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Summary

Natural coastal ecosystems and the communities that depend on them are becoming more vulnerable
to the effects of climate change. Coastal cities such as the city-state of Singapore are becoming aware
of this and have expanded their agenda for urban development to include climate resiliency. Naturebased solutions (NBS) are increasingly being implemented as they can mitigate and adapt to climate
change while providing co-benefits for the environment, society, and economy. Attention on the
potential of mangrove ecosystems to be used as an NBS for climate resiliency is on the rise, through
mangrove conservation and rehabilitation. Using Singapore as a case study, this thesis aims to
determine where mangrove rehabilitation projects and the agenda for urban development in
Singapore converge. This is broken down into three research questions (RQs): the first RQ provides an
understanding of how mangrove rehabilitation projects were conceptualised and governed, and the
mangrove rehabilitation methods that were used; the second RQ identifies synergies and trade-offs
that exist between mangrove ecosystem services and dimensions of urban development; and the third
RQ brings out learnings that can be taken beyond the scope of mangrove rehabilitation projects, and
considers how the expanded agenda for urban development enhanced learning.
Two mangrove rehabilitation projects in Singapore are selected for this research based on the method
of mangrove rehabilitation and the governance approach. A completed project in Pulau Tekong that
is governed from a top-down approach and uses hybrid engineering, and an ongoing project in Pulau
Ubin that is governed from the bottom-up and uses ecological mangrove restoration are chosen. A
research framework combining a systems analysis perspective by looking into ecosystem services, and
a sociological perspective by using the multifaceted process of policy learning as a framework,
provides an interdisciplinary approach to this thesis. The method of data collection is split into four
phases consisting of literature studies and semi-structured interviews with seven respondents,
including mangrove and urban development experts, and stakeholders from the Pulau Tekong and
Pulau Ubin projects.
The results revealed that urban development did not have a significant role in the conceptualisation
of mangrove rehabilitation projects. Despite the projects not being designed to achieve the expanded
agenda for urban development, which is climate resiliency, their objectives still reflect dimensions of
urban development. These dimensions of urban development, such as coastal protection and the
conservation and restoration of natural ecosystems, were mostly synergistic with the mangrove
ecosystem services that were considered in the projects. The provision of mangrove ecosystem
services could even be enhanced in this relationship under the appropriate conditions; influencing
factors include the areal extent of the mangroves and public accessibility to the site. Moreover, there
is the potential for more synergies between mangroves and urban development over time as they
may not immediately be realised.
To understand how the expanded agenda for urban development strengthened learning, research on
three types of learning (technical, conceptual, and social) was first carried out. Technical learnings
were gained in both projects through the application of a new mangrove rehabilitation method or the
application of an existing method in a new context. The sharing of these learnings was crucial in
fostering a passion for mangroves in the local community and increasing confidence in the local
government to use mangrove rehabilitation as an NBS for climate resiliency. Regarding conceptual
learning, a key finding was that NBS require flexible governance, as working with natural processes is
dynamic and requires an adaptive approach. As NBS work with a dynamic natural environment, a
social learning gained was that a motivated and passionate team is essential in tackling unexpected
issues that arise and therefore enhancing the success of the project. Another social learning was that
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communication to get buy-in to the project or to an NBS proposition was most effective when it was
specific to the target audience, be it through the framing of ideas or the communication platform
used. Project stakeholders agreed that for mangrove rehabilitation to become more accepted as an
NBS, there should be greater recognition of the value that mangrove ecosystems have.
The expanded agenda for urban development on its own did not have a significant impact on learning.
However, because the objectives of the projects reflect dimensions of urban development and use
nature-inclusive design, this combination enhanced learning. Learning was magnified as both projects
were unique to Singapore; the Pulau Tekong project used a novel method of mangrove rehabilitation,
while the Pulau Ubin project used ecological mangrove restoration to restore abandoned aquaculture
ponds. While both projects were not explicitly designed to support the expanded agenda for urban
development, they still generated learnings for climate resiliency.
Interpretation of the findings uncovered the importance of framing in NBS. To increase receptivity to
NBS, language and empathy can be used in conjunction with getting the message right about NBS. It
can also be framed to align with institutional direction to strengthen the case for NBS. Furthermore,
researching the multifaceted process of learning in the projects revealed multiple insights, such as
innovation being inherent in NBS. This is due to the need to come up with creative solutions to provide
multiple benefits for the economy, society, and environment. Additionally, the three types of learning
were found to be more interconnected than expected. Social learning can be a conduit for the
distribution of technical learnings. Interaction and collaboration between actors through
communication tools and platforms can increase the evidence base for NBS, which can result in
conceptual learning and inspire others to implement NBS. Conceptual learning also supports
knowledge sharing of technical lessons by building an affinity with nature, such as through
communicating the interdependent relationship between humans and nature, or through activities
involving contact or meaning to stimulate their connection with nature.
Several limitations were noted in this study, including the extended time period between the projects
and interviews which may have affected the reliability of information from respondents. However, as
the data collection method was split into phases, this was an advantage as it created a gap between
the first and second round of interviews with project stakeholders, allowing them to reflect on their
experiences. Another notable limitation was the overlap in definitions of conceptual and social
learning, which could have resulted in the loss of learnings during interviews. This study suggests that
conceptual and social learning can be made distinct at the analytical level, but do not need to be
explicitly differentiated when conducting interviews.
This study demonstrates the value of using the concept of policy learning in NBS to gain insight into
the impacts that projects have beyond their project scope. The findings can be used by civil society
and local and international governments to better understand the convergence between mangrove
rehabilitation projects and urban development, which can be taken forward into the design of new
NBS. The results suggest that policymakers, research institutes, project leaders and civil society can all
take action in overcoming hurdles to NBS implementation by tackling it from multiple fronts. Multistakeholder collaboration can increase knowledge sharing and accelerate the adoption of NBS.
Areas for further research include research on environmental governance in the Pulau Ubin project
following its completion, to make comparisons within the project over different project phases, and
outside of the project in the implementation and post-project phases. Research can also be done on
the relationship between local communities and nature, to strengthen conceptual learning about NBS
and the agenda for urban development.
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1 Introduction

1.1 Problem Description

1.1.1 Effects of Climate Change on Coastal Ecosystems

With concentrations of atmospheric greenhouse gases reaching record levels in 2018, this driver of
climate change has cause for concern as it has far-reaching consequences as indicated by increases in
global mean temperature that results in, inter alia, an increase in ocean heat content and in sea level
rise (World Meteorological Organization, 2020). Coastal ecosystems are especially affected by sea
level rise. Coastal zones are composed of intertidal and subtidal areas that are on or above the
continental shelf (up to a depth of 200 metres) and includes areas subject to routine inundation by
saltwater (Burke et al., 2001). Coastal ecosystems are, inter alia, coral reefs, mangrove forests, salt
marshes, seagrass beds, tidal flats and sandy beaches (Ayyam et al., 2019). Due to rising sea levels
from climate change and human activities on land and the ocean, coastal zones are growingly faced
with coastal hazards such as erosion, flooding and the loss of coastal ecosystems (Oppenheimer et al.,
2019). The decrease in areal extent of these natural ecosystems for example, has a direct impact on
essential ecosystem services and functions. This impacts the provision of nursery habitats, the number
of fisheries, and filtering and services provided by wetlands and submerged vegetation (Barbier et al.,
2011). Climate change also puts the provision of other coastal ecosystem services at risk. These range
from provisioning services (water provision, biofuels) and regulating services (coastal protection,
carbon sequestration, pest and disease control) to cultural services (recreation, tourism, education)
(Lau, 2013; Liquete et al., 2013). For communities that are dependent on the provision coastal
ecosystem services like the ones previously mentioned, the loss of coastal ecosystems as a result of
climate change and human activities would severely increase their economic and social vulnerability
(Spalding et al., 2014).

1.1.2 Nature-Based Solutions

Actions to address the effects of climate change are necessary to protect the natural coastal
ecosystems and enhance the resiliency of coastal communities. This can be through climate change
mitigation and adaptation measures. Mitigation efforts are about reducing or preventing greenhouse
gas emissions, while adaptation efforts are about adjusting systems and societies to cope with the
impacts of climate change (Suarez, 2020).
One way to help mitigate and adapt to climate change is through nature-based solutions (NBS).
Examples of how NBS can do this are provided later in this section. NBS can address coastal hazards
and enable coastal ecosystems to continue providing the vital ecosystem services that contribute to
human well-being (Millennium Ecosystem Assessment, 2005). According to the International Union
for Conservation of Nature (IUCN), NBS are 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,
p. 5). Another definition by the European Commission (Wild et al., 2020) defines NBS as:
Solutions that are inspired and supported by nature, which are cost-effective, simultaneously
provide environmental, social and economic benefits and help build resilience. Such solutions bring
more, and more diverse, nature and natural features and processes into cities, landscapes and
seascapes, through locally adapted, resource-efficient and systemic interventions. (p. 5)
While NBS is a growing concept, it is increasingly applied and numerous case studies of its recent
applications across various regions and contexts have been consolidated and presented (CohenShacham et al., 2016; Keesstra et al., 2018; Lafortezza et al., 2018; Wild et al., 2020). Some examples
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of NBS in coastal ecosystems are the protection of natural habitats of mangroves, seagrass beds, coral
reefs and salt marshes, which can help with climate change adaptation by significantly reducing wave
height and energy as well as reducing erosion (Narayan et al., 2016; Spalding et al., 2014; van LoonSteensma & Kok, 2016). Coastal ecosystems also help with climate change mitigation through
atmospheric and climate regulation (Béné et al., 2011). Coastal wetlands in particular help to mitigate
climate change by sequestering carbon from the atmosphere and storing it; especially in the soils of
salt marshes and mangroves (Friess et al., 2020a).
Another approach to NBS is Building with Nature (BwN), which is a conceptual approach that works
with natural processes and natural materials to develop NBS for water-related infrastructure
(EcoShape, n.d.). It proactively integrates the utilisation or provision of ecosystem services into the
engineering solution (de Vriend et al., 2015). BwN can use green infrastructure but is not limited by it
and can also use grey and hybrid infrastructure (EcoShape, 2019). In the Netherlands, a BwN approach
was used in the Delfland Sand Engine project (Figure 1) as a measure of climate change adaptation to
allow for sand to be distributed along the coast by natural processes such as the wind, waves and
currents to protect against storm surges (van Slobbe et al., 2013). Its objective was not only to cope
with sea level rise but also to provide space for recreation and nature (de Vriend et al., 2014).

Figure 1. The Delfland Sand Engine after completion in July 2011 (left) and after 4.5 years in January 2016
(right) (Source: Deltares).

As illustrated, NBS can provide multiple benefits, or co-benefits that extend beyond their primary
functions and can refer to aesthetics, energy saving, amenity, human well-being and other ecosystem
services (Freitas, 2020; Raymond et al., 2017; Vojinovic, 2020). For example, a mangrove restoration
project to protect the coastline from storm surges can also sequester carbon and improve fishery
yields (Duarte et al., 2013). NBS can have the added advantage of providing co-benefits as compared
to a traditional grey approach (Debele et al., 2019).
Besides providing numerous benefits, some studies suggest that NBS can be more cost-effective than
grey approaches for the same degree of protection. A study on 52 NBS for coastal protection found
that in Vietnam, mangrove projects can be three to five times cheaper compared to a breakwater; and
salt marsh projects in the USA and in Europe can cost around the same as a breakwater or cost up to
three times cheaper (Narayan et al., 2016). In the Gulf Coast of the United States, Reguero et al. (2018)
assessed the cost effectiveness of various coastal adaptation measures and found that NBS may avert
36.6 per cent of total climate risk, which equates to USD 49-64.6 billion.
Additionally, a recent literature review on the effectiveness of NBS for climate change adaptation by
Chausson et al. (2020) revealed that majority (59 per cent) of 293 NBS cases in 194 studies reported a
reduction in the adverse climate impact. Furthermore, while few studies compared the effectiveness
2

of NBS with engineered approaches, the authors note that in the 12 cases that did, 67 per cent of
cases showed NBS to be more effective. For example, wetland protection was reported to be more
effective than engineered approaches at addressing freshwater flooding (Chausson et al., 2020).

1.1.3 Potential for Mangrove Rehabilitation as an NBS

The importance of mangrove ecosystems is now being discussed in international policy, with countries
including its conservation into their Nationally Determined Contributions to meet the goals of the Paris
Agreement (Friess et al., 2020b). As briefly mentioned, mangroves provide an array of ecosystem
services, such as carbon storage, soil formation, coastal protection, wood production and ecotourism
(Murdiyarso et al., 2015). Considering this, mangrove rehabilitation can be an NBS for climate change
mitigation and adaptation while providing co-benefits.
A recent assessment of mangrove restoration efforts by Worthington and Spalding (2018) found that
Southeast Asia has suffered the largest areas of global mangrove loss (39 per cent) and degradation
(61 per cent) between 1996 and 2016, yet they have the highest potential for mangrove restoration.
While research on mangrove rehabilitation have been carried out across projects in Southeast Asia
(Abdullah et al., 2014; Damastuti & de Groot, 2019; Macintosh et al., 2002; Primavera & Esteban,
2008), they have mostly been limited to rural coastlines. Urban coastlines, however, may face
different challenges in mangrove rehabilitation as compared to rural coastlines. For example, case
studies on mangrove rehabilitation on the coastal city of Singapore identified urban-specific
challenges, such as space constraints that have conflicting priorities for coastal management and a
lack of suitable areas for mangrove establishment (Ellison et al., 2020; Friess, 2017). When urban
development is considered, these urban challenges become even more of an issue as there is
competition for land and different ideas on how spaces can be used. Thus, urban development is also
an important consideration in mangrove rehabilitation projects as trade-offs between mangrove
ecosystem services and future urban development are likely to be present (Richards & Friess, 2017).
While trade-offs between mangrove ecosystem services and urban development exist, synergies can
also be present. With environmental issues becoming increasingly important due to climate change,
the agenda for urban development has changed. Urban development has broadened from the scope
of economic and social growth through land use change to include climate resiliency through climate
change mitigation and adaptation. Urban resilience to climate change is seen to have a strong
connection with sustainable urban development (Wendling et al., 2018).
Singapore, for example, can be seen to have shifted its thinking towards urban resilience in the face
of climate change. References in the Urban Redevelopment Authority’s (URA) annual reports to urban
resilience against climate change in Singapore has been sporadic over the years. From 2010 to date,
only two annual reports (2011-2012 and 2015-16) have clearly mentioned the need to tackle climate
change (Urban Redevelopment Authority, 2012, 2016). However, the most recent URA Master Plan
2019 has explicitly incorporated strategies to mitigate and adapt to climate change (Urban
Redevelopment Authority [URA] 2021). Furthermore, there has been increasing interest outside of
URA on this topic in recent years. For example, 2018 was designated as the Year of Climate Action in
Singapore to raise awareness about climate change and take collective action for climate change
mitigation and adaptation (Ministry of Sustainability and the Environment, 2018). In May 2020, the
Emerging Stronger Taskforce (EST) was established to address key shifts in the economy post COVID19 pandemic (Ministry of Trade and Industry [MTI], 2020a). It is co-chaired by the Minister for National
Development, Desmond Lee, and the Group CEO for PSA International, Tan Chong Meng, and
comprises of members who are industry leaders across the private and public sectors (MTI, 2020b).
The EST convened seven industry-led coalitions called the Stronger Together Alliances for Action
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(AfAs). One AfA focuses on contributing to the goal of limiting global warming to below 1.5°C and
“positioning Singapore as a hub for carbon-related services and nature-based solutions” (Ministry of
Trade and Industry, 2020a, p. 3). Additionally, in 2021, the Singapore Green Plan 2030 was announced;
this plan is a multi-ministry effort to achieve sustainable development in the face of climate change
(Singapore Green Plan 2030, 2021). These examples suggest a structural shift in thinking of urban
development to include urban resiliency against climate change.
Singapore has implemented mangrove rehabilitation projects from 1989 until the present day, where
the concept of urban development has expanded alongside the implementation of these projects. In
the past, mangrove rehabilitation projects have been implemented despite issues of space constraints
and mounting pressures from urbanisation for economic and social growth. Presently, they are being
implemented as the agenda for urban development moves towards resiliency. Hence, Singapore is
used as a case study to shed light on how the expanded agenda for urban development plays a role in
past and present mangrove rehabilitation projects, by drawing connections between ecosystem
services provided by mangroves and dimensions of urban development. To understand the
intersections between mangrove rehabilitation projects and the expanded agenda for urban
development in Singapore, learnings from these projects need to be considered.
Current research on the learnings from NBS are centred around success and limiting factors in terms
of the planning, design, implementation, governance and engagement of the local community
(Frantzeskaki, 2019; McVittie et al., 2018; Pontee et al., 2016). The multifaceted process of learning,
however, is not well documented, despite international literature stressing the importance of learning
for the implementation of innovative NBS. This includes what kind of knowledge is learnt, how and
when the learning takes place, who is involved in the learning, where this learning is applicable, and
why it is important to learn. This learning can be in the form of both direct and indirect impacts of the
NBS. Thus, the impacts that NBS have in terms of learning, that extend beyond the scope of the
project, have not been explored. Understanding the process of learning is important because the
different facets of learning can be broken down and analysed at a more minute level. The process of
learning can be tweaked for different contexts by targeting specific facets of learning to be changed,
while keeping other facets the same. This can help document processes of learning that have been
successful and unsuccessful, which can be passed on as lessons to others. The dive into the different
facets of learning also encourages innovation to improve upon existing processes.
Bringing together the concepts of ecosystem services and urban development with the multifaceted
process of learning, this combination of systems analysis and sociology enables an interdisciplinary
approach to this research project. This study will explore the relationship between urban development
and mangrove rehabilitation projects in Singapore, incorporating the concept of learning to uncover
its role in this relationship. Emphasis is put on the expanded agenda of urban development, which are
the climate change mitigation and adaptation aspects of urban development. The results of this
research can be used by local and international governments and civil society to understand the role
of urban development in mangrove rehabilitation projects, as well as learn from the lessons gained
beyond the project scope.

1.2 Case Study Summary and Scope of Research

Since gaining independence in 1965, Singapore has experienced rapid industrialisation, with an
average GDP growth among the highest in the world at 7.7 per cent (World Bank, 2019), and total
population growth from 2 million in 1970 to almost 5.7 million in 2020 (Singapore Department of
Statistics, 2020). As a coastal city, land reclamation is a means to achieve industrial development,
aquaculture and water security, which has resulted in the shoreline erosion and habitat loss of
4

mangrove forests, mudflats and coral reefs (Ellison et al., 2020; Friess, 2017; Lai et al., 2015). As a
result, NBS have been implemented in the form of mangrove rehabilitation to conserve mangrove
forests, replace mangrove habitats due to habitat loss from land reclamation, and combat coastal
erosion due to storms, ship wake and land reclamation (Friess, 2017). While the primary objectives
were not to address climate change, it is clear that Singapore can still benefit from the co-benefits
that mangrove ecosystems provide through ecosystem services for climate change mitigation and
adaptation (Chausson et al., 2020; Murdiyarso et al., 2015; Taillardat et al., 2020).
There have been four mangrove rehabilitation projects in Singapore, at the sites of Pasir Ris, Pulau
[=island in Malay] Semakau, Pulau Tekong, and an ongoing project in Pulau Ubin (Figure 2). The
objectives of each mangrove rehabilitation project vary from site to site. In Pasir Ris, the aim was to
join up mangrove areas that were disconnected due to land reclamation; in Pulau Semakau, the aim
was to replace mangrove habitat that was destroyed due to the construction of a landfill, in Pulau
Tekong, the aim was to tackle an eroding shoreline by achieving coastal stabilisation; and in Pulau
Ubin, the aim was to restore mangroves at abandoned aquaculture ponds (Friess, 2017).

Figure 2. Distribution of mangrove forests (dark grey) with locations of mangrove rehabilitation projects in
Singapore in 2014. Adapted from Ellison et al. (2020).

This research is restricted to the projects in Pulau Tekong and Pulau Ubin which are highlighted in blue
in Figure 2. They have been selected because they are on opposite ends of the mangrove rehabilitation
tier, from hybrid engineering (Pulau Tekong) to ecological mangrove restoration (Pulau Ubin).
Furthermore, they approach NBS differently. In Pulau Tekong, there was an issue with shoreline
erosion, and mangrove restoration as an NBS was seen as a way to use its ecosystem services to tackle
this problem. Conversely, the NBS in the Pulau Ubin project was to, first and foremost, rehabilitate
the mangrove ecosystem in Pulau Ubin, which would then potentially simultaneously provide
ecosystem services as co-benefits. Moreover, they had different governance approaches: the project
in Pulau Tekong was led by a government agency and can be said to use a top-down approach, and
the project in Pulau Ubin used a bottom-up approach as it was led by the local community (Friess,
2017). A top-down approach is defined in this study as governance that is hierarchical and steered by
the national government, and a bottom-up approach is initiated by civil society, which includes citizens
and community organisations, and can include partnerships with, for example, business organisations
5

and the government. Hence, looking at these two projects in particular may reveal nuances in the
intersections between urban development and mangrove rehabilitation projects, as well as the
processes of learning that take place.

