of sustainable technologies.

3. Use of assistive technologies to plan, establish, monitor and manage the
resource base.

In this context, nature-based solutions (NbS) can be considered as effective
measures to preserve the coastal and marine ecosystem services especially in the
case of a maritime country as India facing the numerous challenges due to
accelerated urbanization.

In general, NbS refers to the sustainable use as well as sustainable management of
nature to remedy various socio-environmental challenges. The outcomes of NbS are
also associated with human welfare and biodiversity enrichment through the sus-
tainable resource management (IUCN 2021). The lives and the livelihoods of the
coastal people including marine fishers are highly dependent on the coastal and
marine ecosystem; however, they are also exposed to extreme weather events
associated with cyclones, storm surges, coastal erosion, etc. (Gajjar 2020). In
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connection, NbS can play an important role in reducing the effect of weather
extremeness through the use of natural resources which is also helpful in the
conservation of natural resources. For instance, by increasing the mangroves forest
and salt marshes in the coastal areas, it is possible to reduce the strength of wave
height and velocity by 31% and 72% along with coastline stabilization by sediment
aggregation. In this context, coral reefs, seagrass and sandy beaches are also useful
to minimize the coastal erosion, storm surges, etc. (Cohen-Shacham et al. 2016;
Kapos et al. 2019). Additionally, Kapos et al. (2019) also mentioned that NbS are
beneficial for the improvement of marine fish stocks, marine biodiversity conserva-
tion and carbon sequestrations along with tourism and recreation associated with the
sea. Table 15.1 shows the list of marine habitats, the ecosystem services rendered by
them as well as scope for nature-based management approaches which need to be
considered for appropriate blue-green infrastructure development.

In this context, the Sustainable Development Goal 14 ‘Life below water’ imposed
by the United Nations places an emphasis on mainly three thematic areas: marine
pollution, marine climate and sustainable usages of marine resources by balancing
the environmental, social and economical dimensions of the sustainable develop-
ment. The United Nations Economic and Social Council (2019) reported that marine
environment is suffering from unsustainable depletion, environmental deterioration,
saturation of carbon dioxide and henceforth oceanic acidification while oceans and
marine fisheries are continued to global economic, social and environmental needs.
Most significantly, the present efforts to protect the marine environment are yet not
been so impressive globally. Further, the sustainability of the global marine fishery
resources continues to decrease at a reduced rate, while the contribution of the
sustainable marine fishery capture to the GDP remained stable at the global scale
with a regional variation in Pacific Small Island developing countries and least
developed countries where it largely contributes to the GDP with an average of
1.55 and 1.15, respectively, during 2011–2017. Hence, it is evident that an urgent
assessment of the ecosystem services is required, which can support the planning of
national policies on sustainable fishing.

15.2 Marine Ecosystem Services: Existing Approaches
and Relevance to Resources Modelling

Although oceans, seas and coastal ecosystems support a large population of humans
through their multiple ecosystem services, it is difficult to assess these services
completely particularly because of the challenges in capturing the dynamics of the
marine habitats and owing to the dynamicity of the oceanic processes such as winds,
tides and currents (e.g. Townsend et al. 2018). Since the primary goal of planning the
assessments is towards producing the desired observation on the socio-economic
benefits, the models of resource usages are usually region- or location-specific and
cannot be generalized, which make decision-making quite complex. Further, the
technical, technological and the implementation capacity of a country can limit the
use of decision support tools (Posner et al. 2016). Specifically, in the case of
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modelling the marine fisheries resource base, it is important to derive the potential
reference points for ecosystem-based fisheries management which can characterize
the ecosystem status practically (e.g. Link et al. 2002). Thus, the need for planning
NbS-based green solutions for management hinges on the use of the ecosystem
modelling approaches to optimize the resource usages.

Taking an example of ecosystem-based management (EBM) approaches defined
in recent times, it emerges that there are several ‘levels’ of consideration of the
datasets to model the overall efficiency of these approaches (Link and Browman
2014). For example, considering the case of fisheries as major ecosystem services

Table 15.1 Marine and coastal habitats and scope for nature-based (NbS) green management

Marine/coastal habitat
component

Ecosystem service
rendered

Scope for nature-based (NbS) green
management

Estuaries, tidal creeks,
backwaters

Fisheries Sustainable fishing practices using traditional
crafts and gears

Nutrient circulation Maintenance of natural channels of
recirculation; minimizing land-based solid
waste and fertilizers run-off

Navigability Use of traditional, non-polluting modes of
transport

Wetlands and
marshlands

Nutrient
sequestration

Controlling eutrophication using wetlands

Water residence and
recirculation

Balancing tidal and wind-driven recirculation
by protective barriers

Sediment enrichment Waterlogging and marshland protection to
increase organic content in sediments

Coastal sand dunes Barriers and
embayment

Protective barrier management using natural
sluices and gates

Coastal lagoons and
mangroves

Fisheries Sustainable fishing practices using traditional
crafts and gears

Nutrient circulation Maintenance of natural channels of
recirculation; minimizing land-based solid
waste and fertilizers run-off

Bird and protected
marine animals
sanctuary

Protective areas approaches to preserve
biodiversity

Perpetuation of
keystone species

Bioshields Mangrove reforestation

Open sea ecosystems
and marine protected
areas

Climate regulation Decrease in anthropogenic emissions of
particulates along coast and offshore

Fisheries Sustainable fishing practices; using
traditional crafts and gears and preventing
overfishing

Nutrient circulation Maintenance of natural salinity and
hydrological cycles, reducing desalination
and improved bioavailability by providing
regeneration periods

15 Nature-Based Solutions (NbS) for Sustainable Development of the Resource. . . 341



component, the ecosystem approach to fisheries (EAF), an integration of the fish
stocks with environmental and ecological components such as temperature, predator
removals, multispecies interactions, etc., is necessary to select the appropriate NbS
strategy. This system accounts not only the interactive elements but also the impacts
of the fisheries stock changes on other components of the ecosystem. A typical
blueprint for ecosystem services studies thus includes the consideration of four
facets which need to be critically evaluated (Seppelt et al. 2011) as shown in the
Table 15.2.

In each of the parameters critically considered to model the marine resource base,
a degree of normalization needs to be incorporated to achieve the practical imple-
mentation of the goals and challenges. A recent approach of using the Multiscale
Integrated Model of Ecosystem Services (MIMES) incorporates the integration of
multiple ecological processes with human dynamics to simulate the interactions
between coupled human and natural systems (Boumans et al. 2015). Such integrative
framework often requires inputs of datasets from multiple platforms and sources
including varied spatial and temporal databases, to match with the intangible and
tangible benefits of the use of an appropriate NbS.

From the perspective of mainstreaming the NbS, it is also observed that the
ecosystem services are not readily linked to market values and economic
assessments, which put a huge pressure on deriving truthful representations of
these services themselves. However, there exists huge scope to improve the supply
chain assessments and their relationships with the demand side as inherent processes
for sustainable development of marine resources. These require a higher level of
involvement with computational regime that incorporates local- to regional-level
considerations for regional development. Another perspective in the sustainable
development of marine resource base includes accounting for the challenges to the
achievement of the targets due to indirect drivers such as extreme weather events, sea
level rise and invasive species. These multiple drivers and pressures need to be
linked to the adaptive management plans and bring the experiences in dealing with
these stressors into operationalizing the ecosystem-based management approaches.
The computational challenges of integrating these datasets become huge
considerations while deriving assessments of the impacts of the NbS-based policy
frameworks.

Table 15.2 Ecosystem services assessment and approaches in the context of marine resources
management (adapted from Seppelt et al. 2011)

Marine ecosystem services
parameter Considerations to select appropriate NbS

Biophysical and environmental
services

Realism of the ecosystem data and models

Off-site usages Recognition of the off-site effects

Local resource usages Accounting for local trade-offs

Stakeholder participation Evaluate the critical involvement of stakeholders in
assessments
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Incorporating the NbS frameworks into marine resources management will hence
require the integration of different pathways considering the ecological interactions
including impacts, the services rendered as well as the administrative and gover-
nance challenges. The flow across these pathways is aligned with the use of the
correct NbS strategies which will alleviate the impacts, improve the services and
reduce the governance challenges across the long-term temporal scales. At the end of
the process, it is important to integrate these experiences into the database to provide
the blueprint for futuristic development. In order to do so, data transparency, as well
as flow pathways, has to be logically and intuitively reorganized to present the
inherent scenarios for futuristic development. The computational advantages can be
interlinked to the decision support tools using inference-based modelling
frameworks. These aspects are discussed in the role of technology in adopting
NbS for coastal and marine systems.

15.3 Examples of Coastal andMarine NbS Options in Global and
Indian Contexts

Globally, the NbS adopted for coastal and marine environments can be divided into
four categories – fully natural solution, i.e. natural coral reefs, mangroves, etc.;
managed natural solution, i.e. planted mangroves, artificial coral reefs and
renourished sea beach; hybrid solution, i.e. combination of engineering structure
and natural features like dune-dyke system, etc.; and environment-friendly engineer-
ing structure, i.e. bamboo sediment fences (Pontee et al. 2016; Fig. 15.1).

Pontee et al. (2016) also highlighted that the implementation of NbS also depends
on some factors, e.g. types of habitat, water depth as well as habitat characteristics
related to the effective coastal protection. In this connection, several examples of

Fig. 15.1 Types of nature-based solutions (NbS) available and adopted for coastal and marine
habitat management and development. The NbS can provide green alternatives for total habitat
management (seed) or supportive (seedling). Ensemble solutions (tree) and naturally conceived
products (fruit) can also be effective NbS options as illustrated
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coastal and marine NbS options can be provided in the global as well as Indian
context.

15.3.1 Global Case Studies

Global case studies provide a glimpse of the NbS efforts that may of three important
interventional types as described in Eggermont et al. (2015):

1. No or minimal interventions in ecosystems: examples include mangrove conser-
vation and/or preservation as core/buffer area protective solutions.

2. Partial interventions: implementation of innovative management approaches
towards development of landscapes in order to improve the delivery of selected
NbS options compared to conventional interventions. Examples for the coastal
zone operations include evolutionary-oriented fisheries management which has a
beneficial effect on restoration of native fishery stocks and thereby contribute to
coastal resiliencies.

3. Management of the ecosystems on an intrusive level or creation of new
ecosystems themselves. Examples include creation of artificial wetlands, reefs,
seaweed farms, etc.

The entire scales of the operations described above from the perspectives of
benefits and trade-offs are described here taking specific case studies as examples.
To reduce the effect of coastal erosion and hurricane-induced strong wave in Puerto
Morelos, Mexico, on the Mayan Riviera, artificial coral reefs were planted as a part
of NbS (Acclimatise News 2019). It had been noticed after 5 years of completion in
2015 that artificial reefs helped to recover the beach along with the fish attraction in
the reefs. In case of Mayakoba beach, also artificial coral reefs were planted to
reduce the sand dune losses, which negatively impacted the nearby mangroves,
turtles, birds, etc. owing to the effect of hurricane (Acclimatise News 2019). The
establishment of Sand Motor, Netherlands, under an NbS was useful to set up natural
sand dunes against beach erosion on the coast. The expansion of sea beach attracted
tourist and has transitioned into good places for community recreation (Luijendijk
and Oudenhoven 2019). The port city of Dar es Salaam in Tanzanian was suffering
from deforestation, soil erosion and sedimentation owing to the rapid urbanization
which resulted in the loss of fertile agricultural land as well as loss of lives and
livelihoods due to the successive floods (Gajjar 2020). In such scenario, Tanzania
Urban Resilience Programme has been prepared a draft under NbS through refores-
tation, dredging of the river, plantation of mangroves and solid waste management
by 2030. Gajjar (2020) also studied that the Municipal Climate Protection
Programme developed key components of community-based ecosystem, green
economy and disaster management system under NbS programme to reduce several
climate change-oriented impacts such as sea level rise, storm surges, water scarcity,
etc. in Thekwini, South Africa. It was also useful in terms of co-beneficial effects of
employment generation, community ownership, etc. for societal benefits. In
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connection, the ‘Ecosystem-based Adaptation to Climate Change in Seychelles
project (2014–2020)’ has been adopted in Mahé and Praslin, Seychelles, to minimize
the risk generated by cyclone and associated storm surges, sea level rise, etc. through
the restoration of ecosystem functionality where local civil societies were deeply
involved (Gajjar 2020). Moreover, Mueller and Bresch (2014) mentioned that
annual damages worth USD20 can be avoided due to hurricanes through the
protection of Folkestone Marine National Park, located in Barbados.

Duarte et al. (2017) studied the global NbS services of seaweed farms
highlighting their significant carbon sequestration properties and roles as carbon
dioxide (CO2) sinks, contributing to total or partial biofuel production. Further, they
highlighted the huge potentials of the seaweed farms as CO2 mitigators to the tune of
about 1500 tons CO2 per km

2 per year of avoided emissions from: (1) fossil fuels and
(2) facilitating further reduction of the emissions from agriculture, as well as,
(3) lowering methane emissions attributed to cattle when included in cattle feed.
Other ecosystem services of the seaweed aquaculture such as damping the wave
energy in the sea, mechanical consolidation of shorelines, enhancing the pH and
supplying dissolved oxygen to the surface waters by their presence contribute
twofold to NbS: (1) mitigation and adaptation to climate change as biomass and
(2) alleviating the effects of ocean acidification and anoxia as a constituent of the
coastal and marine food web.

Kelly et al. (2012) described the use of human-nature partnerships as NbS
methodologies to secure the conservation and preservation of marine resources,
including living resources such as the dolphins, illustrating the uses and apparent
trade-offs through three case studies from the Shannon Dolphin and Wildlife
Foundation (SDWF, Ireland), the Dolphin Space Programme (DSP, Scotland) and
the Pembrokeshire Marine Code Group (PMCG, Wales). The study highlighted the
use of heuristic analyses of the indicators of sustainability of the NbS partnerships as
well as the development of policy interventions supportive of the NbS measures
adopted. Recently, Narayan et al. (2016) researched the multimodal ecosystem
services of NbS in coastal and marine environments; these advancements in the
knowledge of the use of NbS for coastal studies are illustrated in Fig. 15.2. The study
highlighted the efficiency of two types of NbS hitherto mentioned (see Fig. 15.1) to
support different anthropogenic uses, for example, the shoreline protection.

15.3.2 Indian Scenario

In case of India along with other South Asian countries, i.e. Indonesia, Sri Lanka,
Thailand and Malaysia, community-based coastal habitat restoration has been
initiated by Wetlands International, IUCN, under NbS approaches of ecological
restoration. The government of India had notified Island Protection Zone (IPZ) in
2011 through the conservation of mangroves and renourishment of beaches and sand
dunes with the objectives of promoting development in a sustainable manner along
with supporting the livelihoods of the local community (University of Oxford 2021).
India is also on the way to implement the Integrated Coastal Zone Management
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(ICZM) to conserve and protect the critical coastal and marine habitats as well as
coastal and marine geomorphology in association with ‘Mangroves for the Future
(MFF)’ coordinated by IUCN with an initiative of coastal livelihood support. Under
the latest ‘BG infrastructural policy scheme’, Atal Mission for Rejuvenation and
Urban Transformation (AMRUT) is aiming to improve the governance and
sustainability of Indian cities under NbS approaches, having eight components:
water supply, sewerage, septage, storm water drainage, urban transport, green spaces
and parks, administrative reforms and capacity-building (Gajjar 2020). Such studies
are quite important to address challenges to coastal cities in India; for example, the
coastal city of Panaji is impacted by coastal erosion, land degradation and loss of
biodiversity owing to the sea level rises, urbanization and habitat alternation,
respectively, where mainstreaming of NbS can offer both short-term and long-term
benefits by technological interventions. Another example of the planning for
NbS-based coastal protective measures is presented at the 6 km long St Inez
Creek, connecting Mandovi River and the Arabian Sea, which is significant from
the environmental as well as socio-cultural perspectives; however, its functionality
has been reduced due to both anthropogenic activities and natural degradation. To
restore the functionality of the creek, a floating bioremediation system was created as
NbS in 2017 with the help of experts and local youths with varied effects. Apart from
this, a mixed approach, i.e. water quality monitoring, natural remediation, solid
waste filtering, sewage treatment and green space coverages along the creek, has

Fig. 15.2 Example of implementation of coastal NbS for shoreline defence and protection
described in Narayan et al. (2016) illustrating the benefits of the use of natural NbS ecosystems
for the coastal defence
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been proposed under NbS approach for the restoration of the functionality of the
creek (Gajjar 2020).

In 2007, IUCN and MSSRF jointly developed the Integrated Mangrove Fishery
Farming System (IMFFS) in Tamil Nadu to sustain the livelihoods of the local
fishing community and also to stop the unsustainable aquaculture practices that
resulted in the collapse of shrimp farming since the 1990s (IUCN 2016). Further
NbS at vulnerable locations along the coastal Bay of Bengal has been reported to
benefit the lives and livelihoods of the fishing community at several marine fish
landing centres by artificial coral reefs formation, dredging of the sedimented rivers,
beach nourishment, etc.

15.4 NbS for Achieving Targets of the Sustainable Development
Goals (SDG) for India

The Sustainable Development Goal (SDG) 14 (‘Life below water’) deals with the
dependence of human beings on the ocean, especially with respect to the coastal and
marine fisheries. About 40% of the total world population lives within 100 km of the
coast and fully depend on the ocean for their livelihoods. Further, more than 15% of
the total protein consumed by 4.3 billion people across the globe comes from
seafood (Pisupati 2016). Apart from these, the offshore ocean provides 30% of the
total global petroleum and natural gas production, while ocean currents, tides, waves
and winds are used to generate non-conventional energy worldwide which is
environment-friendly due to low CO2 emissions (Cicin-Sain 2015). However, the
conservation and sustainable usages of marine resources under SDG 14, imposed by
the United Nations, are still limited (Pisupati 2016). The SDG 14 consisting of seven
targets, i.e. 14.1, 14.2, etc., emphasize on three thematic areas: marine pollution,
marine climate as well as marine resources.

With more than 25 marine protected areas consisting of 10,000 sq. km located in
106 peninsular islands, the marine biodiversity of India is a great asset, providing
numerous ecosystem services; however, suitable and proper plans and approaches
need to be implemented for achieving the target related to the SDG 14. In India, NITI
Aayog has been empowered to oversee the overall progress associated with the
SDGs and the capacity-building to achieve the same. Such efforts from the central
government have been crucial to promote the use of NbS in the sustainable manage-
ment practices across the country.

For example, it has been reported that 112 km2 of mangrove forest had been
increased in the coastal regions of India compared to the previous assessment while
more than 15,000 ha were planted in the coastal Gujarat region. The Government of
India has also been launched National Fisheries Policy 2020 to provide momentum
in Blue Revolution (NFDB 2020). Presently, various national- and state-level
legislations are collaborating for the management as well as protection of the marine
environment through the community participation under the scheme of Integrated
Coastal Zone Management Project (Government of India 2017). Despite a long
history of its marine resource management, however, India suffers from reliable
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datasets associated with the depth information on the marine resources, its status and
trends at national as well as state level (Pisupati 2016). Under the circumstances, it is
clear that NbS options if facilitated for the country through policy-driven changes
can provide effective means to plan and execute the sustainable management
practices. Further, the following are the major considerations that need to be
addressed for dealing with the management of the coastal and marine resources:

1. The availability of knowledge to pursue NbS.
2. The policy-driven gaps in addressing the need for NbS-based planning for coastal

and marine conservation.
3. The gap between the availability and use of technology to provide the impetus for

capacity-building and training of all levels of stakeholders for coastal and marine
governance under the perspective of NbS.

4. The complexity of the data and the need for multi-criteria decision analyses make
a case for the need for coordinated computational efforts and technology-based
approaches to realistically achieve the targets of the SDG 14.

Presently, it is very urgent to collate various information and data regarding
different agreed targets and indicators of SDG 14 for achieving sustainable marine
resource management. In this connection, the Ministry of Statistics and Programme
Implementation, Government of India, has prepared National Indicator Framework
(as shown in Table 15.3) related to the SDGs for identifying data and information
gaps; probable indicators align with the global indicators and also create a strong
network in between ministries, institutions and civil societies (Government of India
2020). The present investigation provides a unique compilation of the indicator-wise
assessment of the NbS needs for India which are summarized in Table 15.3.

15.5 Scope for the Use of Technology for Adapting to NbS
Frameworks as NbS Assisting Technologies (NAT)

A significant amount of research and development efforts in the area of marine
resources monitoring in India is focussed on the generation of marine fishery
advisories including potential fishing zone (PFZ) and ocean state forecast (OSF),
introduced in the earlier subsection. ESSO-INCOIS-derived Marine Fishery
Advisories, i.e. PFZ advisory, a reliable and short-term forecast of the fish aggrega-
tion zone in the open sea, using remotely sensed data would be helpful for the
sustainable marine resource management in the Indian context (ESSO-INCOIS,
2020). PFZ not only contributes to an increase in the capture of fishes with
shortening the time period but also is environment-friendly as it is helpful in
declining the CO2 emissions in the marine environment as a result of less fuel
consumption due to minimization of search time (NCAER 2010, 2015). According
to the study conducted by NCAER (2015), it has been revealed that saving one litre
of diesel can reduce 2.63 kg of CO2 which is equal to INR 36,200 crores per annum
in a 25 years life. From a management perspective, the use of PFZ and OSF
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Table 15.3 Present status of India in achieving Sustainable Development Goal 14 (SDG 14),
associated indicators for each target under SDG 14 as well as selection of NbS methods for
achieving the targets (source: Government of India 2020; modelling frameworks from Culhane
et al. 2020)

Target Descriptions of target Indicators
Appropriate NbS models
or systems

14.1 Prevention and reduction
of marine pollution
particularly from land-
based activities by 2025.
This includes marine
debris and nutrient
pollution

14.1.1 Coastal Water
Quality Index

Flotational wetlands for
sequestration of excess
nutrients14.1.3 Percentage of use

of nitrogenous fertilizer to
total fertilizer (NPK)

14.2 Sustainable management
and protection of marine
and coastal ecosystems,
strengthening their
resilience and restoration
by 2020

14.2.1 Percentage change
in area under mangroves
(similar to 14.5.2)

Mangrove plantation

14.2.3 Percentage change
in marine protected areas
(MPA)

Beach nourishment

14.3 Minimize and address the
impacts of ocean
acidification scientifically

14.3.1 Average marine
acidity (pH) measured at
the agreed site of
representative sampling
stations

Use of seaweed farms, etc.

14.4 Regulation of harvesting
and end overfishing,
illegal, unreported and
unregulated fishing and
destructive fishing
practices by 2020, protect/
conserve fish stocks

14.4.1 Maximum
sustainable yield (MSY)
in fishing, (in million
metric ton (mt)/year

Artificial coral reef
formation, riverine
channel preservation
through shore-based
plantation management to
allow fish stock
diversification, etc.

14.5 Conservation of at least
10% of coastal and marine
areas by 2020

14.5.1 Coverage of
protected areas in relation
to marine areas

Plantation of mangroves,
seaweeds, seagrass,
preservation of local eco-
cultural ecosystem
services preservation etc.

14.5.2 Percentage change
in area under mangroves
(similar to 14.2.1)

Mangrove plantation

14.6 Prohibition of fisheries
subsidies which contribute
to overcapacity and
overfishing planning by
2020

National indicator is still
under development

Technology-aided
scenario modelling,
policies to encourage foot
fishing in shallow seas and
coastal lagoons to
preserve fish stocks and
prevent habitat
fragmentation of
economically important
species

14.7 Achieving an increase in
economic benefits to small
island developing states

National indicator is still
under development

NbS habitats attractive to
native fish species

(continued)
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advisories can contribute towards planning a technology-based NbS framework for
sustainable fishing.

PFZ forecasts in India were initiated in 1989–1990 for the first time using NOAA
AVHRR-derived sea surface temperature (SST; Mane and Mishra 2017) until the

Table 15.3 (continued)

Target Descriptions of target Indicators
Appropriate NbS models
or systems

and least developed
countries through
sustainable use of marine
resources by 2030

14.a Scientific management of
marine technology, as per
the Intergovernmental
Oceanographic
Commission Criteria and
Guidelines on the Transfer
of Marine Technology

14.a.1 Budgeting
resources (budget
estimates)

Use of marine fishery
advisories such as
Potential Fishing Zones,
including species-specific
advisories, Ocean State
Forecasts, coral bleaching
alert, multi-hazard
vulnerability mapping, oil
spill advisory for effective
budgeting of resources
managment protocols

14.b Access for small-scale
artisanal fishers to marine
resources and markets

14.b.1 Assistance to the
traditional/artisanal fishers

Integrated Mangrove
Fishery Farming System,
river channel widening by
adopting on-shore NbS
practices, improving
markets for locally
procured marine products
through their promotion as
food which is sustainably-
procured, encouraging
foot-fishing and non-
motorised fishing in
shallow water
environments with
provisions for direct, on-
site markets for eco-
tourists, etc.

14.c Conservation and
sustainable use of oceans
and their resources by
implementing
international law as
reflected in the United
Nations Convention on the
Law of the Sea, as per the
legal framework for the
conservation and
sustainable use of oceans

14.c.1 Compliance of
international laws

NbS scenario-based
computational models
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successful launching of the IRS-P4 satellite (Giri et al. 2016). However, SST-derived
PFZ advisory was found to be not adequate in tropical and equatorial waters during
summer owing to strong stratification which prevented the arrival of cool nutrient-
rich waters to the sea surface from the deeper layer; surface wind might also affect
the frontal structure (Wilson et al. 2008). Post the launch of the IRS-P4 (Oceansat)
on May 26, 1999, Solanki et al. (2001) developed an integrated approach using
OCM-derived chlorophyll-a (Chl-a) and AVHRR-derived SST to constrain PFZ in
the Indian water. Hence, the PFZ algorithm matches the presence of Chl-a along with
favourable SST which are very productive, to predict the highly favourable zones in
the coastal sea for the fish aggregation (Giri et al. 2016).

At present, marine fishing in India has been concentrated within the narrow belt
of 50 m depth in inshore water (Nammalwar et al. 2013), providing maximum
contributions to the fishery-based economy. Remote sensing data can also provide
better information regarding the planning and managing of the fishing-related
activities nearer to the coastal region (Miguel and Santos 2000; Sreedhar 2002).
The oceanographic conditions, such as SST, Chl-a and Ocean Fronts, influence the
fish stocks (Klemas 2012, 2013), and satellite-derived SST and Chl-a have been
found to be satisfactory in providing high receptivity and large spatial coverage for
monitoring the same (Pillai and Nair 2010). The advisories provided by INCOIS for
OSF services were initiated in 2009; include wave heights, wave direction, wind
speed, wind direction, tides, currents, etc.; are also helpful to ensure the safety of the
fishermen by making their appropriate decision for venturing into the deep ocean
(e.g. Kundu and Santhanam 2021a); and are also helpful for the coastal community
(Nayak et al. 2007; Nair and Pillai 2012; ESSO-INCOIS 2020). In the formulation of
the PFZ advisory, the ocean colour (concentration of chlorophyll) indicates the area
of high biological production ‘fish accumulation zones’ where the fishes accumulate
for their feeding and spawning (Chandran et al. 2004; Solanki et al. 2005) in relation
to ocean state factors: SST, front, topographic structure, upwelling, eddies, etc. The
SST are indicative of the thermal environment for enhancing biological productivity
(Solanki et al. 2003), and since the cooler waters contain the highest nutrient
materials, SST inversely correlate with PFZ areas (Solanki et al. 2003, 2005). The
temperature gradient in the ocean also attracts fishes; the ocean colour features
coincide with the thermal fronts, related to the high primary productivity (Solanki
et al. 2001; Kripa et al. 2014). An additional example is the restricting of a traditional
model of PFZ, wherein the PFZ advisory systems consider real-time parameters and
predict most favourable spots using multi-criteria analysis between the parameters
(Kundu et al. 2020).

Studies conducted by the National Council of Applied Economic Research
(NCAER) the net economic benefits from successful identification of PFZ can be
of the order of INR 500 billion per annum. Such improved capabilities of the
advisories can add to eco-sustainability by saving fuel consumption of motorized
boats to reach the PFZ (NCAER 2010). Thus, while the PFZ advisories help the
fishing community to locate large fish shoals by reducing the search time, thereby
saving diesel consumption, the OSF advisories provide fishers and their family
accurate and critical information on the status of the ocean-related weather
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conditions and hence provide a greater sense of security, avoiding the loss of lives
and property (MSSRF 2014a, b; Kundu and Santhanam 2021b). Presently, marine
fisheries add to the earnings by foreign exchange from the export of fishery products
corresponding to 10% of overall export, while it accounts only for 0.91% of total
GDP (NFDB 2020). From the above perspective, the effective use of geospatial
technology in the form of national marine fishery advisories is proposed here as
unique ‘NbS Assisting Technologies’ (NAT) since they are excellent tools for
promoting and minimizing the sea-based anthropogenic effects on the ecosystem.

15.6 Conclusions

The present study highlights the fact that the use of NbS measures if inculcated into
the marine and coastal resources planning can invariably lead to infrastructural and
developmental benefits by meeting the SDG targets 14 for India. Strategies
incorporating NbS would be helpful in preserving coastal and marine ecosystem
properties and, at the same time, promoting sustainable fisheries as well as promot-
ing equity among the fishers and capacity-building in fishery-based occupations.
These directly correspond to the achievement of societal goals for development in
India promoted by prestigious programmes of national interests such as
SAMAVESH of NITI Aayog. Hence it becomes important to support the capacity-
building in terms of technological advancements in improving the NbS for sustain-
able fishery practices.

NbS Assisting Technologies (NAT), such as the potential fishing zone (PFZ) and
the ocean state forecast (OSF) advisories provided on a regular basis to maritime
states in India, can help to achieve the maximum benefits of the installations that
support NbS on the coast and at sea by three ways: (1) as scientific planning tools to
optimize the activities of motorized and mechanized fishing boats made, (2) as tools
to derive policy-based decisions on permissible fishing ranges of the motorized
versus non-motorized boats operating in the Indian seas based on the carrying
capacity of the sea and (3) to optimize the marine trophic status with the maximum
sustainable yields by the conjunctive use of technology with coastal NbS strategies.
Thus, the use of NAT can be crucial to advance the infrastructural benefits of the use
of NbS for coastal and marine ecosystems.

Further, such NAT approaches can support causality-linkage frameworks, by
linking geospatial modelling tools with a combination of stakeholder-driven
decisions support systems which provide the outputs for management of the
ecosystems. Further, simulation and virtual testing of the green solutions in the
place of conventional solutions in computational environments such as deep learning
environments can save considerable time and effort to test the applicability in real
time. Thus, the use of inference-based approaches in ecosystem assessments can be
beneficial to achieve the targets of SDG 14 by automating the monitoring efforts and
the use of evolutionary learning approaches of NAT for active and dynamic man-
agement of India’s coastal and marine resources. The above-mentioned points
require consideration from a policy perspective and need to be formalized to achieve
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NbS goals and a green solutions-backed economy to improve socio-ecological
relationships between the humans and the seas.
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Physical Vulnerability Assessment
to Flooding of Residential Houses Along
the Coastal Areas in Santa Rosa City,
Laguna, Philippines
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Abstract

The Philippines sits along the edge of the Pacific Ring of Fire, exposed to natural
geologic hazards including earthquakes and volcanic eruptions. Climate change–
related hazards are highly pronounced in the Philippines, namely, typhoons,
floods, landslides, and wind gusts. Twenty-two typhoons hit the country in
2020 causing more than a million worth of damages in properties and resources
and many deaths and displacing more than a hundred thousand people. This study
focused on developing a vulnerability analysis in three barangays identified as
flood-prone areas in the City of Santa Rosa in Laguna in the Philippines. The
most vulnerable of the structural types is the one with 100% of the structural type
destroyed because of its structurally inferior floors (ground) and walls (bamboo).
The analysis of physical vulnerability yielded barangay Sinalhan as most vulner-
able to floods because it is most vulnerable based on structural type, height of
ground floor, and distance from the Laguna Lake. The analysis of socio-economic
vulnerability also yielded barangay Sinalhan as most vulnerable to floods. Atten-
tion must be paid to land-use policies and urban greening to diminish the impacts
of flooding. A combined top-down and bottom-up approach is recommended in
order to manage flood risk and build community resilience against future flooding
in a manner that is sustainable for urban environments and benefits their
populations.
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16.1 Introduction

The United Nations Framework Convention on Climate Change (UNFCCC 1992)
defines climate change as “a change of climate that is attributed directly or indirectly
to human activities that alters the composition of the global atmosphere in addition to
natural climate variability observed over comparable time periods.” The Intergov-
ernmental Panel on Climate Change (IPCC) reported evidences with high confidence
that global warming up to 1.5 �C as compared to pre-industrial levels in several
regions (Hoegh-Guldberg et al. 2018) with increases in intensity, duration, and
amount of rainfall has occurred in some regions while other regions experience
increase in droughts. In 2010, the National Research Council had reported that
global climate is changing and the 1 �C increase in temperature has resulted to sea
level rise, severe typhoons, and heavy rainfall. It is the main reason why climate is
displaced and some hazards such as floods, earthquakes, hurricanes, and typhoons
occur more or fewer in some areas in the Earth (NRC 2010). Higher sea surface and
subsurface temperatures contribute largely to the strength of typhoons (Holden and
Marshall 2018). It is widely speculated that anthropogenic activities are a great
contributor to climate change.

16.1.1 Climate Change in the Philippines

Long-term climatic records by the Philippine Atmospheric, Geophysical and Astro-
nomical Services Administration (PAGASA) have shown an increase of 0.62 �C in
the annual average mean temperature since the 1960s. The number of warm days has
increased, while consequently the number of cold nights had decreased in various
parts of the country (SNC 2015). Analyzing historical tropical cyclone tracks,
Salvacion et al. (2014) noted that spatiotemporal risks to tropical depression and
typhoon in the country have changed over the past decades. Evidences of climate
change can be seen in the Philippines through the changing patterns of the southwest
monsoon (SW). The intensity of the SW passing through the Philippines is stronger
than normal which brings in longer rainy season and more typhoons (Cinco et al.
2014). The heavy rains with increased intensity and amount of rainfall are largely
attributed to climate change. Warren (2016) has noted that more destructive cyclonic
storms occur in the southwestern Pacific than before and this is attributed to global
warming.

The Philippines is one of the top five highly vulnerable countries in the world and
susceptible to natural disasters (Guha-Sapir et al. 2013). The archipelago sits along
the edge of the Pacific Ring of Fire, thereby exposed to natural geologic hazards
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including earthquakes and volcanic eruptions. Further it is located in Southeast Asia
along the Pacific typhoon belt bound by the Pacific Ocean in the eastern side and by
the Philippine West Sea in the western side. Attributed to the country’s geographical
location along the typhoon belt of the Pacific Ocean, the Philippine archipelago,
composed of 7100 islands, is vulnerable to climate change (Warren 2016). More
than 20 typhoons and tropical depression pass through the Philippine islands every
year. The eastern side of the country is hit more often by typhoons coming from the
Pacific Ocean during the rainy season months of May to December (SNC 2015).

Intersecting southwest monsoon rains and tropical cyclones results to copious
rainfall that may spawn landslides and flooding causing hazards and disasters
(Cheong et al. 2011; Heistermann et al. 2013). The most destructive typhoons
packed with strong winds and heavy rains occur during an El Niño year (Cinco
et al. 2014). Typhoons and floods are the main natural hazards in the Philippines
primarily due to its location across the Pacific typhoon belt (Warren 2016; Acosta
et al. 2013).

Flooding is defined as too much water in a new area, or it is when water has
overflown into a place that is normally dry (Alberta Water Portal 2013). When high-
intensity rains or more typhoons strike an area which has no proper drainage systems
or when canals, dams, and other waterways are clogged with garbage, the large
volumes of runoff water will cause flooding. Extreme weather conditions also create
an excess of runoff that is above the capacity of the drainage systems in an area
(Adetunji and Oyeleye 2013) and exceeds the absorptive capacity of the ground or
when the rivers and tributaries overflow. Prolonged high-intensity rainfall will
transform the soil to become saturated until the soil will no longer be able to absorb
or store large volume of water leading to increased surface runoff. Further, the excess
water will enter the rivers, lakes, or other bodies of water until it overflows leading to
higher levels of flood (Jackson 2017). Flashfloods may occur in a subwatershed with
steep or undulating terrain gradients, denuded surface, less vegetation, less perme-
able soil surface, human settlements, and a short response time of the basin (Doswell
III 2015).

Nasiri et al. (2016) stated that the many urban areas worldwide are likely to
experience the serious effects of floods. They further indicated that regular flooding
will occur because of global climate change, rapid urbanization, and land conversion
into residential or built-up areas and infrastructure transforming its permeable soil to
an impermeable surface causing the decline recharge of groundwater and poor
watershed management (Nasiri et al. 2016; Konrad 2016).

Flooding is an extremely dangerous natural event, and it has the potential to wipe
away an entire city and the coastline areas which causes extensive damage to life and
property (eSchooltoday 2010). The socio-economic status or well-being of a com-
munity is primarily affected by flooding (bbc.co 2017). Not only will it cause deaths
and injuries to people, it can also cause damage to property, destruction of crops, loss
of livestock, and deterioration of health conditions (Acosta et al. 2016). As commu-
nication links and infrastructure such as power plants, roads, and bridges are
damaged, people are forced to leave their homes and normal life is disrupted
(Chief Scientist 2011). Similarly, loss of livelihood, damage to infrastructure,
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reduction in purchasing power, and loss of land value can leave communities
economically vulnerable and can cause long-term impacts (Hamburg University of
Technology 2010). Floods can also be a traumatic experience and can cause deep
impacts for the victims and their families especially on children. Displacement from
one’s home, loss of property, and disruption to business and social affairs can cause
continuing stress. For some people, the psychological impacts can be long-lasting
(Chief Scientist 2011). Flooding can also increase the risk of waterborne diseases
such as typhoid fever, cholera, leptospirosis, and hepatitis A and diseases from
vectors such as mosquitoes causing dengue fever and malaria.

16.1.2 Impacts of Climate Change–Related Hazards
in the Philippines

Currently, more than half of the Filipino population are living in urban areas of
Luzon (Sanchez 2020). It is projected that 70% of the population will reside in urban
areas, and this will increase further to 84% by 2050. Population migration to urban
areas is primarily due to the livelihood opportunities offered by industrialization and
urbanization. It is duly recognized by the Philippine government that increasing
population is accompanied by problems related to congestion, overcrowding, infra-
structure demands, pollution, health, and resource management (UN Habitat 2015).

Environmental degradation due to rapid urbanization, land-use change, and high
population growth rate further enhance the negative impacts of climate change in the
Philippines (Abucay et al. 2014; Eugenio et al. 2014, 2016; Holden and Marshall
2018). These destructive typhoons wreak havoc in the natural ecosystems,
communities, and livelihood hampering economic growth. Twenty-two typhoons
hit the country in 2020 causing more than a million worth of damages in properties
and resources and many deaths and displacing more than a hundred thousand people.
In November 2020, the country was hit by destructive typhoons “Rolly”
(international name: “Goni”) and “Ulysses” (international name: “Vamco”) succes-
sively causing massive floods and destruction in Luzon island, specifically
CALABARZON, MIMAROPA, Bicol Region, Cordilleras, Cagayan Valley, Cen-
tral Luzon, and Metro Manila (NDRRMC 2020; Reuters 2020; PAGASA 2020).

Typhoons accompanied by high-intensity rains, gusty winds, floods, and tidal
waves greatly affect the densely populated Luzon and Visayas islands (Warren 2016;
Lucero-Prisno et al. 2020). Particularly, communities residing in urban areas located
in hazardous areas near riverbanks, coasts, catch basins, and low-lying areas are
severely affected by these typhoons (UNICEF and UN Habitat 2015).

16.1.3 Community-Based Vulnerability Assessment to Flooding

Managing flood hazards with the aim of safety and well-being of the people and
saving their environment are few of the main responsibilities of the authorities or
local governments in the flood-prone areas by reducing vulnerability levels and
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increasing resilience of the people in flood-stricken locales (Nasiri et al. 2016). One
of the procedures and the first in this process is assessing the vulnerability level of
the area and its people to identify vulnerability issues to ultimately adopt effective
and appropriate adaptive and coping measures (Takemoto 2011).

