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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." Increasing and rapid urbanization is exacerbating the
pressure on freshwater supplies, sewage, the living environment and public health.?
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.® 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

! Cities—United Nations Sustainable Development
2Goal 11 targets; UNDP
3SDG 11: Sustainable Cities and Communities


https://www.un.org/sustainabledevelopment/cities/
https://www.undp.org/content/undp/en/home/sustainable-development-goals/goal-11-sustainable-cities-and-communities/targets.html
https://in.one.un.org/page/sustainable-development-goals/sdg-11/
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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.* Cities are
sources and sinks of emissions (Hoornweg et al. 2011; Lin et al. 2018). According to
the C40 report”, two-thirds of the world’s energy is consumed by cities, and they are
a source of 75% of global CO, 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.

“https://www.c40.org/ending-climate-change-begins-in-the-city


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

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.” 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

Shttps://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 HSBC Water 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


https://www.journals.uchicago.edu/doi/abs/10.1086/703378
https://freshwaterwatch.thewaterhub.org/our-data/explore-our-data

4 Promoting Blue-Green Infrastructure in Urban Spaces Through Citizen. .. 81

Scientists design;

Scientists and

Scientists citizens o
design; contribute data citizens co-
citizens and help refine d_es1g1;—act1\t/e
contribute project design, involvement
analyse data, through the
and/or entire project
disseminate cycle
findings
Contributory projects Collaborative projects Co-created projects
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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.
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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 (Garcia 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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Table 4.1 Benefits of blue-green infrastructure

Benefits
Cooling

Air quality
improvement

Improved physical
and mental health

Water regulation and
reduced flooding

Biodiversity
conservation

Evidence

— Use of green walls in the United Kingdom reduced
indoor temperatures by 4-6 °C during summer

— 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

— 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%

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

— 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

— Improved attention and emotional state

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

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

— 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

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

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

83

Reference
Ip et al. (2010)

Charlesworth
(2010)

Bozovic et al.
(2017)

Hewitt et al.
(2020)

McPherson
et al. (1994)

Tzoulas et al.
(2007)

Takano et al.
(2002)

Mentens et al.
(2006)

Ossa-Moreno
et al. (2017)

ADAS (2019)

Ibid

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 Bogotd, 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
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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
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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

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

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,® 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).

Sfile:///Users/indukmurthy/Downloads/BGI%20poster%20BEGIN..pdf
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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 Kent’ and Enfield,® 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.

"Kent, Interreg VB North Sea Region Programme
8https:/Mmorthsearegion.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,” Netherlands'® and Scotland."'
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

° https://vancouversun.com/news/local-news/canadas-first-dementia-village-to-open-in-langley-
next-year

1%https://hogeweyk.dementiavillage.com/en/
"hitps://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.
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