1.4 Research Objective and Research Questions
1.4.1 Research Objective

This study aims to add to existing knowledge on the coexistence of urban development and naturebased solutions, by providing insight into the relationship between the agenda for urban development
and mangrove rehabilitation projects in Singapore.

1.4.2 Research Questions

The general research question this research aims to answer is, ‘Where do mangrove rehabilitation
projects and the agenda for urban development in Singapore converge?’
This question is broken down into three specific research questions, and are as follows:
1. How were the mangrove rehabilitation projects at Pulau Tekong and Pulau Ubin
conceptualised and governed, and what mangrove rehabilitation method was used?
2. What are the synergies and trade-offs between ecosystem services provided by mangroves
and dimensions of urban development in the Pulau Tekong and Pulau Ubin mangrove
rehabilitation projects?
3. What are the learnings from the Pulau Tekong and Pulau Ubin mangrove rehabilitation
projects beyond their project scopes, and how did the expanded agenda for urban
development enhance learning?

1.5 Outline of Report

The remaining chapters in this thesis are the 2) Research Framework, 3) Methodology, 4) Findings, 5)
Discussion, and 6) Conclusion. In Chapter 2, a visual representation of the research framework
showing the connection between research questions and key constructs in each research question are
presented. The main concepts such as mangrove ecosystem services, dimensions of urban
development and learnings are explained. Here, the type of lessons learned are broken down into
technical, conceptual, and social learnings. Chapter 3 introduces the interdisciplinary research
approach used for this study, which integrates systems analysis and sociological perspectives. The data
collection method is split into four phases and consists of literature studies and semi-structured
interviews. Interviews are carried out with two groups; one group consists of experts in mangroves
and urban development, and the other group comprises of stakeholders in the two mangrove
rehabilitation projects. An overview of the case region is also provided here. In Chapter 4, findings
from this study are divided into three sections, with each section aiming to answer a specific research
question. The first section considers how the mangrove rehabilitation projects were conceptualised
and governed. It also elaborates on the mangrove rehabilitation method used for each project. The
second section looks at the synergies and trade-offs between mangrove ecosystem services and
dimensions of urban development. In the third section, learnings from mangrove rehabilitation
projects are split into technical, conceptual, and social learnings. The visions of mangrove
rehabilitation are touched on as well. Chapter 5 interprets the results of the research; identifying the
nuances of framing NBS for climate change mitigation and adaptation, as well as the significance of
learnings in innovation, exploring the ways to capture and distribute technical learnings, and
highlighting the importance of connection between humans and nature. The strengths and limitations
of the research design are outlined, and areas for future research are identified. Chapter 6 summarises
and reflects on the research, with recommendations on how NBS can better align with the expanded
agenda for urban development.
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2 Research Framework

The research framework (Figure 3) combines both a systems analysis perspective (by looking at
ecosystem services) and a sociological perspective (by using a theory of learning), as the alternative
of keeping within one discipline would not allow the general research question to be answered
exhaustively. Using an interdisciplinary approach, the research framework comprises of three
sections, each relating to a specific research question. The relationships between and within each
research question are shown via the arrows. The answers from Research Question 1 will feed into
Research Questions 2 and 3; the answers from Research Question 2 will feed into Research Question
3; and the relationship between the key constructs of mangrove ecosystem services and dimensions
of urban development in Research Question 2 is represented with a double-headed arrow to show
the possible synergies and trade-offs between them. The key concepts identified in Figure 3 are
elaborated on in the following section.

Figure 3. Research framework to illustrate the relationship between the research questions in the study. The
information in the light blue boxes are the key concepts, which are broken down into variables.
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2.1 Key Concepts

2.1.1 Research Question 1

Conceptualisation of the mangrove rehabilitation projects
To better understand the mangrove rehabilitation projects and where they converge with the
expanded agenda for urban development, the factors directly or indirectly contributing to the
conceptualisation of these projects are first explored. This includes a description of the drivers and
objectives of the projects. This will help to identify the extent that urban development is involved in
the design of the solution.
Governance in the mangrove rehabilitation projects
Stakeholders and their roles and responsibilities are identified when examining the governance in both
mangrove rehabilitation projects. The identification of stakeholders and the way the projects are
managed can suggest their interest in aligning with the expanded agenda for urban development.
Methods of mangrove rehabilitation
The methods used for mangrove rehabilitation are described to get a more holistic understanding of
the projects and provide a basis for the technical learnings explored in Research Question 3.

2.1.2 Research Question 2

Mangrove ecosystem services
The concept of ecosystem services was developed from early publications such as Silent Spring
(Carson, 1962), The Population Bomb (Ehrlich, 1968) and The Limits to Growth (Meadows, 1972) that
emphasised the value of nature’s functions to humans (Braat & de Groot, 2012). Today, it is used to
help decisionmakers implement effective policies on conservation which benefit sustainable
development and support the well-being of society (de Groot, 2010). Multiple definitions of ecosystem
services exist. This thesis will use the definition by Boyd and Banzhaf (2007, p. 619), where “ecosystem
services are components of nature, directly enjoyed, consumed, or used to yield human well-being”.
The Millennium Ecosystem Assessment (MA) divides ecosystem services into four categories:
regulating services (obtained from regulating ecosystem processes), provisioning services (products
derived from ecosystems), cultural services (non-material benefits gained from ecosystems) and
supporting services (services that are necessary to maintain other services) (see Table 1 for examples
of ecosystem services) (Alcamo et al., 2003; Corvalán et al., 2005). Ecosystem services obtained from
mangrove forests can also be split into these categories. Mangroves play an important role in
providing regulating services (e.g., coastal protection and climate regulation), provisioning services
(e.g., timber and food), cultural services (e.g., aesthetic value, spiritual value and recreation) and
supporting services (e.g., nutrient cycling) (Atkinson et al., 2016). However, MA’s definition of
ecosystem services lead to criticism about how it uses a simplified and generic framework, and about
the lack of differentiation between ecosystem services, ecosystem processes and benefits (Vo et al.,
2012). Consequently, most authors propose frameworks that separate supporting services from
regulating, provisioning and cultural services (Vo et al., 2012). As this thesis focuses on the benefits
that directly affect people, supporting services are excluded from the scope of this research.
Table 1. Examples of ecosystem services (Alcamo et al., 2003)

Examples of Ecosystem Services
Regulating
Erosion control, climate regulation
Provisioning Food, fresh water
Cultural
Recreation, cognitive development
Supporting
Soil formation, nutrient cycling
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Dimensions of urban development
Dimensions of urban development can be identified from the URA Master Plan 2019 and the Singapore
Green Plan 2030. The URA Master Plan 2019 guides Singapore’s statutory land use over the next 10
to 15 years, and includes strategies from strengthening economic gateways to strategies for climate
change adaptation (URA, 2021). The Singapore Green Plan 2030 is another strategic plan that aims to
strengthen Singapore’s commitments to the 2030 Agenda for Sustainable Development by the UN
(Singapore Green Plan 2030, 2021). Some of the targets include setting aside 1,000 hectares for green
spaces by 2035, tapping on green energy sources from the ASEAN region, and developing solutions to
protect against rising sea levels (Singapore Green Plan 2030, 2021). The goals, or dimensions of urban
development, that are in these strategic plans are not all related to the expanded agenda for urban
development, which is climate change mitigation and adaption. In this study, urban development is
defined as goals for Singapore to achieve for climate change mitigation and adaptation to provide a
quality living environment that is sustainable. Hence, the dimensions of urban development in this
study are narrowed down based on their relevance to climate change mitigation or adaptation.
Synergies and trade-offs between ecosystem services and urban development
Synergies occur when the provision of a mangrove ecosystem service increases the ability to fulfil a
dimension of urban development and vice versa. For example, the restoration of natural ecosystems
may increase the ability of mangroves to provide coastal protection. Another example could be that
an increase in the educational value a mangrove ecosystem provides may result in the increase of the
conservation of natural ecosystems.
Trade-offs refer to an increase in a dimension of urban development that results in the decrease of
the provision of a mangrove ecosystem service. For instance, the restoration of natural ecosystems
may result in the decrease in recreational value if public access becomes restricted at the site of
restoration.
The relationship between mangrove ecosystem services and urban development may not only be
synergistic or only have trade-offs. Sometimes the relationship can have both synergies and tradeoffs, and sometimes there might be a neutral relationship, where a dimension of urban development
has a minimal or no effect on a mangrove ecosystem services and vice versa.

2.1.3 Research Question 3

Learning
Before delving into the key concepts of lessons learned in the context of urban development and
lessons learned from a multifaceted process standpoint, the term ‘learning’ must be defined. The
definition of learning in this study stems from the concept of policy learning which has been widely
discussed and is generally defined as the “updating of beliefs based on lived or witnessed experiences,
analysis or social interaction” (Dunlop & Radaelli, 2013, p. 599). Learning can result in a change of
thinking by having a better understanding of something, or a change in doing by developing different
practices (Kemp & Weehuizen, 2005).
Lessons learned regarding urban development
Lessons learned within the domain of urban development can be based on the consideration of
synergies and trade-offs between mangrove ecosystem services and urban development in the
mangrove rehabilitation projects. If they have been considered, these lessons can be about the
dimensions of urban development and mangrove ecosystem services that should be prioritised, in
order to increase the number of synergistic relationships in mangrove rehabilitation projects. If they
have not been considered, the lessons can be in whether they should or should not be considered and
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why that is the case. Moreover, the lessons can also narrow down on urban development and its
relevance for future mangrove rehabilitation projects.
Lessons learned from a multifaceted process standpoint
The learning process is multifaceted, and is composed of the project stakeholders imparting learnings
and people being taught these learnings (who), the knowledge learned (what), the time that learning
takes place (when), the situation that learning is applicable (where), the importance of learning (why),
and the medium that learning takes place (how). Zooming in to the ‘what’ of learning, Glasbergen
(1996) proposes that there are three types of policy learning: technical learning, conceptual learning
and social learning. Technical learning is about the search for new instruments to achieve set goals,
conceptual learning is a process of redefining strategies, problem definitions and goals that usually
result in the development of new concepts, and social learning focuses on the relationships and
communications among actors that enable learning about values, responsibilities and goals
(Glasbergen, 1996; Kemp & Weehuizen, 2005).
Using this as a basis for categorising the types of learning, these terms have been adapted to the
context of this research and are elaborated as follows: technical learning consists of scientific
knowledge about mangroves, conceptual learning is comprised of knowledge on reformulation of
strategies and change in perspectives on issues with regards to the governance of mangrove
rehabilitation projects, and social learning focuses on the collaboration of actors through interactions
and communications that allow for the learning or reframing of issues, values, norms, goals and
responsibilities (Kemp & Weehuizen, 2005). The main lessons that are hoped to learn are about the
practical implementation of mangrove rehabilitation projects, success factors in effective governance
of NBS projects, and knowledge sharing in a top-down and bottom-up project. It is important to note
that learning in mangrove rehabilitation projects is not only about what stakeholders have learned,
but also about the lessons they have imparted to others.
Applying this framework of policy learning can shed light on the strengths and deficiencies in the
existing environmental policy system and environmental regulation (Fiorino, 2001). Technical learning
can help to create confidence in certain mangrove rehabilitation methods as a form of NBS while
identifying methods that have been less successful. These learnings expand knowledge in this area
and provide insights for similar projects. It can also be used to convince policymakers on the
effectiveness of mangroves as an NBS. Conceptual learning is useful in recognising the perceived value
of NBS by considering the governance of mangrove rehabilitation projects. An awareness of
stakeholder perspectives on the NBS allows for differences to be identified, so that action can be taken
to align stakeholder perspectives. A shared understanding of the issue at hand can help foster
collaboration in such projects and prevent stakeholder disappointment afterwards. Building on
technical learning and conceptual learning, social learning emphasises communication and
stakeholder relationships (Glasbergen, 1996). Social learning can identify the kind of communication
and type of relationships that enable cooperation and smooth collaboration between stakeholders.
By taking the perspective of a multifaceted process of policy learning in both top-down and bottomup projects, a more comprehensive understanding of the lessons learned in mangrove rehabilitation
projects can be achieved. This will allow for a deeper analysis of the impacts of these projects beyond
the project scope, and render insights that can facilitate projects elsewhere. The research framework
used in this thesis can help to identify knowledge gaps in relation to NBS and the expanded agenda
for urban development, which can help government agencies and civil society design NBS that take
into account the lessons learned from the studied mangrove rehabilitation projects.
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3 Methodology

This section first describes the interdisciplinary research approach used for this study. Next, the four
phases of data collection are explained. The methods of data collection are literature studies and semistructured interviews, which are conducted with two different groups–mangrove and urban
development experts, and project stakeholders. Then, information on the case region of Singapore is
elaborated on, followed by an overview of all four mangrove rehabilitation projects in Singapore.

3.1 Research Approach

To answer the general research question of where mangrove rehabilitation projects and the agenda
for urban development in Singapore converge, there must first be an understanding of how the Pulau
Tekong and Pulau Ubin mangrove rehabilitation projects were carried out. This consists of information
on the conceptualisation and governance of these projects, as well as the methods of mangrove
rehabilitation. This knowledge allows for a grasp on how NBS such as mangrove rehabilitation are
implemented in the urban city-state of Singapore. It also reveals possible points of convergence
between the projects and urban development, which can be explored when conducting research for
the subsequent research questions. With this information, a systems analysis approach is used
through the identification of ecosystem services provided by mangroves in these projects and where
they converge or diverge with dimensions of urban development in Singapore. As mangrove
rehabilitation projects incorporate nature into its design, a systems analysis approach helps to shed
light on the value of the natural ecosystem – which in this case are mangrove ecosystem services – in
relation to the expanded agenda for urban development – which are the goals for climate change
mitigation and adaptation. However, intersections between mangrove rehabilitation projects and the
agenda for urban development do not stop there. Opportunities for convergence between these
constructs are also present in the learnings that take place in mangrove rehabilitation projects. Hence,
a sociological angle is necessary to draw out the learnings by using the theory of policy learning to
guide the analysis of results. The combination of systems analysis and sociological perspectives
provides an interdisciplinary approach which enables deeper insights on the concepts shown in the
research framework (see Figure 3). The result, as shown in Chapter 2, is that a research framework
covering both perspectives is deemed as an appropriate framework for this research.

3.2 Methods

The data collection is split into four phases (Figure 4); there are two reasons for this. The first reason
is because the data collected from the literature study and/or interviews in one phase would be inputs
to the design of the literature study and/or interviews in the next phase. The data to be collected for
research question 1 in phase 1 using a literature study was necessary to get an understanding of the
mangrove rehabilitation projects before conducting interviews with project stakeholders in phase 2.
The data to be collected from interview with experts in mangroves and urban development for
research question 2 in phase 1, which are the identifications of mangrove ecosystem services and
dimensions of urban development, is also a pre-requisite to enable project stakeholders to identify
the synergies and trade-offs between them in phase 2. The data to be collected from interviews with
project stakeholders in phase 2 is on the mangrove rehabilitation projects and the identification of
synergies and trade-offs between mangrove ecosystem services and urban development. This data
feeds into the next round of interviews with project stakeholders in phase 3 where they identify the
lessons learned by referring to details of the project they have mentioned in phase 2. Finally, a
literature study conducted in phase 4 will look at supporting literature to triangulate the data collected
from interviews in phases 2 and 3.
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Figure 4. Data collection method that shows the data to be collected for each research question in four phases.
The arrows show the data collected from one research question flows into another. The data collected is
processed and analysed after phase 4.

The second reason for splitting the data collection into phases is to allow time for reflection. This is
especially relevant for the splitting of phases 2 and 3. The time between these phases is important for
review the data collected from phase 2 so that information that was unclear can be clarified with
respondents in the interviews in phase 3. Also, preliminary insights from phase 2 can be gained, which
may be used to adjust interview questions in phase 3 to garner more information in those areas.
Reflection is also key for interview respondents. Project stakeholders are able to reflect between the
first interview in phase 2 and second interview in phase 3. As the projects were initiated quite a
number of years ago, either six or eleven years ago, the first interview would help respondents recall
the details of the project. With the projects fresh in their minds from this first interview, it would then
make it easier for them answer the questions about lessons learned in the second interview.
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3.2.1 Sampling and Recruiting

There are three groups of interview respondents: experts on mangroves, experts on urban
development and mangrove rehabilitation project stakeholders (Table 2). Purposive sampling was
used to select respondents for all three groups as the aim of the research is to develop an
understanding of specific mangrove rehabilitation projects. Snowball sampling was also used to
interview relevant respondents who were previously unidentified. This was the case with a project
stakeholder in the Pulau Tekong project. During an interview with Respondent A, it was suggested
that Respondents B and C would be appropriate to interview for the purpose of this research. As the
mangrove rehabilitation projects were small in terms of the actors involved, interview respondents
for these projects are given full anonymity to protect their identities.
Table 2. List of interview respondents

Stakeholder Group
Experts on
mangroves
Experts on urban
development

Pulau Tekong
project
stakeholders
Pulau Ubin project
stakeholders

Interview Respondent
Mangrove Expert, National University of
Singapore (NUS)
Urban Development Expert 1, Wageningen
University and Research (WUR)
Urban Development Expert 2, Wageningen
University and Research (WUR)

Number of Interviews in
Data Collection Phases
Phase 1 Phase 2 Phase 3
2
2
1

Respondent A

1

1

Respondent B

1

1

Respondent C

1

1

Respondent D

1

1

A total of thirteen interviews were conducted with seven respondents in English. Five interviews were
conducted with three experts, and eight interviews were conducted with four project stakeholders.
Microsoft Teams was used to conduct online interviews with interview respondents. On two occasions
where an online meeting was not possible with the Mangrove Expert, e-mail was used as a medium
to conduct the interviews. Following the interviews with respondents, e-mail was also used to clarify
information received during these interviews when necessary.
The initial structure for data collection with the two expert groups was such that the first round of
interviews would be to identify mangrove ecosystem services and dimensions of urban development.
The second round of expert interviews would then combine the data from the first interviews to ask
experts to identify the synergies and trade-offs between mangrove ecosystem services and
dimensions of urban development. This explains why there are two interviews each for the Mangrove
Expert and Urban Development Expert 1 (Table 2). However, after conducting the second round of
interviews with them, it was apparent that the synergies and trade-offs between mangrove ecosystem
services and dimensions of urban development cannot be generalised as it is dependent on the
context, or rather, the specific mangrove rehabilitation project. The questions on synergies and tradeoffs that were asked to the experts were more appropriate to be asked to the project stakeholders.
This is because they would be able to identify the relationship between mangrove ecosystem services
and dimensions of urban development specific to the mangrove rehabilitation projects in Pulau
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Tekong and Pulau Ubin. Hence, the data from the second round of interviews with experts was
rendered irrelevant for the purpose of this research, and a second interview with Urban Development
Expert 2 was not conducted.
There were two rounds of interviews for the project stakeholders. The first round was to get a deeper
understanding of the mangrove rehabilitation projects, the stakeholders involved, and identify the
synergies and trade-offs between mangrove ecosystem services and dimensions of urban
development that were considered in the project. The second round of interviews was to understand
the lessons learned from these projects.