Basically, vulnerability assessment is an assessment to assess the exposure,
sensitivity, impacts, and adaptive and coping capacities of an area and its people
to natural calamities such as typhoons, landslides, earthquakes, and floods. Vulnera-
bility assessment or vulnerability analysis is a risk management process to quantify,
identify, and rank possible vulnerabilities to threats in an area (Techopedia 2017).
Such studies identify and determine the spatial location of people during disasters
and the extent of the effects of these natural threats to the people (Okayo et al. 2015;
Mendel 2006). It is a location-specific study because the vulnerability level of an
area differs with the type of hazard and the physical and geologic characteristics of
an area and socio-economic features of its people.

With numerous studies on assessing vulnerability, it has no universal definition
(Birkmann 2007), and since it is interdisciplinary, the definition of vulnerability
varies with context (Füssel 2010). That is why the concept of vulnerability is
approached from different professional fields and disciplines by disaster manage-
ment agencies, the academe, and the climate change community (De Leon 2006).
According to Intergovernmental Panel on Climate Change (IPCC), vulnerability is
the degree of susceptibility and the inability to manage climate variability and
extremes by a system (IPCC 2014). It refers to the state of receptiveness to the
harmful effects from exposure to different climate hazards and the ability to cope
with and recover from such calamities.

Vulnerability to natural hazards can be classified into four (Kingma and van
Westen 2009 as cited by Fernandez et al. 2016). These are physical, social, eco-
nomic, and environmental vulnerabilities. Physical vulnerability includes factors
that control flood effects on the physical infrastructure of people in a certain area.
In his physical vulnerability analysis of Kelurahan Sewu in Indonesia, Zein, in 2010,
considered building structure, height of ground floor, number of floors, building age,
and building contents as factors affecting the physical vulnerability of an area.
Guarin et al. (2004) in their flood risk assessment of the town of San Sebastian in
Guatemala considered building, building contents, and road networks as physical
factors affecting vulnerability. In addition to this, a study on the physical vulnerabil-
ity of residents in Jabonga, Agusan del Sur, in the Philippines, near Lake Mainit, also
considered distance from the lake as one of the factors affecting physical vulnerabil-
ity (Crisologo et al. 2016). Socio-economic vulnerability tackles effect of floods on
economic assets, source of livelihood and amount of income, and event groups
(Westen and Kingma 2009). It also includes coping mechanisms and adaptive
capacities of people based on age and gender distribution, livelihood and income,
educational level, period of stay, housing status, and household size (Zein 2010).
The combination of these two types of vulnerability is a function of hazards and their
physical impacts, exposure of the elements affected by these hazards, and sensitivity
or lack of capacity of a population to prepare, absorb, and recover from natural
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calamities (Gotangco and Perez 2010). Physical and socio-economic vulnerabilities
are the only concerns in this study.

In order to reduce the impacts residents in an area experience before, during, and
after a natural hazard such as floods, a community-based vulnerability assessment is
a must. These impacts are commonly measured in terms of costs to businesses,
property, and infrastructure. Compared to damages to buildings, however, the total
effects of flood hazards are much greater especially to people who have fewer access
to resources and less capacity for recovery. Due to various socio-economic and
physical factors, there are residents within an area that are more vulnerable to the
effects of flood hazards than the others. It is essential to do the community-based
vulnerability assessment as early as possible for the community to formulate mitiga-
tion and adaptation strategies for flood hazards which can happen anytime. With
mitigation and adaptation strategies in place, the vulnerability to flooding of people
in an area will decrease, and their resilience to flood hazards will increase. To
strengthen and raise awareness of disaster-prone areas, community participation in
disaster mitigation policy-making and implementation is important so as the
community’s involvement in flood assessment through their experiences to reduce
impacts to flood hazards (Zein 2010). Furthermore, in developing countries such as
the Philippines, community-based approaches are more cost-effective and not tech-
nology demanding when gathering, consolidating, and recreating experiences of
victims in flood-prone regions (Guarin et al. 2004).

16.1.4 Physical Characteristics

The formulation of mitigation strategies and its subsequent implementation relies on
a thorough vulnerability analysis of the physical factors at risk. Ultimately, the data
from these assessments can be used in planning mechanisms to evaluate damages
and minimize economic losses (Mazzorana et al. 2014).

A physical vulnerability assessment of two areas in Saint Lucia by Uwakwe in
2015 used building description and contents; building occupancy and function;
building materials; number of floors; building maintenance; building style; and
building age, size, elevation, and ownership. In the study, physical vulnerability
was assessed using the depth-damage method to assess vulnerability of building
structures and the Spatial Multi-Criteria Evaluation (SMCE) to assess the vulnera-
bility of all buildings in the two areas. From the first method, results show that the
most vulnerable building structure from the eight identified structural types is the
building built with wood floors, wood walls, and GI sheet roofs. On the other hand,
results from SMCE indicate that in the areas of study, Castries old CBD and Dennery
Village, the percentage of building that is highly susceptible to floods is 14% and
36%, respectively. In another study in two eastern England coastal towns, Kelman
(2002) identified failures in building structures using number of building stories;
relative height of buildings; elevation; height of walls; floor and exterior perimeter
area; building design; building age; and types and number of walls, doors, windows,
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and other openings to two-dimensional vulnerability matrices. These matrices were
then used to create possible disaster management systems.

In the Philippines, a vulnerability assessment to landslides and flooding along the
Santa Rosa-Silang Riverine System using LiDAR and GIS-based hydrological
modeling technologies was conducted by Magcale-Macandog et al. in 2015. Their
results indicate that communities located in coastal areas and along the riverbanks in
the downstream areas of the Santa Rosa-Silang Riverine System are more vulnerable
to floods than communities far from the bodies of water. This observation is reflected
in the generated flood hazard maps by local government units within the Santa Rosa-
Silang Riverine System.

Other vulnerability assessment studies in the Philippines are those conducted by
Pati (2011) in the towns of Mabitac and Santa Maria in Laguna and Dagoc (2012) in
Cagayan de Oro City. A vulnerability analysis from the data gathered by Pati
through a survey in the towns of Mabitac and Santa Maria was developed. The
data from the survey was used to create necessary maps for the vulnerability
analysis. The social vulnerability analysis performed in the research sites indicated
that barangays Jose Rizal, Masinao, Adia, and Coralan in Santa Maria and barangays
San Antonio, Nanguma, Lambac, and Pag-asa in Mabitac are very vulnerable to
floods. In Cagayan de Oro, Dagoc adopted a GIS-aided flood risk assessment in three
low-lying barangays of Iponan River Watershed. Basic socio-economics and house-
hold structure information were gathered from 145 respondents. This together with
household coordinates determined using GPS was used to create different
vulnerability maps.

These studies have greatly contributed in the increased understanding of the
impacts of flood hazards and its mitigation. These investigative works also stress
the value and importance of conducting vulnerability assessments to floods in an
area or community. The results of which will help people in the Philippines and all
over the world prepare for, adapt to, cope with, and mitigate the impacts of flood
hazards.

16.2 Research Methodology

16.2.1 Flooding in Santa Rosa City, Laguna, Philippines

In Laguna Province in Region IV-A (CALABARZON) in the Philippines, Santa
Rosa City is one of the areas which experiences severe flooding when long rainy
seasons and rampant typhoons strike. It has a total area of 54.84 km2 (21.17 square
miles) covering its 18 barangays with an average elevation of 20.3 m. It has a total
population of 414,812 having a population density of 7564 per km2 (PSA 2021).
Santa Rosa City lies at 14�17ˈ03ˈˈN and 121�05ˈ20ˈˈE (earthexplorer.com). Santa
Rosa City’s Flash Flood Areas and Submerged Barangays Map indicates that
barangays Sinalhan, Aplaya, and Caingin are among the most affected communities
during flooding in the city.
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The communities in Santa Rosa City located along the shores of the vast Laguna
de Bay are proven to be prone or more vulnerable to flooding when long rainy
seasons and prevalent typhoons strike. In recent years, super typhoons such as
Milenyo in 2006, Ondoy in 2009, and Glenda in 2014 greatly affected low-lying
or coastal communities of Santa Rosa City. The research sites of the study are
communities located along the lake shores of Santa Rosa City, namely, Barangay
Sinalhan, Barangay Aplaya, and Barangay Caingin which are mostly residential
areas due to large population of residents. The total number of households and
residents in the three barangay research sites is 3449 households with 15,858
residents in Barangay Aplaya; 4799 households with 24,481 residents in Barangay
Caingin; and 4844 households with 26,274 residents in Barangay Sinalhan (PSA
2021). Barangay Aplaya lies at 14�19ˈ11ˈˈN and 121�07ˈ12ˈˈE, Barangay Caingin
lies at 14�18ˈ09ˈˈN and 121�07ˈ37ˈˈE, and Barangay Sinalhan lies at 14�19ˈ51ˈˈN
and 121�06ˈ31ˈˈE (earthexplorer.com). The geographical location of the three
research sites is shown in Fig. 16.1.

Fig. 16.1 The geographical location map of the three barangay research sites (barangays Sinalhan,
Aplaya, and Caingin) in the City of Santa Rosa in Laguna, Philippines
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16.2.2 Physical Vulnerability Analysis

The physical vulnerability analysis discussed in this section focuses only on building
structure/material, building height, proximity to Laguna Lake, building age, and
number of floors. The sensitivity to flooding of the surveyed respondents was
included in this section. This study focused on developing a vulnerability analysis
in three barangays identified as flood-prone areas in the City of Santa Rosa in Laguna
in the Philippines. Because of the lack of community-based vulnerability
assessments in the flood-prone areas in the City of Santa Rosa that focuses on the
experiences of people, it is imperative that a community-based physical and socio-
economic vulnerability assessment to flooding should be done to formulate mitiga-
tion, coping, and adaptation strategies by both the residents and the local government
to lessen the fatalities and decrease physical destruction to properties and other
effects of flooding in the flood-prone areas of the city.

16.3 Results

16.3.1 Building Material Analysis

Of the possible 210 structural types and based on the gathered data from the
50 respondents in each barangay, 15 structural types in Barangay Caingin, 20 struc-
tural types in Barangay Aplaya, and 23 structural types in Barangay Sinalhan were
present and considered for the building material aspect of the physical vulnerability
analysis.

The graphs in Fig. 16.2 show the extent of damage to buildings with respect to
structural type in Barangay Caingin. Figure 16.2a shows the extent of damage based
on the number of structural types, and Fig. 16.2b shows extent of damage as a
percentage of the structural type. Results indicate (Fig. 16.2a) that the main structural
types in Barangay Caingin are CON-GI-CON (26 households), CER-TEG-CON
(four households), CON-TEG-CON (four households), and CON-GI-WD (three
households). Of these major structural types (Fig. 16.2b), CON-GI-WD is most
vulnerable with 100% of households having some form of damage from floods, and
CER-TEG-CON and CON-GI-CON are least vulnerable with 50% and 65% of
households having some form of damage from floods, respectively. Although the
structural type CON-GI-WD has concrete floors and GI roofs, its walls are made of
wood which is structurally inferior relative to concrete and bricks. It is apparent that
CER-TEG-CON and CON-GI-CON are least vulnerable because their floors, roofs,
and walls are relatively made up of structurally superior materials. Overall, however,
considering all structural types, the most vulnerable are OTH-GI-WD and GR-NP-
WD with 100% total destruction during floods. ANOVA shows significant
differences in the data of both the number of structural types (F ¼ 5.2 > FC ¼ 2.1)
and the extent of damage (F ¼ 3.7 > FC ¼ 3.3) at P ¼ 0.05.

In Fig. 16.3, the graphs show the extent of building damage with respect to the
number and percentage of the structural types of the surveyed households in
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Barangay Aplaya. From Fig. 16.3a, the major structural types present in Barangay
Aplaya are CON-GI-CON (26 households), CON-TEG-BR (four households), and
GR-GI-BAM (two households). From Fig. 16.3b, the most vulnerable of these
structural types is GR-GI-BAM with 100% of the structural type totally destroyed
because of its structurally inferior floors (ground) and walls (bamboo). From the same
graph, the least vulnerable is CON-GI-CON with only 65% of the structural type
having any form of damage. This is because the materials used in the major structural
parts, concrete floors, GI roofs, and concrete walls, relatively, are structurally superior.
Overall, however, seven structural types are vulnerable to floods with 100% of each
structural type totally destroyed: OTH-TEG-BAM, WD-TEG-BAM, MXD-TEG-BR,
GR-GI-MXD, GR-GI-BAM, and CER-TEG-CON. Except for the last structural type,
all types have either floors, walls, or both relatively made of inferior materials such as
wood, bamboo, mixed materials, and ground (soil). ANOVA shows significant
differences in the data for the number of structural types (F ¼ 7.3 > FC ¼ 1.9) but
not on the extent of damage (F ¼ 1.8 < FC ¼ 3.2) at P ¼ 0.05.

The extent of damage to buildings with respect to the number and percentage of
each structural type in the surveyed households in Barangay Sinalhan is shown in
Fig. 16.4. The main structural types present (Fig. 16.4a) are CON-GI-CON
(22 households), CER-GI-CON (four households), GR-NP-BAM (two households),
and CON-GI-WD (one household). The most vulnerable to flooding is GR-NP-
BAM and CON-GI-WD both with 100% either totally or slightly destroyed

Fig. 16.2 Extent of damage of each structural type in Barangay Caingin: (a) number of structural
type and (b) percentage of structural type. *CON concrete, CER ceramic, BR brick,WDwood, BAM
bamboo, GR ground, NP nipa, GI galvanized iron, TEG tegula, LS long span, MXD mixed
materials, OTH others. **The ordering of structural parts: floor-roof-wall
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(Fig. 16.4b). Again, this is due to the inferior material of construction of the floors,
walls, or both used in these structural types. The least vulnerable of the major
structural types is CER-GI-CON and CON-GI-CON with 75% and 87% of the
structural types totally or slightly destroyed, respectively. This is due to the relatively
higher structural superiority of concrete, GI sheets, and ceramics to other materials of
construction. It should be noted, however, that of the three barangays, Barangay
Sinalhan has the highest percentages of totally and slightly destroyed structural types
deemed structurally superior. Overall there are six structural types that are most
vulnerable to floods with a 100% total destruction: OTH-GI-BR, MXD-GI-MXD,
CER-LS-MXD, GR-GI-WD, GR-NIP-MXD, and CER-GI-WD. All structural types
have either floors, walls, or both made up of inferior materials such as wood, mixed
materials, ground (soil), and other materials such as plastic and roofs made up of
nipa, the least superior of all roof types. ANOVA shows no significant differences in
the data for the number of structural types (F¼ 1.6< FC¼ 1.7) and on the extent of
damage (F ¼ 2.3 < FC ¼ 3.2) at P ¼ 0.05.

Generally, the major structural type in all barangays is CON-GI-CON which is
considered having a low vulnerability to flood because concrete walls and floors and
GI roofs are structurally superior to other alternatives. FEMA (2008) also classifies

Fig. 16.3 Extent of damage of each structural type in Barangay Aplaya: (a) number of structural
type and (b) percentage of structural type. *CON concrete, CER ceramic, BR brick,WDwood, BAM
bamboo, GR ground, NP nipa, GI galvanized iron, TEG tegula, LS long span, MXD mixed
materials,OTH others. **The ordering of structural parts: floor-roof-wall
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the use of concrete, ceramic materials, and treated wood as acceptable and untreated
wood as unacceptable for flooring and the use of concrete, bricks, and treated wood
acceptable and untreated wood and bamboo unacceptable for wall construction. In
general, masonry (brick, building stone such as marble, granite, travertine and
limestone, cast stone, concrete block, glass block, and cob) and concrete are unlikely
to be severely damaged by contact with floodwater. On the other hand, timber and

Fig. 16.4 Extent of damage of each structural type in Barangay Sinalhan: (a) number of structural
type and (b) percentage of structural type. *CON concrete, CER ceramic, BR brick,WDwood, BAM
bamboo, GR ground, NP nipa, GI galvanized iron, TEG tegula, LS long span, MXD mixed
materials, OTH others. **The ordering of structural parts: floor-roof-wall
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other wooden materials swell and may distort on wetting causing damage in other
parts of the structure, and also wood that become wet and cannot dry may be at risk
of decay and unwanted growth of fungi in the long term (Scottish Government
2015). In other words, structural types with floors, walls, or both made of wood,
bamboo, mixed materials, and other materials such as plastics have high
vulnerabilities to flood due to their relative structural inferiority.

Unlike walls and floors which are directly affected or destroyed by floods, the
material of construction of roofs is more related to the structure’s role in the coping
mechanisms of people exposed to flood hazards. People in flood-prone areas use
their roofs as a preliminary and emergency evacuation facility. This will minimize
the destruction to lives and property (including the building contents) during a flood
incident while waiting help from the local government or for the flood waters to
subside. In that case, the use of galvanized iron and other superior materials for the
roof material of houses is important.

Comparing the three barangays, results indicate that with respect to building
materials, Barangay Sinalhan has the highest vulnerability to flood because of two
reasons. First, it has six structural types that are most vulnerable to floods. Second,
the percentage of households with damages to the major structural type CON-GI-
CON is highest in Barangay Sinalhan (87%) compared to those of barangays
Caingin (70%) and Aplaya (65%). Although Barangay Aplaya has seven structural
types that are most vulnerable to floods, it has the lowest percentage damage on the
major structural type CON-GI-CON (65%).

16.3.2 Effect of Height of Ground Floor and Distance from Lake

Figure 16.5 shows the effect of ground floor height on the extent of damage, in
percent, of the houses of the respondents in the three barangays. The percentage of
damaged houses in Barangay Caingin with ground floor heights equal to or less than
3 m is 40% and with ground floor heights greater than 3 m is 34% (Fig. 16.5a). In
Barangay Aplaya, the percentage of damaged houses with heights of 3 m or less is
52% and with heights greater than 3 m is 24% (Fig. 16.5b). For Barangay Sinalhan,
the percentage of damaged houses with heights of 3 m or less is 44% and with
heights greater than 3 m is 42% (Fig. 16.5c).

Building houses with higher than the ground level is one of many coping
mechanisms of residents in flood-prone areas (Zein 2010). The building of houses
with higher ground floors in flood-prone areas should decrease their vulnerability to
floods (Uwakwe 2015). ANOVA shows that the differences in the data for extent of
damage for barangays Caingin (F ¼ 22.5 > FC ¼ 19) and Sinalhan
(F ¼ 22.5 > FC ¼ 19) are statistically significant at P ¼ 0.05. This means that the
amount of damage is not affected by the height of the ground floor. The differences
in the data for Barangay Aplaya on the other hand, however, is not statistically
significant at P ¼ 0.05 meaning the extent of damage on the residences is not a
function of the height of the ground floor. This makes barangays Sinalhan and
Caingin more vulnerable to floods based on height of the ground floors of houses.
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Figure 16.6 shows the effect of the proximity of the houses of the respondents
from the lake on the extent of damage houses incur during floods. The Laguna Lake
acting as a catch basin for Metro Manila, Laguna, and Rizal during heavy rainfall
makes the residences near the lake vulnerable to flooding (LLDA 2015). ANOVA of
the data shows that there is a significant difference at P ¼ 0.05 in both distance from
the lake and the extent of damage for both barangays Caingin (F¼ 87.3> FC¼ 6.9;
F ¼ 106.8 > FC ¼ 6.9) and Sinalhan (F ¼ 9.6 > FC ¼ 6.9; F ¼ 10.5 > FC ¼ 6.9).
This means that the extent of damage is significant at any distance. On the other
hand, for Barangay Aplaya, the extent of damage is insignificant at any distance
(F¼ 1.4< FC¼ 6.9 at P¼ 0.05). This makes barangays Caingin and Sinalhan more
vulnerable to floods than Barangay Aplaya based on the distance from the lake.

Fig. 16.5 Effect of ground floor height on the extent of damage (%) to houses in barangays (a)
Caingin, (b) Aplaya, and (c) Sinalhan from floods
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16.3.3 Effect of Building Age and Number of Floors

The effect of building age to the extent of damage caused by flooding on houses of
the respondents in the three barangays in percentage household is shown in
Fig. 16.7. The vulnerability of houses to floods increases with building age. Gener-
ally, the older the building, the more it is vulnerable to the impacts of floods
(Uwakwe 2015). ANOVA shows that there are no significant differences in the
data for all barangays. This means that the extent of damage at any building age is
not significant at P ¼ 0.05.

Fig. 16.6 Effect of distance from the lake on the extent of damage (%) to houses in barangays (a)
Caingin, (b) Aplaya, and (c) Sinalhan from floods
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The effect of the number of floors on the extent of damage of floods on residences
of the surveyed households is shown in Fig. 16.8. Two-story buildings are more
flood resilient than their one-story counterparts (Uwakwe 2015). ANOVA of the
data for barangays Caingin and Sinalhan revealed no significant difference. Meaning
for any number of floors the extent of damage is not significant. On the other hand,
ANOVA for the data for Barangay Aplaya shows a significant difference for both
number of floors (F¼ 69.1> FC¼ 18.5) and extent of damage (F¼ 22.4> FC¼ 19)
at P¼ 0.05. This means the extent of damage for any number of floors is significant.
This makes Barangay Aplaya more vulnerable to floods than the other barangays.

Fig. 16.7 Effect of building age on the extent of damage (%) to houses in barangays (a) Caingin,
(b) Aplaya, and (c) Sinalhan from floods
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An analysis of building materials or structural type (floor-roof-wall) revealed that
Barangay Sinalhan is the most vulnerable to floods. Considering both height of
ground floor and proximity to the lake, barangays Sinalhan and Caingin are the most
vulnerable to flood hazards. Based on both building age, all barangays are equally
vulnerable. And based on the number of floors, Barangay Aplaya is highly vulnera-
ble. This makes Barangay Sinalhan the most vulnerable to floods based on the
physical vulnerability analysis.

Fig. 16.8 Effect of number of floors on the extent of damage (%) to houses in barangays (a)
Caingin, (b) Aplaya, and (c) Sinalhan from floods
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16.4 Discussion and Conclusion

Physical analyses were performed to assess the vulnerability to floods of barangays
Caingin, Aplaya, and Sinalhan. In the physical vulnerability assessment, the extent
of damage to the household buildings was analyzed based on structural type,
building height, proximity to the Laguna Lake, building age, and number of floors.
The analysis of physical vulnerability yielded Barangay Sinalhan as most vulnerable
to floods because it is most vulnerable based on structural type, height of ground
floor, and distance from the Laguna Lake. Barangay Sinalhan was most vulnerable to
floods with a vulnerability score of 0.78 which is in the range of high vulnerability
and Barangay Aplaya as the least vulnerable to floods with a vulnerability score of
0.49 which is in the range of low vulnerability.

After identifying, analyzing, and assessing the different physical and socio-
economic elements at risk during floods, impacts of floods, adaptive capacity and
coping mechanisms with respect to floods, and the perception of respondents on
government intervention and assistance, recommendations on Disaster Risk Reduc-
tion and Managament (DRRM) were suggested to the city government and barangay
officials.

16.5 Disaster Reduction and Management Recommendations

• Implement and integrate DRRM and Climate Change Adaptation (CCA)
principles to laws on land use in flood-prone areas, building code, the National
Greening Program, and existing ordinances on DRRM.

• Conduct inventory of critical infrastructure to floods by barangay, and enhance
the existing mechanisms in increasing the disaster resilience of flood-reducing
infrastructure and natural water systems or the blue infrastructure by the city
government in coordination with the barangays such as:
– Improving and cleaning sewerage systems.
– Cleaning of rivers and lake.
– Building additional catch basins in spillways.
– Building of dikes or levees near rivers and lake.

• Regular vulnerability assessments and hazards mapping every 3 years as
recommended by the National Disaster Risk Reduction and Management
Plan (NDRRMP) by the city government in coordination with the barangays.

• Develop mechanism for risk financing and insurance schemes at the barangay
level to mitigate the financial effects of floods.

• Developing and setting up localized or community-based early warning system
(EWS) to enhance monitoring, forecasting, and warning of flood hazards. This
should include procurement of necessary equipment, building or needed infra-
structure, and training of city and government officials who will eventually
implement it.
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The Significance of Ancient Water Systems
and the Sacred Groves in the Landscape
of Badami, Karnataka: A Geospatial Study
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Abstract

Modifying and exploiting the environment to cater to people’s needs have been a
continuous process throughout history. A multidisciplinary analysis of
settlements and their environs gives valuable insights into the infrastructure
systems ( water systems) that existed in the past. It is possible to study the
strengths and weaknesses of these systems, along with the positive and negative
impacts on the environment and the changes that have taken place over the
centuries. This chapter discusses the modifications carried out in the landscape
of Badami in Karnataka to harvest water for the settlement since its establishment
as an Early Chalukyan capital in the seventh century. The chapter also highlights
the significance of sacred groves in the historic landscape of Badami. The
remnants of fortified walls, temples, water features, and sacred grooves testify to
the ingenious engineering systems that existed in the past. Some of these histori-
cal infrastructure facilities are functional even today. They support the present
settlement of Badami, exhibiting resilience and sustainability as these
modifications are sensitive to terrain conditions. The chapter concludes by
stressing the importance of studying the past infrastructure systems sustained
through ages.
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17.1 Background

Natural conditions such as climate, resource availability (material and water), and
terrain conditions played a vital role in shaping the spatial organization of
settlements in the past. Various strategies to modify the terrain were adopted to
make the place livable. These adaptations and modifications seemed to be conducive
to the local environmental conditions. While the modifications had a sustainable
approach and helped maintain the environment, they also enhanced the livability of
the settlement as it adopted a less-density peri-urban approach (Scarborough and
Isendahl 2020). Modifying, maintaining, and managing the environment by human
beings have been a continuous process, taking place regularly since time immemo-
rial (Scarborough 2003). The environment collapses, revives, rejuvenates, and
deteriorates over a period, and this process is cyclical (Dhavalikar 2000). There is
no such environment that is pristine and unexplored globally (Shepard 1999) or in
the Indian context (Morrison 2013). People of the past have judiciously used natural
resources as they also made mistakes and exploited the environment. One way to
comprehend the built environment and spatial organizations of past settlements is
from their material remains. These reveal the various aspects of spatial planning and
design principles implemented. The material remains reveal the strengths of the
planning and design principles implemented and their impacts on the environment
over time.

The research findings discussed in this chapter focus broadly on urban geography,
urban planning history, and archaeology. Urban historical geography focuses on the
“social, cultural, economic, political, and environmental processes that have shaped”
an urban center (Lombardo and Lewis 2013). Urban planning history looks into the
collective actions as spatial relationships, built forms, functional and aesthetic
principles shaped the city (Smith 2007). Archaeology helps to understand the past
landscapes and man’s interactions with the environment. It also helps to analyze the
many methods used to modify the landscape and the efficient use of natural
resources for sustenance, especially in connection with water features (Shaw and
Sutcliffe 2003; Morrison 2010).

This chapter draws knowledge from the disciplines of historical geography,
planning history, and archaeology to analyze the built forms in an ancient settlement
shaped/influenced by the environmental factors while mainly focusing on the
region’s topography. This approach has helped galvanize concepts to study the
landscape around the ancient fortified city of Badami, in Karnataka, India, from
the context of water systems and the verdant spaces that have helped with its
sustenance.
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17.2 Badami: An introduction

An urban area with a high density of population and closely built spaces with a
maximum concentration of power and culture is characterized as a town or a city
(Mumford 1938, p. 3). The rise of a city comes with a spatial organization, an
amalgamation of various functions within a limited area confined by a wall, which
often housed temples, markets, hall of justice, and water systems (like springs)
(Mumford 1938, p. 31; Norwich 2016, p. 10). The Indian ancient literary sources
describe urban cities as having distinct characteristics based on their nature and
function, such as capital, temple, trade, and fort city. However, it is not easy to
distinguish these characteristics (Ghosh 1973, p. 45). Badami houses the remnants of
a capital city (its fortifications), and the town continues to exist today as a small
sub-district headquarters with the characteristics of a heritage settlement.

Badami is in the semi-arid Deccan region of peninsular India and is a part of the
geological basin of the “Kaladgi” formation. This settlement is to the west of a
sandstone hill range surrounded by the stream—Saraswathi Halla (west and south),
Kendur Halla (north), and the river Malaprabha (east). The sandstone hill range
covers about 34 km2 with a perimeter of 29 km within which the temples, forts, and
settlements of Badami are located (henceforth, Badami range). Badami and the
surrounding region are known for water sources trapped closer to the surface
resulting in perennial water sources such as springs and waterfalls (Michell 2014,
p. 250).

A mid-sixth-century CE cliff inscription (Padigar 2012, p. 11) belonging to the
Early Chalukyan period (mid-sixth to mid-eighth centuries CE) describes Badami as
a capital city strengthened by fortified walls. The other fortified settlement near
Badami that existed from Early Chalukyan times is Aihole, a trading city on the river
Malaprabha located to the northeast of Badami. By the eighth century CE, as Badami
was a capital city, the other settlements of the region Aihole was a trading center
(Abraham 1988, p. 42), and Pattadakal was a religious capital (Filliozart and
Filliozat 2015, p. 17). Toward the end of the twelfth century, the fortified cities of
Torgal and Vikramapura (Arasibidi) existed as secondary capitals to the Later
Chalukyan kingdom (eleventh to twelfth centuries CE), whose primary capital was
by then Basavakalyan. A region that began with one capital at Badami by the end of
the twelfth century CE had multiple secondary capitals, thereby having a multicen-
tered administration. Even though Badami was no longer a capital city by the twelfth
century CE, it continued to be important. Badami’s importance is evident from the
continuous patronage during the Vijayanagar period (fourteenth to sixteenth
centuries CE). In the later years, there was a continuous struggle to take control of
the city by the Bahmani Sultanate (fourteenth to seventeenth centuries CE), the
Marathas (eighteenth century CE), Tippu Sultan (late eighteenth century), and the
British (early nineteenth century) (Padigar 2012, p. 12). The heritage structures from
the early Chalukyan era to the fortification remains from Tippu Sultan’s period are a
testimony to the same. This chapter looks into how the city of Badami survived
through the ravages of time and sustained itself in the context of water harvesting
and verdant spaces.
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17.3 Verdant Spaces: The Sacred Groves

Badami range is in a hot and dry arid climate with dry deciduous thorny forest.
Although it is thinly vegetated, it has a rich floristic diversity of about 558 flowering
plant species, a source for food, fuel, fodder, gum, dye, and medicinal value that
have the potential to support the socio-economy of the region (Dalavi et al. 2019). It
is crucial to discuss the prevalent vegetation and its importance in an otherwise dry,
sparsely vegetated landscape. The natural vegetation of the Badami range is a mix of
Albizia amara and acacia shrubs in combination with grassland ecosystems. The
sandstone range is home to Commelina badamica, a flowering plant variety, proba-
bly endemic to this range and the nearby Gajendragad (Nandikar and Gurav 2018).

Among this dry landscape covered by shrubs and rarely occurring trees is a hill
stream, forming a V-shaped narrow valley flanked with high sandstone hills covered
with silt (local name Kolla). The Kolla, characterized by natural springs with broad
canopied trees (banyan, peepal, neem, mango, tamarind, and jamun) (Gaussen 1965;
Jeelani 2006, p. 34),1 enables an oasis-like microclimate. These are locations, which
house temples creating an ambience of a sacred grove. One twelfth-century literature
from the later Chalukyan king’s court describes that such verdant spaces were for
royal use (Ali 2011). Three such verdant Kolla are to the east of Badami range:
Mahakuta, Chikka Mahakuta, and Naganathana Kolla. The Mahakuta and Chikka
Mahakuta have springs confined by a reservoir (locally known as Honda);
Naganathana Kolla has a deep ditch filled with water from a stream nearby. The
excess water of the Tirtha gets channelled for irrigation in many springs. Apart from
these three well-known sacred Kolla, many others exist in this region, one of which
is the Arali Tirtha east of Badami with a spring on a cliff face inside a cavern.

Studies on other sacred groves of India highlight their significant role in the
upkeep of the region’s ecosystem by conserving biodiversity, recharging the
aquifers, and aiding in soil conservation (Malhotra et al. 2001; Khan et al. 2008).
Verdant sacred groves exist amidst a heterogeneous land use of forests, agricultural
land, grazing pastures, and settlements, enhancing the landscape’s diversity (Ray
et al. 2014).

17.4 Water Systems of Badami

This section explores the environs of Badami both geospatially (using satellite
remote sensing data) and informed knowledge (on the construction systems of
heritage structures of the region). The study enabled us to identify the traces and
appreciate the ancient water systems of the semi-arid settlement of Badami, func-
tioning even today.

The settlement of Badami is located west of a reservoir, Agastya Tirtha, covering
eighth hectares. The settlement and the reservoir are at the foothill of a horseshoe-

1As observed on field.
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shaped sandstone range dotted with historic fortifications, caves, and temples. This
reservoir was the primary source of water supply to the settlement in the past
(Campbell 1884, p. 500). It has an embankment in dressed stone masonry
constructed to store water gathered from the Akka Thangi waterfalls (about 40 m
high) to the reservoir’s east. The twelfth-century CE Yellamma Temple (Padigar
2012, p. 12) at the west embankment indicates the reservoir’s existence since then.
The sanctum of the main temple of the East Bhutanatha group, dated to the eighth
century CE (Padigar 2012, p. 48), faces the Tirtha, which asserts the possibility of
the reservoir’s existence even further back in time. The reservoir’s outlet is through a
small channel built within a long gateway, probably of the later Chalukyan phase
(Fig. 17.1). The gateway also acts as a spillway during a heavy influx of water during
rains. In the past, excess water fed the moat of the settlement (Padigar 2012, p. 15).

Among the reservoirs constructed within a 20 km radius of Badami, and located
on sandstone geological formations, the reservoir at Badami is the largest. The other
higher-capacity reservoirs are at Kendur and Nandikeswara, having a catchment of
5700 and 420 hectares,2 respectively. The lesser-capacity reservoirs of
Nandikeswara-Kenchamma, Nagarhal-Shankaralinga, and Kabbalageri have a

Fig. 17.1 Google Earth imagery overlaid with streamline and catchment map generated from
Cartosat 10 m DEM along with the water features that aid in supplying water to the reservoir at
Badami

2Calculation of the catchment area of the reservoirs is by processing the SRTM 30 m resolution
DEM, in GIS software using hydrology tools.
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higher catchment than Badami reservoir (140 hectares of catchment) (Table 17.1).
Unlike the other reservoirs of the region, the large Badami reservoir having a
relatively lesser catchment triggered our curiosity for exploring and understanding
the formation of this large reservoir. Was the source to Badami’s reservoir perennial
and requiring a larger capacity, or was water diverted from other catchments? This
question propelled us to conduct our research on the extensive water systems
embedded in the landscape of Badami. A literature review on the archival records,
scholarly works and scrutiny of old maps of the region highlighted the following.

The literature about the region’s ancient art, architecture, and history does not
discuss of water being harvested from the river Malaprabha—unlike in the neigh-
boring river Tungabhadra (Dikshit et al. 1993, p. 27). Also, there is no mention of
access to water from an external catchment as in the Deccan Sultanate’s capital
Bijapur (Cousens 1889, p. 9).

Until the implementation of minor irrigation project scheme (Sathyan 1966,
p. 172) under the third 5-year plan (mid-1960s), this semi-arid region depended on
wells, rivers, perennial streams, and springs, with a few tanks (e.g., Kendur) for its
water needs (Campbell 1884, pp. 560–561). The 1884 gazetteer describes four
cisterns and a masonry conduit that supplied the north fort of Badami (Campbell
1884, p. 561). The other source, which authenticates the presence of the masonry
conduit, is a map titled Sketch of the Fort and Pettah of Badaumy drafted by a British
military engineer, John Jeffery O’Donnoghue, in 1818,3 marking a few tanks and an
aqueduct. These multiple sources referring to an aqueduct and a masonry conduit led
to a geospatial exploration of the environs of Badami, followed by field surveys. The
exploration resulted in identifying a 600 m-long aqueduct from the Vijayanagara
period in various stages of collapse (Harshavardhan and Suganya 2020). The
Archaeological Survey of India protects a part of this structure as a fort wall.4

We made some distinct observations during the field surveys, such as the absence
of semicircular or a rectilinear bastion, the straight cross section of the wall, the low
height of the masonry wall, and lime concrete used as the waterproofing layer. These
observations are used to characterize the masonry as a water-supplying conduit and
not a fortification wall (Davison-Jenkins 1997; Deloche 2001, pp. 77, 84, 95, 134;
Brubaker 2004, pp. X, 86, 101, 369–370; Deloche 2007, p. 49).5 The crucial
observation of the structure is identifying the two verticals of the aqueduct with
traces of lime concrete in ruinous condition covered with thick vegetation,
authenticated the masonry positively as an aqueduct based on Davison-Jenkins’s
(1997) recording at Hampi Vijayanagara. A probable construction period of this
structure is deduced based on the unique Vijayanagara period rectilinear quarry

3https://g.co/arts/c9CSmkJ1BgPpz3hQ9 (accessed on 14 May 2021).
4www.bhuvan-app1.nrsc.gov.in/culture_monuments/; http://www.asidharwadcircle.in/
5According to Brubaker (2004), the royal enclosure at Hampi has one bastion for approximately
every 500 m, and bastions are absent at fort walls only when the terrain is impassable.
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marks (Kuppa and Menon 2018)6 found on the sandstone blocks of the aqueduct
(Fig. 17.2). Accelerator mass spectrometry (AMS) dating on the material samples
from the site can further explore this dating in future.

The geospatial data, such as the Digital Elevation Model (DEM), are used
for generating three-dimensional views and hydrology maps (both stream and
catchment maps) to visualize and verify the terrain’s conduciveness to transport
water. Field observations led to interesting observations on the subtle modification
made to the terrain to harvest water from the neighboring catchment area. On
characterizing the aqueduct based on the construction systems, a ground profile
gradient map of the 600 m-long aqueduct was plotted using the elevation values
from the Cartosat10 m DEM. The gradient of 1:30 where the end “A” (near the north
fort) is lower than “B” proves the conduciveness of the terrain to transport water to
the north fort (Fig. 17.3) as mentioned in the archival records. Superimposing the
aqueduct layer, DEM, and hydrology maps highlighted the location of the aqueduct
along the water divide of the catchments of Badami reservoir and its northern
Shibaraphadi hill. Any physical structure spanning valleys and hills is intrusions in
the terrain (e.g., a road or a canal) that alters the topographic characteristics, terrain
conditions, soil structure, and hydrological path (Board and Council 2005). An
aqueduct is a water-conducting structure spanning valleys and hills, thereby holding
all the properties for causing changes to the terrain and its properties. The Badami
aqueduct might have potentially altered the landscape if it was not along the water
divide; hence, as per our deductions, it was built causing minimal disruption to the
terrain. In addition, the use of the local sandstone in the construction of the aqueduct
camouflages the massive structure with the terrain morphology.

Fieldwork upstream of the open masonry channel at “B” enabled us to record a
few subtle modifications to the terrain from various historical periods. They are
(a) the Mahakuta foot track doubling as a water channel (Fig. 17.2c), (b) a channel
cut into the cliff probably from the eighth century (based on the inscription and the
Naga sculptures which represent water body), (c) a funnel profile to guide the water
of the mesa plateau of the Shibaraphadi hill onto the cliff channel (Fig. 17.2d),
(d) low masonry wall along the Mahakuta foot track and the edge of the mesa plateau
guiding the runoff water from the upstream catchment of Shibaraphadi into the
funnel, and (e) the small cistern cut into the rock surface7 from where the water of the
north sub-catchment of the Shibaraphadi is collected and guided along the low
masonry wall (Fig. 17.2e). Thus, the entire water of the 35 hectares of the upstream
portion of the Shibaraphadi catchment drains into the Badami reservoir via the open
masonry channel into the stream formed along the hill slopes of the Tattukote
catchment (Fig. 17.2f). Another catchment to the south of the Tattukote catchment

6The chisel marks formed during quarrying of stone blocks as seen on few of the stone blocks used
in construction of the masonry are the quarry marks. A curvilinear mark indicates Chalukyan
period, and rectilinear belongs to Vijayanagara period.
7Dateable to Vijayanagara period based on the quarry marks.
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Fig. 17.2 Field photographs: (a) view of the aqueduct, (b) open masonry channel, (c) cliff channel,
(d) funnel at cliff channel M, (e) cistern L, (f) inlet channel to the reservoir, (g) Akka Thangi
waterfalls (in January), (h) upper Arali Tirtha, (i) Arali Tirtha, and (j) outlet channel to Agastya
Tirtha
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gathers both the runoff water and spring water from a cavern locally called Arali
Tirtha (Fig. 17.2i).

