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Climate change and urbanisation in combination put great pressure on terrestrial and ocean ecosystems, vital for subsistence and wellbeing in both rural and urban areas of Pacific islands. Adaptation is urgently required. Nature-based solutions (NbS) offer great potential, with the region increasingly implementing NbS and linked approaches like ecosystem-based adaptation in response. This paper utilises three Pacific island nation case-studies, Kiribati, Samoa and Vanuatu, to review current NbS approaches to adapt and mitigate the converging resilience challenges of climate change and urbanisation. We look at associated government policies, current NbS experience, and offer insights into opportunities for future work with focus on urban areas. These three Pacific island case-studies showcase their rich cultural and biological diversity and, importantly, the role of traditional ecological knowledge in shaping localised, place-based, NbS for climate change adaptation and enhanced wellbeing. But gaps in knowledge, policy, and practice remain. There is great potential for a nature-based urban design agenda positioned within an urban ecosystems framework linked closely to Indigenous understandings of wellbeing.
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INTRODUCTION
Nature-based solutions (NbS) are defined by the International Union for Conservation of Nature (IUCN) as “actions to protect, sustainably manage, and restore natural or modified ecosystems, that address societal challenges effectively and adaptively, simultaneously providing human well-being and biodiversity benefits” (Cohen-Shacham et al., 2016). More simply, NbS are solutions to societal challenges that involve working with nature. They aim to enhance the resilience of ecosystems, their capacity for renewal and the provision of ecosystem services (International Union for Conservation of Nature (IUCN), 2021). NbS have gained popularity globally as an integrated approach for responding to climate change, biodiversity loss, and broad sustainable development challenges. To date, for example, more than 130 countries have included NbS actions in their national plans under the Paris Agreement (International Union for Conservation of Nature (IUCN), 2020a). Critically, however, substantial gaps in the NbS practice evidence base remain, with much more work focused on Europe and other parts of the Global North, despite nations and communities in the Global South, including small island developing states, being more vulnerable to climate impacts (Chausson et al., 2020). In addition, there is also a strong need to increase the evidence base for NbS in urban areas (Kabisch et al., 2016).
The Pacific islands region (see Figure 1) is confronted by the twin “mega-trends” of climate change and urbanisation (Trundle et al., 2019). The impacts of climate change and associated increased and intensified extreme weather events in the Pacific region are well documented. In addition, the urbanisation rate across Pacific island small states has increased from 22.5% in 1960 to 39% in 2019 (World Bank, 2021), with further increases inevitable. Overall, climate change and urbanisation combine to place increasing pressure on interconnected island-based terrestrial and ocean ecosystems vital for subsistence, livelihoods, and wellbeing. Accordingly, Pacific island governments are increasingly prioritising NbS and particularly linked approaches such as ecosystem-based adaptation (EbA) in their national climate change policies and associated government priorities. This work, at different geographic scales, is supported by a range of development partners such as IUCN, the Secretariat of the Pacific Regional Environment Programme (SPREP), the Pacific Community (SPC), the United Nations Economic and Social Commission for Asia and the Pacific (UNESCAP), international and local non-governmental organisations, bilateral donors such as the aid programme of the New Zealand Ministry of Foreign Affairs and Trade, and other multilateral organisations.
[image: Figure 1]FIGURE 1 | Regions of Oceania. Source: Adapted from Australian National University (CC Licence).
We utilise three national Pacific island case-studies; Kiribati, Samoa and Vanuatu, to review current NbS and EbA approaches to adapt and mitigate the converging resilience challenges of climate change and urbanisation. We firstly introduce NbS and EbA and the potential benefits they offer, including as strategies for adaptation in urban areas. We then focus on the island case-studies; introducing the context and then reviewing current NbS and EbA case experience, linked government policy, and discussing implementation challenges and opportunities. In doing so, we highlight the importance of traditional ecological knowledge (TEK) driving NbS and EbA approaches so that they are appropriate and effective for Pacific islands. We also introduce ongoing research, focused on developing a nature-based urban design agenda for Oceania (including Aotearoa New Zealand). This work is positioned within an urban ecosystems framework closely linked to TEK and Indigenous understandings of wellbeing. This is vitally important if NbS are to be grounded locally and thus more likely to be effective both ecologically and culturally.