3.2.3 Data Collection

Literature study
A literature study was carried out using the Internet and the electronic databases of Google Scholar
and the National Archives of Singapore to gather information from books, journals, speeches, reports,
and web pages. The keywords used to search for information were ‘mangrove rehabilitation’,
‘mangrove restoration’, ‘ecosystem services’, ‘urban development’, ‘Singapore’, ‘Pulau Tekong’ and
‘Pulau Ubin’.
The literature study was used to gather background information on urban development and
environmental governance in Singapore, the history of mangroves in the country, mangrove
rehabilitation projects in Pulau Tekong and Pulau Ubin, and to identify mangrove ecosystem services
and dimensions of urban development in Singapore. Research on the plans for urban development in
Singapore such as the URA Master Plan 2019 and the Singapore Green Plan 2030 enabled an
understanding of how Singapore views urban development. Looking into environmental governance
in Singapore and the history of mangroves also allowed for an awareness of how mangroves and NBS
are traditionally managed.
An overview of the mangrove rehabilitation projects was also gained. This includes the objective of
the project, a high-level understanding of the methods used for mangrove rehabilitation and the
stakeholders involved. Regarding mangrove ecosystem services, reading through journals and books
provided a starting point to identify a list of ecosystem services provided by mangroves in Singapore.
Following the interviews, data triangulation was used to increase the validity of the study. With new
information from the respondents, a literature study was carried out to use different sources to
support the interview findings.
Interviews with mangrove experts and urban development experts
Semi-structured interviews with mangrove experts (see Appendix A for interview guide) and urban
development experts (see Appendix B for interview guide) were designed for them to verify the lists
of mangrove ecosystem services and dimensions of urban development that were identified from the
literature review, respectively. These lists were presented to the respondents in the interviews, from
which they were asked to identify the ecosystem services or dimensions of urban development they
agreed and disagreed with, and to provide an explanation for why that was the case.
The interviews with the Mangrove Expert helped to verify existing mangrove ecosystem services and
identify services that were not on the original list. Regarding the interviews with Urban Development
Experts 1 and 2, they provided guidance on what type of dimensions of urban development should be
used to identify synergies and trade-offs with mangrove ecosystem services. It was advised that the
dimensions of urban development should be less generalised and should be relevant to the projects
in Pulau Tekong and Pulau Ubin. Taking this new information from both mangrove and urban
development expert interviews into account, the lists of mangrove ecosystem services and dimensions
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of urban development were amended and used as inputs for the project stakeholder interviews in
phase 2.
Interviews with project stakeholders
Two rounds of semi-structured interviews were conducted with stakeholders in the Pulau Tekong and
Pulau Ubin mangrove rehabilitation projects. The first round of interviews was split into three
sections: the overview of the mangrove rehabilitation project, the stakeholders and their roles and
responsibilities, and the synergies and trade-offs between mangrove ecosystem services and urban
development (see Appendix C for interview guide).
The section on the overview of the projects were to validate information that was gained from the
literature study, and to have a more detailed understanding of the project site and methods of
mangrove rehabilitation. For example, an interview question was asked on the environmental
conditions of the site such as the soil and hydrological conditions and the vegetation. Through this
question, respondents answered in-depth on the methods that were used and why they were used.
This was helpful as this information was not always available through the literature study.
For the section on stakeholders, their roles and responsibilities, questions about the project team
were asked in order to note down the similarities and differences in governance between the topdown and bottom-up projects. Some of the questions include how the project team worked together
and how decisions were made. Questions on the engagement with actors outside the project team
such as civil society organisations and the local community were also asked to the respondents. The
answers to these questions could potentially help explain the extent of consideration of mangrove
ecosystem services or dimensions of urban development in these projects, as well as the lessons
learned.
The last section of the first interview focused on the mangrove ecosystem services and dimensions of
urban development that were identified from the mangrove and urban development experts in phase
1 of the data collection period. Screen sharing was used to present the respondents with a matrix that
showed the mangrove ecosystem services on the Y-axis, and the dimensions of urban development
on the X-axis (see Appendix D for the template of matrix). Respondents would identify the mangrove
ecosystem services and dimensions of urban development that were considered in the project. They
were also asked which services or dimensions were most important to address for the project and for
themselves. Following this, respondents were asked to fill in the matrix by identifying the relationship
between the mangrove ecosystem services and dimensions of urban development that were
considered in the project. They could choose the relationship type from a list of four options: synergy,
trade-off, synergy and/or trade-off, or neutral (no relationship). These questions helped to identify
the relevance of urban development in mangrove rehabilitation projects.
The second round of interviews focused on the lessons learned from mangrove rehabilitation projects,
the role of urban development in these projects, and the visions for future mangrove rehabilitation
projects in Singapore (see Appendix E for interview guide). The multifaceted process of learning was
used to guide the design of the interviews in this round. Respondents were asked questions on lessons
learned under the categories of technical learning, conceptual learning and social learning. After the
identification of each lesson learned, respondents were asked what medium was used in this learning
process, who was involved in the learning, when the learning occurred, what the main lessons were,
and why this lesson was important to learn. They were also asked how they learned in order to capture
the type of learning that took place, be it through learning-by-doing, learning-by-observing, learningby-learning or learning-by-interacting. In addition to the lessons that the project stakeholders learned,
they were asked about the lessons they explicitly and implicitly taught others as a result of this project.
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These questions were asked to illustrate the impacts that mangrove rehabilitation projects beyond
the project scope.
Following this, the interview moved towards the role of urban development. Respondents were
reminded of the mangrove ecosystem services and dimensions of urban development they identified
from the first round of interviews, as well as the synergies and trade-offs between them. They were
asked whether there were instances in the project where they learned about these dimensions of
urban development. Respondents were also asked about the relevance of considering these synergies
and trade-offs in mangrove rehabilitation projects. Finally, the interviews ended with a question about
their vision for mangrove rehabilitation projects in Singapore.

3.2.4 Data Analysis

All online interviews were video recorded with the consent of the interview respondents. For the
purpose of this research, only interviews with project stakeholders were transcribed and coded. This
is sufficient because the expert interviews are not used to answer the research questions, instead they
are used to support the design of the interviews with project stakeholders.
Both an inductive and a deductive approach were used to analyse the interviews. First, the interviews
were transcribed and read through. Codes were then assigned to phrases or sentences to describe
content that could be used to answer the research questions. An inductive approach was used to allow
the data to determine the main themes for phase 2 of the data collection (Figure 4). This was done by
grouping similar sets of data to get a broader view of the main points. Whereas a deductive approach
was mainly used when analysing the data collected from phase 3 (Figure 4). Using the concept of policy
learning as a guide, codes were categorised into the themes of technical learning, conceptual learning,
social learning and visions for the future of mangrove rehabilitation. The results in Chapter 4 Findings
are structured according to these themes.

3.3 Case Region and Cases

This section first outlines the progress of urban development in Singapore and how its agenda has
expanded since the country gained sovereignty. Next, a brief explanation about environmental
governance in Singapore is given. Following that, the history of mangroves in Singapore and the
current state of them are provided. Lastly, there is an overview of all four mangrove rehabilitation
projects in Singapore.

3.3.1 Urban Development

Following the attainment of full internal self-government in 1959, Singapore established the Ministry
of National Development (MND) to guide development and national land use planning (Ministry of
National Development [MND], 2019). Under this ministry, the Housing and Development Board (HDB)
was formed in 1960 to implement housing development and policies for land use (MND, 2019). Before
this, many Singaporeans were living in unsanitary living conditions in overcrowded settlements and
slums that posed fire hazards and were a hotbed of disease and crime, hence HDB focused its efforts
to urgently tackle the housing shortage in the early stages of Singapore’s urban development (Centre
for Liveable Cities [CLC], 2015).
Besides housing, Singapore wanted to address unemployment and grow its economy by attracting
foreign investment (Tortajada et al., 2013). In 1974, the statutory board called the Urban
Redevelopment Authority (URA) was set up under MND as a planning and development agency.
Together with the Economic Development Board (EDB) and Singapore Tourism Board (STB), they
identified sites for development to advance urban development and accelerate the expansion of the
private sector (MND, 2019).
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With scarce land in Singapore, economic and social developments took priority over the conservation
of natural capital such as mangroves, forests and coastlines (MND, 2019; Neo, 2007). From 1967 to
1982, the urban built environment expanded by 80 per cent, which was made possible through the
reduction (30 to 40 per cent) of land for agriculture, forests and swamps (Yuen, 1996). Around the
same time, former Prime Minister, Lee Kwan Yew, initiated the Garden City programme to improve
quality of life (MND, 2019). Apart from this benefit, the programme would encourage foreign tourism
and create employment ("S'pore to become beautiful, clean city within three years," 1967). As a result,
the National Parks Board (NParks) concentrated its efforts on tree planting and developing nature
reserves and parks (Han, 2016; Tanuwidjaja, 2011). Hence, while natural areas decreased, natural
features were specially designed and incorporated in public spaces, such as parks, and trees for
roadsides (Yuen, 1996).
Today, Singapore is a clean and green city that has achieved a competitive economy, a sustainable
environment and a high quality of life, and is used as a model of urban development for creating
liveable cities in a densely built environment (CLC & Development Research Center of the State
Council, 2016; Fu, 2021). Although now its priorities have expanded from the domains of housing and
the economy, to include culture, mobility and resiliency (Urban Redevelopment Authority [URA],
2021). Urban development, which was once associated with the expansion of urban area and change
in use of existing urban area, now encompasses dimensions such as coastal protection and the
conservation and restoration of natural ecosystems to make Singapore a liveable and sustainable city.
With the impacts of climate change already being felt in Singapore, these dimensions of urban
development are key in Singapore’s plan of action for climate change mitigation and adaptation (Fu,
2021). Hence, urban development in this study is defined as the goals to tackle climate change
mitigation and adaptation to provide a sustainable quality living environment.

3.3.2 Environmental Governance

Singapore only has one level of government, where policy making authority mostly resides with its
governmental agencies (Han, 2016; Tortajada et al., 2013). Recent progress on nature conservation
include the updating of the National Biodiversity Strategy and Action Plan (NBSAP) by NParks in 2019
to include input from environmental NGOs and public sector agencies (Ang, 2021). The NBSAP was
launched to establish policy frameworks and measures for biodiversity conservation (NParks, 2019).
The Singapore Green Plan 2030 that was previously mentioned is another plan that was unveiled to
advance the national agenda for sustainable development, and includes setting aside land for green
spaces and developing programmes to enable wildlife and people to live together in harmony
(Singapore Green Plan 2030, 2021).
Environmental governance is carried out using a top-down approach from the state, however, as
reflected in the update to the NBSAP, opportunities exist for non-state actors such as environmental
non-governmental organisations (NGOs) to engage with and influence the planning of land-use
development that could be potentially damaging for the environment (Han, 2016). Nature Society
Singapore (NSS) is one such environmental NGO that has repeatedly campaigned for the conservation
of the natural environment, with both failures and successes under its belt (Neo, 2007). Besides NSS,
there has been an increase in youth initiatives and international environmental NGOs over the last
two decades, indicating a growing environmental movement in Singapore.

3.3.3 History of Mangroves

In 1819, mangrove forests covered 10 to 13 per cent of the coastline in Singapore (Corlett, 1986 &
Rao, 1987 as cited in Ng & Low, 1994). In the early settlement of Singapore under the British rule, land
reclamation and the construction of estuarine reservoirs resulted in the removal of mangroves (Chia
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et al., 1988). As Singapore’s economy underwent a rapid expansion following its independence in
1965, mangrove conversion accelerated alongside, for uses such as the concreting of Singapore,
construction for Changi Airport, and land reclamation for freshwater-fish and -prawn ponds, housing,
industrial growth and recreation (Hilton & Manning, 1995). Overexploitation of firewood and charcoal
to cater to the needs of the growing city led to the further degradation of mangrove areas (Corlett,
1992).
Less than five per cent of mangrove forests from the early 1800s remain in Singapore today (National
Parks Board [NParks], 2018). The total surface area of mangroves forests in Singapore is 810 ha, which
is 1.1 per cent of the land area (Gaw et al., 2019). Majority of remaining mangrove areas in Singapore
are on state-owned land, which means they are inaccessible to the public; however, mangroves have
been incorporated into nature reserves (Sungei Buloh Wetland Reserve and Labrador Nature Reserve)
and parks (Pasir Ris Park) which the public can visit (Friess et al., 2016). These sites that are open for
public interaction are administered by NParks (Thiagarajah et al., 2015). NParks is a government
agency in Singapore and is responsible for the conservation of Singapore’s biodiversity, which includes
the conservation of mangrove ecosystems (NParks, 2019).
Considering that the area of mangrove forests in Singapore is relatively small, biodiversity is still rich
as there are 36 ‘true’ species of mangroves in Singapore (Saenger et al., 2019). Out of these 36
mangrove species, 21 species are categorised as vulnerable, endangered or critically endangered
regarding their conservation status, and 1 species is categorised as nationally extinct (Yang et al.,
2013). ‘True’ mangroves are plant species that possess the following features: (1) occur only in the
mangrove environment and do not extend into terrestrial communities, (2) play a critical role in the
structure of the mangrove community, (3) are morphologically specialised to adapt to their
environment, (4) have a mechanism for salt exclusion, and (5) are systematically isolated from
terrestrial relatives (Tomlinson, 2016).

Figure 5. Diversity of ecosystem services provision across four mangroves forests in Singapore. Adapted from
Alemu et al. (2021).

Besides having a rich biodiversity of mangrove species, the mangrove forests themselves provide
habitats for hundreds of fish species and act as nurseries for marine organisms such as prawns, cockles
and crabs (NParks, 2019). Other than these ecosystem functions, mangrove forests in Singapore
provide regulating ecosystem services, such as coastal protection, local temperature regulation, global
climate regulation, air pollution reduction, and cultural ecosystem services that have scientific,
recreational, educational, spiritual and religious values, and more (Alemu et al., 2021; Friess, 2017;
Friess et al., 2020c; Lee et al., 2021; Thiagarajah et al., 2015). The provision of ecosystem services,
however, is not proportionate across mangrove forests, and shows spatial variation in the supply of
ecosystem services (Friess et al., 2016) and variation in the aggregation of ecosystem services (Alemu
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et al., 2021) (see Figure 5). Possible reasons for these variations are the history of disturbance
(including urban development, aquaculture and coastal erosion) (Friess et al., 2016), geomorphic
setting and public access to mangrove areas (Mangrove Expert, May 12, 2021).

3.3.4 Mangrove Rehabilitation Projects

This section provides an overview of all four mangrove rehabilitation projects that have been or are
currently being implemented in Singapore.
Pasir Ris
The earliest mangrove rehabilitation efforts in Singapore were in Pasir Ris. Pasir Ris is located in the
northeast of Singapore. It was originally an underdeveloped area with space allocated for industrial,
residential and recreational use (Cornelius-Takahama, 2017). Today, it has become a residential estate
and is home to Pasir Ris Park, a 70.5-hectare urban park split into three sections by Sungei [=river in
Malay] Tampines and Sungei Api Api (Choo, 2018; Karns et al., 2002).
In 1978, land reclamation on Pasir Ris by the state commenced, and only 5 ha of a mature mangrove
community was preserved (Lee et al., 1996). In 1988, further work took place on the site to develop it
into a recreational park, which is now Pasir Ris Park. During this development, a 1-hectare vacant plot
located between Sungei Tampines and the mature mangrove area was regraded to a lower substrate
elevation in 1989 and subjected to a tidal inundation frequency of 40 to 50 times per month to induce
the natural colonisation of mangrove seedlings (Friess, 2017; Lee et al., 1996).
The aim of mangrove regeneration was to create a continuous mangrove community from the original
mangrove plot until Sungei Tampines to connect areas of mangroves that had been disconnected due
to land reclamation (Friess, 2017; Lee et al., 1996). Two years after subjecting the 1-hectare vacant
plot to inundation, a dense community of mangrove plants had established, mainly several species of
Avicennia (Lee et al., 1996). The 6-hectare mangrove forest in Pasir Ris Park now supports at least 12
species of mangroves (Karns et al., 2002), with the majority being Avicennia spp., Brugueira spp.,
Rhizophora spp. and S. alba (Lee et al., 1996). It is also home to a variety of fauna, including the whitecollared kingfisher, mud crabs, mud lobster, black-naped oriole and Malayan water monitor (NParks,
2013). Besides creating supporting ecosystem services such as habitat creation, this mangrove forest
also provides a regulating ecosystem service as it acts as a natural defence against coastal erosion
(NParks, 2013).
Pulau Semakau
The next mangrove rehabilitation project in Singapore following the mangrove regeneration project
in Pasir Ris was in Pulau Semakau. Pulau Semakau is an island located approximately 8 km south of
the mainland Singapore and was once inhabited by a village, however, most of its residents were
relocated to the main island of Singapore in 1977 (Chia & Aziz, 2019; Teo et al., 2011). Presently, Pulau
Semakau is most well known for being home to the only landfill in Singapore since 1999 (Chong, 2020).
Work to construct the landfill on this offshore island began in 1995 up until 1999 to fulfil Singapore’s
need to deal with the issue of growing waste and limited space; at the same time, the government
wanted to preserve the natural ecosystems in the process and open up the space for public recreation
(Chua, 2016). As the design of the landfill would result in tidal changes that would not allow mangroves
on the east of Semakau to survive, 13.6 ha of mangroves were replanted to replace the mangrove
forests that were removed in order to build the landfill, ensuring that there was no net loss of habitat
(Chua, 2016; Ellison et al., 2020) (see Figure 6). 400,000 mangrove saplings, including the mangrove
species of Rhizophora apiculata and Rhizophora mucronata were planted (Friess, 2017). These
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replanted mangroves would also act as a biological indicator for pollutant leakage from landfill (Chua,
2016; Friess, 2017).
More recently, many other species of mangroves have been found to have naturally regenerated at
the edges of the replanted mangroves (Teo et al., 2011). The rehabilitation site is now fully
revegetated, with mangrove seedlings grown into forests, although the above-ground biomass of the
site is significantly lower compared to natural mangrove areas in Singapore (Friess, 2017; Khor, 2019).
Nevertheless, the result of the development of the landfill and the replanting of mangroves is that
Pulau Semakau can boast of a rich biodiversity of fauna and flourishing marine ecosystems such as
mangroves, coral reefs and seagrass meadows (Chua, 2016).

Figure 6. Habitat map of Pulau Semakau. Adapted from (Teo et al., 2011).