Quarry marks identified by Menon indicate the modifications on the cliff to
channel water into creating the twin fall in the Akka Thangi catchment (Menon
2017). Upstream of Akka Thangi stream is a reservoir next to a temple complex
(upper Arali Tirtha or Malayappana Gudi in ruins) (Fig. 17.2h). Five natural cisterns
and two square cisterns inside the treasury of Tippu Sultan are at the summit of the
north fort (Fig. 17.3). The present ruinous condition of the aqueduct might have been
due to disuse, probably followed by the abandoning of the north fort. The entire

Fig. 17.3 (Top) Ground profile graph to verify the conduciveness of the terrain. The graph was
prepared by extracting elevation values of the ground from Cartosat 10 m DEM. (Bottom) Google
Earth Image of 2009 marked with the location of the aqueduct, open masonry channel, cliff channel,
funnel, and cistern

388 K. Suganya et al.



water systems interconnected in a network (apart from the collapsed aqueduct) have
sustained the Badami reservoir for over a thousand years.

17.5 Current Scenario and the Way Forward

Badami has been on the World Heritage status tentative list8 and the National
Heritage City Development and Augmentation Yojana (HRIDAY)9 since 2015
and has all the potentials of attracting tourism-related infrastructure developments
and related planning strategies. KUIDFC (2009) proposed an infrastructure project
for Badami which aimed at enhancing the quality of the urban environment, owing
to the inadequate infrastructure facilities, like water supply and sanitation. It states
that the river Malaprabha is the primary source of water supply to the settlement and
it is also where sewage and surface runoff water drains. Subsequently, a water-
quality assessment in 2014 records a higher presence of the bacteria E. coli (104/
100 ml) in the waters of the river Malaprabha and a slightly lesser presence of the
bacteria in Agastya Tirtha (101/100 ml), deeming both the waters unsuitable for
consumption and other domestic purposes without the necessary monitoring and
treatment (Kakaraddia et al. 2014). A 2017 report (Yadav 2017, pp. 8, 9) on the
aquifers of the Badami sub-district records groundwater resources that are being
overexploited. It proposes methods for recharging the groundwater by providing
check dams and percolation tanks. However, the growth of Badami has exacerbated
environmental problems that can be linked to pollution, improper waste manage-
ment, and poor sanitation.

There is an increased need for urban regeneration underpinned by multifaceted
nature-based solutions to address the challenges and ensure sustainable and resilient
settlements. Badami requires an adaptive and resilient strategy that integrates not
only newer designs and processes for infrastructure development but also
recommendations, which considers the existing system that has been in place for
thousands of years (as the water systems of Badami discussed in this paper). This
study asserts that recognizing the existence of a historical infrastructure would pave
the way for a sustainable “Blue-Green” approach that creates a network of natural,
seminatural, and designed landscape elements (Lamond and Everett 2019) while
reducing stress on “gray” infrastructure like subsurface piped systems (O’Donnell
et al. 2017). Although the nature-based solutions can offer a terrain-sensitive
approach to the development of the landscape, there is also a need to acknowledge
the historical, social, cultural, economic, and ecological aspects and include multiple
actors for efficient planning and reshaping practices. A holistic framework of ideas
that combines theoretical concepts with empirical knowledge (recognizing the living
water systems at Badami) is imperative.

8https://whc.unesco.org/en/tentativelists/5972/ (accessed on 14 May2021).
9http://mohua.gov.in/cms/hariday.php (accessed on 14 May 2021).
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17.6 Conclusion

Human settlements throughout history have been in proximity to water, and the
settlement of Badami is no different. Badami and its surrounding region exhibit a
carefully engineered water supply network that supports the reservoir and many
sacred groves within the hill range that enhance the microclimate in this dry semi-
arid region. The sacred structures located in the landscape add value to it and play a
vital role in the sustenance of the landscape. This study enabled us to identify
features that have sustained for over a thousand years due to their continuous
requisite to the local landscape and supported the livelihood of the local people.
Though the water systems of this capital city resulted from simple modifications,
their performance involves a certain complexity. The system captured water of the
neighboring catchment, leading to reduced water reaching downstream of the
Shibaraphadi catchment-, thereby altering the ecosystem in this catchment. Looking
at it on a larger scale, this alteration coupled with preserving the verdant spaces
balances the ecosystem and delivers water-related ecosystem services.

Scrutinizing the hydrology maps of the landscape, coupled with field exploration,
has enabled us to appreciate a carefully modified terrain with minimal interventions
such as low walls, incision of the ground, and cliff faces to channel water along the
terrain. These constructions and small interventions may not look monumental, but
they effectively harvest water for various needs to an otherwise semi-arid locale
through an elaborate low-key water supply network from both the catchments. Even
minor damage to the low walls (which look like a boundary wall) is sufficient to
prevent the water of the Shibaraphadi catchment from feeding the Agastya Tirtha
reservoir. A lack of awareness about these water-channelling features among the
local people, governing authorities, and experts designing developmental works may
overlook these subtle features and may eventually disappear from the landscape.

The age-old practice of this semi-arid region, which utilizes one infrastructure for
dual purposes, i.e a foot track also used as a water channel, is a sustainable
approach adopted by not altering the hydrology of the terrain. Badami range has
survived for over a thousand years with its water systems and sacred grooves,
reflecting remarkable skill and a noteworthy feat of engineering while adopting
simple nature-based solutions with minimal intrusion. The reservoir’s upstream
catchments form an integral part of a more extensive water supply network system.
The sacred grooves have helped enhance the microclimate and, more importantly,
maintain a balance in the ecosystem. By studying the landscape closely, we can
acquire a knowledge base for planning sustainable and robust infrastructure. Hence,
planning and policy interventions influenced by the local geography and cultural
dynamics can have an environmental and socio-economic impact (Monteiro et al.
2020). If planned well, the heritage settlement of Badami can present as an example
of engineering heritage.
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Urban Sustainability and Resilience
Building: Blue-Green Infrastructure for Air
Pollution Abatement and Realizing Multiple
Co-benefits

18
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Abstract

Sustainable Development Goal 11 (sustainable cities and communities) is impor-
tant to be localized and achieved due to increasing urbanization across the world.
Air quality management has emerged as a major urban challenge because of
increasing pollution load and people getting exposed to polluted environment due
to the rapid urbanization. Local climate modifications by urban landscape such as
building morphology, vegetation, and water bodies define the transport of
pollutants. Diminishing water bodies, dwindling green spaces, and ever-
increasing built-up area have further pushed the urban centers toward the tipping
point. Passive air pollution abatement and microclimate modification by
mainstreaming integrating nature-based solutions (NbS) (especially nature-
based infrastructure (NbI) and green infrastructure (GI)) in urban planning can
help. Mainstreaming NbS in urban planning has found its relevance in the
developed countries and needs recognition in urban plans of developing and
underdeveloped countries. In the present chapter, we provide evidence to support
mainstreaming of NbS in urban air quality management and heat mitigation in the
urban canopy layer that has the potential to bring multiple co-benefits with
it. Urban resilience and sustainability in the Anthropocene will equip future cities
for improving air quality and also cushion the harmful effects from extreme
weather events (urban heat island effect, heatwaves, flash floods, groundwater
depletion, etc.) which are accelerated due to climate variability. This chapter
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explores opportunities and challenges of integrating blue-green infrastructure in
improving urban resilience and sustainability and especially to localize SDG
11 and other interlinked SDGs.

Keywords

Nature-based solution · Blue-green infrastructure · Urban air quality · Climate
change · Sustainability · Resilience

18.1 Introduction

Anthropocene has a significant impact on natural ecosystems that further alter and
affect the global climatic rhythm. Rampant urbanization has resulted in high popu-
lation densities and massive infrastructure buildup (Andersson et al. 2017).
Shrinking blue and green spaces and rampant concretization have resulted and
affected local microclimate by enhanced heat islands and air pollution (Lahoti
et al. 2019; Dhyani et al. 2018, 2020a, b). Air pollution is one of the major causes
of premature mortality across the globe. More than half of the world’s population
resides in fast-growing urban centers, and the same is projected to increase to 68%
by 2060 (UNDESA 2018). Unlike regional background air quality, the air in urban
centers is getting continuously ingested with the anthropogenic emissions from
vehicles, domestic and commercial utilities, construction activities, resuspended
dust, etc. Studies show that nearly 80% of urban dwellers are exposed to polluted
air (WHO 2018), which is reducing the average life expectancy by 1.6–1.9 years in
India and 0.06–0.3 years in China (Balakrishnan et al. 2019; Wu et al. 2020).
Similarly, Pascal et al. (2013) estimated that 22 months of life expectancy can be
increased by complying to WHO PM2.5 air quality standards according to a study
conducted in 25 European countries. A few studies have quantified that health-care
costs are expected to increase from $21 billion in 2015 to $176 billion by 2060, and
the economic loss due to loss of working days is projected at $3.7 billion. This
overall economic burden due to outdoor air pollution will be costing 1% of global
gross domestic product (GDP) by 2060 (OECD 2016). Hence, there is growing need
to manage urban airsheds to create better living spaces and ensure human well-being.
Global conventions have been underpinning the need for the design of sustainable
urban habitats for human well-being (SDG 11). Climate Adaptation Summit (CAS
2021) has recently pledged for converting 1000 cities across the world sustainable
and resilient. Sustainable Development Goal (SDG) 11 on sustainable cities and
communities underlines the action necessary for making urban centers sustainable
and resilient by implementing localized practices in line with the global
commitments as it indirectly supports and helps in localizing other pertinent SDGs
like 3 (good health and well-being), 12 (responsible consumption and production),
13 (climate action), and 15 (life on land). Convention on Biological Diversity (CBD)
and Sendai Framework for Disaster Risk Reduction (2015) also stress on
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mainstreaming sustainable and ecosystem-based approaches for disaster risk
reduction.

Urban resilience and ecosystem-based approaches based on sound ecological
principles are supported and promoted for being incorporated in climate actions
and urban planning (Suárez et al. 2018). To address challenges of fast-growing urban
areas especially climate change, human health, and safety, urban policy planning
concerns and dialogues are to nature-based solutions (NbS) (Raymond et al. 2017).
Urban areas are new disaster hotspots, and the world is witnessing growing accep-
tance of NbS due to increasing climate and disaster vulnerability in urban areas
(Dhyani et al. 2018, 2020a, b). NbS and resilience are endorsed as a balancing
approach in urban planning to counter the problem of global warming (Suárez et al.
2018). NbS with zero or negative carbon footprint helps in achieving climate
mitigation and adaptation strategies for natural as well as built-up ecosystems.
Although engineered solutions (gray infrastructure/concrete structures) offer instant
mitigation benefits, they are costlier and short-term solutions and many times energy
intensive with massive carbon footprints, whereas NbS offer multiple co-benefits to
nature and human systems (Fig. 18.1).

Urban NbS approaches (viz., urban green and natural infrastructure that includes
urban forests, campus green spaces, parks, playgrounds, ecological engineering,
urban agriculture) are acknowledged in multiple instances as approaches that have
the potential to address urban climate adaptation, mitigation, and DRR issues
(Armson et al. 2013; Dhyani and Thummarukuddy 2016; Raymond et al. 2017;
Dhyani et al. 2018, 2020a, b). Efficient NbS models and approaches provide
evidence of improving air quality (Calfapietra et al. 2015; Kadaverugu et al.
2019), urban biodiversity, ecosystems and ecosystem services (Connop et al.
2016; Tan and Jim 2017; de Oliveira and Mell 2019; Cameron et al. 2020; Chausson
et al. 2020), heat islands (Makido et al. 2019; Kadaverugu et al. 2021b), and urban
flash flood reduction (Majidi et al. 2019; Kadaverugu et al. 2021a) and addressing

Fig. 18.1 Comparing conventional engineering approaches with nature-based solutions (NbS)
with multiple co-benefits along with targeting hazard mitigation and climate change adaptation.
(Adapted from Dhyani et al. 2020a, b)
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other crosscutting challenges like urban sustainability (Perez and Perini 2018),
public health, and well-being (Bennett et al. 2015).

Conversion of a part of urban land use into dedicated blue and green spaces and
implementing certain green infrastructure–based passive technologies help air puri-
fication and a multitude of other ecosystem services (co-benefits), such as
stormwater retention, reducing urban heat island effect, reducing noise pollution,
and promoting biodiversity; all these enhance the social, cultural, economical,
psychological, and spiritual benefits to people (Figs. 18.1 and 18.2). International
assessment reports by the Intergovernmental Panel on Climate Change (IPCC),
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services
(IPBES)), Paris Convention on Climate Change (2015), Sendai Framework for
Disaster Risk Reduction (2015), Convention on Biodiversity, and UN Sustainable
Development Goals (2015) have been urging and encouraging nations to recognize
the role of NbS as a climate adaptation and biodiversity conservation strategy. The
UN Decade on Restoration (2021–2030) is further going to strengthen this global
effort by promoting restoration of landscapes and degraded areas outside natural
ecosystems in human-modified urban areas. Urban green spaces (UGS) and blue
spaces in general lower the ambient temperature and increase the absolute humidity
levels in the surface layer that affect positively the dispersion and deposition of the
pollutants. Apart from these, the vegetation and water bodies influence the wind
speed and direction and the bulk movement of the pollutants. At urban scale, the
green and blue spaces modify the land surface interaction with the surface layer in
terms of latent and sensible heat exchanges, which in turn drives the development of
mixing height and hence affects the dispersion of pollutants.

The widespread implementation of NbS at the urban level enhances the natural
elements and addresses diverse societal challenges (Seddon et al. 2019). NbS also

Fig. 18.2 Urban blue-green infrastructure and their multiple co-benefits for realizing global
sustainable development, disaster risk reduction, and climate goals
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enhances urban resilience toward extreme weather events which are being
accelerated by global warming and climate change. Even if global warming is
limited to <1.5 �C, there will be some impacts due to climate inertia and feedbacks
that are carried forward by the present rate of climate change. In any scenario of
global emission capping, there will be ramifications due to ongoing climate
feedbacks, which are going to be reflected in a rise in the sea-level and modified
weather systems. The frequency and intensity of extreme weather events especially
heatwaves and floods are projected to increase in the warming world (Ward et al.
2016; Jiang et al. 2019). Adaptation to the impacts of climate change is therefore a
necessary strategy and specifically through NbS so that further damage to nature can
be reduced. At present there are very few syntheses on NbS for air quality mitigation
covering an outlook on future climate change and scenarios. Particularly the advan-
tage of NbS for air quality should be available for policymakers, urban planners,
researchers, and other important stakeholder groups for effective policy planning so
that broadly designed nationally determined contributions (NDC) for combating
climate change can be effectively implemented at local scales. The present study
focusses on the role of green and blue infrastructure (as NbS) in mitigating urban air
pollution and discusses aspects of sustainable urban design, role of local meteorol-
ogy, and adaptation and mitigation strategies in the warming world due to climate
change, followed by the conclusions and way forward.

18.2 Urban Blue-Green Infrastructure

In this chapter, the term blue infrastructure refers to water spaces like wetlands,
rivers, rivulets, lakes, ponds, canals, ports, fountains, and streams, whereas
green space refers to urban forests, campus forests, parks, gardens, green walls,
green roofs, avenue plantations, protected forests, and grasslands. Whereas the term
green infrastructure (GI) refers to any nature-based infrastructure enveloping both
the blue and green spaces that provide multitude of benefits to the urban systems like
stormwater runoff reduction, air purification, thermal insulation, contributing to
potable water, increasing aesthetic value, reduction in urban heat island effect, etc.
that support human health and well-being. The thinking in green infrastructure
should amalgamate the individual roles of (blue) water and (green) vegetation part,
as well as their synergistic nexus. This inseparable dependence of blue and green
ecosystems is a holistic phenomenon when green infrastructure (GI) is referred to
(Rozos et al. 2013). Hence, the terms GI and blue-green infrastructure are used
interchangeably in this chapter, which refers to the NbS for improving urban systems
and supporting human well-being.
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18.3 Urban Canopy Layer

The bottom most atmospheric layer of thickness 1–4 km is exposed to the diurnal
variations of land surface processes driven by solar radiation. The upward movement
of latent and sensible heat fluxes from the land surface features creates enough
turbulence to ensure sufficient mixing up of the lower atmosphere layer—known as
the planetary boundary layer (PBL). The combination of mixing height and wind
speed defines the rate at which the air is being ventilated or flushed away, known as
ventilation coefficient (VC). The ventilation of urban air is subjected to temperature
gradients between the downtown and the fringes, resulting in urban heat island
(UHI) effect. The release of anthropogenic heat into the urban canopy further
exasperates the intensity of UHI and accelerates the buildup of air pollution. Both
indoor and outdoor air quality are getting polluted due to several anthropogenic
actions/sources. Factors affecting the dispersion and deposition of air pollutants at
the urban scale should be understood for better managing the urban air systems and
environment. Further, the dispersion and deposition of air pollutants are governed by
the wind profile, which is significantly affected by the building and vegetation
configurations. Temperature and relative humidity are two important meteorological
parameters that affect the transport of pollutants. Maintaining air quality under
compliance is essential for human well-being especially human health and reduction
in damage to vegetation and property. Both active and passive measures of air
pollution control are essential for attaining compliance to the pollution standards.
Hence the role of building geometry, vegetation characteristics, and microclimatic
conditions plays a crucial role in dispersion and deposition of air pollutants in urban
settings.

18.4 Urban Heat Island Reduction

As already stated, in the urban setting, the urban air is subjected to temperature
gradients between the downtown and the surrounding fringes, resulting in the urban
heat island effect. Green infrastructure or UGS provides cooling effect at an urban
scale due to shade, evapotranspiration, and changing the reflectance properties of
urban surfaces. Green infrastructure is a broad term that refers to the soil, vegetation,
water bodies, and bioengineered systems which have the potential to regulate
microclimate and provide a multitude of ecosystem services like air quality improve-
ment, stormwater management, and cultural benefits (Keeley 2011) including social,
economical, and psychological benefits to human beings. Lined parks and city
waterways improved thermal well-being and helped in developing community
resilience in Cyprus by reducing heat islands (Giannakis et al. 2016).

Absence of high-resolution urban infrastructure data is a significant limitation that
poses challenge in accurately studying the propagation of the cooling effect by UGS.
Also, lack of high-resolution satellite temperature products impedes the spatial
analysis over urban centers. Mathematical models that account for energy balance
by considering the vegetation interactions with the local temperature are highly
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preferred for building-scale temperature simulations, for which anthropogenic heat
from the buildings, vehicles, and other activities is essential to improve the accuracy.
A multitude of deterministic models, empirical models, and remote sensing
applications are available that are handy in the quantification of the cooling effect
of UGS on the urban environment. Due to the advancement in computational power
and availability of urban-scale meteorological models such as ENVI-Met, ADMS-
Urban, weather research and forecasting (WRF) model, computational fluid dynam-
ics (CFD) models, and statistical regression models, several researchers have
reported the change in UHI due to the various scenarios of changes in green cover
(Tiwari et al. 2020). Few studies on UHI reported a perturbation in urban tempera-
ture from 0.2 to 3.0 �C due to land-use changes such as conversion from grasslands
to a frosted area, concretization, dwindling blue spaces, and haphazard urbanization,
and one can find these examples in their cities. There are clear observations of urban
locals preferring green and blue spaces over concretized public parks and
playgrounds because of their cooling effects. Studies on UHI reduction stressed
the need for green infrastructure in urban conglomerations (Dhyani et al. 2018,
2020a, b). The shape and size of the UGS also influence heat mitigation, and there
exists an asymmetric relation between UGS size and heat mitigation or temperature
reduction (Kadaverugu et al. 2021a, b). Factors like distance to the UGS, local land
use, meteorological variables, and water bodies influence the spread of the cooling
effect around the UGS.

Localized warming up of atmosphere over the downtown of urban centers due to
the anthropogenic heat is known as urban heat island (UHI) effect. This results in a
temperature gradient between the core urban centers and peri-urban areas. The
warming of urban areas is now a common phenomenon across the world. The
temperature difference is about 0–7 �C which depends on several local factors like
vegetation cover, built-up density, local meteorology, and anthropogenic heat
emissions. UHI effect is a well-known phenomenon and is widely studied and
reported (Yu et al. 2020). To summarize, UHI is mainly produced by four factors:
dense building materials and dark pavements; 3D geometry of buildings which
absorb solar radiation and restrict the air circulation; decline in previously abundant
vegetation cover, which reduces shade and limits evapotranspiration; and waste heat
(anthropogenic heat) addition into the cities (Larsen 2015). The UGS ameliorate the
UHI intensity by cooling the local air through the evapotranspiration process and
shade. Also, the UGS modifies the albedo of the surface that also contributes in heat
mitigation. NbS interventions through green rooftops and green walls are proven to
reduce the UHI. A study by Gill et al. (2007) has projected that maximum surface
temperature over Greater Manchester will drop by 1.7–3.7 �C by incorporating 10%
green cover in a highly impervious built-up area. Associating these UHI and heat
stress studies with heat-related mortality, the increase in the risk has been estimated.
Stone et al. (2014) projected that due to a rise in average temperature by 1.2 and
2.2 �C in Atlanta and Phoenix by the year 2050, the heat-related mortalities will rise
by 77% and 55%, respectively. The diminishing UGS and vegetation cover of the
cities due to rapid development is one of the leading drivers of UHI intensification.
To offset the heat, people depend on the space cooling by the energy-intensive air

18 Urban Sustainability and Resilience Building: Blue-Green Infrastructure. . . 403



conditioners, which further emit the exhaust heat and exacerbates the UHI. The
vicious cycle of heating up of the urban centers is a serious health risk. In
Anthropocene, there is huge dependency on fossil fuels for transportation and
space cooling; the emitted carbon dioxide is the biggest contributor to global
warming. At this crossroads, relying on UGS in heat mitigation is a win-win
alternative that not only cools the urban airsheds but also improves the overall
quality of air.

Summarization of historical climate data over a city can provide valuable insights
on the changes in indices such as cooling degree days (CDD), heating degree days
(HDD), extreme heat events (EHE), and precipitation indices. Studies correlating the
historical land-use changes in terms of vegetation cover with the climate indices
provide insights into the role of UGS in mitigating the climate-induced weather
extremes (Kadaverugu et al. 2011).

18.5 Urban Air Quality and Role of Green Spaces

A multitude of factors not limited to urban geometry, vegetation landscapes, and
local meteorological conditions such as wind speed (WS), wind direction (WD),
temperature (T), and relative humidity (RH) play an important role in defining the
dispersion and deposition of pollutants. For instance, deposition of particulate matter
(PM) is strongly affected by RH, T affects dispersion and decomposition of reactive
pollutants, solar radiation triggers the photochemical transformations, and rainfall
washes away the air pollutants. For instance, the formation of tropospheric ozone is
lowered at lower ambient air temperatures. WS and WD define the bulk movement
of the pollutants in an urban canopy. Moreover, a two-way feedback mechanism
exists between pollutants and meteorological variables, which are highly dynamic
and nonlinear. Studies show that the atmospheric fine particulate or secondary
aerosol formation is dependent on gaseous pollutant concentrations and air tempera-
ture, which further affects the atmospheric capacity to absorb solar radiation and
hence affects the air temperature. Urban geometry also plays a significant role in
modifying the local microclimate through building shade, channeling wind profile,
and creating recirculation zones and cavity formation, which leads to entrapment of
pollutants. Especially, UGS modify the local temperature in the vicinity (see
Sect. 18.4).

The characteristics of GI or UGS (including bushes, hedges, green walls, green
roofs, and vegetation) that influence the pollution removal are density of the
vegetation or porosity of canopy; physical dimensions of the vegetation such as
length, heights, thickness, and spacing; and tree species-specific characteristics such
as leaf geometry, leaf thickness, hairs or wax on leaves, biogenic emissions, and
pollution tolerance index (Abhijith et al. 2017). Vegetation interacts with the
gaseous atmospheric pollutants through dynamic gaseous exchanges between the
vegetation (leaf stomata) and atmosphere (Kadaverugu 2015) which is dependent on
factors such as ambient air temperature, CO2 concentration, soil moisture pressure,
and solar radiation. Experiments by Nowak et al. (2006, 2013b) on the removal of
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gaseous pollutants (O3, NO2, CO, and SO2) and particulate matter (PM) by vegeta-
tion showed that the removal is dependent on the tree cover, pollution concentration,
and meteorological factors that affect the transpiration and deposition velocities of
the pollutants. The pollution removal ability of vegetation varies due to the
variations in these characteristics across the urban areas, due to a multitude of factors
affecting the wind profile and local meteorology. PM deposited on leaf surfaces can
be resuspended back to the atmosphere due to high winds and washed-off by the
rainfall or mixes with the soil beneath due to leaf fall. CFD studies revealed that tree
canopies alter the wind movement between the canopy and the surrounding atmo-
sphere. Sometimes canopies break the eddies and act as turbulence diffusers espe-
cially in calm conditions, but sometimes they may act as a source of turbulence and
facilitate turbulent diffusion of air pollutants. Experimental studies have also
observed the thermal stratification around the canopies having significant effect on
pollution dispersion and diffusion. It is critical to interpret the benefits of tree
canopies in air pollution which are highly dependent on the local factors (built
environment) and vegetation characteristics which are city specific. It is true that
the pollution removal is maximum due to the presence of hedges in the street
canyons and thick vegetation along the roads (open highways) (review summary
by Abhijith et al. 2017).

Street canyon configurations (height to width ratio), wind direction (lateral to the
canyon, perpendicular to the canyon, or oblique to the canyon), and wind speed are
important parameters that define the entrapment of the pollutants generated within
the canyon. Several studies based on the mathematical models using CFD have
tested the multiple parameter configurations and their effect on the pedestrian-level
pollution exposure (Abhijith et al. 2017). The majority of studies have shown that
there is an increase of 20–96% in concentrations of various pollutants in street
canyons due to the presence of trees. But, the presence of trees has shown a reduced
pollution concentration under the different spatial arrangements of trees, wind
direction, and wind speed. It is reported that the wind, blowing in an oblique
direction to the canyon, creates relatively harmful conditions for pedestrian pollution
exposure. The arrangement of tree row plantation either in the middle (along the
divider) or at the kerb (curb) side, tree spacing, and tree canopy characteristics
significantly affect the pedestrian exposure concentration. CFD modeling studies
show that from the air pollution point of view, GI has both positive and negative
impacts on pedestrian air quality depending on the urban building and GI
characteristics. Salmond et al. (2013) have observed that NO2 concentration in the
street canyon in Auckland has increased by 213% (compared with ambient concen-
tration) during leaf-on period and 190% during the leaf-off season. They also
observed an increased NO concentration by 471% and 373% during leaf-on and
off seasons, respectively. Previous studies have reported that the presence of trees in
the street canyons increases the ground-level pollutant concentrations, due to the
cold start of the vehicles. In the absence of trees in a street canyon, spiral- and
helical-type flow will develop especially when the wind is blowing within 60�

perpendicular to the canyon, which leads to 2–3 times higher concentrations in the
leeward side than the windward side (Salmond et al. 2013). The presence of thick
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leaves on the trees in the canyon will limit the upward movement of the fresh vehicle
emissions, which increase the accumulation of pollutants within the canopy. Other
evidence suggests that vegetation with spacings and gaps (high porosity in the
canopy) leads to lower air pollution concentrations in street canyons, whereas
high-porosity vegetation increases the concentration in open-road conditions
(Abhijith et al. 2017). Tong et al. (2015) have reported that trees considerably reduce
the Turbulent Kinetic Energy (TKE) in the wake zone and promote recirculation
zones in which the buildup of particulate matter is evident. The alteration of local
aerodynamics around the tree canopy significantly affects the dispersions and
deposition rates of the pollutants of varying sizes. In their study, Tong et al.
(2015) observed higher downwind particulate concentration in the transects having
trees, than without trees. Distance between trees and road, wind direction, and
vegetation characteristics are vital in defining the pollution reduction benefits from
the vegetation barriers along the roads. Some of the vegetation-related parameters
used in the urban air quality research are canopy density (CD), crown volume
fraction (CVF), spacing, height, width and length, leaf area index (LAI), leaf area
density (LAD), and porosity. Type of vegetation such as evergreen, deciduous,
coniferous, and mixed forest types is also considered along with the leaf-on and
leaf-off seasonal effects.

Studies have found a significant evidence of pollutant removal by urban green
walls and roofs despite their inferior appearance compared with trees at local and city
scale (Speak et al. 2012; Jeanjean et al. 2015). Baik et al. (2012) showed that green
roofs (roofs with greenery on them) have contributed to a reduction of 32% air
pollution concentration by facilitating a 2 �C cooling intensity at breathing levels in a
canyon. The cooling gradient has enhanced the canyon vortices and has created
higher dispersion ability arising from the downward sinking cool air in the canyon.
Contrastingly Pugh et al. (2012) have observed a marginal reduction in pollutant
concentration with almost no recognition of cooling gradient. The proximity of
green roofs to the vehicular emissions/traffic corridors has shown a significant
pollutant reduction (around 24% reduction) (Tan and Sia 2005; Speak et al. 2012).
Data collected from a pilot project on a green rooftop in Singapore suggests a
significant reduction of SO2 by 37%, whereas nitrogen dioxide showed varying
results (Tan and Sia 2005). Resuspension of dust from the uncovered green rooftops
and gravel material could be an interfering agent while measuring the effectiveness
of removal of particulate matter.

The functioning and benefits of trees in reducing air pollution are highly depen-
dent on the interactions between the vegetation type and the surrounding urban
environment (canyon characteristics, green walls, green roofs, etc.) and local meteo-
rology. Generalization of the air purification benefits due to the presence of trees in
street canyons should be carefully considered only after validation with the local
studies. In general, the presence of green spaces will improve the overall air quality
status at the urban scale, but such generalization is not possible at building scale in
street canyons. The review of studies on the beneficial role of urban green spaces on
air pollution reduction suggested that it should be measured with caution, as the
pollution reduction behavior of trees is highly localized that depends on several
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factors and those cannot be generalized for every urban landscape design. Local
experimental and CFD studies are necessary for optimal urban landscape design if
air quality improvement is one of the major objectives.

18.6 Role of Blue Spaces in Air Quality Improvement

Urban blue spaces including ponds, lakes, canals, rivers, and ports, along with
fountains, are proven to have positive effects on local microclimate, especially in
reducing the ambient temperature by 2–6 �C, due to evaporative cooling. Blue
spaces also promote the nearby vegetation and facilitate transpiration through the
greenery which in turn help in ambient cooling. The studies on air purification
benefits offered by the cooling effect due to urban water bodies are not widely
reported. Water bodies form urban cooling islands (UCI) in the vicinity to mitigate
the UHI and significantly introduce humidity/water vapor into the atmosphere under
tropical climatic conditions. Elucidating the dynamic interactions between the water
surface and urban canopy layer provides useful insights in the urban studies; this
interaction influences the heat fluxes (latent heat flux) and affects the movement of
air masses. Zoning of wind direction is necessary for assessing the benefits of
evaporative cooling from the water bodies. The wind making contact with the
water surface carries the water droplets along and that is spread throughout the
downstream urban environment, which causes temperature reduction and increases
the absolute humidity. Computational experiments show that the downwind bank of
a river of 230 m wide is 0.5 �C colder and 0.4 g/m3 higher in absolute humidity than
the upwind bank (Masiero and de Souza 2015). UCI intensity and efficiency of water
bodies are studied in Beijing City by Sun and Chen (2012) using the parameters,
viz., area of water bodies (also reported by Peng et al. 2020), landscape shape index
(LSI), location of water bodies in relation to the urban center, and built-up proportion
surrounding the water bodies. Peng et al. (2020) showed that UHI intensity in Pearl
River Delta, China, ranged between 1.1 and 5.54 �C according to the water body
patch size and the built-up intensity in the surrounding area of the water bodies.
Mean UCI intensity increased along with the increase in urbanization (or socio-
economic development) in the surrounding area of water bodies. Satellite observa-
tion of LST over a transect crossing a lake in Chandigarh City, India, has shown a
reduction of 3.12–7.51 �C; similarly, 0.65–1.71 �C dip is observed in the vicinity of
the Sabarmati River, India (Gupta et al. 2019). Steeneveld et al. (2014) have shown
contrasting results that the UHI is predominant near water bodies, because water
bodies remain at higher temperature due to high heat capacity, and it is reflected in
higher air temperature that is 2 m over the surface of water bodies.
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18.7 Sustainable Urban Design

There is a need to mainstream the NbS and nature-based infrastructure (NbI) into
urban policymaking through evidence-based studies highlighting their benefits.
Quantification of NbS benefits in terms of direct and indirect benefits is essential
for appreciating the benefits along with co-benefits. Identification of additional land
within the urban limits for conversion into green infrastructure by application of
local survey and satellite-based survey provides the opportunity to harvest the
benefits of NbS. Due to rapid urbanization and haphazard development, the available
green spaces are being rapidly converted into built-up land use. This declining trend
in the green cover is observed in most of the urban centers across the world.
However, utilization of buildings, rooftop, and walls as a potential area for green
cover provides additional benefits. Sunshine hours, solar radiation, rooftop slope,
and area are some of the factors that are considered for the identification of the
potential green terrace spaces. There are well-defined guidelines in European
countries for the rooftop implementations. An area greater than 100 m2 is considered
as a potential site for green rooftop in Munich and Linz cities (Santos et al. 2016).
Similarly, Green Area Ratio (GAR) has been used in Germany since 1997 as an
urban site sustainability metric to quantify the GI in a private property. Santos et al.
(2016) showed that an additional 8.5% green cover can be added through the flat
rooftops in Lisbon City. High-resolution lidar imaging, digital terrain and surface
model data, 3D building geometry data, and imaging through unmanned aerial
vehicles are utilized to delineate the potential rooftops that are suitable for vegetation
growth. Recently, a few countries like Spain, Denmark, the United Kingdom, and
Finland have made the lidar data open access (Santos et al. 2016). But, carrying out
similar studies in developing countries is nearly not possible owing to the lack of
urban building information and unregulated expansion of urban areas. Nevertheless,
Kadaverugu et al. (2021a, b) have utilized the built-up land-use pixel information for
the generation of 3D building polygons (by assuming a fixed size of buildings)
within the built-up pixels and derived it as an alternative methodology. The height of
the building polygons generated by such workaround methods can be assigned
randomly with a specified range of the values measured through field observations.
Such workaround methods have to be justified and validated in the absence of the
availability of essential urban information in developing countries.

Extreme heat events or heat waves are triggered by trapped air due to high-
pressure systems over a regional scale, and the usual heating of the trapped air due to
sunlight causes high temperatures for several days. The frequency and intensity of
these heatwaves triggered due to extreme heat events are on the increase due to
climate variability. The rise in the heat along with the UHI in the cities is posing a
threat to the livelihood and sustainability of people, especially that these effects
disproportionally harm the marginalized sectors of the cities. Urban-rural migration
driven by the economic opportunities in the cities is causing the haphazard expan-
sion of the cities, often in a more fragile manner, that is pushing the cities toward
increased risk to the extreme events. Settlements of marginal labor in and around the
cities inevitably turn into unmanageable urban slums, which are developed in often
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urban open spaces in the riverbeds or mostly catchments of the urban lakes/water
bodies (Kadaverugu et al. 2019), and hence further pushing them into vulnerable
zones. Natural hazards like extreme heat events and urban floods are expected to
increase in the future due to climate change (Larsen 2015). Sustainable urban
landscape design aspects should go beyond the implementation of NbS at
micro-level or at building level (like cool pavements, permeable roads, permeable
pavements, cool roofs, green roofs, green walls, rainwater harvesting pits, etc.) but
should also consider them in designing, at the landscape level by modifying the land
use, to optimize the benefits.

Through the development of progressive urban sustainability metrics like GAR,
the fraction of impervious surface on private property, number of trees in the
premises in individual houses, rainwater harvesting structures, etc., the locals can
be incentivized through tax benefits to adopt these GI measures. For instance, the
municipality of Toledo, Ohio, incentivizes stormwater utility in exchange for the
expansion of GI (Larsen 2015). City planners of Philadelphia have aimed to convert
10,000 acres of an imperious surface into GI to capture the on-site rainfall as
stormwater management. It is estimated that the city has invested $1 billion over a
25-year program in GI and has avoided $8 billion in retrofitting the existing gray/
stormwater infrastructure (Larsen 2015). See Larsen (2015) for similar case studies
on cost saving through NbS implementation for stormwater reduction and heat stress
mitigation.

18.8 Resilience Toward Climate Change

NbS have synergetic trade-offs in mitigating climate impacts at the urban scale and,
overall, provide ecosystem services and ameliorate the impacts of extreme weather
events related to hydrometeorological disasters (Chausson et al. 2020). Chinese
researchers have been supporting the ambitious sponge city model for Beijing that
was launched in 2015, and it is based on NbS to reduce urban flash flood issues by
natural infiltration, retention, and natural cleaning (Qiao et al. 2019). The ecological,
social, economical, psychological, and cultural benefits delivered by the urban green
spaces and other nature-based solutions are tremendous in comparison with
alternatives (hard-engineered interventions). Mainstreaming of NbS has not been
picked up as expected from low-income countries (Chausson et al. 2020), and
evidence supporting the NbS is majorly empirically based, compared to the
scenario-based projections. Environmental situations in the future years due to the
warming world can only be understood by projecting the future climate; hence there
should be more emphasis on scenario-based modeling. Changes in urbanization
patterns, land use, and other sociopolitical behavior cannot be exactly projected
using mathematical models owing to the high complexity of the human systems;
however, developing future scenario narration is quite possible by considering the
drivers of change (Kadaverugu et al. 2021a, b). Govindarajulu (2014) supported the
concept of urban green space design for enhancing climate adaptation for reducing
vulnerability in developing countries (Govindarajulu 2014). There are clear
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evidences that depleting green spaces in urban sprawls are jeopardizing nature’s
contributions for human well-being (Padigala 2012; Imam and Banerjee 2016).
Integration of ecosystem benefits through NbS and future urban systems provides
vital information for climate adaption preparedness. Kadaverugu et al. (2021a, b)
have projected the urban cooling demand energy conservation due to future plausi-
ble land-use changes due to the driver of change—economic development and
commitment toward the protection of UGS. The future scenarios are framed
according to the combination of the abovementioned drivers of change into four
scenarios as per the two axes scenario methodology, viz., (a) scenario in which
economic development is promoted by expanding the green spaces; (b) scenario in
which economic development is promoted at the cost of green spaces; (c) scenario in
which both the economic development and green spaces are not promoted, which is
a fictitious scenario; and, lastly, (d) scenario in which green spaces are promoted
while economic development is not kept at business-as-usual scenario. Land-use
changes in the future scenarios (a–d) are shown in Fig. 18.3, and the corresponding
effects on the heat mitigation is presented in Fig. 18.4 (Kadaverugu et al. 2021a, b).
It can be observed that significant reduction in the heat mitigation and temperature
reduction in the vicinity of the green spaces can be observed from the analysis. These
kinds of scenario analysis help in quantifying the role of green rooftops and walls in
heat mitigation which is already getting worse due to the climate change.

Localization of generalized national action plan on sustainable development of
urban areas is very much needed to avoid the entropy losses in the policy
effectiveness. The participatory approach of all stakeholders in urban centers such
as residential communities, urban local bodies, nongovernmental organizations, and
self-help groups should be encouraged, right from the policy initialization and till the
realization of the benefits out of these policies. The effectiveness of the implementa-
tion of local actions and their midcourse correction strategies should be regularly
monitored by the local stakeholders for attaining high efficiency in policy actions.

Conversion of open spaces into green cover in the urban area depending upon the
possibility of land use and cover and by promoting the urban green roof and walls
will not only provide local-scale benefits in UHI and air pollution reduction but also
offset carbon dioxide (a Green House Gas (GHG)). Trees directly remove atmo-
spheric CO2 through photosynthesis (sequestration) and storage of C in tree biomass
and soil pools. However, apart from these benefits, trees also contribute to CO2

generation through decomposition and soil respiration and by accounting for the
maintenance-related costs. Studies on the carbon sequestration potential of urban
trees should consider both the capture and release potentials across different
timescales. Several studies have highlighted the role of urban vegetation as an
effective CO2 sink (Nowak et al. 2013a; Reynolds et al. 2017), and the UGS have
the potential to offset the majority of city’s GHG emissions. Nowak et al. (2013a)
have shown that trees in US urban areas have estimated storage of 643 million tonnes
of C (as of 2005) with an annual rate of sequestration of 25.6 million tonnes. Yao
et al. demonstrated urban and peri-urban green areas have encouraging impact on
biomass carbon, while tree and shrub density have even greater impact (Yao et al.
2017). Reynolds et al. assessed carbon sink potential and emission offsets by green
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spaces in the Medellin Metropolitan Area in Colombia and forecasted the potential
of NbS (Reynolds et al. 2017).