Pulau Tekong
Another mangrove rehabilitation effort was carried out in Pulau Tekong, which is situated in the
northeast of mainland Singapore and is Singapore’s largest outlying island (Chen & Lee, 2011). Pulau
Tekong is currently used as a Singapore Armed Forces (SAF) military training base (Neo, 2015).
Unlike the efforts in Pasir Ris and Pulau Semakau where the aims were to reconnect mangrove patches
and replace mangrove forests respectively, mangrove rehabilitation in Pulau Tekong had the aim to
combat shoreline erosion. The mangrove area in Pulau Tekong experienced shoreline erosion as a
result of ship wakes, storms, and hydrodynamic changes due to land reclamation (Cheong et al., 2013;
Friess, 2017). In response, the Coastal Protection and Restoration of Mangrove Biodiversity project
was implemented in 2010 to tackle the rapidly eroding coastline in Pulau Tekong and be a test-bed of
hybrid engineering for other eroding shorelines (Friess, 2017; Machin, 2013). This project was
spearheaded by the government agencies, NParks and HDB (DHI Group, 2011).
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To stabilise the coastline and restore mangrove areas, they gathered a team with relevant expertise
on coastal engineering works and mangroves from various agencies, and used a combination of hard
and soft engineering solutions (NParks, 2018). Hard engineering refers to the establishment of
structures to resist wave and tide energy (e.g. breakwaters and seawalls), and soft engineering aims
to work with nature by making use of natural systems to adjust the energy of tides, waves, wind and
sediment transport (e.g. artificial beach nourishment and plantations) (McInnes & Engineers, 2003).
In Pulau Tekong, hybrid engineering included the installation of wooden poles, placing of stones in
front of mangroves to arrest erosion, filling of biodegradable sacks with mud in the undercut and
planting of 6,000 to 8,000 mangrove saplings along a 1.9 km coastline (Machin, 2013; MND, 2019; Tan,
2011). Mangrove rehabilitation efforts that involve monocultures are not able to provide the same
level of ecosystem services as natural mangroves would (Rahmania et al., 2020). As such, fourteen
different species of mangroves, mostly of Rhizophora spp., were planted in various zones between
land and sea to emulate nature (Friess, 2017; Machin, 2013). This project took a hybrid engineering
approach as the eroding intertidal zone and hydrodynamic conditions would not have been sufficient
for the newly planted mangrove seedlings to survive (Ellison et al., 2020; Friess, 2017). A private
consulting firm, DHI, carried out an Environmental Monitoring and Management Plan (EMMP) to
monitor the health of the new mangrove saplings and the environmental impacts from the project as
a whole (DHI Group, 2011). Results of the EMMP revealed that the project successfully addressed the
issues of erosion and stabilised the mangrove ecosystem in Pulau Tekong (Machin, 2013).
Pulau Ubin
The most recent mangrove rehabilitation project is in Pulau Ubin. Pulau Ubin is a 1,000-hectare island
situated in the northeast of mainland Singapore. The landscape was previously used for granite
quarrying, plantation and aquaculture (Thomas & Leng, 2015). Today, it is home to one of the few
remaining villages in Singapore; visitors to the island can enjoy recreational activities such as cycling
and nature appreciation (NParks, 2014). Pulau Ubin is rich in biodiversity and is home to the largest
mangrove area in Singapore, including a rare mangrove species called the Eye of the Crocodile (NParks,
2021a). The government launched The Ubin Project in March 2014 to enhance the island’s habitat and
conserve its biodiversity (Thomas & Leng, 2015). The Friends of Ubin Network (FUN) was initiated as
part of the Ubin Project by the Minister for National Development, Minister Desmond Lee, which was
where the Restore Ubin Mangroves (RUM) Initiative was conceived in 2015 (Friess, 2017; RUM, n.d.).
The RUM initiative is structured upon the Ubin Project’s five key thrusts: (1) education and research,
(2) community, heritage and history, (3) nature-based recreation, (4) sustainable design & practices,
and (5) biodiversity conservation (NParks, 2021b). Members of the RUM initiative include The
Mangrove Lab of the National University of Singapore (NUS) and several civil society organisations
such as the Marine Conservation Group of Nature Society Singapore, Gamefish and Aquatic
Rehabilitation Society (GARS), Sea Angel – who represent the fish farmers of Pulau Ubin – and Wild
Singapore (RUM, n.d.).
The northern part of Pulau Ubin’s shoreline has been observed to be eroding. A possible cause is
breaches in bunds surrounding aquaculture ponds that are no longer in use, where the inflow and
outflow of water is uncontrolled and causes erosion at mangrove habitats (NParks, 2016). Another
cause could be the impacts from waves due to vessel movements, which removes sediment from the
foreshore (NParks, 2016). This could be a greater cause for concern with sea level rise.
The objective of the RUM initiative is to use an ecological mangrove restoration (EMR) approach to
restore 8.8 ha of mangroves at abandoned aquaculture ponds and create outreach about mangroves
in Pulau Ubin (Ellison et al., 2020; RUM, n.d.). This ongoing EMR project aims to restore reclaimed
mangrove areas using sediment infilling and reconstructing hydrological conditions to encourage
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natural or support augmented regeneration (Ellison et al., 2020). The first phase, which has been
completed, consists of collecting baseline data on the physical environment, including data on the
condition of abandoned aquaculture ponds, neighbouring natural mangrove forests and fish and bird
biodiversity in the proposed rehabilitation sites (RUM, n.d.). Following that, the second phase will
involve a consultation with relevant stakeholders to design and reconstruct the hydrological
conditions necessary to enable the regeneration of mangroves (Ellison et al., 2020; RUM, n.d.).
Selection of case studies
As explained in Chapter 1.2, the case studies of the projects in Pulau Tekong and Pulau Ubin have been
selected for this research. From the descriptions of each project, it is clear that the project in Pulau
Ubin is the only community-led project, whereas the prior three projects have been implemented
using a top-down approach. The project in Pulau Tekong is chosen to represent the cluster of projects
that use a top-down approach (projects in Pasir Ris, Pulau Semakau and Pulau Tekong). While every
project is different, characteristics from a top-down approach may be shared among these projects.
Hence, there may be similarities in the information gathered to answer the research questions about,
for example, the consideration of mangrove ecosystem services, the governance structure, or the
learnings from projects.

22

4 Findings

This chapter is split into three main sub-chapters. Chapters 4.1 answers Research Question 1 by
delving into the two case studies of mangrove rehabilitation projects in Pulau Tekong and Pulau Ubin.
Chapter 4.2 answers Research Question 2 and outlines the synergies and trade-offs between
mangrove ecosystem services and dimensions of urban development. Chapter 4.3 answers Research
Question 3 by presenting the lessons learned from mangrove rehabilitation projects.

4.1 Mangrove Rehabilitation Projects

Research question 1: How were the mangrove rehabilitation projects at Pulau Tekong and Pulau Ubin
conceptualised and governed, and what mangrove rehabilitation method was used?
This section first explains how both mangrove rehabilitation projects came to fruition. It then
elaborates on the mangrove rehabilitation methods and the outcomes of the projects. Finally, the
governance structures and communication channels in the projects are described.

4.1.1 Getting the Project Off the Ground

Pulau Tekong and Pulau Ubin were both successful in getting projects off the ground, yet they followed
different approaches in garnering support and project expertise.
Pulau Tekong
Both projects in Pulau Tekong and Pulau Ubin involved some groundwork before they came to fruition.
In Pulau Tekong, this groundwork was indirect. NGOs were vital in providing scientific evidence “to
support the preparation, conceptual development... [and] ultimate design” (Respondent B, July 4,
2021) for the Pulau Tekong project that was implemented in 2010. On 1 January 2001, the Singapore
government’s 1992 plan to reclaim Chek Jawa wetlands on the east of Pulau Ubin was confirmed in
the Draft Concept Plan of 2001 (Teh & Raju, 2010). Later that month, botanist Joseph Lai, had
coincidentally stumbled upon this site and discovered its richness of marine life (Lim, 2001; Wee &
Hale, 2008). Together with conservation volunteers, marine biologists, research officers and the
general public, the case to save Chek Jawa from land reclamation was built (Lim, 2001). Following
public appeals, media reports, site surveys, guided walks, exhibitions and talks, a decision was made
to delay land reclamation for ten years (Teh & Raju, 2010). The political pressure from civil society in
this case, encouraged government agencies to be more environmentally conscious and responsible
(Respondent B, July 4, 2021).
Moreover, political and extreme natural events in the early 2000s underlined the value of mangrove
ecosystems, which pushed its conservation higher on the government agenda (Respondent B, July 4,
2021). In 2002, there was an international political dispute where Malaysia alleged that land
reclamation works in Pulau Tekong and Tuas in Singapore had caused harm to the marine environment
and adversely impacted fishermen’s income and shipping (Koh & Lin, 2006; Liangmin, 2005). This
matter was brought before the International Tribunal for Law of the Sea (ITLOS); after negotiations, it
was agreed that a group of objective experts would conduct a study to determine the effects of land
reclamation works and propose measures to minimise adverse effects (Koh & Lin, 2006; Omar, 2007).
This case brought attention to the government on the wider environmental implications of land
reclamation (Respondent B, July 4, 2021). Land reclamation in Pulau Tekong was thought to have
resulted in the steady decline of nearby reef, Beting Bronok (R. Tan, 2020). Beting Bronok has coral
reefs and seagrasses, and are feeding grounds for Dugongs (Respondent B, May 22, 2021). As corals,
seagrasses and mangroves supply more coastal protection services together than individually
(Guannel et al., 2016), this “symbiotic relationship between mangroves and seagrasses” increases the
value of mangroves (Respondent B, May 22, 2021).
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The extreme natural event that emphasised the importance of mangroves was the 2004 tsunami that
struck the Aceh province in Indonesia. Mangrove swamps around the shores of Aceh dissipated the
energy of the tsunami, which saved lives by providing protection for the people living behind them
(Pearce, 2014). This once again illustrated the value of mangroves and elevated the conservation and
restoration of mangroves on the political agenda (Respondent B, July 4, 2021).
Once the Coastal Protection and Restoration of Mangrove Biodiversity project in Pulau Tekong was
implemented by the government agency, HDB, part of getting the project off the ground was to invite
environmental NGOs for a discussion. Environmental NGOs such as NSS were invited for briefings to
discuss concerns they might have had regarding the environmental impact of the project. Being a
government-led project, the solution needed to be well thought through in its planning and design
(Respondent C, May 27, 2021). As this project was environmentally sensitive, specialists in mangrove
propagation and environmental modelling were contracted to ensure the design of the engineering
solution for coastal protection would have a minimum negative impact on the environment. Only after
the experts were confident that the solution was feasible, were the environmental NGOs engaged
(Respondent C, May 27, 2021).
Pulau Ubin
Unlike Pulau Tekong, the groundwork in Pulau Ubin that led to the implementation of the RUM project
was directly related to it because the RUM initiative carried out communication specifically for the
project. The RUM initiative “spent a number of years before [they] did any measurements or surveys…
just communicating the project” (Respondent D, May 21, 2021). Engaging with stakeholders such as
the general public, residents of Pulau Ubin and government agencies was a big part of the project. The
RUM initiative wanted to build up “support and buy-in to the larger project” (Respondent D, May 21,
2021). Stakeholder engagement was done through youth workshops and broader stakeholder
workshops with Pulau Ubin residents and NGOs, where the importance of mangroves were
emphasised (Tan, 2016a). Monthly public walks, coastal clean-ups, Ubin Day and the Pesta Ubin
festival were some of the other ways public engagement was garnered (Respondent D, May 21, 2021).
Pesta Ubin and Ubin Day are organised annually by NParks and hosted by ministers to celebrate Pulau
Ubin and showcase its natural and cultural heritage (Respondent D, May 21, 2021; NParks, 2020).
These engagements allowed the RUM initiative to understand what people wanted out of the
mangrove rehabilitation project, what they wanted it to look like, and what they wanted to use it for
(Respondent D, May 21, 2021; Tan, 2018). As Respondent D (May 21, 2021) stated, the RUM initiative
“didn’t want to give a recommendation that would disturb local residents” nor “do something that
the public wouldn’t appreciate”.

4.1.2 Rehabilitation Method

Each project used different mangrove rehabilitation methods, the project in Pulau Tekong used hybrid
engineering and the project in Pulau Ubin used ecological mangrove restoration.
Pulau Tekong
NParks noticed that Pulau Tekong was undergoing severe wave erosion due to ship wakes, which
meant that the existing mangroves were at risk of toppling because of the loss of soil (Respondent A,
May 20, 2021; Respondent C, May 27, 2021). This issue was brought to the attention of HDB, who
helmed this project. HDB called for several tenders; engaging Uvaria Tide for mangrove propagation,
DHI Water & Environment for environmental modelling and monitoring, Surbana for project
management and engineering consulting and Koon Construction & Transport for construction
(Respondent B, May 22, 2021; Respondent C, May 27, 2021). NParks’ role was to oversee the
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biodiversity aspects in the project, while Winrigo was contracted by Koon Construction to supply
biodegradable materials to be used in the rehabilitation works (Respondent B, May 22, 2021).
The objective of the project was not only to arrest the erosion, but to also restore the mangroves as
close as possible to its original condition (Respondent C, May 27, 2021). The process of designing a
solution for erosion was iterative. DHI would present a model of the causes of erosion, which Surbana
would use to propose an engineering solution. DHI would then run a model on this solution to check
its impacts on the environment (Respondent C, May 27, 2021). This process would be repeated after
learning about the impacts of the proposed solution on the environment. The result was that a
combination of rocks and biodegradable bags filled with mud were used to reduce wave intensity and
were placed in areas of the riverbank that were on the verge of collapsing (Respondent C, May 27,
2021).
Regarding the rehabilitation of mangroves, Uvaria Tide came up with the mangrove planting plan and
worked with Surbana to design any structures needed for this (Respondent A, May 20, 2021;
Respondent C, May 27, 2021). The idea for mangrove rehabilitation was such that existing mangrove
trees would be protected, and mangrove seedlings of different species would be collected,
propagated, and then planted into a configuration that would help with coastal protection
(Respondent A, May 20, 2021). This configuration was divided into three zones, or rows. The first row
was seaward where the hydrological conditions are the toughest, and the third row was highest up on
the shore where there was low wave energy and lower levels of seawater (Respondent A, May 20,
2021). Different species were planted in different rows because factors such as depth of tidal
inundation, soil maturity and salinity of water and soil play a role in determining the type of mangroves
that can grow in a particular zone (Joshi & Bhosale, 1982; Respondent B, May 22, 2021).
Selecting the correct mangrove species to plant in each zone was highly important. Because of
anthropogenic disturbances such as the damming of rivers in both Singapore and Malaysia, as well as
the concretisation of natural areas for urban development, Uvaria Tide realised that this altered the
export of sediments (Respondent B, May 22, 2021). They anticipated the ecological changes that
would cause the sedimentation of mangroves to change from muddy to sandy substrates. Uvaria Tide
“prepared Tekong for the future” to cope with increasing sandy conditions by bringing in a mangrove
species that was a rock specialist (Respondent B, May 22, 2021). A rock specialist is able to establish,
without any aid and without much access to soil, on rock media; and there are less than three rock
specialists (Respondent A, May 20, 2021).
Uvaria Tide’s connections with NParks, private organisations, research institutes and environmental
NGOs contributed to the success of selecting the mangrove rock specialist and collecting the mangrove
propagules. For example, knowledge sharing with researchers and local and overseas NGOs provided
unpublished data on various mangrove species as well as anecdotal evidence that certain mangrove
species could survive on sand and rocks (Respondent B, May 22, 2021). Together with Uvaria Tide’s
own expertise, this led to their selection of rock specialist found on Sentosa island in Singapore,
Rhizophora stylosa, as the keystone species to support this mangrove ecosystem (Respondent B, May
22, 2021). Rhizophora stylosa thrives in hard and sandy substrates and has the ability to grow towards
the sea front, which can act as a barrier to reduce coastal erosion (Nasir & Yusmah, 2007). It was hoped
that planting the Rhizophora stylosa species could provide a source of mangrove seedlings to enable
the natural establishment of mangroves to occur (Respondent A, May 20, 2021).
Collecting, propagating, and establishing the mangrove plants to a certain specification took 18
months (Respondent A, May 20, 2021). The process of collecting mangrove propagules was uncertain
to begin with because the locations of mangrove species were not extensively mapped out and certain
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locations were restricted from public access and needed permits to enter the site (Respondent A, May
20, 2021). Nevertheless, mangrove propagules were collected and planted into a nursery, where
ponds were built from scratch for the inundation of mangrove plants in fresh water to help them grow
(Respondent A, May 20, 2021; Respondent C, May 27, 2021). To adapt the plants to the conditions
where they will eventually be planted, they were exposed to saline treatments where salt was added
to the water (Respondent A, May 20, 2021). Following that, they were moved to an acclimatisation
nursery that was built onsite so they could be inundated with tidal sea water for about one month
(Respondent A, May 20, 2021).
When the mangrove plants were ready to be planted on the site, they were placed in biodegradable
tubes in the different zones identified in the mangrove planting plan. The design for the mangrove
rehabilitation method (Figure 7) was heavily inspired by NGOs and civil society. Firstly, an NGO in
Hokkaido, Japan, gave inspiration to the idea of bioengineering, where concrete structures used to
protect the coastline could have holes in them to plant marine plants (Respondent B, May 22, 2021).
Secondly, Fulbright Association located in the United States of America explained the benefits of the
Riley Encased Methodology (REM) (Respondent B, May 22, 2021). REM suggests that “isolating
individual propagules from the external environment within tubular encasements at the planting site”
can create a favourable environment for plant development (Riley & Kent, 1999, p. 208). The modified
Riley method used in the Pulau Tekong project used bigger tubes than REM and used biodegradable
materials instead of PVC (Respondent B, July 4, 2021). Thirdly, the Chatuchak market mangrove seller’s
association in Thailand shared about the conservation of mangroves by incorporating them as
landscape plants in hotels and parks (Respondent B, July 4, 2021). As there have been many failures
with mangrove replanting due to them not being acclimatised, this concept from Thailand sparked the
idea that a nursery on site in Pulau Tekong could be used to specifically acclimatise the plants to
increase their chances of survival (Respondent B, July 4, 2021). Finally, the mangrove planting design
in Pulau Tekong took inspiration from the Macedonian Phalanx fighting formation (see Figure 8)
(devised by Philip II of Macedonia in 359 BCE to strengthen the military formation (Gabriel, 2010)) and
high-density sapling planting by mangrove NGOs in Guangdong, China (Respondent B, July 4, 2021). In
Pulau Tekong, they planted around three to five saplings, depending on the species, to attempt to
overcome the high mortality during early establishment (Respondent B, July 4, 2021). The final
mangrove planting design can be seen in the photo in Figure 9.
A decade on, NParks stated the project has successfully arrested coastal erosion and prevented
additional loss of mangroves at the site (Tan, 2021). However, the extent of successful rehabilitation
is uncertain. Respondents A, B and C were not able to go back to the site after it was complete.
Respondent B noted that they did not receive any official update on the status of the site after the
project was completed; although both Respondents A and B were keen to find out what happened
since implementation (Respondent A, May 20, 2021; Respondent B, May 22, 2021). Although, through
informal communication, it was suggested that the environmental conditions are stable and that the
mangroves are thriving in certain areas that are higher up on the rocks (Respondent A, May 20, 2021;
Respondent C, May 27, 2021). Most of the plants closer seaward, however, did not survive
(Respondent A, May 20, 2021; Respondent C, June 11, 2021). It is thought that inaccurate hydrology
data and budget restrictions curtailed the success of the project (Respondent A, May 20, 2021;
Respondent B, May 22, 2021). As Pulau Tekong is a restricted site, the data that was collected on the
hydrological conditions was provided to Uvaria Tide, who then came up with the planting design based
on these measurements. There was an error in determining the minimum tide line (Respondent B,
May 22, 2021). This was realised on the first day of planting when the water level was much higher
than expected, and the plants closer seaward would be inundated more than they could withstand
(Respondent A, May 20, 2021). A revised planting plan was proposed following this to shift everything
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Figure 7. Mangrove planting design (Source: Respondent B).
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upwards, away from the sea (Respondent A, May 20, 2021). However, due to costs of shifting the
whole operation, the plants were only able to be slightly shifted by a smaller distance than what was
proposed (Respondent B, May 22, 2021). Operational costs affected the ecology of the site, which was
evident in the mortality of plants closer seaward (Respondent B, May 22, 2021).

Figure 8. Macedonian phalanx (Source: in PowerPoint from Respondent B).

Figure 9. Photo of mangrove rehabilitation site taken in 2010 (Source: Respondent B).

Pulau Ubin
The RUM initiative used an ecological mangrove restoration (EMR) approach for mangrove
rehabilitation, which ensures the physical conditions are suitable for the natural regeneration of
mangroves (Respondent D, May 21, 2021). EMR consists of five steps: 1) understanding mangrove
species ecology at the site and the characteristics important for mangrove rehabilitation; 2)
understanding hydrological patterns that promote or inhibit seedling establishment; 3) assessing
existing factors that constrain natural seedling establishment at the site; 4) designing the
28

rehabilitation site to have the appropriate hydrological conditions to encourage seedling
establishment; and 5) actively planting seedlings if rates of natural establishment are too slow to meet
project goals (Friess, 2017).
Similar to the project in Pulau Tekong, the RUM Initiative brought in experience from NGOs for the
mangrove rehabilitation method. Dr. Dan Friess, who is a member of the RUM Initiative and leads The
Mangrove Lab at NUS, worked with the Mangrove Action Project and a local university in Makassar,
Indonesia on a similar project in 2013 (RUM, n.d.). In this project, one of the main objectives was to
improve the hydrology and promote natural seedling establishment in 400 ha of abandoned
aquaculture ponds (Brown et al., 2014). NUS master’s student, Rachel Oh, who was involved in the
project found that the rehabilitation of intertidal surface elevation to control tidal inundation was
important for mangrove seedling establishment (Oh et al., 2017). The result was a significant
recruitment of mangroves at the site, with a strong positive correlation between average density of
plants of the site and months after initial rehabilitation (Brown et al., 2014). In Pulau Ubin, the RUM
initiative together with its volunteers conducted a physical environmental analysis by carrying out
surveys and taking measurements to gather data using the EMR approach (Respondent D, May 21,
2021; Tan, 2016b). While the RUM initiative conceptualised the project, they do not own any land or
have any funding, which means they do not carry out the actual implementation of the project
(Respondent D, May 21, 2021). The exact status of the project is uncertain. Although, the site is now
boarded up (see Figure 10), which suggests that the project has now been passed on to NParks for the
next phase of design and construction.