It was found that carbon offsets may be much more inexpensive if available space
is used for dedicated green spaces that can also bring multitude of co-benefits for
urban residents.

Large-scale conversion of the built-up roof into green roofs is a potential alterna-
tive to offset the land degradation in the urban areas. The additional green space
converted into greenery will add multiple benefits in terms of air purification, water
retention, heat mitigation, reduction in UHI, and space cooling/heating energy
savings and also promotes ecosystem and biodiversity. Several international
agencies have issued design guidelines for implementation of the green roofs, for
instance, “Design Guidelines and Maintenance Manual for Green Roofs in the Semi-
Arid and Arid West” by Tolderlund (2010), “Design Guidelines for Green Roofs” by
Peck and Kuhn (2020), and “Green Roof Design: State of the Art on Technology and
Materials,” a review of scientific literature by Cascone (2019). The major design
aspects are bearing strength of the buildings, roof slope, area available, depth of soil
(extensive or intensive type), type of vegetation, sunshine requirements, etc. A
framework mechanism based on approximately 1700 research papers was developed
for addressing ten important societal challenges for evaluating the costs and
co-benefits of NbS (Raymond et al. 2017). Growing research on benchmarking

Fig. 18.4 Heat mitigation due urban green spaces in various scenarios (a–d) of land-use changes in
Nagpur City (Kadaverugu et al. 2021a, b)
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NbS for resilient cities with reference to improved liveability as per SDG
11 indicators framework is relevant. Strategic approach for identifying NbS that
carefully supports maximum sub-goals of urban SDG 11 can improve outputs by
developing synergies in diverse NbS assessment schemes (Wendling et al. 2018).

18.9 Conclusions and Way Forward

The combined effect of wind movement, urban green spaces (and infrastructure),
and water bodies (that provide moisture into the atmosphere) needs to be considered
for optimization as they are mutually interdependent, in urban design and planning
(for air quality improvement, heat mitigation, stormwater management, etc.). The
lack of guidelines for implementation of the NbS at urban level is an area of interest,
where significant work needs to be done for achieving measurable and quantifiable
work. The mechanism for a regular evaluation of any green projects as NbS and
verifying their benefits to nature or the public is very much essential for urban
planning and objective decision-making. The utilization of mathematical models
with robust ground-based parameterizations will be of help in quantifying the
evidence at the urban scale. Scientific studies that gather the evidences should be
synthesized and cataloged with real case studies of NbS benefits and should be made
available for decision-makers for mainstreaming of the NbS in urban design. There
is a need to push further the studies on urban air quality improvement due to the
green infrastructure, and the results should be harmonized for deriving conclusions
from the multitude of studies performed on varying urban and meteorological
settings. Last but not the least, mainstreaming the NbS and supporting their mainte-
nance will require a viable economic model at individual city scale and need
customization as per microclimate and species availability. Though promoting
NbS for growing urban sprawls is gaining momentum with growing consideration
for mainstreaming NbS in international dissuasions and policy dialogues, there are
not enough discussions happening to address lack of availability of sufficient
financial support for its implementation in developing and underdeveloped
countries. Public expenses on NbS are relevant considering limited financial suffi-
ciency of municipal corporations and city administrations. Mainstreaming NbS
requires greater partnerships among diverse sectoral policy areas and multiple
stakeholder groups. Leadership from private sector for developing public-private
partnership (PPP) models of NbS and significant involvement of citizen including
citizen scientists can enhance benefits for urban areas and largely ensure human
well-being for urban dwellers.
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Disaster Risks and Resilience of Urban
Bangladesh: Role of Blue-Green
Infrastructure

19

Gulsan Ara Parvin, Md. Esraz-Ul-Zannat, Reazul Ahsan,
and Ishrat Islam

Abstract

Bangladesh is ranked as the fifth most disaster-prone country in the world. It is
also the eighth most populous in the world, where the annual rate of urbanization
is around 3%, which is one of the highest in South Asia. In this densely populated
disaster-prone country, rapid and unplanned urbanization is causing severe
changes to vegetation, water bodies, and soil properties. These changes are
heightening disaster risks and vulnerabilities of urban areas. There needs a proper
balance among the blue (water), green (vegetation), and gray (built) space to
ensure quality living in an urban area. However, in Bangladesh, especially in
metropolitan cities like Dhaka and Chittagong, due to rapid and unplanned
urbanization, blue and green spaces are decreasing tremendously. From 2006 to
2016, the agricultural land cover of Dhaka was reduced by 16%. Therefore, urban
areas of Bangladesh, especially metropolitan cities, are facing different hazards
and risks. Though environmental challenges are getting attention in the recent
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planning processes, the balanced incorporation of blue-green infrastructures
(BGI) in urban planning practices is not yet noticed. Different sociopolitical,
economic, and institutional issues are associated with it. This study intends to
examine the trend of changes in BGI in metropolitan cities and how different
factors including planning policy and practices are contributing to shaping these
changes. Thus, it highlights the significance and role of BGI in urban disaster risk
reduction and resilience of urban Bangladesh.

Keywords

Disaster risks · Resilience · Urbanization · Blue-green infrastructure · Bangladesh

19.1 Introduction

Increasing population densities and consequent urbanization are critical issues of the
world, especially in Africa and Asia, where urbanization has accelerated in the last
few decades (Liu et al. 2020). It is reported that already in 2020, over 55% of the
world population was urbanized and by 2050 approximately 68% of the world’s
population will live in cities (Welford and Yarbrough 2021). Over the past decades,
the global growth rate of urban land is 80%, while the population growth rate is 52%.
To accommodate the augmented population and to provide services to the increased
population, urban lands are rapidly encroaching agricultural areas and green and
blue spaces within and around the cities. However, according to the urban develop-
ment experts, green spaces, green infrastructure, and blue spaces are essential for
biodiversity, ecological environment, and socio-economic development (Vargas-
Hernández and Zdunek-Wielgołaska 2021; Cai et al. 2021). Green spaces (areas
dominated by vegetation cover) and blue spaces (areas dominated by surface water
bodies or watercourses) of cities are under threat from increasing population
densities (Gunawardena et al. 2017) despite their substantial role in securing
biological diversity, ecosystem stability, and human comfortability (Kanniah
2017). In addition to the socio-economic and environmental benefits, urban blue-
green infrastructures (BGI) are recognized as crucial for disaster risk reduction.
Existing literature argues that green spaces have emerged as a potential option to
reduce urban flood risks of cities (Bai et al. 2018; Kim et al. 2016; Šakić Trogrlić
et al. 2018; Liu et al. 2019). Also, BGI is considered as a tool to mitigate urban heat
island intensity (Gunawardena et al. 2017).

Despite having a crucial role and importance all over the world, especially in
Asia, rapid urbanization is happening at the expense of essential green and blue
spaces (Liu et al. 2020). In Asia, Bangladesh is one of the fastest-growing urbanized
countries, where the annual rate of urbanization is 3.05% (World Bank 2020). It is
estimated that by 2050 about 57% of Bangladesh’s population will live in urban
areas (Bajracharya and Sultana 2020). In Bangladesh, which is the eighth most
populous and fifth most disaster-prone country in the world, rapid and unplanned
urbanization is causing severe changes in vegetation, water bodies, and bare soil
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(Hassan 2017). These changes are enhancing disaster risks and vulnerabilities of the
urban areas. Urban areas are a composition of blue (water), green (vegetation), and
gray (built) spaces. There needs a proper balance among these three spaces to ensure
better living and quality of life in an urban area. However, in Bangladesh, due to
rapid and unplanned urbanization, blue and green spaces are tremendously decreas-
ing which leads to different hazards and risks, especially in metropolitan cities.
Considering all these issues, this study aims to construct an overview of disaster
risks of urban Bangladesh and to explore how the risks and vulnerabilities are
increasing over the period with the change of blue-green infrastructure (BGI). This
study intends to examine the trend of changes in BGI in metropolitan cities and how
different factors, planning policies, and practices are contributing to shaping these
changes. Thus, it highlights the significance and role of BGI in urban disaster risk
reduction and resilience of urban Bangladesh.

19.2 Disaster Risks and Vulnerabilities in Urban Bangladesh

Rapid urbanization is often blamed as a driving force of urban hazards and disasters.
Different natural and man-made hazards and disasters, such as urban flooding,
sea-level rise, drought, geo-hazards, and heat waves, are increasing all over the
world (Tauhid 2018, Ramiaramanana and Teller 2021). Sun et al. (2020) stated that
rapid population growth, unplanned urbanization, and climate extremes are the
major triggering factors behind frequent urban disasters in recent years. It is more
than a decade since UN-Habitat (2007) warned that rapid urbanization and global
environmental change are turning different human settlements into potential hot
spots for disaster risk. Literature supports that urbanization is linked with
geo-hazards which can cause loss and damage in life, property, and environment
(Cui et al. 2019). Sharma et al. (2011) also argued that every process of rapid
urbanization matters for high risks. This rapid urbanization is gradually becoming
a key concern of disaster risk reduction and urban resilience efforts all over the
world, especially in Asia (Shaw et al. 2016).

In Asia, Bangladesh is experiencing an unplanned and rapid rate of urbanization
which is one of the highest in the world (Hassan 2017; Bashar and Rashid 2012).
This rapid and unplanned urbanization is considered as the key cause of urban risks
and vulnerabilities in Bangladesh. The geographical location of Bangladesh is also a
contributing factor that has enhanced geological and climatic disaster risks and
vulnerabilities of most of all cities of Bangladesh. Furthermore, poverty, low
income, and rural-urban migration are also aggravating urban disaster risks and
vulnerabilities in the context of Bangladesh (Parvin et al. 2016). Among these
risks and vulnerabilities, urban flooding and waterlogging are gradually turning
into a critical issue. Since cities are growing on flood-prone low-lying areas by
destroying green and blue spaces, urban flooding is becoming a consistent problem
in many cities of Bangladesh (Parvin and Shaw 2011; Moniruzzaman et al. 2021).

Dhaka, the capital of Bangladesh, is highly vulnerable to flooding during the
monsoon season due to heavy rainfall (Parvin and Shaw 2011). Studies corroborate
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that flood-inundated areas of Dhaka are rapidly growing. From the year 1978 to
2018, the high runoff area of Dhaka City has increased from 24% to 57%
(Moniruzzaman et al. 2021). Another study (Sayed and Haruyama 2016) also
claimed that 70% of the Greater Dhaka area is under moderate to very high flood
hazard zone. Every year, during the monsoon, waterlogging and flooding are
common and cause serious suffering for the residents of Dhaka. The rapid unplanned
growth of Dhaka by destroying green spaces and water bodies is identified as the
principal reason for such flooding (Moniruzzaman et al. 2021; Parvin and Shaw
2011). Along with flooding, a study claims that the magnitude of land surface
temperature (LST) intensity of urban heat island (UHI) is higher in Dhaka compared
to some other cities in South Asia (Maharjan et al. 2021). Flooding, waterlogging,
high LST, and intensity of UHI are the main hazard risk and vulnerabilities of
Dhaka. Due to high population density, any risk or vulnerability-related hazard
might turn into a catastrophe. Diminishing BGI of Dhaka is directly blamed as the
main reason for flooding, waterlogging, and high LST and intensity of UHI. Apart
from these, air pollution and associated health hazards (Siddiqui et al. 2020),
geo-hazard and environmental hazard (Rashied and Mahmud 2019), and fire
(BFSCD 2020) are also emerging as crucial hazardous events in Dhaka City, and
all these are indirectly associated with BGI balance of the city.

Along with capital city Dhaka, all other small city corporations, municipalities,
and small towns of Bangladesh are prone to different hazards and vulnerabilities
which are directly or indirectly associated with rapid and unplanned urbanization by
destroying BGI. From the perspective of land coverage, population, and economic
activities, Chittagong City is the second largest city of Bangladesh (Mia et al. 2015),
which is repeatedly affected by devastating landslides in recent years that caused
casualties, physical damages, and loss. In addition, this situation is aggravated by
increased population pressure, rapid urban growth, improper land use, weak gover-
nance, hill cutting, indiscriminate deforestation, and agricultural practices (Ahmed
and Dewan 2017). A recent study by Hassan and Nazem (2016) also warns about the
emerging high risks of landslide, flooding, and waterlogging of Chittagong City due
to land cover changes and unplanned urban growth. Chittagong City dwellers are
experiencing increasing waterlogging and consequent economic losses, health
problems, and sufferings in daily life (Akter et al. 2017). Other studies are also
implying high concern to the severe and regular waterlogging problem faced by the
Chittagong City dwellers, and these studies are repeatedly pointing to unplanned and
rapid urbanization, hill cut, deforestation, and land cover changes as the reason
behind such sufferings of the people (Papry and Ahmed 2015; Akter et al. 2017).
Along with floods, cyclones, and tornados, Chittagong has a long history of
earthquakes. Chittagong and its surrounding hilly districts are located in a moder-
ately seismic zone.

Urban flooding and waterlogging, which are directly related to urbanization, and
land cover changes of cities are also key problems in other city corporations and
small towns of Bangladesh. A study claims that Khulna, the third largest city of
Bangladesh (Alam and Mondal 2019), is also highly vulnerable to the waterlogging
problem. Every year, the city dwellers face waterlogging problems which are
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gradually increasing (Rahman et al. 2009; Sarkar et al. 2021). Being a coastal city,
Khulna is highly vulnerable to climate change–induced risks and vulnerabilities,
which are aggravating by accommodating climate change and disaster migrants from
surrounding rural areas. To accommodate the increased population and supporting
services and facilities, the city is expanding in the low-lying areas by destroying the
natural drainage systems. Therefore, along with city residents, experts identified that
encroachment of the canals, unplanned development, narrow artificial drains, and
conversion of natural drains to built-up surfaces are enhancing waterlogging of
Khulna City (Sarkar et al. 2021).

After Dhaka, Chittagong, and Khulna, Rajshahi City is the fourth largest city of
Bangladesh (Hamidul Bari et al. 2012). This city’s climatic condition is characterized
bymonsoons, high temperature, and humid andmoderate rainfall. The annual rainfall
of the city is about 100 mm less than the national average. Urban flooding or
waterlogging is not yet a critical issue for this city. However, land surface temperature
(LST) is increasing in the city, and hence, urban heat island (UHI) effects are
becoming frequent. A recent study forecasted that if Rajshahi City continues to
grow like its present unplanned and rapid way, 70% of the city corporation area
will have to face more than 38 �C temperature by 2029 (Kafy et al. 2020). Environ-
mental degradation, water pollution, waste management, etc. are the other risks and
challenges for Rajshahi City. But academic research related to different hazards,
risks, and vulnerabilities of Rajshahi City Corporation are not so available.

Studies related to disaster risks and vulnerabilities of small cities and towns are
also not common in Bangladesh. However, some local-level studies identified the
association between urbanization and waterlogging problems of small municipalities
and towns of Bangladesh. These studies reported that in the rainy season, rainfall-
induced waterlogging and problems of city dwellers are becoming critical problems
of the Noakhali Pourashava area (Rahaman et al. 2020), Sylhet (Rahman et al. 2009),
Pabna (Hasan et al. 2018), Tangail (Latif et al. 2016), Jessore (Adri and Islam 2010),
and Cox’s Bazar (Anisha and Hossain 2014). In addition to these, after analyzing the
location of the urban centers, it is found that Mymensingh and Sylhet are the highest-
level earthquake-vulnerable cities (Zone 1). However, due to high density and
unplanned growth, Dhaka and Chittagong are cities of Bangladesh that are consid-
ered as the highest-level earthquake-risk cities, despite their position in Zone
2 (Parvin et al. 2013).

Urban flooding; waterlogging; urban heat island; geo-hazards like landslides,
earthquakes, and liquefaction; and even fire hazards of different cities of
Bangladesh are somehow related to rapid urbanization and change of land use and
land cover of cities. Especially, the transformation of blue and green spaces into the
built area is identified as the key factors of urban risk and vulnerabilities by different
studies. Hence, it is essential to understand the status of BGI in urban growth,
planning, and practices.
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19.3 Urban Growth and Blue-Green Infrastructures (BGI)
in Urban Bangladesh

19.3.1 Urbanization in Bangladesh

Globalization, change in income patterns, and natural disasters will cause rapid
urbanization in most developing nations (Hossain 2013). It also projected that
80% of the world’s largest cities will be in Asia, Africa, and Latin America and
that the majority of the population of developing countries will be living in urban
areas by 2030. Three out of five will be in Asia and Africa, with a total urban
population of five billion by 2030. Dhaka, Bangladesh’s capital, has been growing at
an estimated rate of 4% annually since 1971, while national population growth has
been 2.4% since 1971 (Ahmed and Meenar 2018). Dhaka is now the world’s leading
megacity, with approximately 18 million people (UN-Habitat 2020). The city, which
was ranked the 24th largest megacity in the world in 1990, is currently in 11th place
and is expected to be the sixth largest city with a population of 27.37 million by 2030
(Ahmed and Meenar 2018). The increasing population in the capital clearly reflects
the rapid urbanization and concentration of population in the capital city of
Bangladesh.

Urbanization plays a vital role in the growth and development of any country
including Bangladesh. The modern urbanization process started in Bangladesh at the
end of the British colonial period and gained momentum in independent Bangladesh
(Rouf 2018). Urbanization was increasing invariably, and in 1941, it was increased
to 3.66% from 2.43% in 1901, and the number of urban centers increased to 59 from
48 (BBS 2014). In 1974, the rate of urbanization was reached at 8.78% (Rouf and
Jahan 2017). The urban population grew after 1974, mainly as a result of rural-urban
migration, influenced by economic factors but also caused by natural dangers.
Figure 19.1 denotes that the urban population of Bangladesh increased from 7.9%
in 1971 to 38.2% in 2020 growing at an average annual rate of 3.29% (Moore 2021).
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In Bangladesh, there are 37 cities including the city corporations with a popula-
tion of over 100,000 (BBS 2014). The rest of the urban areas are smaller towns
including 188 upazila headquarters (nonmunicipality) and some Union Parishad
headquarters. More than 60% of Bangladesh’s urban population is concentrated
mainly in four metropolitan cities � Dhaka, Chittagong, Khulna, and Rajshahi (The
Daily Dhaka Tribune 2018). Dhaka itself shares more than 40% of the total urban
population, and the remaining 20% live in Chittagong, Rajshahi, the Khulna.
Table 19.1 shows the population for the years 1991, 2001, and 2011 with population
growth rate and population density for the 12 city corporations of Bangladesh. The
urban population density in Bangladesh is 23,738/km2, which is three times the
density in rural areas of the country. Only in Dhaka, the population density is 47,400/
km2 (Amin 2018). This high population density and rapid urban growth are rapidly
encroaching green and blue spaces of urban Bangladesh. Uncontrolled and
unplanned growth of urban areas are consuming the BGI of almost all cities of
Bangladesh, and thus they are gradually becoming the hub of risks and hazards.

19.3.2 BGI in Urban Bangladesh

Blue, green, and gray infrastructures are the crucial and inevitable parts of the city to
function properly where a balance among these infrastructures is indispensable. Blue
infrastructure mainly refers to the water elements like rivers, canals, ponds,
wetlands, floodplains, and water treatment facilities. Green infrastructure commonly
denotes trees, lawns, hedgerows, parks, fields, forests, etc. Gray infrastructure refers
to buildings, roads, and other urban constructions.

Almost all major cities of Bangladesh were developed on the banks of the major
rivers, namely, Padma, Meghna, Karnafully, Bhairab, and Surma. During the colo-
nial period, cities were developed as commercial and administrative hubs. Over time,

Table 19.1 Urban population for major cities in Bangladesh

Name of the city

Population Population
Growth rate
(2011)

Density
(population/km2)
(2011)1991 2001 2011

Dhaka 3,612,850 5,333,571 6,970,105 +2.67 55,169

Chittagong 1,392,958 2,023,489 2,582,401 +2.43 16,618

Khulna 663,340 770,498 663,342 �1.47 13,107

Rajshahi 294,056 388,811 449,756 +1.45 4628

Sylhet 117,396 263,197 479,837 +6.10 18,107

Rangpur 191,398 241,310 294,265 +1.98 5805

Barisal 170,232 192,810 328,278 +5.39 5655

Mymensingh 188,713 227,201 258,040 +1.26 11,875

Gazipur ... 738,000 1,592,053 +7.88 5018

Narayanganj 276,549 369,954 709,381 +6.63 15,197

Comilla 135,313 166,519 326,386 +6.86 7709

Source: BBS (1991, 2001, 2014)
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cities kept expanding as the commercial activities increased and as per administra-
tive priorities. On the other hand, the population was gradually increasing, and cities
became the hub of opportunities for employment, civic facilities, and amenities,
which provoke people to migrate from the rural areas. To accommodate the growing
population and to provide the services and facilities, urban expansion in the form of
building houses, roads, shops, industries, etc. is occurring invariably in most of the
major cities. Cities accommodate the increased population through the transforma-
tion of land from nonurban areas to built-up areas. In the existing urban areas, fallow
land is occupied by physical infrastructures, and water bodies are filled up to
establish new infrastructures. Further, agriculture as a major source of green infra-
structure is continuing to decrease with the expansion of cities. The rate of transfor-
mation and decline of green and blue spaces is different for the various urban areas in
Bangladesh, which are stated in the following.

19.3.2.1 Dhaka City
It has been observed that in Dhaka City, water bodies, both canals and ponds, and
flood flow zone declined significantly over the years. A study showed that the water
bodies and lowlands were reduced by 32.57% and 52.58%, respectively, during
1960 and 2008 (Islam et al. 2010). Green infrastructures in the form of open spaces,
agricultural lands, parks, and playgrounds have also lessened gradually. It is reported
in Dhaka Metropolitan Development Plan (DMDP) (RAJUK 2016) that agricultural
areas were reduced dramatically from 46% to 30%, and water bodies decreased from
around 8% to 5% in 10 years. Figure 19.2 demonstrates that agricultural lands
declined significantly and sharply for the Part A of the DMDP area. Surprisingly,
it claimed that the water body area stepped up to 2%, which is deemed to be a
positive impact on land-use transformation. The situation is worse in the western part
of the DMDP area in terms of decreasing the agricultural land and water bodies.

Fig. 19.2 Comparison of major land-use changes between 2006 and 2016 (within Part A).
(Source: RAJUK 2010, 2016)
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However, the draft Detailed Area Plan (2016–2035) of Dhaka City proposed to
preserve around 30% agricultural land, which is undoubtedly a major source of
green infrastructure along with the other green features like parks, playgrounds, and
8% water bodies, and 2.5% open space and forests.

19.3.2.2 Chittagong City
Chittagong City has similarities in various aspects with Dhaka City. Several studies
argued that water bodies and green spaces of the city are declining alarmingly over
the years. As per the District Fisheries Department, the city had 19,250 water bodies
in 1991. After 15 years, in 2006, the number of water bodies under the Chittagong
City Corporation (CCC) area is reduced to 4700 (CDA 2008), which comprised
5.5% of the total land area. The rate of disappearing water bodies is alarming due to
the transformation of uses for many reasons. On the other hand, development plans
under Chittagong Development Authority (CDA 2008) recognized that there is a
scarcity of open spaces and greeneries in the city. The city has its special features, the
green hills, which are the main sources of its beauty. Unfortunately, cutting off the
green hills depletes the greeneries and leads to biodiversity loss. A study showed that
the maximum hill cutting was at 63.6% in Chittagong City at Khulshi area and the
lowest from Lallchan Bazar (33.0%) (Hassan et al. 2015).

19.3.2.3 Khulna City
Khulna City is situated on the western bank of the Bhairab-Rupsha River. The
development plan in the year 2001, prepared by Khulna Development Authority
(KDA), admitted Khulna City’s planning area as 233.35 km2. The city is poorly
drained and approximately 2.5 m above mean sea level (Esraz-Ul-Zannat and Islam
2015). Like Dhaka and Chittagong, Khulna City is too experiencing a decline in
water bodies and green spaces. Over the years, these features are diminishing
significantly due to the increasing pressure of the urban population without efficient
planning and control. According to a survey conducted in 2012 by the consultants
under the Detailed Area Plan (KDA 2018), a significant land cover of the Khulna
Development Authority area consists of water bodies (10.50%), urban green space
(0.64%), and agricultural land (36%). However, the scenario is different for Khulna
City Corporation area which has remarkably less area covered by agriculture (13%),
water body (approximately 6%), and urban green space (0.30%). The major sources
of water bodies of the city are two rivers, nearly thousands of ponds, and about
twenty canals. Area covered by water bodies and open spaces with greeneries is
varying with time especially in the last 20 years. Agricultural land which is the major
source of green infrastructure decreased by about 49% between 1998 and 2012
(KDA 2018). A study claimed that vegetation together with the open agricultural
field is dominant in the city and it has diminished from 69% in 2005 to 52% in 2019
due to rapid urbanization along with other factors (Esraz-Ul-Zannat et al. 2020). The
study also showed that there was an increasing trend of the water body, which is
augmented from 7% to 14% in the last 14 years due to the transformation of
agricultural land into water bodies for shrimp culture, retention of water during the
rainy seasons, and inundation (Fig. 19.3).
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19.3.2.4 Rajshahi City
Rajshahi, also called the Silk City or the City of Education, is one of the major
metropolitan cities in Bangladesh. The city officially started its development control
over an area of 127 km2 through the preparation of the Master Plan in 1984. There
was a master plan in 1968 for Rajshahi which indicated only the major proposals,
and there was no indication of specific proposals and implementation strategies.
Though the Master Plan in 1984 was more comprehensive compared to the plan in
1968, it also focused on future urban growth with major proposals. Blue and green
infrastructures were not studied and included in the Master Plan at that time.
Rajshahi Development Authority (RDA), for the first time in Bangladesh, prepared
the development plan title “Rajshahi Metropolitan Development Plan (RMDP),
2004–2024” using modern planning techniques and tools, especially surveying
and mapping technologies for an area of 364.19 km2. Rajshahi City Corporation
area is within the plan, which encompasses approximately 48.06 km2. Specific land
uses were characterized in this plan, which reflects water bodies and green open
spaces along with other land uses. As per the Physical Feature Survey conducted by
the consultant in 2003, the RDA planning area encompasses about 43% agricultural
land, 18% water body, and 0.16% open space, where the city corporation area covers
19%, 11%, and 1.10%, respectively. Due to the slow urbanization rate and lack of
road networks, land use transformation from agriculture is tardy. The development
plan anticipated the vast agricultural land to remain unchanged for a long time (RDA
2004). There are various types of open spaces including parks for passive recreation,
amusement parks, and areas of public gathering for recreational purposes. The
embankment on the Padma River serves as a major open space. In the city corpora-
tion area, a large number of water bodies, mostly ponds, are found (about 1050 in
number). However, the trend of water bodies and greeneries is getting downward in
Rajshahi like other cities of Bangladesh. A study asserted that the city has lost its
35.64 acres of open spaces between 2008 and 2018 (Kafy et al. 2018). Another study

Fig. 19.3 Land use-land cover changes for 2005, 2010, 2015, and 2019 for Khulna City. (Source:
Esraz-Ul-Zannat et al. 2020)
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claimed that 14% of water bodies were diminished due to rapid urbanization within
25 years (1992–2017) within the city corporation area (Kafy et al. 2019).

19.4 BGI in Urban Planning and Practice

In Bangladesh, accurate capturing of physical features and their digital storage
started after 2000 with the advancement of technology especially surveying and
mapping for the development plan projects. Blue and green infrastructures were not
prioritized separately in the development plans in past. In other words, these features
were included along with other features like residential, commercial, and industrial.
Adequate consideration was not given to ensure the maximum environmental
benefits. There was also a lack of proper attention on the risks and vulnerabilities
of cities during plan preparation. Nevertheless, the scenario is altering steadily.
Drainage and environmental component are added nowadays in the plan. The
environmental benefits of the BGI are of much concern in the recent planning
processes.

Comprehensive planning practices started from the 1960s in Bangladesh with the
preparation of the Master Plan in 1959 for Dhaka City for the rapid anticipated urban
growth. But it was a blueprint plan and static in nature over the planning periods.
Consequently, this plan cannot be overstated; however, the plan is quintessential
regarding many aspects especially its comprehensiveness. The plan felt the necessity
of the green spaces and recommended different amounts of open spaces for different
areas, e.g., Hajiganj Fort area, Sonakanda Fort area, Bandar Housing area, and old
parts of Dhaka. Overall, the plan recommended three to four acres (two acres for
public parks and two acres for community areas) per 1000 people for Dhaka City
(Dhaka Improvement Trust 1959). In the case of water bodies, the plan showed the
pattern of land uses and zoning, water bodies, and flood-prone areas. However, there
was a lack of study related to water bodies like ponds and lakes. Only a few
proposals were made for waterfront development, the coexistence of green space,
and water bodies.

DMDP Structure Plan (1995–2015) for Dhaka City was a strategic plan which
was a more comprehensive plan than the previous plans. There were a couple of
planning policies with a focus on watershed management. The plan recognized the
agricultural area, high-value agricultural land, flood flow zone, main flood flow
zone, sub-flood flow zone, and proposed water retention pond, which comprised
66% of the total planning area (RAJUK 1997). But this plan did not provide any
specific policy for the conservation of the water bodies like ponds and lakes.

Detailed Area Plan (DAP) (2010) kept a provision of a large number of water
retention ponds and marked flood flow zones in Dhaka City. It emphasized the
protection of green spaces and water bodies. Yet, Dhaka lost its green spaces and
water bodies remarkably in the last 10 years, and the residents of Dhaka City are
suffering from amplified risks and hazards, especially urban flooding and long
waterlogging in rainy reasons. Consequently, residents, civil societies, and experts
have high expectations of the recent draft of the Detailed Area Plan (DAP)
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(2016–2035). In this draft plan, a lot of environment-friendly solutions, viz., rain
gardening (playfield will be used as water retention area), creating blue-green
infrastructure network, water-based eco-park, revitalizing the existing canals with
waterfront development, the greening of road island, green brick instead of the old
brickfield, green fringe area for cultivation, green building, rainwater harvesting, and
rooftop gardening, are mentioned to enhance the environmental, cultural, social, and
economic well-being.

Despite having such different environment-friendly approaches and BGI options
in draft DAP (2016–2035), careful observation of urban planners and experts found
many of these as superficial, and the proposed DAP is facing severe criticism by
urban planners and experts. Different national newspapers and media have published
the concerns and worries related to DAP. According to experts’ critical observation,
DAP threatens 70% of the natural water bodies of Dhaka City. According to experts,
there is no hydrological model and no plan for flora and fauna in the present DAP.
Further, it is warned that implementation of the DAP will increase flooding and
waterlogging in Dhaka City (Staff Correspondent, The Daily Star 2020; Imam
2020).

On the contrary, the Master Plan of 1961 in Chittagong made twenty-six
proposals for various types of open spaces, and the Structure Plan in 1995 also
agreed to previous propositions. The current Detailed Area Plan of 2008 acknowl-
edged that there is a severe deficiency of all types of recreational open spaces, public
plazas, and public amenity spaces in the city. There is a policy in the Structure Plan
of 1995 to protect and enhance significant areas of open space within the city. This
policy facilitates the protection of open spaces in the city (CDA 2008). The plan
includes intensive generic policies about protecting and increasing open spaces. The
plan also recommended a tree-planting scheme to cover a minimum of 15% of the
total land cover. Waterfront development, especially the greening of edges of khals
and greening of railway tracks, is also mentioned in the Detailed Area Plan of
Chittagong City. The plan provided a policy to encourage the use of the rivers,
canals, and other large water bodies for recreational facilities, angling, and making
them clean. Further, the plan recognized the flood flow and sub-flood flow zones for
watershed management and provided policies for flooding and drainage.

Similarly, Khulna City adopted the first development plan in 1961 which
highlighted more on the physical settings than providing specific propositions.
Hence, a detailed analysis of the blue and green infrastructures was missing. Both
the Master Plan in 2001 recommended about 2008 acres of blue-green spaces, viz.,
park, playground, green space, river and roadside green space and botanical garden,
and highway forest. Unfortunately, there is no visible implementation of such
recommendations in the city planning of Khulna. Few projects related to open
space, pond management, riverfront development, etc. with a focus on climate
change impacts have already been initiated. Nonetheless, there are several good
aspects in the existing Detailed Area Plan of 2018 (KDA 2018). The plan included
the future need assessment of the recreational facilities, open space, parks, etc. based
on Detailed Area Development Planning (DADP) Zones and made proposals for
those zones showing the priority of implementation. There is no specific water body
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management plan for Khulna City and no separate proposals for preserving/conserv-
ing the water bodies, especially ponds based on analysis and assessment. The
drainage master plan is a good aspect of the city for water management, and several
studies were carried out about water resilience, urban flooding, etc. at the city scale.
There are proposals for canal restoration, river dredging, and waterfront develop-
ment in several studies including the present development plan.

Rajshahi is one of the divisional and metropolitan cities located in drought-prone
areas. Considering the overall environmental condition and well-being of the city, a
couple of specific proposals were reflected in the development plan (RDA 2004).
Augmentation of open spaces and preservation, maintenance, management, and
enhancement of existing open spaces are encouraged. Conversely, the plan sets
proposals for restricted flood protection reserves in the form of flood retention
ponds to fulfill the primary functions of water storage at the time of flooding.
Preservation of ponds and canals is also mentioned in the development plan. In
recent years, the city has been a model for reducing air pollution and offering cleaner
ambient air. According to the WHO, the city observed a 67.2% decline in PM10
concentration from 2014 to 2016. The city had to go through a couple of timely
initiatives to achieve this success, like introducing battery-powered rickshaws,
banning the trucks in the downtown during the day, modernizing brick kilns, and
a tree-planting campaign. The construction of the cycle lane in the city was the
country’s first initiative in her history. For the first time in Bangladesh, Rajshahi City
has taken a project solely dedicated to the preparation of a plan for open spaces. The
project is ongoing, which is titled “Baseline assessment of floral wealth in the city
and development of a plan for open green spaces in Rajshahi, Bangladesh” under
accelerating climate action through the promotion of Urban Low Emission Devel-
opment Strategies (Urban-LEDS II). The plan will include long-term strategies along
with short-term and midterm directions, which are expected to enhance the overall
well-being of the city environment.

19.5 Factors Shaping BGI in Urban Bangladesh

The shaping of blue-green infrastructure (BGI) in urban Bangladesh needs to be
perceived from a pair of confronting forces. These forces can be identified as a set of
factors in support of saving BGI and another package of factors associated with the
destruction of BGI. Again, a comprehensive understanding of these bundles of
factors can be viewed from three perspectives: sociopolitical, economic, and institu-
tional. All global, national, and sectoral commitments/goals/policies unanimously
declared the importance of conserving and expanding the BGI to ensure the social,
health, and environmental benefits particularly considering the climate change
scenario and disaster resilience. Along with the alarming loss of BGI in urban
areas, there is inspiring evidence of efforts to make cities greener and more blue
by adopting policies, acts, and projects. “Hatirjheel Integrated Development Project”
and “Park and Playground Modernization Project of Dhaka South City Corporation”
are such examples. A complex set of stakeholders is active in the process of shaping
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BGI of urban areas of Bangladesh. The rate of loss of water bodies and green areas is
alarming. At the same time, it needs to be noted that people from different corners of
the country are raising voices and working hard to save dying rivers, choking canals
filled with domestic and industrial waste, and urban wetlands in Bangladesh. The
following discussion elaborates on the sociopolitical, economic, and institutional
context of urban Bangladesh linked with the shaping of BGI in the urban landscape.

19.5.1 Sociopolitical Factors

Relevant sociopolitical aspects can be viewed from individual, family culture to a
broader extent of the bureaucratic, and political culture of the country. Land is
considered one of the most valuable, profitable, and long-lasting assets. Tradition-
ally, ownership of land is associated with the social status and power of an individual
or family. Especially with the widespread activity of private developers, lucrative
advertisement of these companies and the provision of bank loans against land
attract buyers of the land market. In urban fringe areas, agriculture is no longer an
attractive profession for the younger generation considering the economic return and
social status. This includes urban wetlands that are also used as fertile agricultural
land in dry seasons. Haque (2012) presented an in-depth picture of the role and
strategies practiced by different individuals and interest groups in the game of
converting BGI to other uses. Corruption, the exercise of power, lack of enforcement
of laws, regulations, and plans are common. The research findings of Mahmood and
Islam (2019) show that many local residents, who are the owner and users of
wetlands and agricultural lands, are residing there from generation to generation
and thus have a strong attachment to the land and the milieu as a whole. These
researches also portrayed exploitation and sufferings of original landowners by the
land developers, often supported by the government machinery.

People, in general, now apprehend the importance of BGI to address urban
flooding, heat stress, the value of agricultural land for food security, and the need
for open spaces for physical and mental well-being. Electronic and print media also
play an important role to promote awareness regarding the conservation of BGI in
Bangladesh. There are many examples of local residents who are united to protect
BGI in their locality. Moreover, global documents like Sustainable Development
Goals (SDGs) (2016–2030) set specific targets to safeguard the blue-green network.

19.5.2 Economic Factors

Economic factors are connected with a wide range of stakeholders which include
officials from government regulatory bodies, political leaders, real estate developers,
land brokers, and buyers and sellers of the land market. The study of Alam (2018)
reported that a substantial increase of about 74% of the land value per year during the
period 2000–2010 resulted in land speculation among real estate developers and
individual buyers. Large parcels of low-lying land, agricultural land, and open
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spaces are prime locations for development projects, particularly real estate as the
profit margin is high mentioned that lack of political will and strategies to ensure
implementation of plans and enforcement of regulation is responsible for the
destruction of BGI in urban areas of Bangladesh. Adoption of regulatory measures
such as the Land Ceiling Act and gift tax/inheritance tax can control the prevailing
trend of land speculation in urban areas. Advancement of options of secured
investment opportunity in industrial or other business sectors may act as a disincen-
tive to invest in land. Moreover, well-designed incentive programs; transfer of
development rights (TDR); and, if necessary, land acquisition programs can be
introduced to address the economic benefit issues of the landowners of BGI.

19.5.3 Institutional Factors

There is no dearth of policies and regulations to protect BGI in Bangladesh. Further,
enforcement of different policy instruments, laws, and acts is limited. Even the
development plans prepared by government agencies often ignore the policies,
acts, and rules. The evidence of the fast pace of destruction of BGI in urban areas
of Bangladesh questions the role of regulatory bodies and law enforcement agencies.
Haque (2012) elaborated this issue by emphasizing corruption, the exercise of
power, and lack of accountability as factors responsible for such situations. The
study by Islam (2014) showed that designated wetlands and pond retention areas,
mentioned in the Detailed Area Plan (2010–2015), disappeared in the eastern part of
Dhaka.

Local people, who are traditionally the owner, user, or custodian of BGI, are not
included in the plan preparation and implementation phases. However, a study
claims that the sociocultural values of key stakeholders are curtailed before planning
(Kati and Jari 2016). Mahmood and Islam (2019) revealed the process of involuntary
displacement of people in the fringe of Dhaka and portrayed the sufferings of local
people.

Ayon et al. (2020) identified some factors that are responsible for land-use change
at the fringe area of the Dhaka Metropolitan area. The study had also identified
factors like proximity to the central business district, good road connectivity, and
availability of large tracts of undeveloped land that attract the developers to convert
BGI into urban residential land use. Further, low earnings from agricultural land and
limitations of local government institutions are identified as responsible factors for
the conversion of BGI into residential areas (Ayon et al. 2020). The research of
Akther and Islam (2020) presents an analytical discussion on ethical culture and
professionalism in planning practice in Dhaka, and it unveiled many sociopolitical
and institutional aspects linked with the blue-green infrastructure of the city. These
complex and intertwined issues need to be addressed in a comprehensive way with
the active participation of all the stakeholders to safeguard the remaining blue-green
network of the urban landscape of Bangladesh.
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19.6 Role of Blue-Green Infrastructure (BGI) in Disaster Risk
Reduction and Resilience of Urban Bangladesh

Blue-green infrastructure (BGI) is relatively a new term, which is closely associated
with the concept of green infrastructure (GI). In different parts of the world,
including the USA, the United Kingdom, Australia, and China, there is a shift of
focus in urban planning and management from green or natural infrastructure to BGI
(Ahmed et al. 2019). GI or BGI includes both green and blue (water bodies) spaces
in urban areas. The US Environmental Protection Agency (2019) argues that GI,
which is considered as the lungs of a city (Jim and Chen 2006), provides services to
improve water quality and quantity, air quality, climate resiliency, habitat, and
wildlife connectivity as well as benefiting communities by green jobs opportunities
and health aspect, providing recreation space, and improving property values.
Different studies claim that water bodies and green spaces contribute to the resilience
of urban areas and provide a wide range of social, economic, and environmental
benefits (Voskamp and Van de Ven 2015; Demuzere et al. 2014).

Despite such importance and necessity of BGI, in Bangladesh urban areas,
especially, all main cities are rapidly losing their water bodies and green spaces.
As discussed in the previous section, the capital city Dhaka had a reduction of 16%
of its agricultural land, which is considered as green spaces; Rajshahi City had
a reduction of 14% of water bodies in 25 years; Khulna had a reduction 17%
agricultural land in last 14 years; and in Chittagong, hill cutting was found to be
around 64% in some areas. Due to this rapid reduction of BGI, the intensity of urban
heat islands, landslides, urban flooding, waterlogging, health hazards, and potential-
ity of soil amplification is noticed in different cities of Bangladesh that are discussed
in Sect. 2.

Since high risks are associated with the unplanned growth of cities and the rapid
decline of BGI, scholars warn that green space management in urban Bangladesh,
especially in Dhaka, should be prioritized. As BGI management is observed as
negligible, academics and scholars are advocating for the importance of green spaces
and advising for proper planning with adequate and efficient incorporation of BGI
(Byomkesh et al. 2012; Nahyan 2017; Ahmed et al. 2019).

Since sufferings related to different hazards are swelling in different cities of
Bangladesh, the realization about the importance of proper planning and BGI
management is improving. Policy planners, civil societies, academics, media, and
even local communities are urging action planning by incorporating BGI. For the
last several years, Dhaka, Chittagong, Rajshahi, Khulna, and some other cities are
trying to move forward with the slogan and actions of the “clean and green city.”
Along with the Dhanmondi Lake Project, few recent projects in Dhaka, like
Hatirjheel Lake Project and Gulshan-Banani Lake Project, are the initiatives of
incorporating BGI in the city planning process. Rajshahi City Corporation has
launched a “zero soil” plan for the city, with planting a lot of grass to cut down
dust. Further, in Rajshahi City, large numbers of trees have been planted over the last
few years. Therefore, the city has been awarded different national awards and
recognition from the World Health Organization (Abdullah 2020). Residents and
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communities of these project areas have also approved the benefits from these
projects. Respondents confirmed that the recent Hatirjheel Lake Project has signifi-
cantly reduced the waterlogging due to rainfall. Other environmental and socio-
economic benefits (e.g., household and industrial waste and mosquito reduction, an
increase of house rent, visitors, food shop, etc.) are also recognized by the restoration
of the existing lake (Nahyan 2017).

Scholars advised that BGI network, which incorporates both natural (blue and
green) and man-made (gray), can be a more financially and spatially efficient
solution for Dhaka. Further, this approach of BGI that promises achieving a more
sustainable urban form can be implemented in other cities (Ahmed et al. 2019).
Figure 19.4 demonstrates that an increase in BGI can positively contribute to urban
disaster risk reduction and resilience. Still, achieving this requires efficient action
planning and law and enforcement to protect BGI. In contrast, the reduction of BGI
with rapid and unplanned urban growth will enhance urban disaster risks and
vulnerabilities in Bangladesh. Therefore, mainstreaming BGI in city planning,
policy, and action plans is a foremost requirement for countries across the world,
more specifically for rapidly growing developing countries like Bangladesh.
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Endorsing City Biodiversity Index (CBI):
Assessing Ecosystem Health in Urban
Sprawls and Eco-DRR-Inclusive Urban
Planning
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Abstract

In order to understand the complexities and trends that influence a city’s biodi-
versity health and ecosystem services, a holistic assessment is an essential tool to
capture its growth trajectory towards sustainability. The City Biodiversity Index
(CBI) is one such tool that allows the evaluation of city-specific sustainable
governance, local biodiversity management and their socio-ecological
characteristics through an indicator-based monitoring system. In this chapter,
we discuss the application of the CBI in order to address the population surge
and booming industrialization within the smart city of Faridabad. Rapid decline in
urban blue and green spaces was observed during the study which calls for
immediate action and proper management plan by the local bodies. CBI can
also act as a tool for impact assessment of various policies and ventures by the
stakeholders along with providing a common ground for strategical exchange
amongst cities with similar social and ecological characteristics and urban
concerns. Further, suggestions and recommendations are made such as imple-
mentation of nature-based solutions (NbS) and ecosystem-based disaster risk
reduction (Eco-DRR) techniques for new policies to be formulated by
policymakers and stakeholders and to address the limitations of the CBI as
observed during study for better biodiversity conservation in the city.
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20.1 Introduction

Urbanization is one of the major global demographic megatrends that is rapidly
growing and resulting in loss of biodiversity, ecosystems and ecosystem services
(Dhyani et al. 2018). With a 30% increase in the global urban population since 1950,
more than 50% of the world’s population is residing in fast-expanding urban
sprawls. Two-thirds (68%) of the global population is projected to be living in
these urban areas by the year 2050, and China and India will be the centres of
these urban expansions in Asia (Pierce et al. 2020). Recent reports suggest that the
upcoming decades are going to have rampant rise and expansion in urbanization and
population pressure because of low mortality rate in the urban sprawls, fast-growing
migration from rural to urban areas and rapid conversion of rural areas into suburbs.1

The transition of green spaces to built-up areas is a significant cause of biodiversity
and habitat loss across the world (Turrini and Knop 2015; Nor et al. 2017). The
structure and functioning of natural urban green spaces are severely affected by rapid
urbanization putting green spaces under strain and adversely affecting the environ-
ment, urban cultural associations and well-being of urban dwellers. Urban green
spaces are known for improving the quality of urban environments, ensuring resil-
ience and fostering healthy lifestyles that improves health and well-being of city
residents (Tian et al. 2011; Sahani and Raghavaswamy 2018). Despite the fact that
the benefits offered by urban blue and green spaces are increasingly recognized and
discussed academically and international targets (e.g. Sustainable Development
Goal 11 that is about sustainable cities and is to be realized by 2030), there has
been a tendency to underestimate and ignore such benefits in urban planning as cities
continue to expand across Asia (Dhyani et al. 2020a, b). Urban green spaces provide
an array of ecosystem services which are affected by the quantity and quality of the
green spaces and play a major role in improving the overall environmental problems
and ensuring well-being of the city (Fuller and Gaston 2009; Hartig et al. 2014;
Jansson 2014; Chenoweth et al. 2018). Urban blue-green spaces, with the vegetation,
help in reducing air pollution, noise levels and light pollution impact of heat islands;
improving recharge of groundwater aquifers; developing resilience; and reducing
disaster risks (Dhyani et al. 2020a, b). Vegetation in urban areas has proven potential
for improving air quality by filtering the contaminants and reducing their concentra-
tion and minimizing the urban heat island impacts, as most Asian cities experience
heavy concretization and concentration of commercial activities that increases the
local temperature than surrounding areas that are either less concretized or have
vegetation (Nagendra and Mundoli 2019). Unplanned urban sprawls include

1https://population.un.org/.
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overexploitation of groundwater aquifers and steady rise in waste water and solid
waste issues (Komolafe et al. 2018; Nouri et al. 2019; Ramaiah and Avtar 2019).
However, urbanization provides a great number of opportunities for development
and transformation for developing countries like India, by facilitating economic
growth and providing more livelihood opportunities. By 2050, India’s current rate
of urbanization, i.e. 0.25%, is expected to double in line with annual average
economic growth of about 8% in the last 15 years (Sadashivam et al. 2016; United
Nations 2018; Ramaiah and Avtar 2019). India is becoming one of the most rapidly
urbanizing nations in the world. Since prehistoric times, India has been primarily an
agrarian and rural economy, but owing to the unprecedented population rise, the
rural population in India is rapidly migrating towards cities which has resulted that
by 2050 the share of urban sprawls will exceed the percentage of rural areas in the
country (United Nations 2018). Booming industrialization is a major reason for this
unplanned haphazard and rampant urbanization. The unsustainable nature of this
rapid urbanization is expected to have greater consequences like excessive carbon
emissions that will further intensify the impacts and vulnerabilities due to climate
change, resulting in high levels of GHG emissions especially C, N and methane and
million tons of waste produced by the urban settlements and enhancing the disaster
risks. Cities with a population of more than ten million are defined as megacities by
the UN, and India has currently five of its cities as megacities, amongst which New
Delhi with a population of 26.5 million ranks highest followed by 21.4 million in
Mumbai, 15 million in Kolkata and two rapidly expanding cities, namely, Bengaluru
and Chennai, with populations of 10.5 mn and 10.2 mn, respectively. By 2030, two
more cities, Hyderabad and Ahmedabad, are projected to become megacities owing
to their rapid economic transformations and industrial influence (Tripathy and
Kumar 2019). Urban sprawl in India’s metropolitan cities, such as Delhi, Mumbai,
Chennai and Kolkata, exert huge pressure on electricity, water and transportation
and are wreaking havoc on the atmosphere, environment, lithosphere, biosphere,
hydrosphere and land and water resources (Saini and Tiwari 2020).

Conservation of biodiversity and distribution of its resources at various levels in
the society are influenced by the pattern of development of the cities, also known as
the consumption centres of the world’s resources. The availability of surrounding
ecosystem services such as urban blue-green spaces is decreasing with the urban
expansion. In fast-developing countries such as India, the major megacities have
been largely affected by the unplanned population rise and lifestyle changes, thus
leading to significant loss of green cover in the cities. Some cities in India have even
stooped below the UN recommended standard of per capita 9 m2 of green space.
Cities such as Chennai, Visakhapatnam, Mumbai and Pune have a meagre 0.46 m2,
0.18 m2, 0.12 m2 and 1.4 m2 of per capita green space/inhabitant (Imam and
Banerjee 2016; Sen and Guchhait 2021). The major factors that contribute to this
loss are high population density, increased industrialization, concretization, etc. In
dense megacities, diminishing blue-green spaces, poor connectivity to parks and
recreational sites and diminishing ecosystem health along with challenges towards
building a sustainable environment are the pressing challenges of twenty-first
century (Adlakha et al. 2021). Key decisions made by the urban dwellers directly
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affect the biodiversity of the city, and thus the lack of city-biodiversity interactions
hinders effective management strategies and proper governance by the decision
makers. Despite the imperative to better understand the relationships between
biodiversity and the generation of ecosystem services in relation to land use change,
these connections remain poorly investigated.2

The present chapter attempts to analyse the state of biodiversity health of
Faridabad, a Tier II3 city which lies in the close proximity of the megacity Delhi,
and to understand the impact of loss of biodiversity and also how being close to a
megacity has its additional burdens on neighbouring urban sprawls. Faridabad was a
relevant urban sprawl to study the impacts as it is close to Delhi, the capital and
largest megacity in India, and is in Delhi National Capital Region (NCR) that has
expanded multifold geographically and demographically in the last few decades.
Faridabad faces tremendous growth in population which has resulted in significant
loss of urban green spaces and significant loss of blue spaces that were earlier
relevant sources of water and support to biodiversity. With increased urban
sprawling and rapid industrialization, it is necessary to evaluate and assess the
impact of urbanization on the health of biodiversity and ecosystem for the smart
city of Faridabad and its consequences in the warming world. Study is expected to
bring light to the pressing situation and support urban planners and policymakers to
promote good governance and responsible citizenship for conserving remaining
biodiversity and ecosystems of Faridabad.

20.2 City Biodiversity Health

Health has been considered a basic human right. As per the World Health Organiza-
tion (WHO), it is not just being simply free from illness or diseases, but having
complete physical, mental and social well-being. Biodiversity is the foundation for
not only human health but every organism surviving on the planet as it maintains the
functioning of the ecosystems by providing contributions for human well-being. At
Conference of the Parties (COP) 10, Aichi Biodiversity targets (2011–2020) were
adopted to conserve biodiversity at national and international levels. Aichi Target
14 strongly stresses on ecosystem services that contribute to health, livelihoods and
well-being.4

Urbanization is expanding rapidly across the world; hence, there is a growing
need to conserve, monitor and restore health of urban blue (lakes, wetlands, etc.) and
green (gardens, green spaces, urban forests) spaces in rapidly growing urban spaces.

2https://unu.edu/publications/articles/cities-biodiversity-and-governance.html#info.
3The towns with population of 100,000 and above are called megacities and as per ‘Tier Centre’
nomenclature based on population criteria, Tier 1 comprises metropolitan and urban centres; Tiers
2, 3 and 4 comprise semi-urban centres; and Tiers 5 and 6 comprise rural centres (Census of India
2001). Tier 1 > four million population and Tier 2 > 1–four million population (McKinsey and
Company 2010).
4cbd.int.
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Urban green spaces are home to diverse floral and faunal components including
threatened species that need conservation efforts, but most of these species in urban
areas are usually neglected. Faridabad (Fig. 20.1) is a fast-growing urban expansion
in Delhi National Capital Region (NCR) located in the south of Delhi and west of
Gurugram and has undergone rapid urbanization in the last more than two decades
(2000 onwards) with a simultaneous increase in industrialization in the city.
Faridabad District is located between 28�10050“N and 28�29’04”N latitude and
between 77�06049“E and 77�33’23”E longitude at 209 m amsl5 in the south-eastern
part of Haryana state with a geographical area of 742.90 km2.6 Faridabad in the state

Fig. 20.1 Faridabad at a glance; infrastructure build-up in Greater Faridabad and road towards
Badkhal Lake, Old Faridabad Metro Station and Multinational Company in Sarai show reduced
urban green spaces and enhanced concretized area (clockwise)

5elevation.city.
6faridabad.nic.in.
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of Haryana stands highest amongst districts of Haryana in industrialization with
35.73% of industrial growth.7 The mean maximum temperature of the city is 33.1 �C
in summer months (April–July) and 13.6 �C during winter months (November–
February).8 Annual rainfall of 542 mm is received from the south-west monsoon in
the last week of June to September.9 The Yamuna River flowing on the east of the
city forms two types of flood plains, viz. Khadar, a low-lying flood plain of new
alluvium, and Bhangar, an upland plain made up of old alluvium.5 The city has
reserved forest area of 175.63 ha and protected forest area of 1333.72 ha that
contributes to the 13% share of the total forest area of Haryana6. Faridabad is
being developed under the Smart City Mission with a focus to promote and develop
eco-friendly mobility options, revival of public green spaces and reducing road
congestion followed by smart and sustainable infrastructure.10 Blue-green infra-
structure (BGI) in the city is mostly composed of urban forests, campus green
spaces, public gardens, parks, playgrounds, fallow lands, lakes, ponds and water
bodies. The Draft Faridabad Master Plan 2031 considers overall town density of
113 persons/hectare and will accommodate 38.86 lakh persons by 2031 within the
urbanizable area of 34,368 hectares.11 The proportion of various land uses is, under
residential (14,328 ha), commercial (2069 ha), industrial (6179 ha), transport and
communication (4020 ha), public utility (638 ha), public and semi-public (1299 ha),
open and green spaces (5314 ha), special zone (448 ha) and mixed land use (73 ha)
(Fig. 20.2).10 The land use that covers the maximum area in the city is under
residential space; due to rapid increase in the population, this is expected to further
increase.

Numerous environmental problems are witnessed in Faridabad. Due to the
anthropogenic activities and disturbances in the Aravali hills of Faridabad, various
ecological imbalances have occurred. From 2002 to 2012, the major type of land
use/land cover changes is analysed such as agriculture land decreased by 3.21%,
urban land increased by 4.66% and some mining pits filled with water increased by
7.96%, whereas the surface water bodies such as ponds and lakes are depleted by
32.69% from total water bodies area (Nathalia et al. 2017). Therefore, rapid expan-
sion of the city and increasing concretization are leading to decrease in the area of
urban green and blue spaces. Rapid urbanization, increasing industrialization and
changing lifestyles in Faridabad are the reasons for the increase in the generation of
solid waste in the city (Pasupuleti et al. 2016). Collection and dumping of municipal
wastes have a great impact on the environment leading to the pollution of ground-
water and surface water because of leaching (Yadav et al. 2016). The Municipal
Corporation of Faridabad is lagging in the solid waste management due to lack of
sufficient funds and advanced technology simultaneously with urban expansion

7tcpharyana.gov.in.
8en.climate-data.org.
9cgwb.gov.in.
10smartcityfaridabad.co.in.
11assetyogi.com.
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(Singh and Satija 2016). Conversion of natural land cover into urban concrete has a
serious impact over inter-seasonal variation of land surface temperature (LST) in the
city of Faridabad which is a major threat for sustenance of the urban ecosystem
(Ghosh et al. 2021). Air quality of Faridabad is worse in morning and evening times
during winter months due to drop in temperature leading to temperature inversion.
This traps the pollutants near the ground and does not let the pollutants disperse
(Sihag et al. 2019). The open burning of waste in the city of Faridabad is causing air
pollution, worsening of the air quality and reduction in visibility and making
disposal sites dangerously unstable leading to various illnesses and diseases
(Yadav et al. 2016). The quality of water in the Yamuna River, Agra Canal, Budhiya
Nala and Gaunchi Drain is getting worse (Kumari et al. 2018). This has forced the
agricultural and industrial activities to largely depend on groundwater. Leaching of
fertilizers due to water logging and presence of effluents from industries are
contributing to high levels of Cl and NO3 in the groundwater (Kumari et al. 2018).

In the present circumstances, it is pertinent to conserve the city’s fast-depleting
urban green and blue spaces and biodiversity. At Convention on Biological Diver-
sity (CBD) (COP 9) in May 2008 in Bonn, Germany, mayors of the Steering
Committee (Bonn, Curitiba, Montreal and Nagoya) addressed the ministers and
high-ranking officials from parties, followed by proposal by Mr. Mah Bow Tan,

Fig. 20.2 Proportion of various land uses in fast-expanding urban sprawl of Faridabad in Delhi
NCR, India (source: (Assetyogi, 2021))
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former Minister for National Development of Singapore, for the establishment of an
index to evaluate biodiversity conservation efforts in the cities which further led to
the formation of an evaluation tool known as City Biodiversity Index or Singapore
Index on Cities’ Biodiversity.11 Due to Singapore’s contribution towards leadership
and formulation of the index, the index was renamed as the Singapore Index on
Cities’ Biodiversity or Singapore Index. City Biodiversity Index (CBI) as a biodi-
versity and ecosystem assessment tool can help to evaluate the city administration
and citizen efforts in biodiversity and ecosystem conservation in Faridabad to reduce
depletion of ecosystem services to ensure human well-being in the long run. CBI
consists of the ‘Profile of the City’, which gives information on the background of
the city and 23 indicators which can be classified under three important categories,
viz. native biodiversity, ecosystem services provided by biodiversity and governance
and management of biodiversity (Fig. 20.3). Each indicator is assigned a quantitative
scoring range between zero and four, which sums up to 92 as total possible
maximum score.12 CBI has been evaluated as a good indicator of urban biodiversity
and ecosystem health for cities around the globe like Yokohama, Kanazawa, Lisbon,
Helsinki and Edmonton (Kohsaka et al. 2013). Pune, Faridabad, Raipur
(Bhattacharya, 2017), Kochi,13 Gangtok,14 Pimpri Chinchwad15 and Kolkata (Paul
and Bardhan 2017) are some of the Indian cities where CBI has been assessed so far.

Fig. 20.3 City Biodiversity Index and its categorization of 23 indicators into native biodiversity,
ecosystem services provided by biodiversity and governance and management of biodiversity

12cbd.int (User’s Manual on City Biodiversity Index).
13c-hed.org.
14talkofthecities.iclei.org.
15pcmcindia.gov.in.
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Most of the cities in India where CBI has been assessed are Tier I, Tier II and Tier III
cities.

The CBI score becomes relevant for the urban planners and policymakers to plan
better urban plans and policies for conserving fast-depleting urban blue-green spaces
in the city. In an attempt to assess the urban biodiversity health in a city that is close
to Delhi NCR, a fast-growing city near to the capital city of India, and is almost
having boundaries merged with Delhi and is centre of rapid urbanization, we chose
to assess the City Biodiversity Index for Faridabad following the Singapore Biodi-
versity Index User Manual for CBI.11 In our analysis, the city scored a total of 64 out
of 92 for all the 23 indicators that can be considered significant despite fast urban
expansion.

A participatory survey was conducted for understanding the change in the
number of different kinds of species in Faridabad including birds, plants, butterflies,
freshwater fishes, and mammals. Fifteen wards of Faridabad (Fig. 20.4) were
targeted to understand the perception of the people (aged 20 or more) regarding
change in the biodiversity of Faridabad since a decade back through a range of
questions. A total of 60 individuals from 15 wards of the city were questioned in the
month of March in 2021. The survey was planned and carried out at multiple places
in each ward. A questionnaire was developed, and questions were asked via online
Google forms as well as personal face-to-face interactions, and interviews were
carried out to understand the local perceptions. Questions were translated in the local
language too for better outreach and understanding. Survey respondents were
selected randomly, and hence, bias was avoided.

Fig. 20.4 Faridabad ward map showing survey locations in 15 wards for participatory assessment
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To understand the background of key respondents in Faridabad, some basic
questions were asked related to their age, gender, educational qualifications, employ-
ment status and income, i.e. points that influence their interests and responses. A
total of 60% males and 40% females participated in the survey. Respondents were
further segregated in four age groups starting from 20 years as the minimum target
age for the survey. Of the respondents, 33.3% were in the 51–65 years age group
followed by 31–50 years (31.7%) and 20–30 years (23.3%), and the least number of
respondents were from >65 years age group (11.7%). Of the respondents, 31.7%
were graduates, while 15% were educated till intermediate, 13.3% high school,
11.7% each diploma holders and educated till class five, 3% each educated till
intermediates and other miscellaneous educational backgrounds, 10% postgraduates,
5% educated till middle school and 1.7% till class three. Of the respondents, 40%
were employed, 3.3% unemployed, 6.7% students, 20% retired from various jobs,
and 30% house caregivers. About 26.7% earned <3 lakh/annum, 8.3% earned 3–5
lakh/annum, 3.3% had an annual income of 5–10 lakhs, only 1.7% were earning>10
lakhs and 60% had no earnings at all.

The first set of indicators of CBI considers ‘Native Biodiversity in the City’
comprising indicators that contribute to the robust score to the CBI (Table 20.1).
Urban green (Wadhawa and Ahmad 2010) and blue spaces (Jawak and
Chattopadhyay 2018; Siddiqui et al. 2012, 2013) of Faridabad are observed by
authors to have rapidly converted into infrastructure build-up and concretized places.
The lakes of Faridabad that come under urban blue spaces have mostly dried up in
the last one decade. In our survey, we found urban green spaces of the city are more
accessible to the residents of Faridabad than urban blue spaces. Some of the urban
blue spaces which are frequently visited by locals are Badkhal Lake (Fig. 20.5) and
Surajkund Lake, while the urban green spaces that are used frequented by the locals

Table 20.1 List of indicators (1–10) under category of ‘Native Biodiversity in the City’ with their
score achieved and maximum score

Indicator
number Indicators

Score
achieved

Maximum
score

1 Proportion of natural areas in the city 4 4

2 Connectivity measures or ecological networks to
counter fragmentation

4 4

3 Native biodiversity in built-up areas (bird species) 4 4

4 Change in number of vascular plant species 3 4

5 Change in number of bird species 4 4

6 Change in number of butterfly species 4 4

7 Change in number of native mammal species 1 4

8 Change in number of native freshwater fish species 1 4

9 Proportion of protected natural areas 1 4

10 Proportion of invasive alien species 1 4
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are Rose Garden (Fig. 20.6) and Town Park (Fig. 20.7). Rapid change has been
observed in different species of birds (Chhabra et al. 2017; Tiwary et al. 2013; Gupta
and Kaushik 2014; Kaushik et al. 2015), plants (Ahmad et al. 2013), butterflies,16

freshwater fishes (Bhatnagar and Yadav 2016) and mammals (Ganguly and Chauhan
2018) due to the fast-expanding urban sprawl. Though the proportion of the natural
areas in the city can be still considered high, the proportion of protected green areas
is comparatively less (only one being Mangar Bani forest).17 The extent of

Fig. 20.5 Dried up Badkhal Lake

Fig. 20.6 Rose Garden of sector 17

16jagran.com.
17hindustantimes.com.
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encroachment of invasive species is reported to increase in the city with Lantana
camara and Parthenium hysterophorus being the most dominant ones (Dwivedi
et al. 2018). Encroachment and spread of invasive species in urban green spaces
need to be recorded and monitored to reduce the loss of native species of the region
from the city green spaces.

The second set of CBI indicators considers indicators 11–14 which relate to
‘Ecosystem Services Provided by Biodiversity in the City’ and contribute to the
score of CBI (Table 20.2). CBI score for ecosystem services is contributed primarily
by the natural blue-green spaces of the city. Green spaces like in Aravali forest and
parts of Asola Bhatti Wildlife Sanctuary are the lungs of the city of Faridabad
(Baviskar 2018). The tree canopy cover in the city is depleting fast due to increase
in the urbanization in the city. More native tree plantations are required in the city
with participatory efforts of organizations and citizens to increase tree canopy cover

Fig. 20.7 Floral Clock in Town Park of sector 12

Table 20.2 List of indicators (11–14) under the category of ‘Ecosystem Services Provided by
Biodiversity in the City’ with their score achieved and maximum score

Indicator
number Indicators

Score
achieved

Maximum
score

11 Regulation of quantity of water 4 4

12 Climate regulation: carbon storage and cooling effect of
vegetation

0 4

13 Recreation and education: area of parks with natural
areas and protected or secured natural areas/1000
persons

4 4

14 Recreation and education: average number of formal
educational visits per child below 16 years to parks with
natural areas or protected or secured natural areas per
year

1 4
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of the city. These can be of tree species like Mangifera indica, Azadirachta indica
and Ficus religiosa. It was also observed that not many capacity-building and
awareness generation activities and tours are organized by schools for students and
children for inculcating the importance of urban green spaces from a very early age.

The third set of CBI indicators considers 15–23 that corresponds to ‘Governance
and Management of Biodiversity in the City’ and also contributes to CBI as a
measure of good governance and management to conserve biodiversity and
ecosystems (Table 20.3). The budget allocated for biodiversity and ecosystem
conservation is low compared to the total financial budget of the city. Total budget
of Faridabad is Rs 1876 crores.18 Budget for biodiversity conservation, ear tagging
of cattle, implementation of Swachh Prangan Scheme and establishment of eco clubs
in Faridabad sums up to Rs 3.133 crores.19 A total of 5.205 crores are sanctioned for
conservation and management of the environment and forest in Faridabad.20

Although Faridabad is being developed as smart city under Atal Mission for

Table 20.3 List of indicators (15–23) under category of ‘Governance and Management of
Biodiversity in the City’ with their score achieved and maximum score

Indicator
number Indicators

Score
achieved

Maximum
score

15 Budget allocated to biodiversity 1 4

16 Number of biodiversity projects implemented by the city
annually

2 4

17 Policies, rules and regulations: existence of Local
Biodiversity Strategy and Action Plan

4 4

18 Institutional capacity: number of biodiversity-related
functions that the city uses

4 4

19 Institutional capacity: number of city or local
government agencies involved in inter-agency
cooperation pertaining to biodiversity matters

4 4

20 Participation and partnership: existence of formal or
informal public consultation process pertaining to
biodiversity-related matters

4 4

21 Participation and partnership: number of agencies/
private companies/NGOs/academic institutions/
international organizations with which the city is
partnering in biodiversity activities, projects and
programmes

4 4

22 Education and awareness: is biodiversity or nature
awareness included in the school curriculum
(e.g. biology, geography)?

4 4

23 Education and awareness: number of outreach or public
awareness events held in the city per year

1 4

18tribuneindia.com.
19web1.hry.nic.in.
20news18.com.
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Rejuvenation and Urban Transformation (AMRUT) (2015), unfortunately, it focuses
on the electrification and technological development of the city. Certain biodiversity
projects are implemented in the city that include Project Summer Lifeline,21 ‘Adopt
a Tree’ Tree Plantation Campaign,22 Our Solutions in Nature23 and Eco Bricks.24

Some of the public awareness events held in the city in last two years (2019–2021)
are Aravali Yatra, Dry Waste Collection Drive, Paryavaran Pathshala and Paudha
Mera Dost. Some of the government agencies involved in the biodiversity-related
matters are Haryana Forest Department, Department of Agriculture, Department of
Animal Husbandry and Haryana State Biodiversity Board, while the NGOs involved
for biodiversity activities and programmes are Save Aravali Trust, Haryana Envi-
ronmental Management Society, Eco Club and Navchetna Trust. Some of the
biodiversity-related arrangements with reference to open green spaces in the city
are Town Park, Rose Garden and the Leisure Valley Park which are frequently
visited by the people and provide diverse ecosystem services. Environmental
sciences have been included in the school curriculum for generating environmental
awareness to the students. The education department has directed all government
schools in Faridabad to form ecological clubs to strengthen environmental learning
in a more practical way and enhance a sense of belongingness for city urban green
spaces.

Figure 20.8 shows the proportion of score achieved for each of the three
categories, viz. native biodiversity, ecosystem services and governance and manage-
ment for 2021 vs. 2017. The first CBI for Faridabad was assessed by Bhattacharya
(2017) though it was not very comprehensive in data that was analysed and
discussed (excluded indicators 4–8 that take into account change in number of native
species). An increase in the score for all the three components of the indicators was
observed during the present when compared with CBI scores for Faridabad in 2017.
The highest margin of scores was observed in the governance and management
aspects for city biodiversity, which was by 50%, followed by native biodiversity
component in the city by 42.5%. There were insignificant changes in the city
ecosystem services that were by 12.5%. The scores for governance and management
of biodiversity were observed to be doubled in 4 years which reflect towards better
governance approaches involving multiple stakeholder groups for biodiversity
aspects in the city.

21pfafaridabad.com.
22jcboseust.ac.in.
23haryanaforest.gov.in.
24hepf.in.
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Fig. 20.8 Proportion of score achieved for each of the three categories, viz. native biodiversity,
ecosystem services and governance and management (2021 vs. 2017)

Fig. 20.9 Rise in population of Faridabad (source: masterplansindia.com)
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20.3 Concerns for City Ecosystem and Biodiversity

Urban sprawl for the city of Faridabad close to Delhi has resulted in decline in size
and numbers of the blue-green infrastructure in the city, an obvious observation from
fast-growing urban expansions across the country (Dhyani et al. 2018). Due to the
recent exponential population growth in the city (Fig. 20.9) and the rapid
socio-economic changes, Faridabad has of late witnessed spatial expansion in its
administrative boundaries. Rise in population and urban expansion are key factors
that influence enhanced vulnerability due to climate variability. Air, water and noise
pollution; increasing intensity of heat islands; and earthquakes are the important
concerns for the growing city of Faridabad.

Urban green spaces especially per capita green space availability and demand and
supply gap for urban publica green spaces are already affected by the increasing
population of the city (Lahoti et al. 2019). Indian cities have per capita green space
availability of around 2.7 m2, which is far less than other cities of the world. WHO
standards for per capita green space availability is 9 m2, and the best is around 16 m2

(McKinsey and Company 2010). The per capita green space availability and easy
accessibility and reliability to urban green spaces are the basic factors that become
important for the healthy and quality lifestyle of the urban residents.25 There has
been rapid deforestation, removal of green covers and urban green spaces in the
growing cities due to not only natural increase in the population but also a huge rate
of immigration (Malik et al. 2017). Faridabad has also followed this exponential rise
in population also because of rapid increase in immigrants due to increased industri-
alization in the city.

Urban blue spaces in Faridabad have many important functions, and they also
help in sustaining fish and other aquatic flora and fauna; securing water availability,
food and other materials and biodiversity; controlling floods; and recharge of
groundwater, followed by climate change mitigation and adaptation.26 Wetlands
are called kidneys in these urban landscapes, but they have been receiving water and
waste both from natural and non-natural sources (Mitsch et al. 2015). Land area
cover affects rivers, wetlands and lakes, while climate change as a mega driver
affects them too (Xu et al. 2019). The serious cause of concern for wetlands of
Faridabad is that they are rapidly getting converted into construction and dumping
sites which have a deteriorating impact largely on the city atmosphere. Area of
Badkhal Lake in Faridabad is continuously decreasing due to an increase in the
number of immigrants and temporary settlements, mostly slums near the lake area
(Jawak and Chattopadhyay 2018). The non-permeable/heaving concretized area
adjoining Badkhal Lake has increased from 6.34 km2 in 1999 to 17.04 km2 in
2017, and now the Badkhal Lake has no water in it, and locals living close to
Badkhal Lake are using the dried-up lake basin for grazing their domestic animals
(Jawak and Chattopadhyay 2018). This dried-up lake during heaving monsoon rains

25unfpa.org.
26ramsar.org.
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again gets some water, and if it is used for infrastructure, build-up can lead to disaster
risks as well.

Decrease in the number of different species like plants, birds, butterflies,
mammals and freshwater fishes in the city of Faridabad is a serious cause of concern
that needs conservation priority. Prominent plants rarely observed in the city of
Faridabad now are Azadirachta indica, Mangifera indica, Syzygium cumini,
Artocarpus heterophyllus, Carica papaya, Lawsonia inermis, Saraca asoca,
Vachellia nilotica, Ziziphus mauritiana, Morus alba, Ficus religiosa, Ficus
benghalensis, Dalbergia sissoo, Psidium guajava, Aegle marmelos, Tectona
grandis, Butea monosperma, Ficus racemosa, Madhuca longifolia, Pithecellobium
dulce, Tamarindus indica, Limonia acidissima, Moringa oleifera, Phoenix
dactylifera, Salvadora persica, Sapindus mukorossi and Citrus limon. These are
the common plants that were observed in most areas, but due to the urban expansion,
the status of these native plants is dwindling. The prominent birds rarely observed in
the city of Faridabad now are Passer domesticus, Psittacula krameri, Ardeola grayii,
Pavo cristatus, Gyps indicus, Spilopelia chinensis, Columba livia, Alcedo atthis,
Turdus migratorius, Acridotheres tristis, Grus antigone, Coracias benghalensis,
Bubo bengalensis, Pycnonotus cafer and Clanga hastata. The birds are observed
migrating towards green spaces and forests on the outskirts of Faridabad. However,
many bird species are observed randomly in the built-up areas of Faridabad espe-
cially in gardens, lawns and public lakes. A total of 95 bird species are reported from
the built-up areas of Faridabad.27 Butterflies are rarely observed in the built-up areas
of Faridabad due to decrease in the number of plant species in which butterflies
prefer to lay eggs. The prominent mammals rarely observed in the city of Faridabad
now are Sus scrofa domesticus (domestic pig), Equus africanus asinus (donkey),
Ovis aries (sheep), Mus musculus (house mouse), Funambulus palmarum (Indian
palm squirrel), Felis catus (cat), Boselaphus tragocamelus (nilgai), Axis axis
(spotted deer), Paraechinus micropus (Indian hedgehog), Vulpes vulpes (red fox),
Oryctolagus cuniculus (coney), Herpestes edwardsii (Indian grey mongoose), Canis
aureus (golden jackal), Bubalus bubalis (water buffalo), Suncus murinus (Asian
house shrew) and Bos taurus (cattle). Sus scrofa domesticus has tremendously
shown a decrease in their numbers due to a ban by the government for rearing
them. An interesting fact is that the number of Macaca mulatta has increased to a
large extent in the expanding city of Faridabad. Due to increased deforestation,
Macaca mulatta are shifting to built-up areas of the city which is leading to human-
animal conflict. The freshwater fishes rarely observed in the city of Faridabad now
are Ailia coila, Cyprinus rubrofuscus, Labeo bata, Hypophthalmichthys molitrix,
Heteropneustes fossilis, Lates calcarifer, Notopterus notopterus, Mastacembelus
pancalus, Solea solea, Sperata aor, Mystus tengara and Chitala chitala. From the
Aravali hill area, many threatened bird species are documented, viz. Aythya nyroca,
Mycteria leucocephala, Ephippiorhynchus asiaticus, Threskiornis melanocephalus,
Anhinga melanogaster, Perdicula argoondah, Ardeotis nigriceps, Vanellus

27ebird.org.
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duvaucelii, Aegypius monachus, Numenius arquata, Psittacula eupatria, Falco
jugger and Aquila nipalensis and also other animals like Herpestes edwardsii
(Indian grey mongoose) and Sceloporus undulatus (eastern fence lizard) and the
plant Boswellia serrata (Verma et al. 2019). These species require immediate
conservation efforts and strict enforcement of conservation policies so that they
can be saved from going extinct from the city boundaries.

20.4 Suggestions and Way Forward

CBI is a tool for establishing appropriate management of native biodiversity,
ecosystem services and governance and management in the city. The issues and
challenges of CBI are required to be addressed to ensure conservation of biodiver-
sity, ecosystems by appropriate policy planning and enforcement. Three main
technical issues with CBI that should be looked upon include comprehensive
collection of data for understanding the criteria and indicators, establishment of
spatial territories and elucidation of the different ecological backgrounds of the city
(Uchiyama et al. 2015). These three major thrust areas should be precisely defined
while working with the indicators of CBI. Following based on our comprehensive
study for the urban expansion of Faridabad can help improve the situation and can
also be replicated and used for other 100 smart cities especially Tier II and Tier III
cities which still have scope to be improved by incorporating suggestions to improve
the health of urban blue and green spaces:

• Ecosystem services include a social dimension, as they are produced by an
interconnected social-ecological system. The term nature-based solutions
(NbS), introduced by IUCN as an umbrella term especially using natural infra-
structure and green infrastructure, can help urban expansions (Dhyani et al.
2020a, b). However, this will require active participation of urban planners and
local city dwellers. In addition to this, a keen interest in mainstream environmen-
tal engineering approaches to cope up with the environmental challenges in the
cities and resilience of the urban landscapes by using site-specific solutions to
address societal environmental challenges can help. Ecosystem-based approach
and ecosystem-based disaster risk reduction approaches (EbDRR) which includes
management of the ecosystem in combination with disaster risk reduction
strategies are key solutions to these issues that Indian cities are facing in a very
significant scale (Dhyani et al. 2018). Citizen science approaches should be
focussed where communities and individuals can learn about management and
conservation of ecosystem and biodiversity in a more scientific manner. Species
lists tend to be cumulative and need to be well documented and updated every
year so that monitoring can help to assess the change in the number of different
species. More focus should be on the common species like vascular plants, birds
and butterflies which are present almost everywhere, and citizen scientists can
play a big role in these local monitoring programmes. Eco clubs of schools can be
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great contributors for these important city-level cities and can also help capacity
building.

• More detailed baseline biodiversity surveys can help to evaluate the results for
indicators 3–8 (i.e. native biodiversity). Garden department of the city adminis-
tration should take contributions from wildlife and nature enthusiasts in the city
for developing the city biodiversity database.

• While native species need to be conserved, efforts should also focus on reducing
the encroachment of invasive alien species by batch-wise removal and restoration
of these patches by native tree, shrub and herbs. Protection and conservation of
the protected natural areas by the local people of the city can help implement and
enforce conservation strategies and plans.

• Focusing on avenue plantations can be considered as a priority as these are
important corridors for city wildlife movement for birds, small mammals, etc.
Planting tolerant fast-growing and preferably native species along roadsides helps
in the reduction of air pollution and heat island effect.

• The annual budget allocated to biodiversity conservation is far less than what is
expected. More projects and programmes related to biodiversity need to be
conducted by the governmental organizations and non-governmental
organizations in the city including municipalities as they can explore the
possibilities of launching citizen science projects with active support from aca-
demic and research institutes in the city and school children as volunteers that can
help in developing well-planned LBSAP. Besides teaching environmental
sciences to the students, this practical exposure can inculcate the values of nature
and environment conservation from a very early age. Some of the indicators,
particularly in the governance and management section, can be merged because
institutional arrangements such as the budget, number of projects and
programmes and existence of departments overlap with one another. Hence,
convergence of government line department activities can find relevance and
better outputs.