Figure 10. Mangrove rehabilitation site that has been boarded up in Pulau Ubin

4.1.3 Governance Structure and Project Communication

Governance in the Pulau Tekong and Pulau Ubin projects was considerably different. In Pulau Tekong,
the governance approach was top-down and communication was formally organised. Whereas in
Pulau Ubin, governance was bottom-up and communication was informal.
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Pulau Tekong
The project in Pulau Tekong was undertaken by HDB as part of the larger reclamation works they were
doing at the time (Respondent C, May 27, 2021). Surbana reported to HDB; they were responsible for
project management and were the engineering consultant (Respondent C, May 27, 2021). Reporting
to Surbana were NParks, DHI Water & Environment, Uvaria Tide, Koon Construction and Winrigo
(Respondent B, May 22, 2021).
Communication in this project generally followed a top-down approach and had a clear reporting line.
When HDB and the relevant engineering contractors came up with the final design, they created a
report to be sent for approval with various government agencies before calling the construction
tender (Respondent C, May 27, 2021). These agencies include, inter alia, NParks, the National
Environment Agency (NEA), and the Ministry of Defence (MINDEF). NParks looked at the project from
a biodiversity standpoint, NEA assessed the impact on water quality, and MINDEF, who managed
Pulau Tekong, checked if it would affect the military training on site (Respondent C, May 27, 2021).
Internally, there were meetings, organised site visits, presentations and monthly and quarterly reports
that were given from the project team to Surbana and to HDB (Respondent A, May 20, 2021;
Respondent C, May 27, 2021). The project stakeholders collaborated where appropriate, with Surbana
and DHI working on the design to tackle erosion, Surbana and Uvaria Tide designing structures for the
mangrove plants, Uvaria Tide and NParks collecting and propagating the plants, and Uvaria Tide
training Koon Construction and NParks on the planting (Respondent A, May 20, 2021; Respondent B,
May 22, 2021; Respondent C, May 27, 2021). Respondent C (May 27, 2021) noted that working with
people from different disciplines helped them learn as a group and find the interesting aspects of each
other’s work. This collaboration was mutually beneficial for the government agencies and the private
companies. The private companies benefitted because it was not common for them to come across
projects in Singapore with large-scale testing for mangrove rehabilitation, and the government had
funds for such projects (Respondent A, May 20, 2021). The government agencies benefitted as well
because they did not have enough resources to carry out a big mangrove rehabilitation project on
their own, and required the private sector to propagate specific mangrove species on a large scale
(Respondent A, May 20, 2021). As illustrated, collaboration between public and private entities
encourages learning which can enable a shared understanding of a problem. It can also help in
garnering funds and overcoming implementation hurdles.
Pulau Ubin
Communication in the Pulau Ubin project varied depending on who the RUM initiative was engaging
with, be it internally or externally (Respondent D, May 21, 2021). While the RUM initiative is comprised
of various members of NGOs and civil society, they are still supported by the government agency,
NParks. NParks is the managing agency for Pulau Ubin and is involved in the day-to-day running of the
island (Goy, 2016; Respondent D, May 21, 2021). A lot of effort was put into communicating the
mangrove rehabilitation project externally with NParks, other government agencies, Pulau Ubin
residents and the general public, to get their support for the project (Respondent D, May 21, 2021).
Internally, communication in the RUM initiative was informal. The RUM initiative is not a registered
NGO and they have no funding, hence there was no particular organisational structure in the predesign phase of the project (Respondent D, May 21, 2021). They were a “loose and flexible group, and
nobody had really strict roles and responsibilities” (Respondent D, May 21, 2021). The RUM initiative
consisted of individuals who shared a vision and were aligned with the mission of mangrove
rehabilitation; their meetings were generally informal and took place over food or public walks on
Pulau Ubin (Respondent D, May 21, 2021). They did not have any meeting minutes and “never really
wrote anything down” (Respondent D, May 21, 2021). In terms of decision-making, there were not
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many decisions to be made besides the selection of sites for mangrove rehabilitation (see Figure 11
for one of the sites considered for mangrove rehabilitation), which came about organically
(Respondent D, May 21, 2021). Stakeholders in the RUM initiative visited many sites together and
discussed which were the most feasible based on the perspectives of the physical environment, the
ecology, and the government (Respondent D, May 21, 2021). After the identification of sites, NParks
provided approval for the RUM initiative to conduct site surveys to understand the conditions needed
for natural seedling establishment (Respondent D, May 21, 2021).

Figure 11. Abandoned aquaculture pond at Southeast Pulau Ubin (Source: www.wildsingapore.com)

4.1.4 Summary

What spurred both projects to get off the ground was the value of mangroves. In the Pulau Tekong
project, this was a combination of a few components that increased the value of mangrove
ecosystems in Singapore. First was the rise in scientific evidence on the importance of wetlands by
NGOs. Second was the political dispute between Singapore and Malaysia regarding the impacts of land
reclamation on the marine environment, which prompted the need for Singapore to recognise the
environmental implications of land reclamation. Third was the protection of the coast by mangroves
in Aceh, Indonesia when the 2004 tsunami struck the area, thus elevating the value of mangroves in
Singapore. In Pulau Ubin, on-the-ground engagement with various stakeholders to create awareness
about the importance of mangroves helped get buy-in to the project.
The projects used different methods of mangrove rehabilitation. As the objective of the project in
Pulau Tekong was to arrest shoreline erosion, a novel hybrid approach of hard and soft engineering
measures using rocks and planting mangrove saplings was taken. In Pulau Ubin, an EMR approach was
used to enable the natural establishment of mangroves in abandoned aquaculture ponds.
The governance structure and communication within the projects also differed. The Pulau Tekong
project was undertaken by the government agency, HDB, and it employed a top-down approach.
Communication in the project went through formal channels. Contrastingly, there were no strict roles
and responsibilities within the RUM initiative who started the Pulau Ubin project. Communication was
informal, often taking place over food or public walks. However, a similarity is that both projects saw
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collaboration between various stakeholders. In the Pulau Tekong project, a diverse group of external
stakeholders were contracted by HDB to carry out different parts of the project. Collaboration
between public and private parties can stimulate learning and help to overcome obstacles to
implementation. Collaboration was also present in the Pulau Ubin project as the project team was
made up of individuals from different disciplines, allowing them to share knowledge and see other
perspectives.
The presence of urban development in terms of climate change mitigation and adaptation is subtle in
both mangrove rehabilitation projects, with no explicit references to it. The role of urban development
is more prominent in the Pulau Tekong project. In getting the Pulau Tekong project off the ground,
the natural disaster of the tsunami suggested that mangroves could provide coastal protection, which
is a form of climate change adaptation. As mangrove rehabilitation was the method used to protect
the coastline in the Pulau Tekong project, this could also serve as a measure for climate change
adaptation to deal with sea level rise. Nevertheless, the role of urban development in the
conceptualisation of the projects is minimal in the case of Pulau Tekong. Whereas in the Pulau Ubin
project, its role seems to be absent as goals for climate change mitigation and adaptation are not
immediately apparent.

4.2 Synergies & Trade-offs between Mangrove Ecosystem Services and
Urban Development

Research question 2: What are the synergies and trade-offs between ecosystem services provided by
mangroves and dimensions of urban development in the Pulau Tekong and Pulau Ubin mangrove
rehabilitation projects?
In this section, the dimensions of urban development are first identified, and the consideration of
these dimensions by stakeholders in both mangrove rehabilitation projects are discussed. Similarly,
mangrove ecosystem services are also presented before establishing which services were considered
in the projects. Following this, existing and potential synergies and trade-offs between mangrove
ecosystem services and dimensions of urban development are explained.

4.2.1 Dimensions of Urban Development that were considered in the Projects

The preliminary dimensions of urban development that were derived from the URA Master Plan 2019
and the Singapore Green Plan 2030 were discussed and reviewed in the interviews with Urban
Development Experts 1 and 2. It was apparent that besides narrowing down these dimensions based
on their relevance with climate change mitigation or adaptation, it was also necessary to remove
dimensions that were deemed unrelated to the Pulau Tekong and Pulau Ubin mangrove rehabilitation
projects. The resulting list of dimensions of urban development (Table 3) was subsequently used to
formulate interview questions with project stakeholders in phases 2 and 3 of data collection (see
Figure 4).
Table 3. Dimensions of urban development that lead to climate change mitigation and adaptation, adapted
from Urban Redevelopment Authority (2021) and Singapore Green Plan 2030 (2021).

Dimensions of Urban Development
Coastal protection (soft/hybrid engineering)
Conservation of natural ecosystems
Restoration of natural ecosystems
Local climate regulation
The responses regarding the dimensions of urban development that the projects tried to achieve were
consistent in the respective projects, as these dimensions were also the objectives of the projects. In
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Pulau Tekong, all three respondents agreed that coastal protection and the conservation and
restoration of natural ecosystems were considered in the project. Because of the erosion of the
shoreline from ship wakes, coastal protection and the conservation of the existing mangroves were
aimed to be achieved (Respondent A, May 20, 2021). The project also aimed to restore the natural
ecosystem by planting different mangrove species at the site (Respondent A, May 20, 2021), but this
was secondary to coastal protection (Respondent C, June 11, 2021). In Pulau Ubin, only the restoration
of natural ecosystems was considered “because that was the purpose of the project” (Respondent D,
May 21, 2021).

4.2.2 Mangrove Ecosystem Services that were considered in the Projects

The mangrove ecosystem services that are applicable to Singapore’s context can be categorised into
regulating and cultural services. These ecosystem services were identified in a literature study and
verified by the Mangrove Expert (May 12, 2021) (Table 4), then referred to in the interviews with
project stakeholders.
Table 4. Ecosystem services provided by mangrove forests in Singapore.

Mangrove Ecosystem Service
Coastal protection
Water quality regulation
Local temperature regulation
Regulating
Global climate regulation (carbon
storage and sequestration)
Support for offshore aquaculture
Educational value
Scientific value
Cultural

Recreational value
Spiritual and religious value
Inspirational value
Aesthetic value
Cultural identity

Source
Lee et al. (2021)
Alemu et al. (2021)
Alemu et al. (2021)
Alemu et al. (2021); Friess et al. (2016);
Richards and Friess (2017)
Richards and Friess (2017)
Thiagarajah et al. (2015)
Friess et al. (2020c)
Alemu et al. (2021); Richards and Friess
(2017); Thiagarajah et al. (2015)
Thiagarajah et al. (2015)
Thiagarajah et al. (2015)
Thiagarajah et al. (2015)
Thiagarajah et al. (2015)

The interviews with project stakeholders revealed that none of the mangrove ecosystem services (see
Table 4) were aimed to be achieved in the Pulau Ubin project, as the purpose of the RUM project was
to restore mangroves. On the other hand, several of the mangrove ecosystem services were
considered in the mangrove rehabilitation project in Pulau Tekong (see Figure 12). All but three
ecosystem services – air pollution regulation, local temperature regulation, and global climate
regulation – were mentioned by the respondents in the Pulau Tekong project. It was agreed by all
respondents in the Pulau Tekong project that coastal protection and scientific value were ecosystem
services to be achieved by the project. Coastal protection was an ecosystem service to be achieved
because that was the objective of the project. Scientific value was a consideration because this project
in Pulau Tekong was a “pioneering project” (Respondent B, May 22, 2021) and they wanted to learn
from it (Respondent C, May 27, 2021). Respondent A (May 20, 2021) stated that what they have
established from this project in terms of knowledge can be applied to other areas.
The next most cited ecosystem services that were considered in the Pulau Tekong project were
aesthetic and educational values. Respondent A (May 20, 2021) noted that scientific value can be
translated to educational value. Also, aesthetic value was considered to a certain extent because they
“[did not] really want just rock” but also mangrove plants (Respondent A, May 20, 2021).
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Finally, the ecosystem services that were considered according to only one respondent were water
quality regulation, support for inshore/offshore aquaculture and the remaining cultural ecosystem
services (see Figure 12). It was thought that mangroves could sequester mineral nutrients and trap
sediments, thus improving water quality (Respondent B, July 23, 2021). The ecosystem service of
offshore aquaculture was amended to include inshore aquaculture as there were oyster farms near
the site; restoring mangroves here could potentially improve the surface water quality and support
surrounding aquaculture activities (Respondent B, July 23, 2021). Furthermore, Respondent B (May
22, 2021) conveyed that while some stakeholders in the project did not consider many mangrove
ecosystem services at the time, they had personally considered all the cultural ecosystem services.
Some of these cultural ecosystem services could be provided at the time of the project, while others
had the potential to be provided. For example, altars for religious offerings behind existing mangrove
trees were protected by using biodegradable bags to keep them in place in the Pulau Tekong project,
thus retaining the spiritual and religious value (Respondent B, May 22, 2021). Other cultural ecosystem
services such as inspirational value, aesthetic value and cultural identity had the potential to be
provided if the site were to be accessible to the public (Respondent B, May 22, 2021).
Coastal protection

Mangrove Ecosystem Services

Water quality regulation
Air pollution reduction
Local temperature regulation
Global climate regulation
Support for inshore/offshore aquaculture
Educational value
Scientific value
Recreational value
Spiritual and religious value
Inspirational value
Aesthetic value
Cultural identity
0

1

2

3

Number of respondents
Figure 12. Number of interview respondents who stated that a mangrove ecosystem service was considered in
the Pulau Tekong mangrove rehabilitation project.

It was apparent that there could be co-benefits even though an ecosystem service was not considered
in the project. Respondent C (May 27, 2021) stated that providing recreational value was not the aim
in the project, but that the result of the project would enhance the provision of recreational value.
Similarly, in the Pulau Ubin project, Respondent D noted that there was the potential to achieve
mangrove ecosystem services although they were not the purpose of the project. They did have an
idea that some ecosystem services could once again be provided depending on the size of mangrove
trees, areal extent, public accessibility, and timeline (Respondent D, May 21, 2021). For example, just
by changing a management practice from an aquaculture pond back to mangroves and introducing
proper hydrology to the system, the methane emissions from the pond can be reduced, thus helping
with global climate regulation in the short term (Respondent D, May 21, 2021). As mangroves reach
maturity over time, their capacity to sequester carbon may be enhanced, which can help with global
climate regulation in the long term (Cameron et al., 2019; Respondent D, May 21, 2021). Additionally,
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most of the cultural ecosystem services such as educational and recreational values and depend on
accessibility to the public, and could be achieved in the short term if, for example, a board walk is built
soon after the site is ready (Respondent D, May 21, 2021). Regarding spiritual and religious value,
inspirational value, and aesthetic value, these are dependent on the individual and what they value
from the site (Respondent D, May 21, 2021).
Some regulating services were not considered at all. In Pulau Ubin, coastal protection and water
quality were not applicable because the site was an abandoned aquaculture pond and had no access
to the sea. Other regulating services such as air pollution reduction, local temperature regulation and
global climate regulation were not applicable to both projects because of the size of the site
(Respondent B, May 22, 2021; Respondent D, May 21, 2021).

4.2.3 Synergies and Trade-offs between Mangrove Ecosystem Services and
Dimensions of Urban Development

From the dimensions of urban development and mangrove ecosystem services that were considered
in the projects, respondents then identified the relationships between them using a matrix (see
Appendix D for template of matrix) to find synergies and trade-offs as shown in Figure 13. The
relationships between mangrove ecosystem services and dimensions of urban development were
mainly synergistic, meaning that providing a mangrove ecosystem service increases the ability to fulfil
a dimension of urban development and vice versa. There were no explicit trade-offs, where an
increase in a dimension of urban development results in the decrease of the provision of a mangrove
ecosystem service. The remaining relationships were identified as ‘synergy/trade-off’, which means
that depending on other factors, the relationship can be synergistic and/or have a trade-off.
Existing synergies were found between all dimensions of urban development and most of the cultural
ecosystem services. Even for a restricted site like Pulau Tekong, recreational value can still be provided
following the rehabilitation project. Rehabilitating mangroves in Pulau Tekong would help the
symbiotic relationship with seagrasses in nearby reef Beting Bronok; and where there are seagrasses
there are fish (Respondent B, May 22, 2021). Hence, people can go fishing in Beting Bronok because
it is accessible to the public. In Pulau Ubin, scientific value was not aimed to be achieved in the project.
However, through conducting surveys and taking measurements, it suggests that the project had
provided scientific value even before the actual restoration of the aquaculture pond back to
mangroves (Respondent D, May 21, 2021). A synergy/trade-off was identified for the coastal
protection in both urban development and as an ecosystem service in the Pulau Tekong project (see
Figure 13). As rocks were used to help with coastal protection, this hard engineering may have
restricted the natural establishment of mangroves, which would be a trade-off (Respondent A, May
20, 2021). However, this project also used soft engineering by planting mangroves, which would allow
the planted mangroves to provide coastal protection as an ecosystem service. For sites that have
environmental conditions that support the natural establishment and extension of mangroves, soft
engineering might provide a more synergistic relationship (Respondent A, May 20, 2021).
Potential synergies and trade-offs shown in the right side of Figure 13 show that there is not only a
possibility for the provision of ecosystem services to be enhanced, but that trade-offs can also occur
under certain circumstances. In the Pulau Tekong project, there is the potential for an increased
provision of cultural ecosystem services, but this depends on whether the mangrove rehabilitation
site can be made accessible to the public (Respondent B, May 22, 2021). In Pulau Ubin, there is the
potential for synergies between the restoration of natural ecosystems and the regulating services such
as air pollution reduction, local temperature regulation and global climate regulation if the project
was implemented on a larger scale (Respondent D, May 21, 2021). Other cultural ecosystem services
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could also be achieved if the site were to be accessible to the public (Respondent D, May 21, 2021).
Without this access, the provision of these services would decrease and there would be trade-offs
with the restoration of the site.

Figure 13. Synergies and trade-offs between mangrove ecosystem services and dimensions of urban
development as identified by stakeholders in the Pulau Tekong and Pulau Ubin mangrove rehabilitation
projects. Project stakeholders established that some mangrove ecosystem services were not currently being
provided but had the potential to be provided, hence they are divided into existing and potential synergies and
trade-offs. The same synergies and trade-offs may be simultaneously present in the existing synergies and
trade-offs panel (left) and the potential synergies and trade-offs panel (right) because there is the potential for
that existing synergy to be enhanced, become a trade-off, or both. Data collected from each respondent in the
Pulau Tekong project is combined to show one data set instead of three for the same project, to allow for an
easier comparison of the two projects.

These synergies and trade-offs show that the relationship between mangroves and urban
development is not clear cut (Respondent D, June 14, 2021). “Sometimes the environment is more
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important, sometimes the social” aspect is valued more (Respondent B, June 11, 2021). Also, what
may be a synergy in one mangrove site may not be a synergy in another; mangroves are dynamic and
their ability to provide ecosystem services are constrained by their geography and the environmental
conditions (Respondent B, June 11, 2021).

4.2.4 Summary

It was found that the objectives of both mangrove rehabilitation projects correspond to one or more
dimensions of urban development (Table 3). The objective of the Pulau Tekong project was first and
foremost, coastal protection, followed by the conservation and restoration of natural ecosystems,
which are mangroves in this case. In Pulau Ubin, the project’s primary objective was restoring the
natural ecosystem. Concerning mangrove ecosystem services, it was apparent that the Pulau Ubin
project did not consider these services. In contrast, the Pulau Tekong project considered several of
them, including, inter alia, coastal protection, scientific value, educational value, and aesthetic value.
While the provision of some ecosystem services was not the aim in both projects, the projects still
unintentionally provided some ecosystem services, resulting in co-benefits.
When looking at the relationship between mangrove ecosystem services and dimensions of urban
development that were considered in the projects, mostly synergies were present. Moreover, there is
potential for the enhancement of synergies under the appropriate conditions. For example, an
increase in areal extent of the mangrove area may increase the provision of regulating services, while
enabling public accessibility may increase the provision of certain cultural services. Thus, this study
shows that NBS can provide benefits beyond the objective of the project. Additionally, synergies
between mangrove rehabilitation projects and urban development may not immediately be apparent,
but over time, there is the potential for more synergistic relationships.

4.3 Lessons Learned from Mangrove Rehabilitation Projects

Research question 3: What are the learnings from the Pulau Tekong and Pulau Ubin mangrove
rehabilitation projects beyond their project scopes, and how did the expanded agenda for urban
development enhance learning?
The lessons learned from mangrove rehabilitation projects are categorised into four groups: technical
learning, conceptual learning, social learning, and visions for mangrove rehabilitation in the future.

4.3.1 Technical Learning

Technical learnings were gained due to the novelty of the projects, with the Pulau Tekong project
using a new mangrove rehabilitation method and the Pulau Ubin project implementing the EMR
approach to the context of Singapore’s aquaculture ponds. From these technical learnings, the key
unexpected learnings on the mangrove rehabilitation method in the Pulau Tekong project are
highlighted. Following that, the wider impacts of technical learnings are described.
How technical learnings were gained
As the Pulau Tekong project was a pioneer in using this mangrove rehabilitation method, a lot of the
technical learning about rehabilitating mangroves was achieved through “trial and error” (Respondent
A, June 9, 2021; Respondent B, June 11, 2021). While there was existing research on this topic, studies
were carried out in other countries, with different environmental conditions and with different
mangrove species (Respondent B, June 11, 2021). In Singapore itself there was a lack of investment
for fundamental mangrove research at the time, resulting in the incorporation of ideas from overseas
studies and the customisation of rehabilitation design for Singapore’s context (Respondent A, June 9,
2021; Respondent B, June 11, 2021).
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While the EMR approach was not new in the Pulau Ubin project, there was novelty in the application
of this method to Singapore’s context (Respondent D, June 14, 2021). Techniques learned from a
similar project of restoring aquaculture ponds in Indonesia were applied to the individual sites in Pulau
Ubin, which helps to show the broader applicability of EMR (Respondent D, June 14, 2021).
Unexpected learnings as a result of using a novel method of mangrove rehabilitation
Within the Pulau Tekong project, several unexpected learnings came about by going through the
process of mangrove rehabilitation and through observation. It was found that germinating mangrove
species, Sonneratia caseolaris, from seeds had attracted small snails which would then eat the new
leaves (Respondent A, June 9, 2021). To increase the survival of these seedlings, the leaves had to be
wiped down daily. Through observation, it was learned that skipping the propagation steps and
collecting seedlings with two to four leaves could potentially address the issue with snails, instead of
attempting to germinate the plants from seeds (Respondent A, June 9, 2021). Another unexpected
encounter was that the tubes used to encase the plants had unintentionally become a trap for
mangrove propagules that had drifted in from Malaysia and Indonesia (Respondent B, June 11, 2021).
The tube was designed to lower the intensity of waves hitting the shoreline, but it resulted in also
becoming a trap to allow the natural recruitment of mangroves from the region (Respondent B, June
11, 2021), thus increasing mangrove species biodiversity. Another learning from this project was only
realised post-implementation. The survival rate of the mangroves was low, which taught the project
team that planting mangroves may not be the most effective way to rehabilitate mangroves. Instead,
using an EMR approach that allows for the natural establishment of mangroves would be more viable
(Respondent A, June 9, 2021; Respondent C, June 11, 2021).
Impact of technical learnings extended beyond the scope of the projects
Learnings from the Pulau Tekong project were imparted to others within and outside of Singapore. In
regional conferences about mangroves, knowledge sharing about the technical components of
mangrove rehabilitation in the Pulau Tekong project took place (Respondent B, June 11, 2021).
Moreover, some of the former Surbana staff who worked on the Pulau Tekong project had later
worked on a mangrove rehabilitation project in Hong Kong, taking lessons from the Pulau Tekong
project to use a keystone mangrove species (Respondent B, June 11, 2021). Where Rhizophora stylosa
was brought in from Sentosa because it was suited for the changing environmental conditions at Pulau
Tekong, the project in Hong Kong brought in Kandelia obovata from Macau as the keystone species
(Respondent B, June 11, 2021). In Singapore itself, Uvaria Tide was involved in a later project on
Punggol waterway. Using their learnings about the growth rates of different mangrove species and
the survival of mangroves in various environmental conditions from the Pulau Tekong project, Uvaria
Tide was able to recommend a specific mangrove species to be used that would fit the requirements
of that later project (Respondent A, June 9, 2021). Additionally, learnings from the Pulau Tekong
project were used to complete a similar project for coastal protection in Kranji Coastal Nature Park,
as well as a new NBS coastal protection project in Pulau Ubin, slated to begin works in 2023 (Tan,
2021). Besides providing lessons to other projects, this project also inspired confidence in the ability
of mangroves to provide ecosystem services. The implementation of the Pulau Tekong project gave
the government agency, URA, the confidence to consider mangroves as a form of coastal protection
against sea level rise for the City-East Coast coastal protection study, which is slated to begin this year
in 2021 (Public Utilities Board [PUB], 2021; Respondent B, June 11, 2021).
In the Pulau Ubin project, technical learning was centred around the early stages of the EMR approach,
which was the physical environmental analysis of the site. Lessons were directly and indirectly taught
to others through the act of working together and through trainings and workshops. Backgrounds and
expertise varied across stakeholders in the RUM project, including members of the RUM initiative,
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NParks, and research assistants. Simply working with a diverse group allowed for the learning of
different views, which reframed ideas Respondent D had about their own work (Respondent D, May
21, 2021). Knowledge on EMR method and theory, and the identification of mangrove plant species
was shared with research assistants and members of the public through trainings and workshops
(Respondent D, June 14, 2021). Sharing technical knowledge with the local community also
encouraged social learning, where a passion for mangroves was fostered (Respondent D, June 14,
2021). It was hoped that this passion could then be expressed through daily interactions with others
and communication through social media, which would help to normalise mangroves in people’s lives
(Respondent D, June 14, 2021).

4.3.2 Conceptual Learning

There were several learnings regarding the governance of NBS. Firstly, collaboration between the
public and private sectors can benefit the project as well as each party. Secondly, NBS should not be
treated like construction projects, instead they require a flexible approach to deal with the dynamism
of NBS. Thirdly, NBS such as mangrove rehabilitation need to be customised according to the context.
Finally, bottom-up projects can benefit from having open and informal governance as the flexibility
can help to keep the project in motion.
NBS can benefit from collaboration between private and public sectors
Firstly, NBS on a large scale requires both the public and private sectors in Singapore if propagation of
plants is required. NParks currently has a limited capacity for the quantity of plants they can propagate
due to space constraints and different focus areas (Respondent A, June 9, 2021). Working with private
companies allows for the propagation of plants on a bigger scale as they have the resources to do so;
they also have the motivation to deliver the project in a set time frame so that they can receive
payment (Respondent A, June 9, 2021). Furthermore, it is beneficial for private companies to work
with government agencies who own the land the project site is on to save on rental costs if, for
example, a plant nursery needs to be built on site (Respondent A, June 9, 2021). Hence, NBS projects
that involve the private and public sector can save costs, are able to scale up, and can possibly
accelerate the project.
NBS need flexible governance
Secondly, NBS are treated like engineering projects (Respondent C, June 11, 2021). After monitoring
the Pulau Tekong project site for 12 months, engineering contractors were discharged from their
liability for the survival of the plants (Respondent C, June 11, 2021). One year post-implementation,
the transplantation of mangroves looked successful, however, 10 years later when environmental
NGOs were able to visit the site, they shared that the plants that were planted did not survive well
(Respondent C, June 11, 2021). NBS works with nature, which is a dynamic environment, and hence
needs to be monitored in the long term (Respondent B, June 11, 2021; Respondent C, June 11, 2021).
Another example of how NBS are treated like engineering projects was the inability for the plants to
be moved further up shore following the miscalculation of the minimum tide line because it meant
that the contract would have to be changed and more resources including time and finances would
have to be spent to conduct a new tidal survey (Respondent B, June 11, 2021). As opposed to basing
decisions on budget in NBS, decisions should be based on science; this project in Pulau Tekong used
static governance to deal with a dynamic environment, which may not be the most suitable when
working with nature (Respondent B, June 11, 2021). Respondent B (June 11, 2021) noted that this type
of governance to deal with environmental problems may be changing, as reflected in Prime Minister
Lee Hsien Loong’s National Day Rally speech in 2019. The Prime Minister stated that climate change
plans will be implemented progressively and will be kept flexible (Lee, 2019).
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Mangrove rehabilitation solutions need customisation
Thirdly, mangrove rehabilitation solutions need to be customised to the context (Respondent A, June
9, 2021; Respondent B, June 11, 2021). The objective of the project, the condition of the site and the
eventual target to be achieved are all factors that affect the design of the solution (Respondent A,
June 9, 2021). Environmental conditions and available budget should also be considered. For example,
in Japan where they are prone to earthquakes and tsunamis, NBS may have to incorporate hard
engineering to cope with extreme events, as opposed to solely using a soft engineering approach
(Respondent B, May 22, 2021). Respondents A, B and D also noted that EMR can be an approach that
is suitable for smaller budgets. EMR is less costly as compared to planting and have the possibility to
be more successful (Respondent A, June 9, 2021; Respondent D, June 14, 2021).
Open and informal governance structure can contribute to project continuity
Finally, in a bottom-up project, having an open and informal structure can support the continuity of
the project (Respondent D, June 14, 2021). Without an organisational structure and with no hierarchy
in the Pulau Ubin project, members in the RUM initiative were able to contribute ideas and find “their
own niches within the group” (Respondent D, June 14, 2021). There were both permanent and less
permanent members that were present during the span of the project. The flexible governing
structure allowed for people to drop in and out of the project if they had other obligations
(Respondent D, June 14, 2021). Besides the core members of the RUM initiative, people would join
the project as volunteers, interns, research assistants, and as part of research fellowships, and there
was a regular cycle of new project members (Respondent D, June 14, 2021). The “diversity of people
created diversity of opinions and actions”, keeping ideas fresh and renewing energy within the project
team (Respondent D, June 14, 2021).

4.3.3 Social Learning

Three key learnings were found with regards to the interactions and communications within and
outside the project team. A good project management team, enthusiastic team members, and proper
communication between stakeholders can all benefit the project.
Experienced project management team
Having experienced project management staff in the Pulau Tekong project was important even if they
did not have expertise in plants (Respondent A, June 9, 2021). Since this project was located on a site
with restricted access, it was especially valuable to have a core group of people in the project
management team for project stakeholders to liaise with. This sped up the process of administration
tasks, such as getting approval or arranging a boat to enter the site (Respondent A, June 9, 2021), thus
enhancing the efficiency of the project.
Motivated and enthusiastic team
A motivated and enthusiastic team is also beneficial for a project. In Pulau Tekong, where the method
of mangrove rehabilitation was novel, Respondent A (June 9, 2021) found that having a team that can
look at an issue and take the initiative to come up with creative solutions is essential. Project
stakeholders who have a passion for their work are willing to investigate problems when they arise,
and try and solve them (Respondent C, June 11, 2021). If project stakeholders do not have these skills
in problem-solving, they can potentially “become a drag to the project” and slow it down (Respondent
A, June 9, 2021). Contractors from Koon Construction in the Pulau Tekong project went beyond simply
following instructions and showed initiative and creative problem-solving skills (Respondent A, June
9, 2021). For example, they were provided with a concept of what was to be achieved at the end of
the implementation. The contractors then had to work out the logistics of, for instance, how to handle
the materials from the barge to the shore, and how to securely place the tubes among the rocks
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(Respondent A, June 9, 2021). Another instance of project stakeholders displaying passion for their
work was when engineers from Surbana and their workers periodically replenished the mud in the
biodegradable tubes to restore the microbial health of the mangroves (Respondent B, June 11, 2021).
This was not stated in their contract, yet they went beyond their scope to increase the success of the
project (Respondent B, June 11, 2021).
Effective communication
Effective communication between stakeholders is another factor that can add to the success of a
project. Communication to stakeholders needs to be customised. When communicating to project
stakeholders who may not be interested in the conservation of nature, for example, phrasing ideas in
a particular way can encourage their uptake of the idea (Respondent A, June 9, 2021). Respondent A
(June 9, 2021) used this technique in the Pulau Tekong project by going into the conversation with the
belief that the project stakeholder was willing to agree with an idea, empathised with them to
understand their constraints, then framed a proposition such that it implied the stakeholder was
interested. Without this belief that the stakeholder is interested, one’s facial expressions and body
language can give away the doubt that the stakeholder will take to the idea, which can hamper the
acceptance of the proposition (Respondent A, June 9, 2021). In addition, communication with
stakeholders should be contextualised. In the Pulau Ubin project where the RUM initiative reached
out to many non-traditional stakeholders, communication needed to be customised depending on the
stakeholder (Respondent D, June 14, 2021). When speaking to residents of Pulau Ubin, “a PowerPoint
about mangroves is not going to work” (Respondent D, June 14, 2021). Instead, taking the time and
effort on the ground to speak to the residents allowed the RUM project team to build up to
conservations about the value of mangroves and get their buy-in into the project (Respondent D, June
14, 2021).
Moreover, good communication in NBS projects enables stakeholders to see different perspectives,
align on interests, and be better prepared to tackle climate change. When ideas are proposed to the
commissioner of a project or to government agencies, their receptiveness to the idea depends on their
understanding of the situation (Respondent B, May 22, 2021). Project stakeholders should try to
understand one another’s work and understand why it has value in order to improve upon and
accelerate the project, which can be supported by education or training (Respondent A, June 9, 2021).
In the project on Pulau Tekong, government agencies learned about the biological aspect of coastal
protection, while other project stakeholders learned about the importance of budgeting and
scheduling (Respondent B, June 11, 2021). This mutual understanding of each other’s priorities helped
to foster good relationships between the team (Respondent B, June 11, 2021). It would help equip
project stakeholders with the knowledge on how nature can be used in coastal protection and how to
work with one another in future NBS projects (Respondent B, June 11, 2021).

4.3.4 Visions for Mangrove Rehabilitation in the Future

This section is about the future of mangrove rehabilitation in Singapore. It first covers environmental
and governance concerns, then presents key points of action that should be taken, this is followed by
highlighting the confidence in Singapore’s resources, and finally illustrating the visions for mangrove
rehabilitation in Singapore.
Environmental and governance concerns
To begin with, sea level rise as a result of climate change is a serious concern for Singapore and the
region. In Thailand, there have been attempts to protect terrestrial plant populations from this by
shifting them upwards and away from the sea (Respondent A, June 9, 2021). Changing environmental
conditions such as sea level rise need to be anticipated in order to preserve existing flora (Respondent
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A, June 9, 2021; Respondent B, May 22, 2021). To prolong the protection of terrestrial plants near the
sea, mangroves can be planted among them as some mangrove species can survive in both freshwater
and saltwater, so that the terrestrial plants have a higher chance of surviving when saltwater enters
the system (Respondent A, June 9, 2021). As shown in the project in Pulau Tekong, anticipating
changing environmental conditions is also important. Preparing for the conversion of substrates from
mud to sand was important in order to plant a mangrove species that would be able to survive and
thrive in these future conditions (Respondent B, May 22, 2021).
Another concern that was raised was that traditional engineering approaches may still be used in
Singapore despite learnings about incorporating nature into the design from NBS projects
(Respondent B, June 11, 2021). While scientists and project stakeholders can learn from the
implementation of NBS projects in Singapore, learnings to the management team of the governing
agency commissioning the project may be lost due to employee promotion or the redeployment of
managers to other departments (Respondent B, June 11, 2021). This may lead to a heavier reliance on
traditional engineering to combat coastal erosion for example (Respondent B, June 11, 2021).
However, with traditional grey engineering, other environmental problems such as the pollution of
water may occur, resulting in the re-emergence of past environmental issues (Respondent B, June 11,
2021). Hence, project insights need to be passed on to appropriate parties to ensure the continuity of
learnings.
Points of action
Two action points with regard to the future of mangrove rehabilitation projects were identified in the
interviews. Firstly, Singapore should invest more in studies for “basic science” as opposed to having
an overreliance on anecdotal evidence on NBS from other countries (Respondent B, June 11, 2021).
At the moment, research is mainly carried out as part of projects for practical applications, but there
is little funding for research and development, such as on studies on mangrove species and their
suitablility for different environmental conditions (Respondent B, June 11, 2021). With more
investment in basic science on Singapore’s natural ecosystems, it will be easier to anticipate how to
use nature to cope with changing environmental conditions.
Secondly, natural ecosystems in Singapore should be preserved as much as possible (Respondent B,
June 11, 2021). The conservation of these systems is important because of the interconnections one
system has with other systems, one such example is the symbiosis between the mangroves in Pulau
Tekong and seagrasses in Beting Bronok (Respondent B, May 22, 2021; Respondent B, June 11, 2021).
Destroying one natural ecosystem would result in the loss of support for another, which is why they
should first be conserved, and restoration should only be implemented as the last resort (Respondent
B, June 11, 2021).
Confidence in Singapore’s resources
While there were concerns and points of action for mangrove rehabilitation projects in the future,
there was also confidence in Singapore’s ability to restore and extend mangrove patches and share
mangrove rehabilitation lessons with others. Respondent A felt confident after going through the
project in Pulau Tekong, that Singapore has enough resources to rehabilitate existing mangroves and
even create more mangrove patches (Respondent A, May 20, 2021). The project involved collecting
mangrove propagules of different species from around the island. Prior to this, knowledge on the
locations of various species and the quantity of propagules were uncertain (Respondent A, May 20,
2021). Through the collection of propagules in this project, it revealed that if Singapore wanted to
restore mangrove forests, there would be sufficient resources to carry that out “without jeopardising
our existing forests” (Respondent A, May 20, 2021).
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Working with many species of mangroves in the Pulau Tekong project provided the opportunity to
build up knowledge on mangroves and apply it to other projects, be it for coastal protection or the
conservation or restoration of natural ecosystems (Respondent A, May 20, 2021). Singapore has the
advantage of having the financial resources to fund projects that use NBS, and the lessons learned in
Singapore can not only be used for projects within the country but can be shared regionally too
(Respondent A, June 9, 2021). By having a model for mangrove rehabilitation in a city like Singapore,
it can provide lessons on the integration of mangroves in urban areas for other cities (Respondent B,
June 11, 2021). These models of NBS projects in Singapore can also be referenced to help convince
stakeholders in upper management to take on similar projects (Respondent A, June 9, 2021).
Vision for mangrove rehabilitation
Looking forward to the future of mangrove rehabilitation in Singapore, there must first be greater
recognition on the importance of mangroves (Respondent D, June 14, 2021) beyond their ornamental
value (Respondent A, May 20, 2021). Attitudes towards mangroves have been slow to change as they
were perceived as valueless wastelands (Friess et al., 2020b; Respondent B, June 11, 2021). It can take
one or two generations to change the perspective of mangroves (Respondent B, June 11, 2021). By
the time their value is truly realised, it is hoped that Singapore will have built up the knowledge and
expertise so they can contribute “in whatever little way [they] can” (Respondent A, June 9, 2021).
Another vision for mangrove rehabilitation projects in Singapore is to have more of them, specifically
more examples of using the EMR approach (Respondent D, June 14, 2021). EMR can increase the
success of rehabilitation and can be more cost effective than planting mangroves (Respondent A, June
9, 2021; Respondent D, June 14, 2021). Mangrove rehabilitation projects that begin with the planting
of mangroves without determining the lack of natural recovery often fail; mangrove restoration should
instead begin with identifying the stress factors a site faces, such as blocked tidal inundation that may
prevent the occurrence of secondary succession (Lewis, 2005). It is important to observe and learn
from nature to create the right conditions that allow for the natural recruitment of mangroves, as
opposed to investing in planting which can be costly (Respondent A, May 20, 2021). Projects that
involve planting may require a high level of maintenance which takes up more time and financial
resources, hence leaving things as natural as possible, by using EMR for example, can reduce
maintenance costs (Respondent A, May 20, 2021).
Finally, while mangroves and urban development may not have a relationship that is straightforward,
it is still possible for them to coexist. Their relationship is not as simple as just having synergies and
trade-offs between them, it is “much more nuanced than that” (Respondent D, June 14, 2021). As
highlighted earlier, some factors affecting this relationship include time, environmental conditions at
the site location, areal extent of mangrove patch, public accessibility to the site, and the perceived
value of mangroves (Respondent B, June 11, 2021; Respondent D, May 21, 2021). Perhaps what is
needed to bridge mangroves and urban development more closely together is innovation. There can
be many opportunities if Singapore is “novel and inventive” about it, be it through hybrid engineering
where soft and hard measures are combined, or by incorporating mangroves into land reclamation or
coastal management design (Respondent D, May 21, 2021). One example of a novel idea came from
Leon Cher and Tate Ng, two fourth-year students from the Singapore University of Technology and
Design (SUTD) in 2015 (Respondent B, June 11, 2021). They created a redevelopment proposal called,
‘Stitching Green’, which integrated mangroves into the design of a hotel and cultural venues for
commercial and civic use (Architecture and Sustainable Design, 2015; Gill & Wong, 2016). They
envisioned a boardwalk to allow the public to access the mangroves and existing greenery on site (Gill
& Wong, 2016). In addition, they proposed to create a conducive environment for the growth of
mangroves by using coastal structures to dissipate wave energy and by connecting and enhancing
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green corridors (Architecture and Sustainable Design, 2015). With this example, it is possible to see
how innovation can secure a future for mangroves in Singapore. By moving beyond the rehabilitation
of a mangrove patch, opportunities await for creative and novel solutions to retain, restore, and
increase the value of mangroves (Respondent D, June 14, 2021).