20.5 Conclusion

In line with the current biodiversity conservation trends and international biodiver-
sity targets, this chapter presents a baseline account of the urban biodiversity status
of the rapid urban expansion of Faridabad, which will further serve as a benchmark
for future assessments of concerned stakeholders. Based on the index and perfor-
mance of the indicators, with a score of 64 out of 92 for all the 23 indicators,
Faridabad demonstrates the features of good governance, but ongoing rapid indus-
trialization and immigration have led to continuous decline in the area of urban blue
and green spaces in the city. A large number of native plants are being lost due to
deforestation, and exotic species are being introduced into the city. This unplanned
urbanization has led to local habitat loss for various wildlife species and microfauna.
There is an immediate need to prioritize the conservation of wetlands in Faridabad
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and prevent them from becoming dumping grounds which has great repercussions in
the near future in the form of serious climate change.
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Greenhouse Gas Mitigation by Integrating
Waste Treatment System Toward
Low-Carbon City in Vietnam
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Abstract

Environmental pollutions and greenhouse gas (GHG) emissions are among the
dark sides of development and have been one of the critical driving forces of
climate change. GHG is emitted from various activities, of which the waste
treatment system is a significant source. This chapter describes the results of
mitigating GHG by enhancing the solid waste management (SWM) system
toward a low-carbon society in Hoi An City (HAC), Vietnam. The results showed
that landfilling has the highest GHG emission with 808 kg CO2-eq per tonne of
waste, while incineration and composting emit on average 438 and 172 kg CO2-
eq/tonne of waste, respectively. The average carbon footprint value of waste in
optimal SWM system (S3 and S4) is 337 and 307 kg CO2-eq per tonne of solid
waste treated. The GHG amount emitted from the minimalist SWM system
(S1 and S2) is higher by 547 and 536 kg CO2-eq/tonne of waste treated,
respectively. The higher the solid waste management practice, the lower the
GHG emission. This study also builds the oriented planning on improving the
SWM system in HAC (Vietnam in general) in the next decade. The optimal SWM
scenarios (S0-S3-S4) will significantly contribute to mitigating GHG emissions.
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21.1 Introduction

Vietnam is a developing country in Southeast Asia, and one of the countries that are
affected significantly by climate change. Low-carbon society (LCS) is a model that
has been implemented in many developed countries; however, this concept is still
very nascent in Vietnam. Urban and industrial activities are believed to be the
primary source of carbon dioxide (CO2) emissions into the atmosphere. However,
greenhouse gases (GHG) from waste treatment systems are also a significant source
(Calabrò 2009; Maria et al. 2020). According to the Vietnamese Ministry of Natural
Resources and Environment (MONRE) report in 2020, the total GHG emission was
284 million tonnes of CO2-eq, of which 6.69% was from the waste management
system. In Vietnam, landfilling and incineration are the primary solutions to handle
municipal solid waste (MSW). Landfilling, in particular, is an indirect driver for loss
of green spaces in urban areas, and a proper waste management strategy is impera-
tive to protect, preserve, and sustainably manage green open spaces. In Hoi An City
(HAC), the location of the present study, landfilling and incineration are the primary
solutions to handle municipal solid waste (MSW). Pham Phu et al. (2016) revealed
that around 8855 tonnes of CO2-eq were emitted from the MSW disposal sites in
HAC, in which composting accounted for 90% of the total GHG emission.

Over the last decade, the MSW amount in Vietnam has increased significantly. In
2011, the total MSW generated was 44,400 tonnes per day. The quantity of solid
waste soared up and reached 64,658 tonnes daily in 2019, increasing by 46%
(Vietnam Ministry of Natural Resources and Environment 2020). The municipal
solid waste management (MSWM) system in Vietnam is still sketchy; landfilling is
the primary mitigation strategy for the MSWM system to reduce pollution. Espe-
cially in a tourism city, the significant amount of waste generated from tourism
activities is the burden of the MSWM system; also, the SWM in the tourism area is a
significant challenge faced by the government (Verma et al. 2016). The development
of the SWM system in the tourism city should be based on the current status of the
municipal SWM system, the feature of the tourism activities in implemented SWM
practice, the consensus of business sectors and society, and the agreement of the
government. Also, the sustainability in SWM, which should be considered in
strategy-oriented planning, is defined as the appropriation and compatibility of the
SWM model with the region’s aim to reach the synchronous achievement of the
environment-economy-society. Building an integrated MSW management system
may contribute to mitigating GHG emissions toward a low-carbon city with conser-
vation of green spaces.

21.2 Study Site and Methodology

21.2.1 Study Site: Hoi An City

Hoi An City (HAC) is a small ancient city located in the center of Vietnam. HAC has
13 administrative communes and wards with three regions: urban, suburban, and
rural areas corresponding to the average population density of 8987, 2754, and
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601 people/km2, respectively. Hoi An City was famous as an international trading
port in the early seventeenth century, along with many Chinese and Japanese
architectural buildings. Thus, in 1998, HAC was recognized as a world cultural
heritage by UNESCO. Since then, the tourism industry in HAC has flourished
rapidly and has become a key economic driver of the city.

Currently, the MSWM system in HAC is facing several challenges. The rapid
increase of municipal waste, the overload of waste in the tourism area, the disruption
of the waste collection system, and the inefficiency in the waste treatment process are
the major problems of the municipal SWM system (Pham Phu et al. 2017). These
problems are caused by the nonperformance of the SWM practice at the source to the
end of the waste flow. Thus, the improvement of SWM practice is considered as a
radical solution to solve these problems. In which, enhancement of waste separation
at the source is a priority. It may provide homogenous material for composting and
obtains the higher calorific value of waste for incineration. This would also help
minimize the amount of waste transported to the dumping site and save green spaces.
For municipal SWM, which encompasses the functions of collection, transfer,
treatment, recycling, resource recovery, and disposal of municipal solid waste,
these problems should be addressed synchronously. The primary waste sources of
tourism waste and hotel waste should be considered urgently.

21.2.2 Analyzing the Waste Flow of SWM Practice Models by
Scenarios

Solid waste management practice in Hoi An City is developed into two directions as
minimalism and optimization. The minimalism of SWM practice at sources in S1
and S2 is shown by the simple flow of the MSWM system in Fig. 21.1. Notably, the
mixed waste flows directly from waste sources to the treatment area by trucks. While
recyclables are sorted at source by the intention rate (S1) and optimal rate (S2), they
are then collected by itinerant buyers or recycling carts. Collection crews pick out a
part of recyclable residue in the mixed waste before loading it to the trucks. The
recyclables are recovered by formal and informal sectors and sold to junk shops.
Undeniably, being a part of the municipal SWM system, SWM practices in tourism
activities must be implemented synchronously with that of the municipal.

Although HAC has deployed waste separation at the source since 2012, the waste
sorting efficiency is still low, which was justified by many barriers (Pham Phu et al.
2018, 2019b). In the context of facing significant problems and challenges in the
SWM system, specifically in tourist areas, the minimalism on SWM practice in S1
and S2 may be considered timely and consistent solutions for current situations.

In other aspects, the MSWM system has advantages and opportunities for
improving the performance of SWM practice toward sustainability, an inevitable
trend of development. The enhancement of the MSWM system that is simulated in
S3 and S4 may create a more complicated waste stream. Figure 21.2 shows solid
waste out of the sources with three separated directions due to segregation at source
enhancement. The recovery flow of recyclables is a priority in all scenarios of the
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MSWM system in HAC and is handled by formal and informal sectors. Besides, one
of the light points in S3 and S4 is the stock of waste in the flow by home composting.
The improvement of composting practice at the source with the intention rate
(S3) and optimal rate (S4) may reduce 3.7 tonnes and 8.8 tonnes of waste,
respectively.

Notably, Fig. 21.2 indicates that a significant daily amount of waste is recycled at
sources by composting in hotels and restaurants with a garden such as accommoda-
tion and restaurants. For Commercial sectors that have garden, biowaste is required
to be sorted for home-composting, biowaste and non-biowaste are required to be
sorted for daily collection by separate trucks. By enhancing the SWM practice, solid
waste are gathered to the treatment area separately as biowaste for composting and
non-biowaste for incineration.

In general, the more minimal the implementation of the MSWM practices at
source, the higher is the consensus from communities. This may release barriers to
the implementation of SWM practice at source and reduce challenges of the SWM
system in the tourism destination. Also, the minimalism in SWM practice at source
may bring the neatness to municipal waste flow and simplicity to the collecting
system that may increase the collecting rate of tourism waste. Nevertheless, mini-
malism in the SWM system aims to maximize collection rate and minimize the

Fig. 21.1 The waste flow of the MSWM practice model in minimalism orientation
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stagnation of solid waste in urban areas. The primary purpose of the MSWM system
in developing countries in waste generation, health, and environmental problems is
mounting urgency. For long-term strategy, the gradual improvement of the MSWM
system is the necessary task toward sustainability, whereby the enhancement of
waste separation at source, minimization of waste generation, and development of
recycling practice are said to be the fundamental solutions of sustainable SWM
system. Hence, to choose the optimal solutions for oriented planning of SWM
practice, the effectiveness and suitability of the MSWM practice models should be
analyzed and evaluated.

21.3 Results and Discussion

21.3.1 Evaluation of GHG Emission from Waste Treatment by
Scenarios

The level of the MSWM practice may lead to the reduction of waste to treatment, the
changes in waste composition, and characterization. Therefore, the emission from
treatment is expected to be mitigated. Figure 21.3(a) presents that landfilling emits
the highest amount of GHG with 808 kg CO2-eq per tonne of waste. This is a

Fig. 21.2 The waste flow of SWM practice model in sustainable orientation
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low-cost and straightforward disposal that is quite common in developing countries.
At the same time, incineration and composting emit on average 438 and 172 kg CO2-
eq/tonne of waste treated, respectively. The low burning technology and inefficiency
of exhaust gases treatment may be the reasons for the high emission from incinera-
tion in HAC. Composting may be an environmentally friendly solution. Composting
is also an appropriate treatment method with solid waste that has a high content of
organic components; that is the feature of solid waste in developing countries.

Nevertheless, the paradox is that waste separation at the source is not considered
in these countries, and this is the biggest obstacle in operating composting. The role
of composting in emission mitigation from waste treatment is demonstrated in
Fig. 21.3b. The average carbon footprint value of the tourism waste in S3 and S4
is lower than that of S1 and S2. The higher the composting rate, the lower the
emission. The differences in the value of the carbon footprint of the tourism waste in
scenarios indicate that the improvement of the SWM practice may contribute to
reducing the GHG emission from treatment than that of the minimalism.

21.3.2 Oriented Solid Waste Management Practice Planning for Hoi
An City

This study presents the advantages and disadvantages of the minimalist and
improved models of the SWM practice in HAC. The minimalism model in SWM
practice seems to be quite popular in developing countries due to its compatibility
with the flawed SWM system, the low level of SWM practice, and the restriction on
facilities and lack of support (Khajuria et al. 2008). Besides, this study indicates that
the tourism SWM system in HAC has a high potential for upgrading SWM practice
toward sustainability. Notably, the municipal SWM system in HAC is more
completed than other areas by abundant waste treatment plants such as composting

Fig. 21.3 Emission from waste treatment methods (a) and scenarios (b)
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facilities and incineration plants. Also, waste is required to be sorted at the source
and separately collected. These are the favorable condition for developing a munici-
pal SWM system. Therefore, the development of SWMP for the TI in HAC can be
planned by the project that consists of two phases with two different strategic
directions in 10 years: notably, the minimalist SWMP project (OP1 – from S0 to
S1 and S2) and the sustainable SWMP (OP2 – from S0 to S3 and S4) in 10 years.

OP1 has the advantage in the economic aspect; however, OP1 emits more GHG
than other projects in terms of the environmental aspect. Figure 21.4 illustrates the
estimation of GHG emissions from the treatment of tourism waste in 100 years. The
development of SWMP in different orientations may affect the emission. Notably,
the minimalism in SWM practice at source emits much GHG emission than that of
the sustainability. This difference in emission may be explained by the reduction of
waste to the landfill, which is the most polluted disposal in a long time, and the
development of home composting that is an eco-friendly solution. Thus, OP2 proves
that upgrading SWM practice plays an important role in emission mitigation in terms
of the environment.

21.4 Conclusion

This chapter analyzes the situation of the SWM system, develops the scenarios for
improving the SWM system in HAC, and evaluates GHG emission from SWM
scenarios. As already mentioned, improvement of SWM system has direct conse-
quence on GHG emission and conservation of green open spaces. This research
revealed that:
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(i) Composting emits 172 kg CO2-eq/tonne of waste treated, less than that of
incineration (438 kg) and the landfill (808 kg). So, reduction of waste to a
landfill site by developing composting at source is a suitable solution to
mitigate GHG emissions from the municipal SWM system.

(ii) The current model (S0) and the minimalism models (S1 and S2) of the SWM
system emit more GHG than the optimal models (S3 and S4). The higher the
SWM practice, the lower the GHG emission is.

(iii) The approaching pathway for improving the SWM system in HAC in the next
decade is from S0 to S3 (5 years) and S3 to S4 (5 years), whereby the GHG
emission from the SWM system is estimated to be lower than the BAU
and OP1.

Conflict of Interest Statement The authors report no conflict of interest for this publication.
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Part VI

Policy Concerns for BGI



The Roles of Non-governmental Actors
in Facilitating Urban Blue-Green
Infrastructures: A Comparative Review
of the Community Initiatives in Taipei City,
Taiwan

22

Hsin-Hua Chiang, Tze-Luen Lin, and Pin-Ju Shih

Abstract

In the development of urban blue-green infrastructures (BGI), the involvement of
the civil society has been emphasised in recent policy paradigms. Despite gov-
ernmental efforts encouraging local residents to participate, in order to more fully
identify demands and devise solutions, at the grassroots level, challenges still
remain regarding stakeholder partnerships. Non-governmental actors are
expected to facilitate top-down policy communication and bottom-up civil par-
ticipation. Consequently, a deeper understanding of the problematics, functions
and characteristics in action may help to suggest a better framework for stake-
holder integration. The case study takes place in the Wenshan District, an urban
settlement in Taipei City, Taiwan. From 2014 to 2019, in order to better cope with
flood risk, BGI projects have been conducted by various non-governmental actors
with divergent problematics and approaches. The chapter provides comparisons
among diverse actors from three sectors: a local community group that offers
local-based educational programmes, a consulting firm that focuses on participa-
tory planning and design, and the researchers in a project team—representing
civil society, private sector and academia, respectively. The details of each project
are collected from meetings with the actors, as well as secondary data such as
project reports and related materials. To illustrate the roles non-governmental
actors play in facilitating urban BGIs, the study undertakes comparisons among
the three actors in terms of their strategies of mobilising and networking with
other stakeholders, along with patterns for upscaling the effects. Through the
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comparative study, the chapter further implies an alternative framework for
stakeholder integration

Keywords

Non-governmental actor · Urban blue-green infrastructure · Civil participation ·
Stakeholder integration · Community initiative

22.1 Introduction

The blue-green infrastructures (BGI) approach has been adopted to solve problems
related to disaster mitigation and climate change adaptation in urban areas. None-
theless, particularly when applying new approaches, reluctance and resistance to
changing the status quo can hinder the implementation of urban BGIs (O’Donnell
et al. 2017). Overcoming social-institutional barriers requires correspondence
among various public and private sectors at different levels, in terms of such things
as legislation, administration, enterprise and civil society. In addition, improvements
in education, knowledge and awareness can further help bridge networks among
stakeholders (O’Donnell et al. 2017). At the same time, achieving such social change
requires negotiations and facilitations by intermediate actors, either through a
bottom-up or top-down approach. With the bottom-up approach, raising civil aware-
ness and consciousness not only enhances the stewardship of local communities in
maintaining the infrastructures (Lamond and Everett 2019) but also helps to initiate
policy advocacy within the authority (Schipper et al. 2014). On the grassroots level,
community-based adaptation (CBA) has been promoted worldwide as an alternative
solution for climate hazards and disaster preparedness (Aylett 2010; Picketts et al.
2012; van Aalst et al. 2008). Numerous participatory methods have been carried out
in the process, such as risk assessment and vision development (Bennett et al. 2016;
Picketts et al. 2012, 2013), which particularly highlight the function of
non-government organisations (NGOs) in promoting grassroots participation and
empowering local people to discover their own solutions to the local problematics
(Bennett et al. 2016; Lassa 2018; van Aalst et al. 2008). Collaborative action has
been carried out among academia, government and other organisations (Picketts
et al. 2013), even though the grassroots experiences of those facilitators can differ
from case to case. Previous studies have highlighted the benefits resulting from the
involvement of community stakeholders. At the stage of planning, grassroots
gatekeepers help to promote greater understanding and awareness, as well as to
indicate local concerns that may not be included with the conventional approaches of
scientific positivism. In addition, at the stage of implementation, community
stakeholders can encourage the engagement of residents, which leads to the
sustainability of positive outcomes (Chou 2013; McNaught et al. 2014; Mercer
et al. 2012; Picketts et al. 2012).

For the top-down approach, issues regarding communication in terms of risk
governance have also attracted attention (Chiang 2018; Howes et al. 2015), with
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increased demands to focus on cultural and political processes that shape risk
perception and management among stakeholders (Granderson 2014; Schipper
et al. 2014). Nonetheless, on the grassroots level, variation in personal experiences
concerning climate change can make the construction of a collective narrative
challenging. On the other hand, new technologies and strategies also depend on
effective communication and interpretation between experts and the grassroots
community. The roles of facilitating actors are particularly important if the gaps in
knowledge and awareness between technocrats and non-expert stakeholders are to
be erased. Meanwhile, despite the shifting of focus from governmental authorities to
private actors, for policies designed to cope with climate change adaptation, imple-
mentation still tends to be dominated by the public sector, especially in European
cases (Klein et al. 2017).

This chapter presents a comparative study of cases which differ from the
governmental-oriented implementation for urban BGIs, with particular consider-
ation being given to community-based climate change adaptation. Although the
projects examined in the study area have been directly or indirectly funded by the
public sector, the main actors for facilitating the planning and implementation are
non-governmental. The chapter compares the experiences of moderating BGIs in an
urban district for climate change adaptation among three sectors: non-profit
organisations, academia and private enterprises. By identifying the possibilities
and limitations of each sector regarding facilitation of urban blue-green
infrastructures, the chapter aims to identify alternatives for stakeholder integration
in a grassroots community.

22.1.1 Case Study Community: Wenshan District, Taipei City

The study takes place in several communities in Taipei City, Taiwan. Taiwan, a self-
governing entity located in East Asia, and nearby islands are prone to typhoons and
heavy rainfall, resulting in ongoing high risk of floods and landslides (Chiang and
Chang 2011; Hsu and Chen 2002). The central government has issued a policy
framework for climate change adaptation in 2012, with diverse objectives in the
areas of disasters, infrastructure, water resources, land use, coastal environment,
energy, biodiversity, agriculture and public health (Council for Economic Planning
and Development 2012). With almost 80% of the population living in urban areas
(Ministry of the Interior 2019), Taiwan has particularly emphasised adaptation
strategies for urban communities (Council for Economic Planning and Development
2012). Governance guidelines stress the construction of participatory partnerships in
decision-making, involving residents, experts, enterprises and authorities, as well as
the mobilisation of existing networks in grassroots communities for promoting
public awareness (Council for Economic Planning and Development 2012). How-
ever, the implementation of the national framework has still focused on municipal or
national strategies, while practices related to grassroots community or common
residents continue to take the form of top-down communication and education
(National Development Council 2018). Consequently, a review of bottom-up

22 The Roles of Non-governmental Actors in Facilitating Urban Blue-Green. . . 479



initiatives can help to discover practical implications for community-based
adaptation.

The chapter reviews the community BGI projects in Wenshan District, Taipei
City, as examples to compare the function of non-governmental actors in introducing
BGI and CBA to grassroots civil society. Taipei City is the centre of the largest
metropolis in Taiwan. It has a population of 2.6 million within an area of 271.8 km2,
resulting in the highest population density (9575 persons per km2) nationwide
(Ministry of the Interior 2021). Wenshan District, located in the southernmost
section of Taipei City, consists of an area of 3.509 km2 and a population of
267,830 (Taipei City Government 2020b). The district has a hybrid character. It
has housing, administrative and educational services but also offers suburban
environments that attract tourists, thus creating a local image of integrated humanity
and environment (Wang 2005). In terms of the population structure, Wenshan
District boasts a young population with a lower aging index (129.54%) compared
to the average of Taipei City (143.86%), as well as a lower dependency ratio
(42.43%) compared to the municipal average (46.01%) in 2019 (Taipei City Gov-
ernment 2021). The location of Wenshan District is shown in Fig. 22.1.

Roughly 75% of the district is covered by hills, and the Jingmei River flows
through the area (Taipei City Government 2009). This geography results in compar-
atively higher frequency of flooding events (Sung et al. 2017), while pressure from
housing development is constantly increasing, creating the emergent need to build
structures resilient to potential disasters (Huang and Cheng 2019). Enhancements in
the Jingmei River embankments were carried out based on flooding estimates for the
next 200 years, while several communities in Jingmei remain prone to floods due to
the limited capacity of the drainage system (Wenshan District Office 2019).
Although the mayor announced in 2017 that Wenshan District had been removed
from the list of flood-prone areas within Taipei City (Central News Agency 2017),
raising grassroots awareness towards climate change is still imperative. In particular,
the Jingmei area, acknowledged as the area most vulnerable to flood risks within
Taipei City, has the most intensive commercial activities and population density
(Wenshan District Office 2019). Thus, strategies for coping with climate change
adaptation remain essential there alongside infrastructure. Small-scale BGIs have
been recommended as a way to mitigate flood hazards (Carter et al. 2018). They also
echo the shift in municipal policy from comprehensive water management to
construction of a “sponge city” that has been ongoing since 2015 for enhancing
the resilience to floods (Hydraulic Engineering Office 2019).

On the other hand, Wenshan District also has its long history of bottom-up
community action. Organised community initiatives in Wenshan District can be
traced back to the mid-1990s, and there are 44 registered community associations at
the township scale today (Ministry of Culture 2021; Taipei City Government 2020a).
The bottom-up approach was first applied in the city’s project for improvement of
the local environment in 1996, which encouraged citizens to propose projects for
environmental reformation (Taipei City Urban Regeneration Office 2019). In addi-
tion, the community planner system established in 1999 invites professional planners
to facilitate at the grassroots level (Classic Design and Planning 2019). Such
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participatory planning projects have been conducted by professional planners, local
groups, academics and the municipal government (Luo 2004). Concerning empow-
erment of civil society, Wenshan Community College has been one of the most
active groups, and increasing engagement by the academics and consultant
companies has also been observed. In considering the activities of community-
based climate change adaptation in Wenshan District, this chapter focuses on the
flood risk and highlights three actors which represent the main non-governmental
facilitators in BGI implementation. They are Wenshan Community College as a civil
group, the Classic Design and Planning Company as a private enterprise and the
project team formed by research fellows at National Taiwan University and related
research institutes as an academic group.

Fig. 22.1 Location of
Wenshan District (map
source: National Land
Surveying and Mapping
Center (2015a, b))

22 The Roles of Non-governmental Actors in Facilitating Urban Blue-Green. . . 481



22.1.2 Non-governmental Facilitators in Community BGIs

The Community College has been one of the most active grassroots actors in
community affairs in the district. As a type of non-governmental organisation
committed to promoting life-long learning, community colleges have often been
established at the level of districts or villages. Many of them offer courses about
local history or the environment and otherwise seek to maintain intimate connections
with grassroots society. Wenshan Community College was established in 1998
under the supervision of the National Association for the Promotion of Community
Universities (NAPCA) (Wenshan Community College 2021). As a
non-governmental organisation, the Community College offers programmes that
explore local knowledge (dubbed “Wenshanology”) and cultivate a civil society
(Wenshan Community College 2021). Besides, it is worth emphasising that although
the Community College provides educational programmes, the organisation is not
considered part of academia as such. Instead, it often plays a role of introducing
governmental/academic resources to the grassroots society. Therefore, in order to
avoid confusion, hereafter, Wenshan Community College is referred to as the “Local
Community Group.”Moreover, the Community College is also one of the early local
groups introducing CBA to the communities. Its accumulated social capital with the
citizens has provided the basis for grassroots mobilisation. Their deep-rooted con-
cern about local culture has also established a channel for interpreting the ideas of
CBA through common understanding with local society. In addition, Wenshan
District was certified as a “safe community” in 2010 (International Safe Community
Certifying Centre n.d.). It then organised a division to network with the Community
for Disaster Prevention in 2011, with the Local Community Group being invited as a
member. However, an officer at the Local Community Group noted that despite
empowering local volunteers to participate in disaster preparedness efforts, at the
grassroots level, the community still lacked awareness of climate change issues.

In the private sector, the Classic Design and Planning Company (hereafter the
“Consulting Firm”) has also engaged in facilitation of BGI in the Wenshan District.
As an engineering and planning consulting firm, the Consulting Firm has focused on
participatory planning with environmental awareness and has implemented BGI
programmes, such as rain gardens and community gardens, in collaboration with
communities in other districts of Taipei City (Classic Design and Planning 2021).
The Consulting Firm’s project in the Wenshan District started with the objective of
constructing a spatial scheme in communities adjacent to mountains (Classic Design
and Planning 2019).

Compared to the roles of the Local Community Group and the Consulting Firm
that involved direct interaction with local citizens, the role of the academics has been
more like a multi-sector facilitator. The research team was organised under a
collaborative programme about risk governance for climate change-induced
disasters, funded by the Ministry of Science and Technology. The team was made
up of actors from two institutions: National Taiwan University and the Science &
Technology Policy Research and Information Center. The latter functions as a
governmental think tank that contributes to policymaking in the realm of science
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and technology (Science and Technology Policy Research and Information Center
2020). The project aimed at mitigating disaster risks from floods and heatwaves,
with the solutions implemented including improvement of blue-green
infrastructures. Based on the partnership with the two previously described actors
and governmental or non-governmental stakeholders, the research team facilitated a
CBA platform including actors from different sectors and regional scales.

22.1.3 Data Collection

Material for comparison was collected for all the networking activities conducted by
the research team (hereafter, the “Academics”). Related governmental and
non-governmental actors were invited to give presentations and participate in
roundtable discussions on a monthly basis. Furthermore, workshops and
symposiums were conducted in 2018 and 2019. Details of the practices for
facilitating blue-green infrastructures mentioned by the actors during their
presentations at the gatherings were recorded. In addition, secondary data such as
reports, news articles and other documents provided by the actors served as supple-
mental data for the comparative study.

22.2 Local Practices by Non-governmental Actors

The Local Community Group first initiated grassroots CBA action in the Wenshan
District in 2012, when it listed climate change as one of five critical issues when it
was developing its “Future Hometown Agenda.” It took things a step further when it
started workshops and lectures on CBA and then with its BGI initiatives from 2016
to 2019 (Huang and Cheng 2019). From 2015 to 2018, the Consulting Firm also
initiated participatory planning for urban green spaces in the district (Classic Design
and Planning 2019). Finally, the Academics became involved between 2016 and
2019. Acting as a bridging facilitator, the Academics connected grassroots efforts to
resources from the governmental authorities and other non-governmental groups. In
short, the cases of community BGIs discussed in this chapter occurred in the time
span from around 2015 to 2019, following upon the preparation period of CBA
empowerment by the Local Community Group beginning in 2012.

22.2.1 Overview of the BGI Projects

The chapter focused on cases of community BGI, particularly in the Jingmei and
Muzha areas, both of which were prone to flood risks. All the cases reviewed in this
chapter were project-based initiatives, characterised by diversity of funders,
objectives and approaches. The three facilitators were funded by outside govern-
mental or non-governmental authorities. As for the scale of the BGI implementation,
the term “community” here mainly overlapped with “town.” This was the primary
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level of regional governance with an average population of 6228 (in a range between
913 and 10,111) (Wenshan District Office 2021). Participants in the workshops
came from different towns, although most of the BGI implementation efforts
basically focused on a single community/town.

Implementation of community BGI by the Local Community Group has been
funded by the CBA education programmes of NAPCA since 2013, with two
additional BGI projects funded by the “Open Green” spatial mediation programmes
of Taipei City Government in 2016. As an extension of the CBA programme and its
existing environmental education background, the BGI initiative encouraged the
participants to apply their knowledge within community facilities. For the CBA
courses conducted between 2013 and 2017, the Local Community Group invited
experts from related fields to guide the local stakeholders, including residents and
officers from the township or district authorities, who were also asked to assess local
disaster risks and preparedness. Besides lectures and field surveys, workshops
concerning rain harvesting were also conducted.

The Consulting Firm’s approach was an outgrowth of its resilient planning
framework for suburban settlements in the vicinity of hills (Classic Design and
Planning 2019). The Consulting Firm had been involved in the Wenshan District
since 2014, with BGI projects facilitated by the Consulting Firm being funded in
2015 by the “Open Green” programme of Taipei City. These included the imple-
mentation of rain gardens on the vacant lands within the communities involved. In
addition, the Consulting Firm was in charge of managing the “Open Green” program
and thus engaged as a facilitator in that programme as well. The BGI practices,
which were based on the methodology of participatory planning, had functioned as a
supplemental procedure in empowering local networks and cultivating bottom-up
strategies for urban design on a larger scale (Classic Design and Planning 2019).

The Ministry of Science and Technology supported the research project of the
Academic in the Wenshan District between 2016 and 2019. Compared to the other
two agents, the facilitation role of the Academics proved much more significant. The
Academics focused on constructing a CBA policy model that integrated stakeholders
from different sectors. Instead of guiding BGI implementation in the communities,
the research team invited a highly diverse group of governmental or
non-governmental agents to build a platform for sharing CBA experiences and
knowledge and then offered advice about several BGI practices conducted by the
community colleges (including Wenshan Community College in Taipei City and
Yonghe Community College in New Taipei City). Although the Academics were
engaged in facilitating on a broader scale, the research team still succeeded in
collecting and interpreting knowledge and acted as a conduit for resources that
supported decision-making and grassroots practices.

Last but not least, it should be mentioned that the efforts of the three facilitators
were not isolated. The Local Community Group has been a critical local partner both
for the Consulting Firm and the Academics in efforts to mobilise residents. Since
2015, the planners in the Consulting Firm had been providing lectures on CBA in the
Local Community Group, and the Local Community Group has also acted as a
representative in the workshops conducted by the Consulting Firm. In 2017, the
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Local Community Group and the Consulting Firm collaborated in a workshop that
empowered grassroots planners to engage in the utilisation of community idle
spaces. Also, since 2017, the Academics had invited the Local Community Group
to participate in the CBA platform it has organised.

22.2.2 Communication and Mobilisation

During the preparations for BGI establishment, the strategies for mobilising local
stakeholders among the three facilitators presented a certain degree of similarity in
terms of selections of stakeholders and mediations by related experts. For instance,
the initiatives facilitated by the three agents all started from meetings with local
groups and experts. Nevertheless, after diagnosing the CBA issues with support
from experts, differences were revealed in the communication strategies for
interacting with grassroots groups and residents.

In communicating with grassroots residents who may be unfamiliar with the CBA
issues, the Local Community Group opted for a communications strategy consisting
mostly of lectures by experts in climate change, supplemented by practices such as
field trips within the communities and potential spots for BGI implementation.
Similar field trips were also conducted by the Consulting Firm and the Academics.
In particular, despite having shared experiences in previous flood events, climate
change was still an abstract issue for local residents. Consequently, as an alternative
strategy, the Local Community Groups ought to raise their awareness about such
problems by exploring the community water environments during the field trips.
Participants were able to intuitively grasp the connection between their living
experiences and disaster risks, after they had become enthusiastic about local
knowledge, as the result of first being shown the importance of water in local history.

On the other hand, the BGI project facilitated by the Consulting Firm resulted
from a bottom-up proposal from a local leader in Jingdong town. Even before the
Consulting Firm became involved, the community had been operating activities for
maintaining community spaces. The suggested spots for BGI facilities were vacant
lands which had been subjected to illegal dumping and parking. The BGI project
made available technical support from the community planner and university
students. Besides the BGI project, the Consulting Firm also conducted workshops
of varied scale, and other activities ranged from planning initiatives in a single
community to proposing a comprehensive urban plan.

The activities by the Academics focused on the connections among grassroots
practitioners, the governmental authority and the experts in related fields as the basis
for forming a small-scale think tank. As a result, the routine meetings were filled
with experience sharing on different topics and intensive discussions among the
guests. The founding members used their personal networks to help gather meeting
participants. Besides these meetings, annual symposiums were conducted to upscale
the experiences in comparison with other municipalities and the state authorities.
Since the network members all had experience in CBA, no serious differences
occurred during communication among the participants.
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22.2.3 Action and Networking

From identification of the flood risk and vulnerability to establishment of BGI, all
three facilitators helped to mediate among the experts in order to provide necessary
support for designing and constructing the BGI facility, while the grassroots
participants performed critical roles in implementation and follow-up actions.

In 2015, during the primary stage of identifying the climate change-induced risks,
the Local Community Group organised a reading group led by a specialist, then
conducted several focus group interviews and symposiums with municipal council
representatives, municipal officers, town leaders and other experts. During the CBA
project conducted that same year, a 20h series of workshops on rainwater harvesting
systems in communities followed 12h of lectures. As a trial of community BGI, the
participants then formed an engineering group and built a set of rain-harvesting
system in a local junior high school (Fig. 22.2). Similarly, the Consulting Firm
facilitated the formation of a civil engineer group for the purpose of installing rain
gardens and permeable paving in another neighbourhood. Each of the providers of
technical support performed different functions. The Local Community Group
offered lectures on rain-harvesting systems; then the participants purchased and
installed the pipelines essentially by themselves. On the other hand, the Consulting
Firm introduced a community planner, university professors and students, who
assisted the participants in the design and construction of the facilities (Taipei City
Urban Regeneration Office 2016a).

The Local Community Group and the Consulting Firm collaborated in two
public-space redesign projects in 2016, one of which took place in a community
park in Wanhe town and the other in a school-owned vacant lot in Xingfu town. The
park redesign included uncovering old waterways under the community parks,
thereby creating small-scale waterfronts within the urban settlement. The initial

Fig. 22.2 Design diagram for a rain-harvesting system (left) and volunteers installing the system in
a local junior high school on March 21, 2015 (right)
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planning was accomplished in participatory workshops with local adults and chil-
dren. The town leader later proposed implementation to the municipal government,
and actual construction began in 2010. The other BGI project in Xingfu town was
similar to the vacant land renovation in Jingdong town conducted in 2015, although
this time the workshop applied techniques of permaculture during the participatory
design. The vacant land was later reformed into a community garden, with BGI
facilities such as rain-harvesting and water-recycling systems, as well as an ecologi-
cal pond. It was then named the “Forest of Foods” (Taipei City Urban Regeneration
Office 2016c) (Fig. 22.3).

As for increasing the scale of relevance by applying the outcomes of community
BGI to CBA to broader contexts, the activities facilitated by the three actors
successfully built a framework for cooperation among stakeholders from the grass-
roots, the governmental authorities and the specialists from academia and the private
sector. In fact, most of the problematics were defined by the residents based on their
past experience, and then the three actors facilitated necessary support to achieve the
desired objectives. In addition, there were also projects launched by the township
leaders. The local town office proposed the redesign of the park, for example, but it
was carried out in collaboration with the Local Community Group, the community
association, an environmental NGO and the elementary school in the neighbourhood
(Taipei City Urban Regeneration Office 2016b). Likewise, the grassroots groups
also initiated the vacant land redesigns but finally applied BGI as an alternative.

Different levels of the administrative hierarchy, ranging from the township
authorities and neighbourhood elementary schools to the district office initiated
further actions related to the BGI facilities. The new policy agenda for developing
a “sponge city” also paved the way for greater access to technical and financial
support for the community BGI installation. More importantly, the preparation
processes not only gained support among more town leaders for further involvement
of either CBA or BGI but also improved grassroots awareness of climate change
hazards. For instance, in 2015, after the rain-harvesting system was installed in the
school campus, the participants further visited the homeowner association of the

Fig. 22.3 On the left is the permaculture community garden in Xingfu town before renovation
(November 29, 2016) and on the right after the renovation (June 28, 2017)
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nearby apartments to promote rain harvesting. Other extensive projects such as
edible landscapes or historical landscapes were also proposed by the town offices
and the Local Community Group after the CBA workshops. On the other hand, the
Academics created a more far-reaching platform. The meetings and symposiums
organised by the Academics not only linked community practitioners nationwide
horizontally but also provided a vertical channel for grassroots actors and state
agencies. They thus provided opportunities for direct reflection of local experiences
in national policies.

22.3 Comparison and Discussion

Comparisons of BGI cases facilitated by three non-governmental actors showed that
various functions had been performed at different levels. Previous research had
stressed such things as multilevel collaboration in CBA as a way to share responsi-
bility; networked governance that involved engagement in active citizenship, private
sectors and NGOs; and more inclusive and flexible governmental policymaking and
implementation (Batley and Rose 2011; Buijs et al. 2016; Howes et al. 2015; Mees
et al. 2019). However, since both CBA and BGI require a certain degree of
understanding, awareness and capability to ensure active engagement, gaps may
emerge among different sectors horizontally or among different levels vertically.
The chapter thus explored the roles of non-governmental facilitators in reducing the
possibility of barriers arising during the process. Table 22.1 summarises the
comparisons among the three actors reviewed in the chapter.

22.3.1 Challenges and Limitations in Facilitating Bottom-Up Actions

The CBA and BGI projects in Wenshan District have been recognised as successful
examples in promoting grassroots participation in related issues. At the same time,
despite the efforts by the three facilitators and local participants, the facilitators
identified several challenges and limitations.

At the individual level, one of the fundamental problems was the low motivation
among residents to become involved in disaster-related issues. For example, the
Consulting Firm delivered invitations to shops in the neighbourhood, but the first
responses came from the town leaders. The Local Community Group already had its
stable number of registered students, but the officers still found it difficult to gather
participants compared to enrolment in popular classes within the same organisation.
Likewise, the Local Community Group officers invited the leaders of two towns that
had experienced floods in the past to participate during workshop preparation.
However, the memory of disasters did not directly translate into willingness to
engage in CBA. This finding evidenced a mental state different from that suggested
by risk-based approach discussion of CBA at the grassroots level (Picketts et al.
2012). According to two leaders, discussions about disasters were usually perceived
to be negative. Consequently, local residents did not find them attractive. The other
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reason was the low sense of urgency regarding community solutions to the climate
change risks. Since the municipal authority had fixed the drainage quickly following
previous events, grassroots stakeholders exhibited limited accountability at the stage
of reporting problems. A Local Community Group officer recalled, “the problem had
been solved even before the residents figured out what was the issue.” Since the
municipal government had performed “too responsively” to the risks, the residents
and local private sectors thus tended to rely on the governmental authority to deal
with the issues. However, such reliance could further reduce the willingness of the
grassroots stakeholders to share responsibility for CBA, which was suggested as a
way to improve community resilience (Klein et al. 2017; O’Hare et al. 2016). In the
cases reviewed in this chapter, although the non-governmental actors functioned as
critical facilitators in promoting awareness and implementation of CBA, no matter
whether the “hosts” were governmental or non-governmental actors, the grassroots
citizens remained “invitees.”

At the community level, one distinguishing characteristic of urban society was the
weak connections between residents and the community at large, as well as among
the residents themselves. This, in turn, constituted one of the main barriers to
mobilising local residents. However, instead of mobilising through personal
connections, it could prove more efficient to gather people with similar concerns.

Table 22.1 Key characteristics of the three non-governmental facilitators (adapted from Bauer and
Steurer (2014); Klein et al. (2017))

Facilitator
Local community
group Private sector Academia

Main actor Wenshan
Community
College

Consulting Firm Academia

Target Flood hazards

Period 2013–2019 2014–2019 2016–2019

Projects Rain harvesting
(2015)

Rain garden (2015) CBA study group
(2016–2019)
CBA empowerment
workshop (2018)
CBA symposium (2019)

Community park redesign (2016)
Community permaculture garden (2016)

Problem
ownership

Local communities (mainly reflected by the
township authorities)

Local practitioners,
governmental agencies, etc.