4.3.5 Summary

Many learnings came out of both mangrove rehabilitation projects (see Table 5 for a summary of
learnings), of which urban development played a role in. While the expanded agenda of urban
development alone may not have significantly affected learning, the combination of nature in the
design and urban development in the objective of the projects enhanced learnings, which can be seen
across all three learning types. As illustrated in the technical and social learnings from the Pulau
Tekong project, this combination demanded a problem-solving attitude and led to innovative
solutions. The learnings that came out of this innovation could then be taken beyond the project to
be shared with others, thereby spreading knowledge and gaining wider acceptance about NBS. In
conceptual learning, this combination of NBS and urban development revealed that a structural shift
in the governance of projects with the objective of climate change mitigation or adaptation may be
necessary to cope with a dynamic natural environment that comes from dealing with nature. This will
become even more important with sea level rise from climate change.
With concerns about sea-level rise, urban development will play a bigger role in mangrove
rehabilitation projects in the future compared to the present. A deeper understanding of how nature
can be used to meet the goals for climate resiliency is necessary to anticipate future needs. Singapore
already has some experience with NBS. With the implementation of more innovative NBS projects,
specifically for climate change mitigation and adaptation in an urban setting, Singapore can meet
multiple targets within the broader agenda for urban development. They can also serve as a model
for other cities in the region to learn from.
Table 5. A summary of learnings and visions for mangrove rehabilitation from the Pulau Tekong and Pulau Ubin
mangrove rehabilitation projects.
Type of Learning

Technical
Learnings

Categories of
Lessons Learned
How technical
learnings were
gained
Unexpected
learnings from
using a novel
mangrove
rehabilitation
method

Lesson Learned
•
•
•
•
•
•

Impacts of
technical learnings
beyond the project
scope

•
•
•

Conceptual
Learnings

Collaboration
between private
and public sectors

•

Learnings were made through trial and error
Learnings were made through the application of an existing
mangrove rehabilitation method to a new context
Seedlings from Sonneratia caseolaris with two to four
leaves should be collected for germination, instead of
germinating them from seeds to avoid attracting snails
Tubes encasing mangrove plants acted as a trap for
propagules from the region
An EMR approach instead of planting mangroves may have
been more effective in rehabilitating mangroves
Technical learnings lead to knowledge sharing with similar
projects
Technical learnings inspired a government agency’s
confidence in mangrove rehabilitation as an NBS
Working in a multidisciplinary team resulted in an
understanding of multiple perspectives
Sharing technical knowledge with the local community can
foster a passion for mangroves
NBS involving both the private and public sectors can save
costs, scale up, and accelerate the project
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Type of governance
in NBS
Customisation of
NBS
Experience in the
project team
Attitudes within the
project team
Social Learnings

•
•
•

•
•
•
•

Communication in
the project

Environmental and
governance
concerns

•
•
•
•
•

Points of action
Visions for
Mangrove
Rehabilitation in
the Future

Confidence in
Singapore’s
resources

•
•
•
•

Vision for
mangrove
rehabilitation

•
•

NBS deals with nature, which is a dynamic environment,
thus requires flexible governance
Open and informal governance in a bottom-up project can
keep ideas fresh and help with project continuity
Factors such as project objectives, environmental
conditions and financial budgets influence the NBS, thus the
NBS needs to be designed for a specific context
Experienced project management staff can enhance project
efficiency
A motivated team is better equipped to tackle unexpected
issues through creative problem-solving
A passionate team will go beyond the project scope to
enhance the success of the project
Propositions to stakeholders should be framed to suggest
their interest in the idea to encourage their receptivity to it
The type of communication needs to be appropriate to each
stakeholder to get their buy-in to the project
Stakeholders should learn from each other to develop a
shared understanding of the problem
Changing environmental conditions should be anticipated
to cope with the effects of climate change
Lessons from NBS should be passed on within governing
agencies of such projects to ensure learning continuity
Investment in basic science on Singapore’s natural
ecosystems is needed
Natural ecosystems should first be conserved before
attempting to restore them
Singapore has enough natural resources to rehabilitate
mangrove forests through propagation
With Singapore’s NBS experience and financial resources, it
can be used as a model for NBS in the region
There should be greater recognition of the importance of
mangroves beyond their ornamental value
More examples of EMR projects in Singapore can add to
existing learnings about mangrove rehabilitation
Mangroves and urban development can coexist through
innovative and novel solutions
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5 Discussion

The discussion begins by positioning the research findings within the broader context of NBS regarding
climate change mitigation and adaptation. Furthermore, it examines how the analysis of synergies and
trade-offs between mangrove ecosystem services and dimensions of urban development, as well as
the research approach of learning allowed for a deeper understanding of the research problem.
Following this, a reflection on the research design reveals the strengths and limitations of the study.
This is concluded with a section on areas for further research.

5.1 Interpretation of Results

This thesis examined the extent to which mangrove rehabilitation projects and the agenda for urban
development converge. By using a research framework combining the exploration of ecosystem
services and the multifaceted process of learning, the significance of framing NBS and technical
learnings was able to surface. This sub-chapter contributes to the wider discussion on the importance
of NBS alignment with institutional direction, language and empathy in the framing of NBS, the
perpetuation of innovation in NBS, the role of social learning in capturing and distributing technical
lessons, and the power of connection between individuals and nature in the movement towards
climate resiliency.

5.1.1. Framing NBS for Climate Change Mitigation and Adaptation

Both projects did not consider goals for climate change mitigation or adaptation during their
conceptualisation, they were instead spurred by the aims to arrest shoreline erosion and restore
mangroves. Nevertheless, these aims coincide with the dimensions of urban development that lead
to climate change mitigation and adaptation, which are coastal protection, and the conservation and
restoration of natural ecosystems. This shows that mangrove rehabilitation projects are aligned with
the expanded agenda for urban development despite not being intended for climate change
mitigation and adaptation. This was evident in the abundance of synergies between mangrove
ecosystem services and dimensions of urban development in both projects even though the
consideration of this relationship was minimal. The synergies illustrate the advantage that NBS has,
which is its ability to provide multiple benefits for the environment and for society. Despite both
projects only focusing on one or two objectives, co-benefits were nonetheless provided as a result of
working with nature. With increasing pressure to address the effects of climate change, more
awareness must be gained about the value that mangrove rehabilitation and other types of NBS have
in tackling climate change while providing co-benefits.
Alignment with institutional direction in the framing of NBS
The evidence base for NBS for the expanded agenda for urban development is growing (Chausson et
al., 2020) and research has outlined the ways to increase the adoption and ambition of NBS
(Frantzeskaki et al., 2019; Seddon et al., 2020b). Nevertheless, there still needs to be an understanding
of the existing priorities of the city or country in which the NBS is designed for, and the limitations in
implementing NBS in order to know which co-benefits are valued by the institutional system. In landscarce Singapore, balancing the needs of the city-state requires careful planning and the optimisation
of land use. Hence, as Hazel Khoo, Director of Coastal Protection department in PUB, highlights,
creating multi-functional coastlines can be a way to balance urban needs with coastal resilience (Khoo,
2020). As one of the purposes of NBS is to provide co-benefits, the framing of NBS can emphasise the
ability of NBS to provide multiple functionalities, which can help to create a business case for NBS.
Similarly, when framing NBS outside of Singapore, the framing of NBS should align with the strategic
direction of local government. For example, the Koggen green roof NBS initiative in Malmö, Sweden,
was created by real estate owner Malmö Kommunala Bostadsbolag (MKB) as part of the municipalityled BiodiverCity Program to develop an intensive green roof that would require less maintenance (van
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der Jagt et al., 2021). This project was framed to emphasise economic and environmental
sustainability, which helped to create a business case for NBS (van der Jagt et al., 2021).
Comparably, the RUM initiative in Pulau Ubin was conceived in alignment with the Ubin Project which
was initiated by the Ministry of National Development to preserve and enhance the island (MND,
2018). Likewise, the Pulau Tekong project was spearheaded by government agencies, NParks and HDB,
to protect Singapore’s coastline from erosion. As seen with these projects which were initiated a
private company, a civil society organisation, and by the state respectively, they were all in alignment
with the institutional direction for urban development. Hence, NBS can be conceptualised using the
expanded agenda for urban development to guide its design, which can help the state meet certain
urban development targets, and therefore increase the receptivity to the NBS.
Language and empathy in the framing of NBS
The framing of NBS can be key to creating awareness about its value for climate change mitigation
and adaptation, and gaining support from stakeholders despite the reservations that surround NBS
(Seddon et al., 2020a). As conceptual learning considers the process of redefining problem definitions,
strategies and goals (Kemp & Weehuizen, 2005), framing can be positioned to sit within this learning
type. By understanding the frames used in a particular context, it can provide insight into the
perspectives of the target audience and thus, the suitability of different frames. For NBS, this
knowledge generates learnings on how perspectives can be changed so that action is taken in favour
of NBS when appropriate. Seddon et al. (2021) emphasised the importance of getting the message
right about NBS by following a set of guiding principles in order to design robust NBS to tackle climate
change and biodiversity loss. These principles for framing NBS are: (1) NBS are not a substitute for the
rapid phasing out fossil fuels; (2) NBS involve a wide range of ecosystems in the sea and on land; (3)
NBS are implemented with the full engagement and consent of local communities and Indigenous
Peoples; and (4) NBS should be purposefully designed to provide measurable benefits for biodiversity
(Seddon et al., 2021).
Getting the message right about NBS is imperative, however, the delivery of the message also holds
great importance. Besides the content of the message, language and empathy also play significant
roles in the framing of NBS. As depicted in the way Respondent A presented a proposition to
stakeholders (see Chapter 4.3.3), the purposeful change in framing of a proposition to an uninterested
party can encourage their receptiveness to the idea. When communicating with stakeholders, having
the mindset that they are supportive of the proposition and the willingness to understand their
constraints can help bring across an idea that sparks interest and gets buy-in. As NBS is still a growing
concept, understanding the intricacies and dynamism of NBS may require some time. It was only
recently that the Centre for Nature-based Climate Solutions was set up at NUS in 2020 to focus on
harnessing nature to tackle climate change (A. Tan, 2020). Around the same period, a report on the
business case for natural climate solutions in Southeast Asia was released in December 2020 to
identify the role of the private sector and opportunities for them to invest in NBS to address climate
change (Raghav et al., 2020). Hence, it may take some time before the private and public sector are
more receptive to NBS. Because of this, there is a need to recognise the value of framing NBS. Using
the right content, language and empathy, framing can help stakeholders understand how NBS aligns
with the expanded agenda for urban development and contributes to tackling climate change.

5.1.2 The Significance of Learnings

This study showed that learning occurred in both mangrove rehabilitation projects. The intention of
researching learnings was to uncover the lessons learned by or imparted from stakeholders beyond
the scope of the projects, as well as explore the processes of learning that were successful and
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unsuccessful. Out of all the types of learning, this was most noticeable in technical learnings.
Nevertheless, important insights were gained across all types of learning. These learnings were
significant because they showed how NBS encourages innovation, how social learning facilitates the
distribution of technical learnings through communication tools and platforms, and how an affinity
with nature can strengthen conceptual learning of NBS.
Innovation in NBS
The Pulau Tekong project illustrated how NBS can increase innovation. An example is the technical
learning about the unexpected trapping of mangrove propagules from the region by biodegradable
tubes that were designed to encase plants. This was a noteworthy finding because the mangrove
rehabilitation method used was novel. It demonstrates how innovation in NBS can generate new
insights and in turn create a starting point for research in this area to branch out. Innovative solutions
are needed to accelerate the transition towards sustainable and climate-resilient societies (Faivre et
al., 2017). NBS should provide multiple benefits for society, the environment and the economy (Wild
et al., 2020). It builds on ecosystem-based approaches and innovatively applies the knowledge about
nature based on societal challenges and sustainable alternatives, which makes it unique among
related approaches (Calliari et al., 2019).
NBS also involve innovative governance as citizens and stakeholders across various disciplines and
sectors engage with one another and work together (European Commission, 2015). NBS implemented
in Leipzig, Germany, as part of a research and innovation project called CONNECTING Nature that aims
to accelerate the scaling up of NBS in European cities, is an example of how NBS managed to bring
about innovation (Dushkova & Haase, 2020). NBS were carried out for various purposes, such as raising
awareness about environmental issues, greening transport infrastructures, and sustainably using and
managing natural spaces. Innovations from the NBS carried out in Leipzig include the innovation in codesign and co-implementation of green and blue spaces, inclusivity for a multicultural society, change
in behaviours to promote an eco-friendly lifestyle, and the improvement of engagement between
different actors participating in the development and implementation of NBS (Dushkova & Haase,
2020). Innovative governance was also apparent in the Pulau Ubin project as project members
comprised of people from different disciplines. Moreover, by researching on conceptual learning, it
was evident that the regular cycle of members brought an inflow of new ideas. While the collaboration
of actors from different sectors allows for a transdisciplinary research approach, it can also reveal
differences in interests. However, this creates an opportunity for ‘outside the box’ thinking (Nesshöver
et al., 2017), which encourages novel solutions. Thus, innovation is at the core of NBS because a
solution needs to consider the various natural, social, economic, and institutional systems so as to
provide win-win outcomes within the constraints of these systems.
Capturing and distributing technical learnings
From the results of this study, it was also evident that the various types of learnings can increase the
uptake of NBS, particularly technical learnings. Technical learnings that were gained from the Pulau
Tekong project inspired institutional confidence in NBS and directly resulted in the implementation of
two coastal protection projects, in Kranji Coastal Nature Park and in Pulau Ubin. In the RUM project in
Pulau Ubin, scientific communication about the EMR approach garnered the support of the
government as well as the local community in the consideration of NBS. These technical learnings
were important because it helped to build a case for NBS despite the uncertainties that surround the
efficacy of nature-based solutions. While there is a need to produce stronger evidence for the
potential of NBS to tackle climate change by increasing implementation (Kabisch et al., 2016), there is
also a need for technical learnings from NBS to be passed on to others. NBS are ongoing processes
that need to be purposefully revisited to learn from past decisions (Nelson et al., 2020). This is where
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social learning intertwines with technical learning, as the interactions and communication between
actors are how technical lessons are shared.
Before technical learnings can be shared, NBS should first be adequately reflected upon at each phase
of the project to ensure that all technical learnings, be it minor or major learnings, are captured.
Subsequently, technical learnings should be passed on to others to ensure the continuity of these
learnings. In the mangrove rehabilitation projects that were studied, technical lessons were passed on
to others through trainings, workshops, conferences, and informal communication. However, there
are still opportunities for technical learnings to be more accessible, more widely shared and
permanently captured. Dushkova and Haase (2020) developed a methodology to build a knowledge
base of learnings from NBS to help users determine the most appropriate NBS for a particular
objective. The benefit of comparing NBS in a data and knowledge base is that it allows for more specific
data on NBS to be extracted and transformed into tools to support decision-making in NBS
development and implementation (Dushkova & Haase, 2020).
Learnings can also have a further reach by disseminating them to the general public. Typical tools for
communication of research and its outcomes to citizens and stakeholders are social media and webbased platforms such as case studies and repository databases (Katsou et al., 2020). One such
communication tool is the CitiesWithNature platform to connect cities so that they can share learnings
about working with nature and inspire each other to enhance the value of nature in and around cities
(CitiesWithNature, 2021). Another communication tool that caters to the wider public is the Urban
Nature Atlas (UNA) platform that contains a comprehensive database of urban NBS worldwide, and
aims to inform and enable everyone to contribute to the realisation of NBS to urban sustainability
challenges (NATURVATION, 2020). Learnings should be easily accessible, and communication should
be easily understood by non-scientific audiences. Failure to capture learnings can limit the pool of
knowledge for NBS which would in turn slow down the successes of effective NBS for climate change
mitigation and adaptation.
The examples of the methodology and communication platforms for knowledge sharing about NBS
illustrate how social learning plays a part in technical learning. By investigating social learning with
respect to the knowledge transfer of technical lessons, the interactions and collaborations between
actors that result in this knowledge transfer can be mapped out. These interactions can also be further
examined to reveal which ones were more successful at reframing issues, norms, responsibilities,
goals, or values to enable the knowledge transfer. Hence, in addition to the implementation of more
NBS, technical learnings from the Pulau Tekong and Pulau Ubin projects should be comprehensively
documented and distributed to stakeholders. This can be done using tools and platforms that are
specifically designed to engage with certain actors to enhance learning. This will help to increase the
evidence base for NBS to address the effects of climate change, and can result in conceptual learning
where others are inspired to implement more NBS.
The relationship between individuals and nature
The sharing of technical knowledge with the local community in the Pulau Ubin project aimed to foster
a passion for mangroves and thereby normalise mangroves and nature in urban cities. As indicated in
the Singapore Green Plan 2030 (2021), Singapore is moving from being a Garden City to being a City
in Nature, and the mindset of Singaporeans needs to follow suit, hinting that there is a need for
conceptual learning. In the past, the state stance was that nature areas should serve a productive
purpose, emphasising nature as an economic resource (Neo, 2007). However, according to Dr Ho Hua
Chew who is the Vice Chair of the NSS Conservation Committee, what should be emphasised are the
cultural ecosystem services, such as nature’s beauty and nature as a sense of place (Ho, 1997 as cited
in 2007). This disconnect between nature and the recognition of its functions and values is evident
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among Singaporeans. A study by Khew et al. (2014) on the public perceptions of nature and landscape
preference in Singapore found that landscape preference tended towards manicured landscapes as
opposed to naturalistic landscapes despite indicating a preference for the nature conservation. More
recently, the OCBC Climate Index in 2021 on the individual’s climate action conversion journey in
Singapore revealed that the average Singaporean is well informed about environmental issues (OCBC
Bank, 2021). However, the adoption and advocacy of green practices is still lower compared to their
awareness. Among the top five reasons for not taking climate action was a disinterest in
environmental issues (OCBC Bank, 2021). The Pulau Ubin project brought to light the need to take a
step back and consider the relationship between the local community and nature before thinking
about creating awareness about NBS.
Building an affinity with nature can make it easier for nature to be normalised in the daily lives of
people living in an urban city like Singapore. Welden et al. (2021) propose communicating the
interdependencies between humans and other living and non-living things to encourage a connection
with nature by using a conceptual model called the core frame of NBS. The core frame makes the
relationship between people and nature more explicit while incorporating a variety of perspectives.
This communication may influence people’s way of thinking and their attitudes towards nature
(Welden et al., 2021). Furthermore, a series of studies carried out by Lumber et al. (2017) found that
activities that involved contact, meaning, emotion and compassion were pathways for facilitating a
connection with nature. The study suggested that these pathways can increase nature connectedness
in the urban environment. Also, the type of interaction with nature is key, because simply walking in
nature was not found to increase the connection with nature (Lumber et al., 2017). Thus,
communication about the co-dependence of humans and nature, and pathways to nature
connectedness can strengthen conceptual learning about NBS.
Conceptual learning, however, was not as apparent in the findings of this thesis when compared to
the other types of learning. Research on learnings were focused on the learnings that took place during
the project, when actors were already aligned on the value of NBS, and after the project, around the
extent that technical learnings were passed on to others. However, the findings suggest that
conceptual learning is more prevalent before and after an NBS project. When exploring conceptual
learning pre-project, insights can be gained into the process of redefining the problem and goals that
lead to the design of the project itself. When looking into conceptual learning post-project, the impact
that the project has in changing attitudes towards nature can be better understood. Therefore,
attention to conceptual learning should be paid pre-, during and post-project to uncover the capacity
of conceptual learning to help with the move towards the expanded agenda for urban development.

5.2 Reflection on Research Design

This sub-chapter is a reflection on the research design, including the conceptual framework and the
research process. It is divided into two sections, first covering strengths then limitations.

5.2.1 Strengths

This study benefitted from applying a multifaceted process of learning in the conceptual framework
as it enabled a more holistic understanding of how lessons were learned and taught. Furthermore, a
chronological method of data collection created a structured approach to conducting research.
Multifaceted process of learning
Using the multifaceted process of learning as a framework (see Chapter 2.1.3) to answer Research
Question 3 was useful because it allowed for a comprehensive understanding of the lessons learned
from the projects. By asking respondents questions on the who, what, where, when, why and how of
learning, more detail could be gained on the lessons learned. At times, snippets of information
50

received when asking these questions would reveal new lessons, which could then be explored by
asking prompting questions. Additionally, the categorisation of learnings into technical, conceptual
and social learnings was helpful in the analysis of results. The analysis surfaced the importance of
learnings in the drive towards climate resiliency.
Data collection method
The breakdown of the entire data collection into four phases (see Figure 4) worked well in this study
because it provided an orderly way of gathering data. The logic behind splitting data collection into
phases stemmed from the need to organise information from different data collection methods
(literature studies and interviews with experts and project stakeholders). As data from one data
collection method was used as input to another data collection method, it made it clear how each
piece of information was being used in the study, thus reducing irrelevant data.
Furthermore, project stakeholders were interviewed twice to allocate time for reflection between the
first and second interviews. As the projects that respondents recalled were implemented years ago,
reflection on the information that was exchanged during the first interview was beneficial for the
recollection of events that transpired. It also allowed respondents to process their own thoughts
about the project and bring ideas across in the second interview that they may not have considered
in the first interview. Thus, more information was able to be gained from respondents.