Implementer Citizens,
engineering firms

Citizens, community
planners

NAPCA, the community
colleges

Funding NAPCA,
municipality

Municipality State

Core
partners

Town leaders,
citizens

Town leaders, citizens,
community planners

NAPCA, the community
colleges

Supporters Experts, skilled university students, municipal/
district/town authorities

Experts, state authorities

Outputs Educational
toolkits, CBA
strategies

Planning frameworks
for community
resilience

Policy implications, multi-
sector platforms, CBA
toolbox
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For instance, the Local Community Group and the Consulting Firm used the
investigation of local history and environment to introduce CBA issues, thereby
attaching new problematics to the existing topics that had initially attracted local
residents. In addition, building more intimate connections between the broad prob-
lematic and the everyday experience also proved critical. The strategies applied by
the facilitators included guided observation on a field trip, board games about
climate change hazards, and introducing tools of deliberative democracy. Also
worth mentioning was the fact that making models of the community environment
by hand was an efficient method to encourage and stimulate imagination in partici-
patory planning (Fig. 22.4).

In the CBA practice, the limited time allotted for knowledge preparation was
noted as a significant challenge. A college officer described the limited duration of
the CBA programmes (32h in many cases) as insufficient to develop comprehensive
knowledge about rain harvesting before installation, which reduced the motivation
of participants to adopt BGI practices. Besides, many local participants who enrolled
in the programmes were retired elders in their 60s. Thus, it was suggested that the
programmes could be improved by redesigning them to include age diversity.
Similar gaps also occurred in BGI projects in 2015. During the installation, both
of the civil engineer groups consisted of volunteers who remained actively engaged
throughout the entire process. However, since the case mediated by the Local
Community Group experienced less intervention by experts during the installation,
non-expert participants found it challenging to apply the acquired knowledge in
actual practice.

Furthermore, when promoting BGI or CBA practices, it was necessary to shape a
common incentive to be shared by the grassroots stakeholders. That was particularly
true due to the fact that many of BGI facilities were small scale and embedded into
the grassroots context. Meanwhile, in the CBA workshops conducted by the Local
Community Group, the participants came from different communities. Accordingly,
regardless of a general awareness of climate change disaster risks and the acknowl-
edgement of the need for BGI, geographical segregation among participants created

Fig. 22.4 Discussions with handmade models during the 2017 park redesign workshop
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a barrier when they moved to create a collective action plan. For example, during the
discussions, personal experiences and reactions tended to dominate, instead of
sharing that would highlight common problematics. The space-specific
characteristics of BGI also limited the motivation of participants living outside the
implementing community. In achieving collective action plans for CBA, another
challenge emerged in seeking support from the township administration, especially
for the grassroots leaders. As a result, leadership at the community level was a
critical factor in achieving a successful CBA or BGI. Nevertheless, high efficiency of
municipal administration also tended to discourage grassroots stakeholders from
dealing with problems themselves.

Finally, although non-governmental actors capable of connecting resources and
knowledge helped to make the participatory implementation of BGI more efficient,
institutional limitations still restricted the facilitating practices. In particular, the
cases reviewed in this chapter were all conducted under bureaucratic supervision.
As a result, although the non-governmental facilitators had made their efforts
adapting to local contexts, the pre-established framework for time and budget
restricted the scope of the activities. As a result, the sustainability of BGI eventually
depended on the grassroots communities. Even if the networks organised by
non-governmental facilitators survived project completion, the motivation and capa-
bility of both the facilitators and the grassroots practitioners became the deciding
factors as to whether they would continue their activities.

22.3.2 Towards a Framework of Integrated Facilitation

Within the BGI initiatives reviewed in the previous sections, in addition
to facilitating ties between the domains of experts/technocrats and non-expert
citizens, non-governmental actors also mediated resources (knowledge, finance,
human power, etc.) from alternative approaches that improve the flexibility of the
process.

The main barriers that needed to be overcome at the preparation stage were
cognitive hurdles regarding risk perception and recognition of BGI (Dhakal and
Chevalier 2017). Here the experts in the private sector (represented by the planning
company) and academia were able to provide the methods and information needed to
raise awareness, further build a basic understanding about the climate change
hazards and BGI (Derkzen et al. 2017). On the other hand, the Local Community
Group (Wenshan Community College in this case study) emphasised the close
connection between the hazards and the local concerns about livelihoods. Through-
out the design and the delivery of BGI projects, the role of the community groups
was especially necessary. With the mobilised group of citizens demonstrating strong
place attachment and the township leaders enjoying accumulated trust, the commu-
nity groups acted as gatekeepers when the outside agents (e.g., the Consulting Firm
and the Academics) first entered the community. Besides, the community groups
could also encapsulate the grassroots concerns for facilitation of understanding about
them among stakeholders.
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The project delivery could not be accomplished without sufficient input of
resources (Dhakal and Chevalier 2017). Consequently, the participants from the
private sector and academia mainly contributed by providing technical support
during the process of design and implementation. Assistance in forms such as the
participatory planning toolbox and the community planners helped lower the barriers
to collaboration with citizens at the grassroots level. Furthermore, the professional
planners also performed an important function by introducing outside resources,
especially financial and human energy inputs, which further increased accessibility
to resources for the community. For the maintenance of the BGI, the strategy
adopted by the Local Community Group was to involve local schools in order to
be able to utilise their facilities for environmental education. This approach was in
line with the suggestion by Lamond and Everett (2019) for embedding extra
features. However, regardless of the efforts at mediation, gaps remained in the
assumption of responsibility (Klein et al. 2017; O’Hare et al. 2016).

As for upscaling the effects and experiences of the grassroots initiatives, acade-
mia functioned as an organiser of horizontal and vertical integration. For instance,
the academics in the case study arranged a study group for grassroots practitioners
and governmental technocrats to share knowledge and experience. The study group
created a platform that horizontally connected the local actors in different
communities and experts who would provide technical support; furthermore,
it enlarged access to vertical communication within institutions. As a response to
the governance barrier indicated by Dhakal and Chevalier (2017), involving efforts
in top-down policy communication and bottom-up reflection, the academia could
thereafter coordinate synergetic improvements to the current regulations.

Cognizant of the challenges and possibilities provided by previous analyses,
Table 22.2 provided a participation framework to propose the roles of
non-governmental facilitators in BGI implementation. The categorisation of the
stages included the ladder of government participation provided by Mees et al.
(2019) and the upscaling approach (Schipper et al. 2014). On the other hand, the
table also presented the corresponding roles for fixing governmental barriers at
different stages (Dhakal and Chevalier 2017; Willems et al. 2020).

22.4 Conclusion and Implications

The chapter has reviewed the contributions by and challenges for non-governmental
actors in facilitating BGI application at the community level. The chapter focuses on
BGI as a strategy for community-based adaptation in urban communities. Taking the
BGI initiatives conducted in Wenshan District, Taipei, as cases for the study, the
chapter highlights the potentials and the difficulties of the Local Community Group,
the private sector and the academics. The implementation of BGI involves complex
interactions among science, technology, institutions and the public, as well as the
various concerns of diverse stakeholders. Consequently, the non-governmental
actors play the role of interpreters who present scientific expertise in a way that
can be commonly understood and also as mediators between different social
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domains. As for policy implications, at the grassroots level, a reliable community
group can serve as a gatekeeper that connects the members of the community with
outside stakeholders. During the design and the delivery of BGI projects, profes-
sional planners from the private sectors not only provide technical support but also
introduce innovative methods or strategies to empower grassroots engagements.
Furthermore, experts from either the private sector or academia can assist and act
as a bridge among local communities regarding resource inputs. The role of acade-
mia mainly consists of helping to coordinate the understandings and practices among
different sectors from a broader perspective, thus enhancing the inclusiveness and
efficiency of channels or platforms for vertical and horizontal integration. In
reflecting upon the cases reviewed in this chapter, we can conclude that despite
the synergetic effects resulting from the facilitation by the non-governmental actors,
further efforts are required to reallocate part of the responsibility to the grassroots
individuals. In particular, disaster prevention or mitigation has been widely acknowl-
edged by citizens as the responsibility of public sector, while how to divide and
balance the accountability among different social domains remains questioned.

Table 22.2 Roles of non-governmental facilitators in BGI implementation (adapted from Dhakal
and Chevalier (2017); Mees et al. (2019); Schipper et al. (2014); Willems et al. (2020))

Facilitators

Stages Community group Private sector Academia

Preparation 1. Issue
identifying

Connect the
problematics to
existed community
issues

Introduce
alternative
methods for
identifying issues

Provide necessary
knowledge for a
basic
understanding

Design 2. Enabling Facilitate the
discussion and
encapsulate local
opinions

Provide planning
tools and
necessary
assistance

Translate the
scientific data for
better
communication

Delivery Connect the gaps
between the design
and local concerns

Provide technical
support in
installation

Provide
supplemental
references

3.
Stimulating

Mobilise citizens Facilitate outside assistance (students,
volunteers, etc.)

4.
Networking

Bridge local inputs
at the community
level

Bridge
continuous
financial supports

Reflect the
grassroots demands
to the authorities

Maintenance Adjoin other
programmes to
utilise the facility

Provide a
technical
guideline for
maintenance

Generalise the
outputs and
compare with other
cases

Upscaling 5.
Horizontal

Demonstrate and
imitate among
communities

Produce a
replicable toolkit
for similar
practices

Organise platforms
for multi-level/
multi-sector
sharing

6. Vertical Provide policy
feedback

Indicate policy suggestions
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Nonetheless, the chapter highlights implications on the roles of non-governmental
actors in bridging the gaps between stakeholders and institutions and thus indicates
an alternative for better integration in both CBA and BGI practices.
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Mainstreaming Blue-Green Infrastructure
in Policy and Planning for Urban Resilience
in the Global South: Promises and Pitfalls
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Abstract

Blue-green infrastructure (BGI) has gained immense attention worldwide in the
last few years as a planning strategy for enhancing urban sustainability. Policy
interventions to promote BGI for urban resilience have gained momentum in the
Global North, but such initiatives are yet to be mainstreamed in the developing
world. This chapter seeks to unpack the gaps and opportunities in BGI planning
for sustainable urban transformations in the Global South with a focus on Asian
countries. Drawing on diverse cases of Global South cities, the chapter
synthesizes the complexities of incorporation of BGI in urban planning and
policies in the Asian context. We argue that a distinct approach cognizant of
the heterogeneity and diversity of ecologies and livelihoods in the cities of the
Global South and a focus on cross-sectoral and adaptive governance with public
participation, environmental justice, and equity as cornerstones can lead to better
policy integration of BGI for sustainable outcomes. The chapter further advocates
a “commons” perspective, given the multiple provisioning, regulating, and cul-
tural functions of BGI in the urban areas of the Global South, in contrast to a
purely technical approach of BGI implementation that is prevalent in other parts
of the world.

B. Dhanya (*)
Faculty of Ecosystem and Environment Management and Centre for Policy Studies, Indian Institute
of Forest Management, Bhopal, India
e-mail: dhanyab@iifmbhopal.edu.in

S. Ramananda
Independent Researcher, Banashankari, Bengaluru, Karnataka, India

S. Dhyani
CSIR-National Environmental Engineering Research Institute (CSIR-NEERI), Nehru Marg,
Nagpur, Maharashtra, India
e-mail: s_dhyani@neeri.res.in

# The Author(s), under exclusive license to Springer Nature Singapore Pte
Ltd. 2022
S. Dhyani et al. (eds.), Blue-Green Infrastructure Across Asian Countries,
https://doi.org/10.1007/978-981-16-7128-9_23

499

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-7128-9_23&domain=pdf
mailto:dhanyab@iifmbhopal.edu.in
mailto:s_dhyani@neeri.res.in
https://doi.org/10.1007/978-981-16-7128-9_23#DOI


Keywords

Urban planning · Policy · Adaptive governance · Institutions · Sustainability

23.1 Introduction

Creating and maintaining blue-green infrastructure (BGI) have emerged as a crucial
pathway for sustainable urban development, in the face of the rampant urbanization
currently observed and predicted in the Global South. Diverse BGI elements such as
urban parks and nature reserves, constructed wetlands, sponge gardens, permeable
pavements, biopores, rooftop gardens, wetlands, lakes, and streams are increasingly
valued for their multifunctional roles in ensuring diverse ecosystem services ranging
from mitigation of urban floods, pollution, heat islands, disaster risks, and climate
impacts to provisioning and cultural benefits. As an urban sustainability tool, BGI
planning recognizes urban regions as living entities and promotes the self-regulatory
potential of ecosystems (Haase 2015). BGI-based approaches such as planting street
trees and sustainable drainage are ranked as the most attractive actions for urban
climate adaptation in terms of feasibility and the potential to reduce risks and to offer
co-benefits such as decarbonization, economic growth, and improved human health
(Boland et al. 2021).

BGI as a potential nature-based solutions (NbS) for urban areas can also help in
realizing the targets of many international agreements including Sustainable Devel-
opment Goals (SDGs), 2015 with an urban-area-specific SDG 11; Post-2020 Global
Biodiversity Framework; Sendai Framework for Disaster Risk Reduction, 2015; and
UN Framework Convention on Climate Change (UNFCCC)-Paris Conference of
Parties (COP) promises, 2015 (Fig. 23.1). Several BGI approaches have been
formally mainstreamed in policies such as the sustainable drainage systems
(SuDS) of the United Kingdom or low-impact development (LID) of the USA
(Griffiths et al. 2020). Most such success stories are however confined to the Global
North. Cities in developing countries face greater challenges in terms of high rates of
population growth, unemployment and poverty, massive loss of urban blue-green
spaces and biodiversity, and consequent decline in ecosystem services. The numer-
ous growing urban areas of the Global South are exposed to several disaster risks not
only because of decades-long exponential urban expansion but also weak enforce-
ment of urban planning and regulatory instruments (Drosou et al. 2019). There is
growing need for resilience building and disaster proofing of urban areas using site-
specific BGI that have potential to solve local urban issues (Dhyani et al. 2019;
2021). In the Global South, BGI not only serves regulatory and cultural functions but
also sustains livelihoods of marginalized urban residents; therefore, a distinct
approach is imperative for its planning and implementation.

This chapter analyzes the opportunities and challenges in maintaining ecosystem
service flows and uses from BGI through policy and planning measures at national,
subnational, and city scales. We use diverse cases and examples to demonstrate the
promise in leveraging policy measures for BGI implementation and management
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with a view to inform sustainable and inclusive urban planning processes in the
Global South.

23.2 Methodology

The chapter is based on a comprehensive review of literature on BGI in the Global
South, with focus on Asian countries to identify the potential of “BGI sensitive”
planning and policy in catalyzing urban sustainability transitions. Asia is predicted
to be a hotspot of urban expansion and along with Africa will harbor 88% of all new
urban inhabitants between 2018 and 2050. Just India, China, and Nigeria alone will
account for over one-third of the projected increase of nearly 2.5 billion people in
urban population by 2050 (United Nations 2019). Most emerging urban regions in
Asia are characterized by increasing population, spatial expansion, energy and
resource demands, and vulnerability to natural disasters while also harboring centers
of global economy and environmentally critical areas. Although the number of
countries with national policies and programs to achieve sustainable urbanization
is significantly high in Asia (78% in Central and Southern Asia and 75% in Eastern
and Southeastern Asia) compared to other regions, the efficacy of these policies is
questionable (United Nations 2019). Asia’s urban regions are under enormous
social, economic, and ecological pressure that renders sustainable planning essential
to impart urban ecological resilience (UN-HABITAT 2012). BGI as a planning tool

Fig. 23.1 Mainstreaming BGI in urban policy and planning and its effective implementation for
meeting various international targets and agreements

23 Mainstreaming Blue-Green Infrastructure in Policy and Planning for Urban. . . 501



therefore presents tremendous potential for devising low-cost and equitable
pathways for urban transformations in Asia.

We used an extensive review of literature to understand various policy
interventions for BGI integration in urban systems and to examine opportunities
and challenges for BGI in urban planning. We examined different case studies from
the Global South with a focus on cities from Asia to trace the gaps in both research
and policy interventions that are crucial for adaptive urban infrastructure manage-
ment and to identify the strategies that have worked successfully in BGI implemen-
tation. Google Scholar and ResearchGate databases were searched for literature
using keywords denoting diverse categories of BGI elements such as green spaces
(parks, gardens, nature reserves, trees, wooded groves, etc.), urban and peri-urban
agriculture, green roofs and lanes, vertical greenery systems, lakes, streams, and
drainage systems. About 65 scientific papers and six reports published post 2010,
specific to cities from the Global South, were accessed for the review.

The learnings from the review are presented in Sects. 23.3 and 23.4. Section 23.3
presents interesting instances of policy measures that successfully integrate BGI in
urban planning in Asia, while Sect. 23.4 charts out the way ahead in creating a
pro-BGI policy environment in the Global South, by tying together the insights on
policy gaps and opportunities from the literature analyzed.

23.3 BGI-Sensitive Urban Planning and Policy: Exemplary
Initiatives from Asia

The review revealed a glaring lack of BGI integration in policies in the developing
countries of Asia. Except for a few countries such as China, Singapore (a developed
economy), and India, policy initiatives for urban BGI are either nonexistent or not
well documented in Asia. Although literature that suggests comprehensive
BGI-integrated planning based on research studies (Ahmed et al. 2019; Hamel and
Tan 2021) and documentation of city-scale pilot projects (Prescott et al. 2021) is
available, information on national- or subnational-level policies that provide an
enabling environment for BGI is scarce.

This section describes a few promising documented instances of adopting effec-
tive planning and policy steps for BGI in the Asian context.

23.3.1 Sponge Cities of China

Green development being central to China’s national development plan, a formal
strategy of ecological civilization, was conceptualized in 2007 (Dai et al. 2018). In a
stakeholder study conducted by O’Donnell et al. (2021), a respondent clearly
mentioned:

In China, national initiative from the central government is the most influential factor to
drive any infrastructure built while local government has the knowledge and finances to
implement it.
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The “sponge city” concept and implementation plan developed in China is a
progressive approach for addressing several urban water and environmental issues
using BGI (Fig. 23.2). The idea was conceived in 2014 to address urban flooding and
waterlogging in Chinese cities by the management of urban surface water using BGI
such as rain gardens, green roofs, grass swales, bioretention basins, and permeable
pavements (Griffiths et al. 2020). China’s recent national policy on sponge city
development is an excellent example of BGI integration in urban planning to reduce
flood incidences, runoff, and pollution by restoring the downstream ecosystems
(Ma et al. 2020). Sponge city initiative is to be implemented by respective
sub-provincial governments as well as municipalities. China aims to develop a
sponge city pilot of 449 km2 across 16 cities (selected from 130 cities), toward
which the central government of China has allocated CNY 20.7 billion, while
significant funding support for the project is raised from local as well as nongovern-
mental sectors (Xiang et al. 2019). Targets were set in a phased manner with cities
expected to provide 20% land with sponge features by 2020, increasing to about
80% land by 2030 (Fig. 23.2). Though climate, geology, and socio-economic factors
were considered as determinants in the implementation of national guidelines related
to sponge city project, it was later observed that financial support followed by
regular monitoring of targets was more impactful (Griffiths et al. 2020). The sponge
city model of BGI planning has attracted global attention, and in a recent news,1 the
city officials of Kochi in the state of Kerala have showed interest in developing the
city as the first sponge city of India.

23.3.2 Policy Initiatives for Sustainable Urbanization in India

In India, as a first step to recognize the unforeseen impacts of expanding urban areas
and to promote greening efforts, Town and Country Planning Organisation (TCPO)
published the first “Guide on Plant Materials for Landscaping in India” in 1980.

Fig. 23.2 Phased planning strategy of government of China to mainstream sponge city concept
and harness its diverse benefits

1https://www.thehindu.com/news/national/kerala/kochi-may-be-states-first-sponge-city/article30
619126.ece.
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Later in the year 2000, the Ministry of Urban Affairs and Employment published the
Guidelines for Greening of Urban Areas and Landscaping. Urban Greening
Guidelines in 2014 were largely a response to the rampant infrastructure buildup
and concretization of India’s urban areas.

Global transfer of knowledge and finances following an economic growth-driven
mandate for development has significantly influenced Indian urbanism. The recent
initiatives undertaken by the government of India, viz., the Smart City Project (2015)
(to develop 100 cities as smart cities), the Heritage Rejuvenation and Development
(HRIDAY) Scheme; the Urban Renewal Mission, and the Swachh Bharat Mission
are diverse efforts to enhance sustainability and resilience of fast-expanding urban
areas. However, governing authorities have mostly facilitated initiatives that focus
on basic infrastructure services without giving enough consideration to achieve
urban sustainability (Hackenbroch and Woiwode 2016). Smart City or Atal Mission
for Rejuvenation and Urban Transformation (AMRUT) mission (2015) considers
environmental sustainability as an important criterion, yet it misses on capitalizing
the benefits of urban green spaces in resilience building for urban sustainability
(Randhawa and Kumar 2017).

Biodiversity Management Committees (BMCs) in urban local body level
stipulated in the National Biodiversity Act (2002) offer another promising avenue
to leverage an existing policy to conserve and augment urban green cover, biodiver-
sity, and ecosystem services. India’s National Action Plan on Climate Change
(NAPCC) of 2008 in response to the UN Framework Convention on Climate Change
comprises missions dealing with sustainable habitat, water, agriculture, forestry,
energy efficiency, and health, among others, all of which have the potential to
boost BGI-based strategies; however systemic and process barriers—including
financial constraints, interministerial coordination, lack of technical expertise, and
project clearance delays—have emerged as major challenges in the efficient imple-
mentation of the missions (Mankikar and Driver 2021).

Other national policy initiatives with implications on BGI include the Prime
minister’s Irrigation Policy that advocates the use of treated urban sewage for
irrigation and the Revised Municipal Solid Waste Management Rules (2016) that
promotes composting urban solid waste to utilize in farmlands, providing a condu-
cive policy environment to synergize the exchanges between city dwellers and peri-
urban farmers and between blue and green components of urban infrastructure (Patil
et al. 2018). National Disaster Management Agency (NDMA) in 2019 developed a
precautionary short-term strategy for India (for urban areas as well as the states) to
address heat-related risks (NDMA Heat Wave Guidelines 2019). India Cooling
Action Plan (ICAP) (2019) was implemented for sustainable cooling in urban
areas. But, both these plans include only short-term planning and lack long-term
strategies to address the issue. Though NAPCC includes two important missions,
viz., National Mission of “Enhanced Energy Efficiency” (NMEEE) and ‘Green
India’ (GIM), less research and even lesser urban projects have considered exploring
passive cooling potential of urban greenery to address many urban environmental
issues (Imam and Banerjee 2016).

Complementing the national-level initiatives, several state-level programs have
also been launched. Green roofs, cool pavements, and incentives for rainwater
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harvesting and green construction materials were undertaken as important strategies
for implementing state-level Heat Action Plan by the Kerala State Disaster Manage-
ment Authority (KSDMA) as a long-term strategy for climate resilience. It is
important to mention that Delhi, despite its tag of the most polluted capital city,
has the Delhi Preservation of Trees Act (1994) to reduce felling of trees and
reduction of green cover; however, the major gap is in the enforcement of these
legal measures.

City-level programs focusing on BGI through enhancing tree cover, reviving
water bodies, etc. in tune with national-level mandates are also prevalent in various
parts of the country. Under a recent scheme of the Minor Irrigation Department in
Bengaluru, secondary-treated wastewater from the city is pumped to dried up peri-
urban lakes to recharge them for farming (Vishwanath 2018). The Revised Master
Plan 2031 (RMP) of Bengaluru designates the western direction of the urban
agglomeration as a no-development zone considering the water catchment and
reservoir services of this area—an example of urban planning that recognizes the
relevance of BGI. Several Indian cities—such as Delhi, Bhopal, and Madurai—are
including blue-green components in their master or action plans with the aim of
enhancing existing natural green and blue systems in the city through synchronous
planning to meet diverse stated objectives such as pollution mitigation, climate, and
flood resilience, to improve health, resource security, and economic growth
outcomes (Mankikar and Driver 2021).

23.3.3 Active, Beautiful, Clean (ABC) Waters Programme
in Singapore

With a population density of over 8201 people per km2, Singapore is one of the most
populous cities in Asia (World Bank data 2021). Receiving about 2400 mm of
rainfall annually, sustainable water harvesting and management are crucial for the
growing city. In order to manage a pervasive network of about 8000 km of drains,
canals, and rivers and 17 reservoirs, Singapore’s National Water Agency with the
Public Utilities Board (PUB) launched the Active, Beautiful, Clean (ABC) Waters
Programme in 2006. The initiative aims to harness the full potential of the city’s
water bodies in a holistic manner to ensure water security while meeting recreational
and aesthetic needs of the populace to make Singapore “a city of gardens and waters”
by 2030 (Liao 2019). With more than 30 ABC water projects already completed as
of 2018, detention and treatment of stormwater; integration of waterways and
reservoirs; and, importantly, keeping up with the city’s lifestyle have set an example
for upcoming urban centers in planning (PUB 2018).

ABC incorporates nature-based stormwater facilities in the form of vegetated and
bioretention swales, bioretention basins, sedimentation basins, constructed wetlands,
and cleansing biotopes that require minimal maintenance. Flood mitigation is
addressed by reducing stormwater runoff at point sources, expanding the capacities
of the pathways bringing stormwater, and also identifying flood risk points (PUB
2018). The Bishan-Ang Mo Kio Park of the Kallang River section is a successful
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example of the ABC program where the old water channel was transformed into a
3.2 km naturalized river, integrated with surrounding green space of the park to
provide for local biodiversity and creating a natural river corridor (Liao 2019).

The ABC program has been integrated in the city master plans through identifi-
cation of the central, eastern, and western catchments in order to improve water
quality, avoid deterioration of runoff quality, and re-harvest water. A strong 3P
(people, public, private) partnership approach including governing agencies, NGOs,
education institutions, and community groups is active in management. The ABC
Waters Design Guidelines of 2009 to encourage partnerships to improve waterways
designing, ABC Waters Certification Scheme of 2010 to recognize developers who
incorporate clean water designs in their projects, and the ABC Waters Professional
Programme of 2011 to build industry expertise in urban planning have contributed to
increasing public-private collaborations, industry engagement, education, and out-
reach (PUB 2018). Further, water management is guided by the “Four National Taps
policy” that links together water supply, stormwater management, and sewage
treatment of Singapore. Research gaps that exist in terms of the ecological impacts
of concretized canals, extent of green space inclusion, level of changes made to
stormwater channels and surrounding parks, and the extent to which channels can be
modified are yet to be plugged (Liao 2019).

23.4 Urban Planning and Policy for BGI: The Way Ahead

The review of literature, especially the case studies of effective BGI integration,
offered crucial pointers toward leveraging urban policy and planning for BGI-based
strategies of actioning urban resilience and sustainability in the Global South. Extant
literature overwhelmingly points to the need of building dedicated multi-sectoral and
integrated governance approaches with the participation of diverse actors at local,
subnational, and national levels for devising and implementing BGI for urban
resilience (Chu et al. 2016) (Fig. 23.3).

We summarize the major takeaways from the review and their implications for
BGI-sensitive policies below.

23.4.1 Planning and Policy in the Global South Should Recognize
High Levels of Heterogeneity and Diversity in Urban Ecology
and the Continuity of BGI with Surrounding Rural Landscapes

Traditional binary representations of the urban-rural dichotomy and the hugely
popular yet simplistic gradient approach to urbanity appear inadequate to capture
the complexity of cities of the Global South where pockets of rurality persist in urban
landscapes (Nagendra et al. 2014). Because of diverse ecological, economic, and
social conditions across urban areas in Asia, customized and context-specific
planning of urban green spaces is essential, and caution is required before
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implementing best practices imported from north in the south context (Mabon and
Shih 2021).

Urban agriculture, for instance, is practiced in rooftop gardens growing vegetable
and herbal produce in most cities of the developed world, while in peri-urban zones
of the Global South, small farms that produce for the city are found intermingled
with urban land uses (Parker and Simpson 2018). For urban farming to be viable and
vibrant, sustained flow of ecosystem services such as pollination services from
surrounding semi-wild as well as protected areas is critical (Mukherjee et al.
2019), which reiterates the need of promoting ecological continuity in landscapes.
Landscape heterogeneity needs to be preserved, while planning for urban expansion
and strict regulations that prohibit conversion of farmlands to other uses are to be
formulated at the state level. For maximizing biodiversity benefits, planning of urban
BGI should also be mindful of the ecological continuity of these elements into the
surrounding rural landscapes, calling for consideration of regional-scale data in
planning processes. Jha et al. (2019), in the context of Bengaluru, argue that design
of urban plantations is to be informed by the patterns of species diversity along the
rural-urban interface.

Cities of the Global South often harbor huge livestock populations. The urban
district of Bengaluru, for instance, has an estimated bovine population of 89,000
heads, and the collection and use of the dung produced do not figure in the municipal
waste management plans (Speier et al. 2018). Interactions between urban animal

Fig. 23.3 Components and facilitative actors for multisectoral, multiscalar, polycentric, and
interactive governance approaches for effective BGI mainstreaming in policy
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husbandry and plant production need to be better understood to exploit their
economic and environmental potential in order to reduce the “waste footprint” of
cities (Graefe et al. 2019). Upcycling of cow dung along with city compost for urban
farming and using nutrient-rich city sewage to grow crops in the peripheries could
effectively tackle the burdens of urban waste management as well as peri-urban
water and soil nutrient deficiency. Enforcement of legal provisions to ensure proper
treatment of city sewage before discharging into peri-urban areas can help rejuvenate
farming in water-deficient peripheries. With well-functioning wastewater treatment
systems, the crop and animal produce remain safe, nontoxic, and sustainable.

23.4.2 Collaborative, Multiscalar, and Adaptive Management
Approaches Should Guide BGI Mainstreaming in Urban
Planning and Policy in the Global South

A combined BGI- and ecosystem-based approach capturing the complexity and
dynamics of urban social-ecological systems is required to support policy objectives
such as sustainable development, environmental justice, social cohesion, or resil-
ience (Lindholm 2017). Institutional structures and processes for interconnecting
different knowledge systems are more serious challenges than lack of appropriate
policies, as documented by Mabon and Shih (2021) in Hanoi (capital city of
Vietnam), Taipei (capital of Taiwan), and Fukuoka (in Japan). In Dhaka, the capital
city of Bangladesh, understanding the spatial, ecological, social, economic, and
governance prospects of BGI network in urban planning emerged as an important
step toward mainstreaming BGI using a comprehensive approach (Ahmed et al.
2019). Such comprehensive structural frameworks should be developed to plan and
implement customized BGI network solutions as per urban morphological characters
that are multiscalar and multifunctional in nature. BGI planning needs to integrate
micro- and macrolevel dynamics of urban areas that include demographic changes
and population density, existing buildup, and natural blue-green spaces from the
very preliminary stage.

Urban protected areas and nature reserves are special cases in point for adopting
social-ecological approaches distinct from “fortress models” of management preva-
lent in rural landscapes of the Global South. Urban protected area management must
take a wider perspective and consider land uses beyond the protected area
boundaries. Telecouplings with macrolevel factors such as global- and national-
level socio-economic changes arising from the proximity to an urban center are to be
recognized as unique pressures on urban nature reserves; for instance, Dhanya et al.
(refer to Chap. 12) show how post liberalization economic changes that accelerated
real estate boom, population growth, densification, and sprawl in urban peripheries
created distinct stressors on a peri-urban protected area in India. Adaptive manage-
ment of urban protected sites has to take into account the local context and gover-
nance mechanisms that might modify the effects of the conservation intervention
(Macura et al. 2015). While areas with the highest conservation priority are to be
preserved under strict protection, dynamic zoning schemes also need to be
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developed (Zhang et al. 2016), as in the case of designating eco-sensitive zones
around nature reserves in India to provide a zone for transition between the highly
protected and highly human-dominated areas.

Multiplicity of governing institutions that typically follow siloed approaches is a
well-documented challenge for effective BGI implementation in developing
countries. In the case of peri-urban protected areas, lakes, and wooded groves in
Bengaluru (D’Souza and Nagendra 2011; Mundoli et al. 2017; Dhanya et al. in
Chap. 12), a host of governance bodies including the Bengaluru Municipal Corpo-
ration; parastatal urban planning agencies that were formed in the neoliberal gover-
nance regime such as Bengaluru Development Authority and other local area
planning authorities of the metropolitan region; and the state government
departments including the forest department, revenue department, and the minor
irrigation department have jurisdiction over the blue-green spaces. Coordination,
communication, and integration are found missing even between different
departments within a city corporation, as highlighted as a major institutional chal-
lenge for implementing water-sensitive urban design (WSUD) in South Africa
because of the allocation of responsibilities of different water-related infrastructure
to different municipal departments; e.g., stormwater management is undertaken by
road departments; water supply is separated from sewage collection, treatment,
disposal etc. (Armitage et al. 2014). Such disintegrated, fractured, or even competing
measures that have been implemented for urban BGI management have often
delayed the transformative changes essential to achieve livable, resilient, and sus-
tainable cities (Bush 2020). This stresses on the need of leadership attributes to be
displayed by city as well as local governments to enhance the capabilities and
participation of multiple stakeholder groups. The growing urban environmental
challenges desperately demand reinventing existing socio-economic as well as
political norms with a special focus on decision-making for which legitimate and
reliable leadership is crucial (Hegyi 2020). Integrated management frameworks,
cognizant of the cross-sectoral nature of water cycle and other ecosystem processes,
are also necessary to alleviate administrative conflicts in urban landscapes.

23.4.3 Environmental Justice and Equity Are to be Foregrounded
in Urban BGI Planning and Policy Making in the Global South

Urbanization unleashes larger social-cultural transformations that often lead to a
reshaping of perceptions on BGI as sources of urban recreation and aesthetics, from
its traditional multifunctional provisioning roles as sources of subsistence and
livelihood in the Global South (Mundoli et al. 2015; Derkzen et al. 2017). Conse-
quently, prevalent BGI management measures such as fencing of green and blue
spaces and imposition of entry fees often risk the exclusion of marginalized and poor
urban communities, as demonstrated by D’Souza and Nagendra (2011) in the case of
lakes andMundoli et al. (2017) in the case of wooded groves in Bengaluru. This calls
for greater emphasis on issues of social justice and equity in access to BGI in terms
of quantity, quality, location, access, usage, and enjoyment.
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Accessibility, not just to recreational but also to provisioning services, needs to be
center staged in our imaginations and planning of BGI (Escobedo et al. 2019). Even
in cases where city-level master plans designate green networks, such as in
Bengaluru, the imagination of green spaces is often limited to parks and nature
reserves, while urban farms are largely neglected (Patil et al. 2018). Studies reveal
that there is a growing trend even in developing countries to prioritize private
gardens in response to rapid urbanization (Jim and Zhang 2015); for example,
rooftop gardening was reported as the most affordable green adaptation strategy in
Dhaka (Zinia and McShane 2018). At the same time, informal settlements that are
abundant in the Global South have traditionally incorporated BGI elements for
livelihood benefits; e.g., slums in Bengaluru were found to be rich in various tree
species that serve nutritional and cultural needs, and slum residents engage in
distinct practices and relations with urban nature (Gopal and Nagendra 2015).
Integration of such diverse land uses and livelihoods will provide a pro-poor angle
to urban planning process. Urban food gardens, for instance, as socio-natural
hybrids, can play a crucial role in building up the seed and food sovereignty
movements and can act as sites of sociopolitical change (Classens 2014). Cities
should invest in urban agriculture in collaboration with food justice–oriented
organizations and disadvantaged communities (Horst et al. 2017).

Urban planners need to engage with a more systemic and situation-sensitive
approach to consider questions about who benefits from BGI and how the urban
system can be governed to accommodate different needs and unequal opportunities
(Andersson et al. 2019). It is necessary to evolve adaptable and responsive planning
strategies where preferences of all users are considered and social trade-offs
analyzed in relation to greening outcomes to prevent further exclusion of the
vulnerable social groups. Urban green spaces must be reimagined as resource
commons including all sections of society—especially women and low-income
residents, who are often excluded (Basu and Nagendra 2021).

23.4.4 Recognizing and Exploiting the Multifunctionality of BGI
in Policies Can Lead to Cost-Effective and Sustainable
Solutions for Urban Resilience

Investment in green space supports access to nature and promotes better understand-
ing of ecosystem services; improves sustainable water management; and enables
ecological diversity, connectivity, and multifunctionality (Mell 2017). Given their
shortage of green spaces, high-density cities should strive to optimize the existing
green spaces for provision of ecosystem services and to leverage cultural ecosystem
services to engage citizens and gain public support (Liao 2019).

Combination of different BGI elements provides better control of an entire
spectrum of storm events and helps to exploit the full range of potential ecological
and social benefits (Fluhrer et al. 2021). For instance, the ABCWaters Programme in
Singapore used design features that enhance the ecosystem services of the terrestrial
green spaces by introducing the regulating services of water-quality treatment and
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flood mitigation (Liao 2019). BGI developed as floodwater management systems
also supports urban and peri-urban agriculture practices by making space for
cultivated land (Diep et al. 2019). A BGI network at the macroscale can guide the
development of urban expansion zones and future satellite towns, by channeling the
natural water system of the whole territory and by focusing on nature as the main
guiding and limiting factors, respectively (Haase 2015). Policy measures should be
able to maximize and take advantage of the synergies in the ecosystem benefits of
BGI, and therefore reorienting and leveraging existing policies on green cover,
water, waste, sanitation, public health, energy, and climate adaptation could lead
to cost-effective BGI integration.

23.4.5 Greater Public Participation at All Stages of BGI Integration—
From Planning to Implementation and Management Is
Critical for Equitable Policy Outcomes

There is an urgency for inclusivity in urban planning in the Global South where
informal settlements face a host of challenges that urban green infrastructure (UGI)
can have a role in countering, such as “provision of basic needs and household
materials,” “mitigating hazardous or poor environmental conditions,” and “meeting
social needs” (Birtchnell et al. 2019). Inclusivity in terms of recognition of alternate
practices, livelihood means, and knowledge systems is also crucial. In Dhaka’s
context, Ahmed et al. (2019) argue that the classification of BGI should open to
include practices and resources in and around slum dwellers’ homes so that there is
potential for a greater role for citizens in decision-making on policies and practices
affecting their lives.

Urban greenery development relies not only on investment and technology but
also largely on the attitude and involvement of urban residents. Changes in the mind-
set and behavior of diverse stakeholder groups are crucial to overcome planning and
implementation challenges. Research on urban green spaces in Indian cities Delhi,
Gandhinagar, Chandigarh, and Bengaluru showed limited public knowledge of the
connection between human well-being and ecosystem services from green spaces
(Chaudhry et al. 2011); however residents in many cities of developing countries
have also shown willingness to pay for developing and maintaining urban forests.

In a study from Semarang City of Indonesia, inclusiveness, appropriateness, and
proactiveness were considered as prerequisites for community-centered approaches
to enhance resilience using BGI (Drosou et al. 2019). Socio-economic and cultural
context are key enabling conditions to promote BGI effectiveness. Adoption of
appropriate policies to improve the quality of green spaces can also facilitate social
interaction and thereby the social capital of urban areas (Moayedi et al. 2019), which
can further contribute to social fencing of green spaces and collective action for their
management. Effective implementation of GBI requires inclusive, participatory, and
transparent relationships among the actors (Swyngedouw 2005.) An integrated
top-down and bottom-up approach was recommended to address urban disaster
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risks and develop resilience against future disasters in Indonesia (Drosou et al.
2019).

23.4.6 Enhancing Public Participation in BGI Adoption Requires
Site-Specific Institutional, Economic, or Legal Measures
or Appropriate Combinations of These

Public participation for BGI implementation can be enhanced through multiple
policy and economic incentives and institutional structures. Civil society
organizations (CSOs) can act as representatives of local communities in devising
local policy for BGI through their active engagement with the local governmental
institutions (Mumtaz 2021). Regular community monitoring is an effective way to
maintain the local engagement, bringing together new networks of communities,
practitioners, and institutions (Hamel and Tan 2021). In Indonesia, Drosou et al.
(2019) suggested repurposing the popular family welfare education groups to pro-
mote the adoption of BGI while harnessing the role of women in the communities for
flood management. By identifying and assigning appropriate roles and
responsibilities to multiple stakeholders involved, bottom-up approaches can be
encouraged in urban BGI implementation.