5.2.2 Limitations

There were several limitations in the research process. Firstly, the projects took place years ago, so
respondents may have had lapses in their memory when recalling the details of the projects. Secondly,
the sample size was small, which could have limited the number and type of insights from this study.
Thirdly, the mangrove rehabilitation projects were in different phases, which restricted the
comparison of results. Finally, overlaps in the definitions of learning in the conceptual framework
could have resulted in certain types of learning being overlooked in interviews.
Extended time period between project and interview
There were a significant number of years between the start of both projects to the time of research.
This was eleven years for the Pulau Tekong project, and six years for the Pulau Ubin project. While the
time gap allowed for a more reflective recount of the projects since outcomes of NBS may not be
immediate, it could affect the reliability of the results because respondents may not have been able
to accurately recall information about the projects. To minimise this issue of reliability, respondents
were provided with an overview of the interview in advance to help them begin recalling about the
project. Dividing the interviews in phases 3 and 4 in the data collection method (see Figure 4) also
allowed for time between the interviews for respondents to reflect on the projects. Reflection would
have helped to resurface experiences from the project that could otherwise be forgotten.
Small sample size
The number of interview respondents recruited from the two mangrove rehabilitation projects was
limited due to the COVID-19 pandemic, thus only providing a small sample of individuals. There was
only one respondent from the Pulau Ubin project and only three respondents from the Pulau Tekong
project. This presents a threat to measurement validity which is especially applicable in the Pulau Ubin
project because only one respondent’s view was represented. The information provided by this
respondent could not be evaluated and weighed against other perspectives, hence it was difficult to
judge the respondent’s opinions in relation to others’ who were in the Pulau Ubin project. As a result,
there is a lack of understanding of this project. This also presents a threat to the internal validity of
the study as there could not be a fair comparison in the lessons learned between the two projects.
Because there were more respondents from the project in Pulau Tekong, there were opportunities to
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verify data from one respondent to the next, as well as gather an array of responses regarding
conceptual and social learnings. Whereas only having one respondent from the Pulau Ubin project
limited the kind of lessons learned. Despite the small number of respondents, there was no shortage
of information in each type of learning (technical, conceptual, and social). The results were able to
answer the general research question and reveal insights on the relationship between mangrove
rehabilitation projects and urban development.
Projects were in different phases
Another limitation was the difference in phases of the two projects. The Pulau Tekong project was
complete while the Pulau Ubin project is still ongoing. This could affect internal validity because of the
difficulty in comparing the two projects. For example, because Respondent D from the Pulau Ubin
project was involved in the conception and the first phase of the project, findings were focused on
this period. This meant that findings on the next phases of the project were not able to be obtained.
Data from these phases would have been interesting to compare with findings from the Pulau Tekong
project, to consider the governance of the project beyond the RUM initiative and whether similarities
could be seen in a top-down versus a bottom-up project.
Overlap in definitions of conceptual and social learning
Regarding the conceptual framework, there were slight overlaps in the definitions of conceptual and
social learning. Both types of learning could be about the reframing of issues, but where conceptual
learning was focused on governance in this thesis, social learning was centred around the interactions
and communications with others. The framing of questions for both types of learning in the interview
may not have been distinct enough for the respondent. This could have resulted in the loss of learnings
if the respondent interpreted the questions in one way which only corresponded to either conceptual
learning or social learning. The distinction between the two types of learning serves an analytical
purpose. However, this distinction may not be necessary at the level of the interviews. Social and
conceptual learning are related to one another, where conceptual learning can take place through
social learning, and social learning can trigger conceptual learning. Hence, this interrelation between
the two types of learning should be examined beforehand and kept in mind when conducting
interviews. Interview questions regarding social and conceptual learning do not need to be explicitly
differentiated. Rather, the interviewer can actively listen for information that corresponds to either
type of learning, and use probing questions to encourage elaboration on what has been said.

5.3 Areas for Further Research

Further research on the Pulau Ubin project, once it has been completed, can be conducted to establish
the degree of consideration of synergies and trade-offs between mangrove ecosystem services and
dimensions of urban development. This will only be known after the design phase. The design of the
mangrove rehabilitation method would show whether cultural ecosystem services were taken into
account. For example, building a boardwalk along the mangroves would suggest that the mangrove
site provides recreational value. Insights could be gained on the value of mangroves, and whether it
has changed since the project’s conception. Moreover, as this project was community-led but was
passed to a government agency to implement, research on the governance of the project following
the implementation phase could provide novel insights. Comparisons can be made within the project
regarding governance in the environmental analysis phase, but they can also be made with
governance in the Pulau Tekong project. It would be interesting to note how similar or different
environmental governance is in what started as a bottom-up project, as compared to a traditional topdown project.
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Moreover, the same research design could be used in a different location. This study can be conducted
in another city in Southeast Asia to compare how learnings on mangrove rehabilitation projects in an
urban environment differ. Research on mangrove rehabilitation in the urban environment in
Southeast Asia is still in its infancy. Furthermore, as mentioned in the introduction (see Chapter 1.1.3),
Southeast Asia has the highest potential for mangrove restoration. Hence, being able to provide
insight on mangrove rehabilitation projects in an area that is both urban and in Southeast Asia could
generate learnings to be used for the region.
Another area for research is to delve into the relationship that local communities have with nature to
understand their perspectives and strengthen conceptual learning. It can then be discerned what is
needed to narrow the gap between their awareness of the value of nature and their advocacy for
protecting and sustainably utilising natural ecosystems to address the effects of climate change. This
can help to strengthen the voice of the local community in the discourse on NBS. With more actors
involved in the discussion around NBS, it will encourage knowledge sharing and critical thinking, which
can accelerate innovation in NBS.
Finally, further research can be conducted on a broader scale by studying various NBS for climate
resiliency outside of mangrove rehabilitation in Singapore. This is to compare the relationship
between ecosystem services that NBS provide and the agenda for urban development. This can
illustrate the nuances in the value of NBS when working with nature in different ways, which can
prompt for recommendations on how the value of certain natural ecosystems can be increased to
encourage the adoption of NBS.
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6 Conclusion

The use of an interdisciplinary research approach combining systems analysis and sociological
perspectives in this study allowed for the exploration of the convergence between mangrove
rehabilitation projects and the expanded agenda for urban development in Singapore. The systems
analysis perspective was provided through the identification of synergies and trade-offs between
mangrove ecosystem services and dimensions of urban development. Whereas the sociological
perspective was provided through the multifaceted process of learning to uncover lessons learned
from the mangrove rehabilitation projects, and how the expanded agenda for urban development
enhanced learning. The studied projects in Pulau Tekong and Pulau Ubin had the objective of achieving
one or more dimensions of urban development, such as coastal protection, and the conservation and
restoration of natural ecosystems. However, the analysis of both projects revealed that the
relationship between these dimensions of urban development and the ecosystem services mangroves
provide was minimally considered, or not at all. Even so, it was evident that there were many
synergistic relationships between mangrove ecosystem services and dimensions of urban
development. Furthermore, it was apparent that there was the potential for the provision of
additional ecosystem services or an increase in the provision of services under the right circumstances
(e.g., with more time, an increase in areal extent or public accessibility). Therefore, opportunities exist
for more synergistic relationships between mangrove rehabilitation projects and urban development,
and these relationships should be considered right from the beginning of project design.
In this study, it was found that the combination of objectives aligning with the expanded agenda for
urban development and the use of nature in the design of mangrove rehabilitation projects enhanced
technical, conceptual and social learning. To achieve the objectives of coastal protection or the
restoration of natural ecosystems for example, nature was incorporated into the design of the
projects. The inclusion of natural processes to achieve objectives that were normally fulfilled using
traditional grey infrastructure or simply by planting trees resulted in innovation, that translated into
technical learnings. Some of the learnings from the Pulau Tekong project were unexpected due to the
novelty of the mangrove rehabilitation method. Existing and new technical knowledge from both
projects were then passed on to others to share the evidence base for NBS as well as foster a passion
for mangroves and nature. Regarding conceptual learnings, this study revealed the importance of
collaboration between public and private sectors in scaling up and accelerating NBS projects, flexible
and adaptive governance in NBS, and customisation of NBS to a specific context. In addition, the
research showed how the uncertainty of using NBS for the expanded agenda for urban development
resulted in the enhancement of social learnings. For example, the creative problem-solving that NBS
require can be supported by a motivated and passionate team. The framing and delivery of
communication also proved to play an important role in garnering support for NBS.
While support for NBS is on the rise, more can be done to broaden interest and strengthen confidence
in NBS to support the expanded agenda for urban development. Innovation is crucial to come up with
novel ways to effectively cope with the consequences of climate change, this is where NBS can
contribute. In the Pulau Tekong project, the novel method of mangrove rehabilitation with the
intention of planting mangroves resulted in unexpected natural mangrove recruitment of seedlings
from the region, thus increasing biodiversity. As demonstrated, innovation is at the core of NBS.
Learnings from the project in Pulau Tekong paved the way for similar coastal protection projects in
Singapore to use a nature-based strategy, as seen in Kranji Coastal Nature Park and Pulau Ubin. Only
when more NBS are implemented can we learn from them and harness their true potential to mitigate
and adapt to climate change while simultaneously enhancing the environmental, economic, social,
and institutional systems.
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As uncovered in this study, the willingness to use NBS can be accelerated through the alignment of
NBS with institutional strategies, language and empathy in the framing of NBS, comprehensive
documentation and adequate distribution of technical learnings to stakeholders, and an
understanding of the relationship between local communities and nature. While the transition
towards NBS in Singapore is in motion, it needs to be bolstered by the actions of policymakers, project
leaders, research institutes and civil society organisations. As the research findings suggest, the public
and private sector should work together on NBS for climate change mitigation and adaptation.
Governments can provide the leadership to drive the initiative of NBS, knowledge institutes can
provide scientific data in the face of unpredictable natural ecosystems to design effective NBS, civil
society organisations can help to sustain long-term action and support, and the private sector can be
a solution provider. This way, obstacles to NBS implementation can be tackled from multiple fronts.
In addition to working from multiple fronts, working together to share perspectives and knowledge
can expedite learnings from NBS. The value of using a multifaceted process of learning to uncover
invaluable lessons beyond the project scope was demonstrated in this study. Future research on NBS
can apply the perspective of a multifaceted process of policy learning to develop a better
understanding of how each facet of learning, on its own or in combination, allows NBS to realise
insights beyond the project scope. At the same time, policy learning can also be applied in practice.
By incorporating this practice of learning in NBS projects, NBS can be designed with a strong evidence
base for climate resiliency to support its alignment with the expanded agenda for urban development.
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Appendix A

Interview Guide for Mangrove Experts
Table A1 shows a list of ecosystem services provided by mangroves in Singapore.
1. Which ecosystem services presented in the table do you agree and/or disagree with and
why?
2. Are there any ecosystem services that are missing from this table? If yes, please identify
these ecosystem services and the type of ecosystem service they belong to.
3. Do you agree with the categorisation of ecosystem services under the first column ‘Type of
Ecosystem Service’? If no, please provide a reason for your answer.
Figure A1 shows a map of mangrove forests in Singapore, and Table A2 contains a list of mangrove
sites in Singapore, with sites where mangrove rehabilitation projects were implemented highlighted
in yellow.
4. To the best of your knowledge, are there variations between the ecosystem services
provided by mangrove forests in different parts of Singapore? If so, what are they?
Table A1
Ecosystem services provided by mangrove forests in Singapore (Alemu et al., 2021; Ellison et al.,
2020; Friess, 2017; Lee et al., 2021; Richards & Friess, 2017; Thiagarajah et al., 2015).
Type of Ecosystem Service

Regulating

Provisioning
Cultural

Supporting

Ecosystem Service
A.
B.
C.
D.
E.
F.
G.
H.
I.
J.
K.
L.
M.
N.

Coastal protection
Water quality regulation
Air pollution reduction
Local temperature regulation
Global climate regulation (carbon storage and
sequestration)
Support for offshore aquaculture
Charcoal production
Recreation
Education
Sense of place
Inspiration
Habitat formation e.g. horseshoe crab habitat
Biodiversity of mangrove species
Biodiversity of animals e.g. fish, molluscs, snakes
and crustacea
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Figure A1
Mangrove forests in Singapore from Yang et al. (2013).

Table A2
Mangrove sites in Singapore, with sites highlighted in yellow where mangrove rehabilitation projects
have been implemented (Friess, 2017; Yang et al., 2013).
Mangrove Site
Mainland Singapore
Western Johor Straits:
Sungei Buloh Wetland Reserve (SBWR)
Western Catchment
Mandai Mangrove
Lim Chu Kang Mangrove
Kranji Mangrove
Eastern Johor Straits:
Sungei Khatib Bongsu
Seletar Wet-Gap
Simpang Mangrove
Pasir Ris Mangrove
Changi Creek Mangrove
Woodlands Town Garden Mangrove
Loyang Mangrove
Sungei Cina Mangrove (Woodlands)
Sungei Punggol
Southern Coast:
Pandan Mangrove
Berlayar Creek Mangrove

Offshore Islands
North of Mainland:
Pulau Ubin Recreation Area
Pulau Tekong
Chek Jawa
Pulau Unum
Pulau Seletar
South of Mainland:
Pulau Pawai
Pulau Semakau
Pulau Senang
St. John’s Island
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Appendix B

Interview Guide for Urban Development Experts
1. How would you define urban development?
2. What would you say are the different dimensions of urban development (within the social,
economic, environmental, and spatial contexts, e.g. developing diverse industries, or
biodiversity conservation)?
a. How would the dimensions of urban development you just mentioned differ in first
world countries like Singapore?
Table B1 in shows a list of dimensions of urban development in Singapore.
3. Which dimensions of urban development presented in the table do you agree and/or
disagree with and why?
4. Are there any dimensions of urban development that are missing from this table? If yes,
please identify these dimensions and the focus areas they belong to in Table B2.
5. What challenges do you think Singapore faces when it comes to urban development?
Table B1
Dimensions of urban development in Singapore based on:
•
•
•
•

Cities of Tomorrow (CoT) programme in the Research, Innovation and Enterprise (RIE) 2020
Plan
Urban Redevelopment Authority (URA) Master Plan 2019
Urban Solutions and Sustainability (USS) domain in RIE2025
Singapore Green Plan 2030
Focus Areas
1. Mitigating and adapting
to climate change
2. Creating a healthy, safe,
and resilient city
3. Transforming the built
environment

Dimensions of Urban Development
A. Urban ecosystems (ecosystem approach to
urban development)
B. Coastal protection
C. Resource efficiency (energy, water and food)
D. Extension of natural capital
E. Quality living
F. Construction
G. New spaces (underground space and land
reclamation)

Table B2
Template for interview respondent to fill in.
Focus Areas

Dimensions of Urban Development
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Appendix C

Interview Guide for Project Stakeholders (Round 1)
Overview of mangrove rehabilitation project
1. Can you provide an overview of the mangrove rehabilitation project that was carried out in
Pulau Tekong / Pulau Ubin?
a. Who commissioned the project?
b. What were the drivers of the project?
c. What was/is the objective of the project?
d. Who owns the site?
e. Who used the site before the project?
f. Who uses the site now?
g. What were the environmental conditions of the site?
h. What methods of mangrove rehabilitation did this project use?
i. Who was/is responsible for maintaining the site after the project?
2. What is the status of the project?
a. If the project is ongoing, what are the next steps?
b. If project is completed, what was the outcome of the project?
Stakeholder roles and responsibilities
3. Who was the project team comprised of?
4. What were each of their roles in the team?
5. Was there an organisational structure within the project team?
a. What were the lines of communication in the project?
6. How did the project team work together?
a. How was information communicated within the team?
b. Which team members did you normally work with?
c. Were there smaller teams that worked more closely with each other? Who were
they?
d. How were decisions made?
i. Who was responsible for making the final decision?
7. Were there any other stakeholders that were not in the immediate project team, but you
think are worth mentioning?
a. How were they involved in the project?
b. Was the local community involved in the project? How so?
8. Have you worked with any of these stakeholders (either within or outside the project team)
prior to the project?
a. If you have, which stakeholders were these?
b. What projects did you work on together in the past?
9. In your role, what kind of engagement did you have with the local community?
a. How often were these engagements?
b. What kind of relationships were formed following these engagements?
Synergies and trade-offs
Introduce list of ecosystem services provided by mangrove forests and dimensions of urban
development in the matrix (Appendix D).
10. Which mangrove ecosystem services were considered in the project, in terms of wanting to
achieve the provision of this ecosystem service?
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11. Which dimensions of urban development did the mangrove rehabilitation project want to
achieve?
12. Where do you see synergies and trade-offs between the mangrove ecosystem services and
dimensions of urban development you identified?
13. Which of these mangrove ecosystem services and dimensions of urban development did the
team decide were the most important to address?
14. Which mangrove ecosystem services and dimensions of urban development do you
personally think are the most important to address?
a. Why?
b. What values do you associate with these?
c. Which of these mangrove ecosystem services are synergistic / have trade-offs with
dimensions of urban development?
15. Regarding the mangrove ecosystem services and dimensions of urban development you
thought were the aspects you were most interested in addressing, how did you voice this
out to the stakeholders in the project (this could be to individuals or to a group)?
a. Were these informal discussions or formal meetings or events?
i. Who was the audience in the discussions/meetings/events?
b. Who initiated these discussions/meetings/events?
c. What was the outcome of these discussions/events?
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Appendix D

Template of matrix to show the relationship between mangrove ecosystem services and dimensions of urban development.
Dimensions of urban development
Type of
ecosystem
service

Regulating

Cultural

Mangrove ecosystem services

Coastal protection
(soft/hybrid engineering)

Extension of natural
capital

Conservation of natural
ecosystems

Restoration of natural
ecosystems

Local climate regulation

Coastal protection
Water quality regulation
Air pollution reduction
Local temperature regulation
Global climate regulation (carbon
storage and sequestration)
Support for offshore aquaculture
Educational value
Scientific value
Recreational value
Spiritual and religious value
Inspirational value
Aesthetic value
Cultural identity
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Appendix E

Interview Guide for Project Stakeholders (Round 2)
Technical learning
1. In terms of technical learning, did you gain any scientific knowledge from this project?
a. How did you learn this?
b. Who was involved in this learning process?
c. When did this learning occur, was it in the project, after the project or now?
d. What do you think are the main lessons from this?
e. Why do you think this is important to learn?
Conceptual learning
2. In terms of the governance of the project, from planning, to design, to implementation,
what did you learn from this project?
a. How did you learn this?
b. Who was involved in this learning process?
c. When did this learning occur, was it in the project, after the project or now?
d. What do you think are the main lessons from this?
e. Why do you think this is important to learn?
3. Were there any instances where you learned in terms of the communication and
collaboration in the project?
a. How did you learn this?
b. Who was involved in this learning process?
c. When did this learning occur, was it in the project, after the project or now?
d. What do you think are the main lessons from this?
e. Why do you think this is important to learn?
Social learning
4. Were there opportunities for you to learn from your interactions and relationships with
others during the project, that made you think about things differently? For example, did
interactions reframe certain ideas, values, goals, or responsibilities you had?
a. How did you learn this?
b. Who was involved in this learning process?
c. When did this learning occur, was it in the project, after the project or now?
d. What do you think are the main lessons from this?
e. Why do you think this is important to learn?
Teaching others
5. What are the lessons you have taught others because of the project?
a. What did you teach?
b. How did you teach?
c. Who was involved?
d. When did you teach? (During/after project?)
e. Why was it important?
Learning about urban development and its role in the future
6. In our last interview, you identified dimensions of urban development that were considered
in the project. In Pulau Tekong, this was coastal protection and the conservation and
restoration of natural ecosystems. In Pulau Ubin, this was the restoration of natural
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ecosystems. Were there any instances in the project where you learned more about these
dimensions of urban development?
a. What did you learn?
b. How did you learn?
c. Who was involved?
d. When did you learn?
e. What were the main lessons?
f. Why was it important?
7. Previously, you identified where there could be synergies and trade-offs between
dimensions of urban development and mangrove ecosystem services that were considered
in the project. Were these synergies/trade-offs considered in the project?
a. Why do you think they were/were not considered?
8. Mangrove forests can provide a range of ecosystem services such as regulating services like
coastal protection and cultural services that provide scientific and recreational value. Do you
think that there is a need for mangrove rehabilitation projects to consider the synergies and
trade-offs between the dimensions of urban development and mangrove ecosystem
services? Why?
Visions of change
9. What are the changes you want to see in mangrove rehabilitation projects in Singapore in
the future?
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