In India, Basole et al. (2019) proposed a National Urban Employment Guarantee
Scheme to revive and maintain degraded urban commons such as lakes and ponds.
Engaging local labor for the management of BGI elements provides the twin benefits
of livelihood support for urban poor while sustaining ecosystem service flows from
BGI. Incentives in the form of subsidies and tax reductions for reducing the
economic burden may be incorporated in GI programs to overcome the challenges
of high construction and maintenance cost of BGI such as green roofs (Shafique et al.
2018). A study carried out in 113 urban areas of 19 countries found financial
subsidies and legal obligations as the most common ways to promote green infra-
structure worldwide and green roofs as the focus of most incentives (Liberalesso
et al. 2020).

23.4.7 Knowledge and Information Gaps Crippling BGI Integration
in Policies Need to be Urgently Addressed

There is a dearth of practical knowledge to help mainstream the implementation of
BGI in urban planning in different Asian countries. Research and development in
urban policy and governance for mainstreaming greenspace for disaster risk reduc-
tion and climate change adaptation is also limited (Mabon and Shih 2021). This is
mostly because of lack of sufficient primary information available on hydrology and
its larger impacts on society and environment. Combined impact of BGI and civil
engineered structures under changing climatic conditions is also understudied, and
this is a major gap hindering the integration of BGI in urban sprawls across the
region (Hamel and Tan 2021). Failure to recognize diverse practices of BGI
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management in the Global South has also contributed to glaring knowledge gaps, as
in the case of urban agriculture. Despite their multiple social-ecological roles,
information about urban agriculture is fragmented and largely out of date, as was
apparent in a study examining nine cities in Africa and Asia, reflecting the informal
nature and non-income dimensions that do not conform to official information-
gathering efforts that prioritize economic indicators (Padgham et al. 2015). Science
and technology (S&T) is also fundamental for successful implementation of BGI
projects as the shared economic benefits from S&T-based efforts can be substantial
as has been proven from different contexts and experiences (National Research
Council 2006). If layers of local knowledge and technical understanding can be
combined in BGI planning processes, the co-benefits of ecological remediation,
climate change adaptation, improved services, and local development opportunities
could be realized (Mulligan et al. 2020).

Spatial data needs for planning processes are revealed in many studies. In
addition to current methods of green space mapping, per capita green cover avail-
ability and accessibility mapping, social and environmental justice mapping,
demand-supply gap analysis, ecosystem benefits mapping, heat island effect
mapping, etc. are suggested (Lahoti et al. 2019). Integrating spatial data with more
qualitative data can provide a holistic view of benefits of BGI (Demuzere et al.
2014). Information about the institutional settings could be added to the physical
landscape with information on land ownership, user rights, and formal and informal
restrictions, stakeholders, and policy targets (Andersson et al. 2019).

The popular methods of assessing green spaces including economic valuation and
associated cost-benefit analyses also need to be reoriented to examine the values of
green space to human health, climate change adaptation, and water management
(Mell 2015). Knowledge gaps occur not only in the social, economic, and
environmental attributes but also in the institutional aspects. Understanding social
acceptance, in addition to economic feasibility analysis, might be useful in decision-
making (Zinia and McShane 2018). There is a need to promote more research on
producing and sharing the empirical data and to enhance the regional knowledge
base to promote mainstreaming of BGI strategies for DRR and climate adaptation
(Hamel and Tan 2021).

23.5 Conclusions

This chapter analyzed the gaps and opportunities in mainstreaming BGI in urban
planning and policies for catalyzing sustainable transformations in the Global South.
The review shows that scientific studies on different dimensions of BGI from Asian
cities are plenty, though critical knowledge gaps are evident. However, research
feeding into concrete policy prescriptions is less conspicuous, as the scant availabil-
ity of information on policy measures incorporating BGI in developing Asia’s
context reveals. The linear view of “good science leads to good policy” appears
constrained given the limited technical, financial, and political capital available for
translating scientific knowledge to policy mandates. The fragmentation of urban
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governance regime brought in by globalisation in the Global South has eroded the
social capital that has been foundational to the traditional community-based man-
agement of blue-green elements in the pre-urbanization scenario. Better policy
integration of BGI-related knowledge for sustainable outcomes will therefore require
addressing not only the financial, technical, and knowledge gaps but also restoring
the social ownership of BGI.

In the case of a few successful documented examples like China, strong national-
level policies have provided the impetus, while in India, engagement of civil society
organizations and citizen groups at the city level has emerged fruitful in bringing
positive policy changes for urban sustainability. Combined top-down and bottom-up
approaches appear to be effective in the Global South context of Asia. Reliance on
state and technology-driven BGI planning, as followed in the case of Singapore, may
not be sustainable in low- and middle-income countries of Asia, given the complex
social-ecological interactions and livelihood dependence on BGI. Highly engineered
structures requiring extensive technical capacity and capital investment for imple-
mentation and maintenance might not be appropriate solutions, considering the
prevalent knowledge gaps and economic constraints. A “commons” approach to
BGI, recognizing the diversity, heterogeneity, informal practices, and local knowl-
edge embedded in urban systems of the Global South, is the need of the hour for
creating enabling policy environment for resilient and sustainable cities. Reviving
the cultural attachment of communities with traditional BGI components such as
lakes, streams, heritage trees, and sacred groves offers an avenue to augment social
capital and ownership for BGI management. It is important to exploit the
multifunctionality of BGI to create opportunities in existing climate and urban
sustainability-related policies and to realign these policies to encompass an explicit
focus on BGI, in cases where such thrust is missing. BGI mainstreaming in policies
appreciating the dynamics and complexities of cities as social-ecological systems
undoubtedly holds immense promise for creating win-wins for sustainable urban
landscapes and livelihoods in the Global South.

Acknowledgement Author Declaration: Authors declare no conflict of interest to finalize and
publish this chapter.

References

Ahmed S, Meenar M, Alam A (2019) Designing a Blue-Green Infrastructure (BGI) network:
toward water-sensitive urban growth planning in Dhaka, Bangladesh. Land 8(9):138

Andersson E, Langemeyer J, Borgström S, McPhearson T, Haase D, Kronenberg J, Baró F (2019)
Enabling green and blue infrastructure to improve contributions to human well-being and equity
in urban systems. Bioscience 69(7):566–574

Armitage N, Fisher-Jeffes L, Carden K, Winter K, Naidoo V, Spiegel A, Mauck B, Coulson D
(2014) Water Sensitive Urban Design (WSUD) for South Africa: framework and guidelines.
Water Research Commission

Basole A, Idiculla M, Narayanan R, Nagendra H, Mundoli S (2019) Strengthening towns through
sustainable employment: a job guarantee programme for Urban India. State of Working India,
2019, Azim Premji University Centre for Sustainable Employment

514 B. Dhanya et al.



Basu S, Nagendra H (2021) Perceptions of park visitors on access to urban parks and benefits of
green spaces. Urban Forest Urban Green 57:126959

Birtchnell T, Gill N, Sultana R (2019) Sleeper cells for urban green infrastructure: Harnessing latent
competence in greening Dhaka’s slums. Urban Forest Urban Green 40:93–104

Boland B, Charchenko E, Knupfer S, Sahdev S, Farhad N, Garg S, Huxley (2021) Focused
adaptation—A strategic approach to climate adaptation in cities. Report published by C40 and
McKinsey Sustainability. https://www.c40knowledgehub.org/s/article/Focused-Adaptation-A-
strategic-approach-to-climate-adaptation-in-cities?language¼en_US

Bush J (2020) The role of local government greening policies in the transition towards nature-based
cities. Environ Innov Soc Trans 35:35–44. https://doi.org/10.1016/j.eist.2020.01.015

Chan FKS, Griffiths JA, Higgitt D, Xu S, Zhu F, Tang YT, Thorne CR (2018) “Sponge City” in
China—a breakthrough of planning and flood risk management in the urban context. Land Use
Policy 76:772–778

Chaudhry P, Bagra K, Singh B (2011) Urban greenery status of some Indian cities: a short
communication. Int J Environ Sci Dev 2(2):98

Chu E, Anguelovski I, Carmin J (2016) Inclusive approaches to urban climate adaptation planning
and implementation in the Global South. Clim Policy 16(3):372–392

Classens M (2014) The nature of urban gardens: toward a political ecology of urban agriculture.
Agric Hum Values 32(2):229–239

D’Souza R, Nagendra H (2011) Changes in public commons as a consequence of urbanization: the
Agara lake in Bengaluru, India. Environ Manag 47(5):840–850

Dai L, van Rijswick HF, Driessen PP, Keessen AM (2018) Governance of the Sponge City
Programme in China with Wuhan as a case study. Int J Water Resources Dev 34(4):578–596.
https://doi.org/10.1080/07900627.2017.1373637

Demuzere M, Orru K, Heidrich O, Olazabal E, Geneletti D, Orru H Faehnle M (2014) Mitigating
and adapting to climate change: multi-functional and multi-scale assessment of green urban
infrastructure. J Environ Manag 146:107-115

Derkzen, MLH, Nagendra AJA, Van Teeffelen A, Purushotham PH, Verburg (2017) Shifts in
ecosystem services in deprived urban areas: understanding people’s responses and
consequences for well-being. Ecol Soc 22(1):51

Dhyani S, Lahoti S, Khare S, Pujari P, Verma P (2018) Ecosystem based Disaster Risk Reduction
approaches (EbDRR) as a prerequisite for inclusive urban transformation of Nagpur City, India.
Int J Dis Risk Reduct 32:95–105

Dhyani S, Dasgupta R, Kumar P, Pujari P, Gupta AK (2019) Exploring the current and future
potential of urban agriculture in growing urban sprawls of India: strengths and challenges. Clim
Change Environ Sustain 7(1):97–101

Dhyani S, Karki M, Gupta AK (2020) Opportunities and advances to mainstream nature-based
solutions in disaster risk management and climate strategy. In: Dhyani S, Gupta A, Karki M
(eds) Nature-based solutions for resilient ecosystems and societies. Disaster resilience and green
growth. Springer, Singapore. https://doi.org/10.1007/978-981-15-4712-6_1

Dhyani S, Majumdar R, Santhanam H (2021) Scaling-up nature-based solutions for mainstreaming
resilience in Indian cities. In: Mukherjee M, Shaw R (eds) Ecosystem-based disaster and climate
resilience, Disaster and risk research: GADRI book series. Springer, Singapore. https://doi.org/
10.1007/978-981-16-4815-1_12

Diep L, Dodman D, Parikh P (2019) Green infrastructure in informal settlements through a multiple
level perspective. Water Altern 12(2):554–570

Drosou N, Soetanto R, Hermawan F, Chmutina K, Bosher L, Hatmoko JUD (2019) Key factors
influencing wider adoption of blue–green infrastructure in developing cities. Water 11(6):1234.
https://doi.org/10.3390/w11061234

Escobedo FJ, Giannico V, Jim CY, Sanesi G, Lafortezza R (2019) Urban forests, ecosystem
services, green infrastructure and nature-based solutions: nexus or evolving metaphors? Urban
Forest Urban Green 37:3–12

23 Mainstreaming Blue-Green Infrastructure in Policy and Planning for Urban. . . 515

https://www.c40knowledgehub.org/s/article/Focused-Adaptation-A-strategic-approach-to-climate-adaptation-in-cities?language=en_US
https://www.c40knowledgehub.org/s/article/Focused-Adaptation-A-strategic-approach-to-climate-adaptation-in-cities?language=en_US
https://www.c40knowledgehub.org/s/article/Focused-Adaptation-A-strategic-approach-to-climate-adaptation-in-cities?language=en_US
https://doi.org/10.1016/j.eist.2020.01.015
https://doi.org/10.1080/07900627.2017.1373637
https://doi.org/10.1007/978-981-15-4712-6_1
https://doi.org/10.1007/978-981-16-4815-1_12
https://doi.org/10.1007/978-981-16-4815-1_12
https://doi.org/10.3390/w11061234


Fluhrer T, Chapa F, Hack J (2021) A methodology for assessing the implementation potential for
retrofitted and multifunctional urban green infrastructure in public areas of the Global South.
Sustainability 13(1):384

Gopal D, Nagendra H (2015) Vegetation in Bengaluru’s slums: boosting livelihoods, well-being
and social capital. Sustainability 6(5):2459–2473

Graefe S, Buerkert A, Schlecht E (2019) Trends and gaps in scholarly literature on urban and peri-
urban agriculture. Nutr Cycl Agroecosyst 115(2):143–158

Griffiths J, Chan FKS, Shao M, Zhu F Higgitt D L (2020) Interpretation and application of Sponge
City guidelines in China. Philos Trans Royal Soc A 378(2168), 20190222

Haase D (2015) Reflections about blue ecosystem services in cities. Sustain Water Qual Ecol 5:77–
83

Hackenbroch K, Woiwode C (2016) Narratives of sustainable Indian Urbanism: the logics of global
and local knowledge mobilities in Chennai. South Asia Multidiscip Acad J (14) Online since,
connection on 01 September URL: http://journals.openedition.org/samaj/4190. https://doi.org/
10.4000/samaj.4190

Hamel P, Tan L (2021) Blue–Green infrastructure for flood and water quality management in
Southeast Asia: evidence and knowledge gaps. Environ Manage:1–20

Hamidi A, Ramavandi B, Sorial GA (2021) Sponge city—an emerging concept in sustainable water
resource management: a scientometric analysis. Resources Environ Sustain 5:100028. https://
doi.org/10.1016/j.resenv.2021.100028

Hegyi FB (2020) Leadership to address urban environmental challenges. Mark Focus 3(1):17–21
Horst M, McClintock N, Hoey L (2017) The intersection of planning, urban agriculture, and food

justice: a review of the literature. J Am Plan Assoc 83(3):277–295
Imam AUK, Banerjee UK (2016) Urbanisation and greening of Indian cities: problems, practices,

and policies. Ambio 45:442–457. https://doi.org/10.1007/s13280-015-0763-4
Jha RK, Nölke N, Diwakara BN, Tewari VP, Kleinn C (2019) Differences in tree species diversity

along the rural-urban gradient in Bengaluru, India. Urban Forest Urban Green 46:126464
Jim CY, Zhang H (2015) Effect of habitat traits on tree structure and growth in private gardens.

Landsc Ecol 30(7):1207–1223
Lahoti S, Kefi M, Lahoti A, Saito O (2019) Mapping methodology of public urban green spaces

using GIS: an example of Nagpur City, India. Sustainability 11(7):2166
Liao KH (2019) The socio-ecological practice of building blue-green infrastructure in high-density

cities: what does the ABC waters program in Singapore tell us? Socio-Ecol Pract Res 1(1):
67–81

Liberalesso T, Cruz CO, Silva CM, Manso M (2020) Green infrastructure and public policies: an
international review of green roofs and green walls incentives. Land Use Policy 96:104693

Lindholm G (2017) The implementation of green infrastructure: relating a general concept to
context and site. Sustainability 9(4):610

Ma Y, Jiang Y, Swallow S (2020) China’s sponge city development for urban water resilience and
sustainability: a policy discussion. Sci Total Environ 729:139078. https://doi.org/10.1016/j.
scitotenv.2020.139078. Epub 2020 Apr 28. PMID: 32380332

Mabon L, Shih W (2021) Urban greenspace as a climate change adaptation strategy for subtropical
Asian cities: a comparative study across cities in three countries. Glob Environ Chang 68

Macura B, Secco L, Pullin AS (2015) What evidence exists on the impact of governance type on the
conservation effectiveness of forest protected areas? Knowledge base and evidence gaps.
Environ Evid 4(1):1–29

Mankikar US, Driver B (2021) Blue-Green infrastructure: an opportunity for Indian cities. ORF
Occasional Paper No. 317, May 2021, Observer Research Foundation

Mell IC (2015) Establishing the rationale for green infrastructure investment in Indian cities: is the
mainstreaming of urban greening an expanding or diminishing reality? AIMS Environ Sci 2(2):
134–153

Mell IC (2017) Greening Ahmedabad—creating a resilient Indian city using a green infrastructure
approach to investment. Landsc Res 43(3):289–314

516 B. Dhanya et al.

http://journals.openedition.org/samaj/4190
https://doi.org/10.4000/samaj.4190
https://doi.org/10.4000/samaj.4190
https://doi.org/10.1016/j.resenv.2021.100028
https://doi.org/10.1016/j.resenv.2021.100028
https://doi.org/10.1007/s13280-015-0763-4
https://doi.org/10.1016/j.scitotenv.2020.139078
https://doi.org/10.1016/j.scitotenv.2020.139078


Moayedi M, Kheyroddin R, Shieh I (2019) Determining the role of pedestrian-orientation,
concerning the public places: improvement of urban social capital quality. Civil Eng J 5(4):
901–912

Mukherjee R, Deb R, Devy SM (2019) Diversity matters: effects of density compensation in
pollination service during rainfall shift. Ecol Evol 9(17):9701–9711

Mulligan J, Bukachi V, Clause JC, Jewell R, Kirimi F, Odbert C (2020) Hybrid infrastructures,
hybrid governance: new evidence from Nairobi (Kenya) on green-blue-grey infrastructure in
informal settlements. Anthropocene 29:100227

Mumtaz M (2021) Role of civil society organizations for promoting green and blue infrastructure to
adapting climate change: evidence from Islamabad city, Pakistan. J Clean Prod 309:127296

Mundoli S, Manjunath B, Nagendra H (2015) Effects of urbanisation on the use of lakes as
commons in the peri-urban interface of Bengaluru, India. Int J Urban Sustain Dev 7(1):89–108

Mundoli S, Manjunatha B, Nagendra H (2017) Commons that provide: the importance of
Bengaluru’s wooded groves for urban resilience. Int J Urban Sustain Dev 9(2):184–206

Nagendra H, Unnikrishnan H, Sen S (2014) Villages in the city: spatial and temporal heterogeneity
in rurality and urbanity in Bengaluru, India. Land 3(1):1–18

National Disaster Management Authority (NDMA) (2019) National guidelines for preparation of
action plan- prevention and management of heat wave, Ministry of Home Affairs, Government
of India

National Research Council (2006) The fundamental role of science and technology in international
development: an imperative for the U.S. Agency for International Development. The National
Academies Press, Washington, DC. https://doi.org/10.17226/11583

O’Donnell EC, Netusil NR, Chan FK, Dolman NJ, Gosling SN (2021) International perceptions of
urban blue-green infrastructure: a comparison across four cities. Water 13(4):544. https://doi.
org/10.3390/w13040544

Padgham J, Jabbour J, Dietrich K (2015) Managing change and building resilience: a multi-stressor
analysis of urban and peri-urban agriculture in Africa and Asia. Urban Clim 12:183–204

Parker J, Simpson GD (2018) Public green infrastructure contributes to city livability: a systematic
quantitative review. Land 7(4):161

Patil S, Dhanya B, Vanjari RS, Seema P (2018) Urbanisation and new agroecologies: the story of
Bengaluru’s peripheries. Econ Political Weekly 53(41):71–77

Prescott MF, Dobbie MF, Ramirez-Lovering D (2021) Green infrastructure for sanitation in
settlements in the global south: a narrative review of socio-technical systems. Sustainability
13:2071. https://doi.org/10.3390/su13042071

Public Utilities Board (PUB) (2018) Singapore’s National Water Agency. https://www.pub.gov.sg/
Randhawa A, Kumar A (2017) Exploring sustainability of smart development initiatives in India.

Int J Sustain Built Environ 6(2):701–710. https://doi.org/10.1016/j.ijsbe.2017.08.002
Shafique M, Kim R, Rafiq M (2018) Green roof benefits, opportunities and challenges—a review.

Renew Sust Energ Rev 90:757–773
Speier CJ, Mondal MM, Weichgrebe D (2018) Evaluation of compositional characteristics of

organic waste shares in municipal solid waste in fast-growing metropolitan cities of India. J
Mater Cycl Waste Manage 20(4):2150–2162

Swyngedouw E (2005) Governance innovation and the citizen: the Janus face of governance-
beyond-the-state. Urban Stud 42(11):1991–2006

United Nations, Department of Economic and Social Affairs, Population Division (2019). World
Population Prospects 2019: Highlights (ST/ESA/SER.A/423)

United Nations Human Settlements Programme, UN-HABITAT (2012) Sustainable urbanization
in Asia: a sourcebook for local governments

Vishwanath S (2018) “Waste Water to the Rescue,” The Hindu, 14 April. http://www.thehindu.
com/to-dayspaper/tp-features/tp-propertyplus/waste-water-to-the-rescue/article23534133.ece?
utm_source=tppropertyplus&utm_medium=sticky_footer

23 Mainstreaming Blue-Green Infrastructure in Policy and Planning for Urban. . . 517

https://doi.org/10.17226/11583
https://doi.org/10.3390/w13040544
https://doi.org/10.3390/w13040544
https://doi.org/10.3390/su13042071
https://www.pub.gov.sg/
https://doi.org/10.1016/j.ijsbe.2017.08.002
http://www.thehindu.com/to-dayspaper/tp-features/tp-propertyplus/waste-water-to-the-rescue/article23534133.ece?utm_source=tppropertyplus&utm_medium=sticky_footer
http://www.thehindu.com/to-dayspaper/tp-features/tp-propertyplus/waste-water-to-the-rescue/article23534133.ece?utm_source=tppropertyplus&utm_medium=sticky_footer
http://www.thehindu.com/to-dayspaper/tp-features/tp-propertyplus/waste-water-to-the-rescue/article23534133.ece?utm_source=tppropertyplus&utm_medium=sticky_footer


World Bank Data (2021) Population density of Singapore, Food and Agriculture Organization and
World Bank population estimates. https://data.worldbank.org/

Xiang C, Liu J, Shao W, Mei C, Zhou J (2019) Sponge city construction in China: policy and
implementation experiences. Water Policy 21(1):19–37

Zhang L, Luo Z, Mallon D, Li C, Jiang Z (2016) Biodiversity conservation status in China’s
growing protected areas. Biol Conserv 210:89–100

Zinia NJ, McShane P (2018) Ecosystem services management: an evaluation of green adaptations
for urban development in Dhaka, Bangladesh. Landsc Urban Plan 173:23–32

Dhanya Bhaskar is the Chairperson, Centre for Policy Studies and Associate Professor of
Ecosystem and Environment Management at the Indian Institute of Forest Management, Bhopal,
India.

Samudyatha Ramananda completed Masters in Conservation Studies from Azim Premji Uni-
versity, Bengaluru.

Shalini Dhyani is a Senior Scientist at Critical Zone Group (CZO) of Water Technology and
Management Division (WT&MD), CSIR-National Environmental Engineering Research Institute
(CSIR-NEERI), Nagpur, India.

518 B. Dhanya et al.

https://data.worldbank.org/

	Foreword
	Acknowledgements
	Contents
	About the Editors
	Abbreviations
	1: Blue-Green Infrastructure for Addressing Urban Resilience and Sustainability in the Warming World
	1.1 Introduction
	1.1.1 Urban Blue-Green Infrastructure-Examples
	1.1.2 Global Recognition and Acceptance of UBGI
	1.1.3 Opportunities and Challenges
	1.1.4 Progress and Developments in UBGI on the Science Front
	1.1.4.1 Urban Green Spaces for Increasing Resilience
	1.1.4.2 UBGI to Manage Urban Heat Islands
	1.1.4.3 UBGI to Manage Urban Flood Risks

	1.1.5 Structure of the Book

	References

	Part I: Opportunities and Advances
	2: Regional Trends in Social-Ecological-Technological (SET) Approaches to Sustainable Urban Planning: Focus on Asia
	2.1 Introduction
	2.2 Blue-Green Infrastructure and Nature-Based Solutions: Focus on the Asia-Pacific Region
	2.2.1 Singapore
	2.2.2 India
	2.2.3 Sri Lanka
	2.2.4 China
	2.2.5 Nepal
	2.2.6 Fiji
	2.2.7 Thailand
	2.2.8 Philippines

	2.3 Sustainable Urban Natural Resources Management (SUNRM)
	2.4 Discussion Points
	2.5 Concluding Notes
	Annexure 1
	Annexure 2
	Annexure 3
	References

	3: A Risk Assessment Approach to Urban Resilience
	3.1 Introduction
	3.2 Nature-Based Solutions
	3.3 Societal Challenges in the Urban Environment
	3.3.1 Extreme Weather Events

	3.4 Options Appraisal
	3.4.1 City Scale
	3.4.2 The Neighbourhood Approach

	3.5 Ensuring Sustainability
	3.6 Taking a Strategic Approach to Promote Blue-Green Infrastructure
	References

	4: Promoting Blue-Green Infrastructure in Urban Spaces Through Citizen Science Initiatives
	4.1 Introduction
	4.2 Cities, Climate Change and Sustainable Development
	4.3 Citizen Science and Blue-Green Infrastructure
	4.3.1 Citizen Science and Green Infrastructure
	4.3.2 Citizen Science and Blue Infrastructure

	4.4 Blue-Green Infrastructure for Sustainable Development
	4.5 Citizen Science for Promoting Blue-Green Infrastructure in Urban Spaces
	4.5.1 Project Demand
	4.5.2 Project Design
	4.5.3 Project Implementation and Delivery
	4.5.4 Project Monitoring and Maintenance

	4.6 Widening the Niche for Blue-Green Infrastructure in Urban Spaces
	References

	5: Is Ensuring the Sustainable Implementation of BGI Possible? System Thinking of Urban Rivers as Social-Ecological Systems
	5.1 Introduction
	5.2 Application of BGI and Its Barriers to Promote Urban Sustainability
	5.3 Rationale and System Thinking-Oriented Methods
	5.3.1 Usefulness of System Thinking
	5.3.2 Case Selection for Urban River Mental Modeling
	5.3.3 Steps to Develop and Evaluate Urban River Mental Model
	5.3.3.1 Step 1: Operationalizing the Data Collection
	5.3.3.2 Step 2: Drawing a Mental Map Prototype for Comparison and Backcasting
	5.3.3.3 Step 3: Designing System Resilience Matrix to Evaluate the Sustainability of the System
	5.3.3.4 Step 4: Comparing Case Studies Based on System Thinking Approach


	5.4 System Thinking Findings Discussion
	5.4.1 Macro System Behavior
	5.4.2 Three Social-Ecological System Misfits
	5.4.2.1 Problem of Missing Feedback
	5.4.2.2 Problem of Trade-Offs
	5.4.2.3 Lack of System Resilience Strategies


	5.5 Conclusion
	Appendix 1: Technical Note on Data Collection
	Appendix 2: Urban River Ideal Matrix of System Resilience
	References

	6: Understanding Blue-Green Infrastructure Through Spatial Maps: Contribution of Remote Sensing and GIS Technology
	6.1 Introduction
	6.2 Mapping BGI Using Remote Sensing and GIS
	6.2.1 Panchromatic and Multispectral Remote Sensing
	6.2.2 Hyperspectral Remote Sensing
	6.2.3 Vegetation and Water Indices
	6.2.4 Radar Remote Sensing
	6.2.5 LiDAR

	6.3 Conclusion
	References


	Part II: Challenges and Constraints
	7: Cities and Biodiversity: Hidden Connections Between the Built Form and Life
	7.1 Urbanisation and The Evolution of Cities
	7.2 Urbanisation and Impacts on Biodiversity
	7.3 Theorising Urbanisation-Biodiversity Interactions
	7.4 Socioecological Interactions in Cities
	7.4.1 Ancient Jerusalem: Biodiversity Shaped by Religion and Geography
	7.4.2 Modern Bengaluru: Colonial Production of Biodiversity
	7.4.3 Contemporary Singapore: A Biodiversity Paradox

	7.5 The Urbanisation Benefits for Biodiversity
	7.6 Sustainable Urban Biodiversity and Its Challenges
	References

	8: Assessing Ecological Risks of Urban Air and Water Environment to Analyse the Scenarios for Mainstreaming Nature-Based Solut...
	8.1 Introduction
	8.2 Study Area
	8.3 Methodology
	8.3.1 Derivation of LULC and NDVI
	8.3.2 Derivation of Urban Expansion Index, ERI, GBR, BBA and ISA
	8.3.2.1 Urban Expansion Index
	8.3.2.2 Ecological Risk Index
	8.3.2.3 Green-to-Blue Ratio
	8.3.2.4 Blue to Built-up Area
	8.3.2.5 Percentage Impervious Surface Area
	8.3.2.6 Methodology for Generating Air Pollution Maps Using Ground-Based Data

	8.3.3 Derivation of NbS Scenarios

	8.4 Results and Discussion
	8.4.1 LULC Analysis
	8.4.2 NDVI Analysis
	8.4.3 Urbanisation Expansion Index
	8.4.4 GBR, BBA Ratios and ISA
	8.4.5 Air Quality Index and Its Parameters
	8.4.6 Derivation of NbS Scenarios Based on the AQI, ERI, BBA, GBR and ISA (Under Preparation)

	8.5 Conclusions
	References

	9: Do People Appreciate Economic Value of Water in Baku City of Azerbaijan?
	9.1 Introduction
	9.2 Materials and Methods
	9.3 Results and Discussion
	9.3.1 Survey Results

	9.4 Econometric Analysis: A Structural Model of Demand for Integrated Water Services
	9.4.1 Random Utility Model
	9.4.2 The Econometric Estimates

	9.5 Conclusions
	Appendix
	References


	Part III: Multiscale Environmental Design for BGI
	10: Homegardens as Sustainable Urban Agroforestry Systems to Promote Household Well-Being in Kandy, Sri Lanka
	10.1 Introduction
	10.2 Literature Review
	10.2.1 Urban Green Space Policy in Sri Lanka: Initiatives and Strategies
	10.2.2 Homegardens in Sri Lanka

	10.3 Homegardens in Kandy
	10.3.1 Kandy District: A Glimpse
	10.3.2 Kandyan Homegardens and Their Characteristics
	10.3.3 Importance of KHGs in Sustainability and Resilience Building
	10.3.4 Threats to Homegardens
	10.3.5 How Can Homegardens Be Incorporated in Urban Planning Strategies in Kandy

	10.4 Conclusion
	References

	11: Opportunities for Improving Urban Tree Cover: A Case Study in Kochi
	11.1 Introduction
	11.1.1 Mapathon: A Methodological Approach

	11.2 Study Area
	11.3 Materials and Methodology
	11.3.1 Data Used
	11.3.2 Methodology
	11.3.3 Mapathon Process
	11.3.3.1 Step 1: Planning Phase
	11.3.3.2 Step 2: Preparatory Phase
	11.3.3.3 Step 3: Mapathon Events

	11.3.4 Data Curation and Identification of Suitable Wards for Deep Dive Analysis
	11.3.5 Developing the Restoration Interventions

	11.4 Results and Discussion
	11.4.1 Exiting Interventions and Restoration Potential for Kochi Based on Mapathon
	11.4.2 Deep Dive Analysis
	11.4.3 Existing and Potential for Tree-Based Interventions for Vaduthala Based on Mapathon
	11.4.4 Potential for Tree-Based Interventions Based on Spatial Analysis

	11.5 Conclusion
	References

	12: Changing People-Nature Linkages Around Green Infrastructure in Rapidly Urbanising Landscapes: The Case of a Protected Area...
	12.1 Introduction
	12.2 Methodology
	12.2.1 Study Area
	12.2.2 Data Collection
	12.2.2.1 Exploratory Interactions in Villages
	12.2.2.2 Focus Group Discussions (FGD) for Participatory Ranking of Ecosystem Services and Disservices from Forests
	12.2.2.3 Key Informant Interviews

	12.2.3 Data Analysis

	12.3 Results and Discussion
	12.3.1 Shift in the Use of ESS and Disservices from the Forests
	12.3.2 Impacts of Urbanisation and Conservation on Livelihoods
	12.3.2.1 Impacts on Livestock Rearing
	12.3.2.2 Impacts on NTFP Collection
	12.3.2.3 Community Perceptions on Livelihood Impacts of the PA

	12.3.3 Impacts of Conservation on the Status of Vultures in the Urbanising Landscape
	12.3.3.1 Community Perceptions on Vulture Conservation
	12.3.3.2 Perceptions of Vulture Conservationists and the FD Official


	12.4 Conclusions
	12.5 Implications and Recommendations
	References

	13: Remodelling Urban Spaces in the Light of Blue-Green Infrastructure: A Case Study of Guwahati, India
	13.1 Introduction
	13.1.1 Grey Infrastructure and the Challenges Within
	13.1.2 Dual Impacts of Urbanization and Grey Infrastructure on Urban Ecosystem
	13.1.3 Blue-Green Infrastructure and Its Advantages
	13.1.4 Footprints of Urbanization in Guwahati City

	13.2 Methodology
	13.2.1 Data
	13.2.2 Image Classification and Accuracy

	13.3 Results and Discussion
	13.3.1 Spatiotemporal Analysis of Guwahati City
	13.3.2 Encroachment of the Reserve Forest by Urban Built-Up
	13.3.3 Impacts of Urban Growth in Guwahati
	13.3.4 Vulnerability of Flood Hazard in Guwahati

	13.4 Role of Blue-Green Infrastructure in Remodelling Guwahati City
	13.5 Conclusion
	References


	Part IV: BGI for Sustainable Water Management
	14: Nature-Based Solutions for the Restoration of the Abukuma River Basin (Japan) After Typhoon Hagibis
	14.1 Nature-Based Solutions in Flood Management in Japan
	14.1.1 Traditional Nature-Based Solutions in Japan
	14.1.1.1 Kasumi-Tei
	14.1.1.2 Nokoshi (Overflow Levee)
	14.1.1.3 Etsuryu-Tei (Overflow Levee)
	14.1.1.4 Bobirin (Protecting Forests)


	14.2 Abukuma River Basin Restoration
	14.2.1 Hamao Retention Reservoir
	14.2.2 Typhoon Hagibis Hits Japan
	14.2.3 Damages at the Hamao Retention Reservoir

	14.3 Basin-Wide Flood Management Approach
	14.3.1 Shifting to Basin-Wide Flood Control
	14.3.2 Integration of Traditional Flood Management Techniques in the Basin-Wide Flood Management Project
	14.3.3 Issues and Future Tasks
	14.3.3.1 Technological Issues
	14.3.3.2 Economic Matters
	14.3.3.3 Coordination Tasks


	14.4 Conclusions
	References

	15: Nature-Based Solutions (NbS) for Sustainable Development of the Resource Base and Ecosystem Services of Marine and Coastal...
	15.1 Introduction
	15.2 Marine Ecosystem Services: Existing Approaches and Relevance to Resources Modelling
	15.3 Examples of Coastal and Marine NbS Options in Global and Indian Contexts
	15.3.1 Global Case Studies
	15.3.2 Indian Scenario

	15.4 NbS for Achieving Targets of the Sustainable Development Goals (SDG) for India
	15.5 Scope for the Use of Technology for Adapting to NbS Frameworks as NbS Assisting Technologies (NAT)
	15.6 Conclusions
	References

	16: Physical Vulnerability Assessment to Flooding of Residential Houses Along the Coastal Areas in Santa Rosa City, Laguna, Ph...
	16.1 Introduction
	16.1.1 Climate Change in the Philippines
	16.1.2 Impacts of Climate Change-Related Hazards in the Philippines
	16.1.3 Community-Based Vulnerability Assessment to Flooding
	16.1.4 Physical Characteristics

	16.2 Research Methodology
	16.2.1 Flooding in Santa Rosa City, Laguna, Philippines
	16.2.2 Physical Vulnerability Analysis

	16.3 Results
	16.3.1 Building Material Analysis
	16.3.2 Effect of Height of Ground Floor and Distance from Lake
	16.3.3 Effect of Building Age and Number of Floors

	16.4 Discussion and Conclusion
	16.5 Disaster Reduction and Management Recommendations
	References

	17: The Significance of Ancient Water Systems and the Sacred Groves in the Landscape of Badami, Karnataka: A Geospatial Study
	17.1 Background
	17.2 Badami: An introduction
	17.3 Verdant Spaces: The Sacred Groves
	17.4 Water Systems of Badami
	17.5 Current Scenario and the Way Forward
	17.6 Conclusion
	References


	Part V: BGI for Environmental Risk Management
	18: Urban Sustainability and Resilience Building: Blue-Green Infrastructure for Air Pollution Abatement and Realizing Multiple...
	18.1 Introduction
	18.2 Urban Blue-Green Infrastructure
	18.3 Urban Canopy Layer
	18.4 Urban Heat Island Reduction
	18.5 Urban Air Quality and Role of Green Spaces
	18.6 Role of Blue Spaces in Air Quality Improvement
	18.7 Sustainable Urban Design
	18.8 Resilience Toward Climate Change
	18.9 Conclusions and Way Forward
	References

	19: Disaster Risks and Resilience of Urban Bangladesh: Role of Blue-Green Infrastructure
	19.1 Introduction
	19.2 Disaster Risks and Vulnerabilities in Urban Bangladesh
	19.3 Urban Growth and Blue-Green Infrastructures (BGI) in Urban Bangladesh
	19.3.1 Urbanization in Bangladesh
	19.3.2 BGI in Urban Bangladesh
	19.3.2.1 Dhaka City
	19.3.2.2 Chittagong City
	19.3.2.3 Khulna City
	19.3.2.4 Rajshahi City


	19.4 BGI in Urban Planning and Practice
	19.5 Factors Shaping BGI in Urban Bangladesh
	19.5.1 Sociopolitical Factors
	19.5.2 Economic Factors
	19.5.3 Institutional Factors

	19.6 Role of Blue-Green Infrastructure (BGI) in Disaster Risk Reduction and Resilience of Urban Bangladesh
	References

	20: Endorsing City Biodiversity Index (CBI): Assessing Ecosystem Health in Urban Sprawls and Eco-DRR-Inclusive Urban Planning
	20.1 Introduction
	20.2 City Biodiversity Health
	20.3 Concerns for City Ecosystem and Biodiversity
	20.4 Suggestions and Way Forward
	20.5 Conclusion
	References

	21: Greenhouse Gas Mitigation by Integrating Waste Treatment System Toward Low-Carbon City in Vietnam
	21.1 Introduction
	21.2 Study Site and Methodology
	21.2.1 Study Site: Hoi An City
	21.2.2 Analyzing the Waste Flow of SWM Practice Models by Scenarios

	21.3 Results and Discussion
	21.3.1 Evaluation of GHG Emission from Waste Treatment by Scenarios
	21.3.2 Oriented Solid Waste Management Practice Planning for Hoi An City

	21.4 Conclusion
	References


	Part VI: Policy Concerns for BGI
	22: The Roles of Non-governmental Actors in Facilitating Urban Blue-Green Infrastructures: A Comparative Review of the Communi...
	22.1 Introduction
	22.1.1 Case Study Community: Wenshan District, Taipei City
	22.1.2 Non-governmental Facilitators in Community BGIs
	22.1.3 Data Collection

	22.2 Local Practices by Non-governmental Actors
	22.2.1 Overview of the BGI Projects
	22.2.2 Communication and Mobilisation
	22.2.3 Action and Networking

	22.3 Comparison and Discussion
	22.3.1 Challenges and Limitations in Facilitating Bottom-Up Actions
	22.3.2 Towards a Framework of Integrated Facilitation

	22.4 Conclusion and Implications
	References

	23: Mainstreaming Blue-Green Infrastructure in Policy and Planning for Urban Resilience in the Global South: Promises and Pitf...
	23.1 Introduction
	23.2 Methodology
	23.3 BGI-Sensitive Urban Planning and Policy: Exemplary Initiatives from Asia
	23.3.1 Sponge Cities of China
	23.3.2 Policy Initiatives for Sustainable Urbanization in India
	23.3.3 Active, Beautiful, Clean (ABC) Waters Programme in Singapore

	23.4 Urban Planning and Policy for BGI: The Way Ahead
	23.4.1 Planning and Policy in the Global South Should Recognize High Levels of Heterogeneity and Diversity in Urban Ecology an...
	23.4.2 Collaborative, Multiscalar, and Adaptive Management Approaches Should Guide BGI Mainstreaming in Urban Planning and Pol...
	23.4.3 Environmental Justice and Equity Are to be Foregrounded in Urban BGI Planning and Policy Making in the Global South
	23.4.4 Recognizing and Exploiting the Multifunctionality of BGI in Policies Can Lead to Cost-Effective and Sustainable Solutio...
	23.4.5 Greater Public Participation at All Stages of BGI Integration-From Planning to Implementation and Management Is Critica...
	23.4.6 Enhancing Public Participation in BGI Adoption Requires Site-Specific Institutional, Economic, or Legal Measures or App...
	23.4.7 Knowledge and Information Gaps Crippling BGI Integration in Policies Need to be Urgently Addressed

	23.5 Conclusions
	References