NATURE-BASED SOLUTIONS IN URBAN AREAS
NbS aim to produce multiple societal, cultural, health and economic co-benefits for people while conserving or generating increased ecological health. Inherent in NbS is the acknowledgement that the health of ecosystems and the biodiversity contained within them is essential for human survival. NbS acknowledge that working with nature, rather than against it or without it, can lead to more effective, economical and culturally appropriate solutions to societal challenges while concurrently conserving or restoring biodiversity (Pedersen Zari et al., 2019). NbS also bring, or offer potential for, multiple other benefits. UNESCAP highlight, for example, that NbS: 1) provide cost-effective environmental, social and economic benefits; 2) can support communities, both rural and urban, in accessing natural resources and using them sustainably to support livelihoods; 3) can build from traditional ecological knowledges; 4) and revitalise cultural connections to nature to raise awareness, educate, and engage urban communities (UNESCAP, 2019).
NbS is an umbrella term for several other concepts growing in use in related professional communities, academic discourse and policy debates such as: EbA; natural climate solutions, ecological restoration; ecological engineering; urban green and blue infrastructure; ecosystem-based mitigation; ecosystem-based disaster risk reduction; natural capital; forest landscape restoration; and potentially biomimicry and biophilic design (Griscom et al., 2017; Raymond et al., 2017). Overall, the precepts fundamental in unifying the NbS concept are: 1) an understanding of the benefits that humans derive from ecosystems and the services that they provide; 2) an acknowledgement that people can learn from nature; and 3) recognition of the strategic importance of strengthening ecosystem health and human relationships with ecosystems to increase human wellbeing and society’s ability to adapt to various changes. A wide range of activities can be categorised as NbS. In Oceania, for example, UNESCAP profile the rehabilitation of mangroves (for coastal protection and also biodiversity benefits), combining natural and engineered infrastructure for water management, urban agroforestry and gardening, the establishment of Educational Managed Marine Areas, and rehabilitation of wetlands and forest landscapes (UNESCAP, 2018). However, this is only a limited list. Many other activities can be categorised as NbS, broadly encompassing greenhouse gas reduction, flood and erosion control, coastal defence, cooling/shading, food and water security, water quality improvement, vegetation and habitat restoration, and the integration of built infrastructure including buildings with ecosystems, particularly in urban settings. Seddon et al. (2021) note that to qualify as NbS an action must provide one or more benefits to humans while causing no loss of biodiversity or ecological integrity compared to the pre-intervention state. Ideally, there should be ecosystem improvement–hence a generally strong focus on ecosystem restoration inherent in NbS.
It is now well recognised that NbS offer significant potential to respond to global challenges, including converging climate change and urbanisation pressures. However, application globally remains uneven and fragmented (Li et al., 2021). Recognising this, IUCN has recently focused on identifying core NbS principles for successful implementation and upscaling; highlighting the importance of clarity of the evolution, definition, and key principles of NbS, as well as the links with related approaches (Cohen-Shacham et al., 2019). Central to developing this clarity has been devising evidence-based standards and guidelines to improve and increase the use of NbS interventions worldwide (ibid). IUCN’s Global Standard for Nature-based Solutions was launched in 2020, aiming to provide a user-friendly and consistent framework for the verification, design, use and upscaling of NbS (International Union for Conservation of Nature (IUCN), 2020b). There are eight criteria and associated indicators in the Global Standard: 1) NbS effectively addresses key societal challenges (importantly, including ensuring that human wellbeing outcomes arising from NbS are identified and monitored); 2) design of NbS is informed by scale; 3) NbS result in net gains to biodiversity and ecosystem integrity; 4) NbS are economically viable; 5) governance mechanisms are appropriate; 6) trade-offs are balanced; 7) NbS are managing adaptively, from evidence; and 8) NbS are sustainable and “mainstreamed within an appropriate jurisdiction” (ibid). Also important in building a global best practice database on NbS is addressing the global inequities in documented NbS experience, including in urbanism (much focus is on Europe, as are the majority of researchers and authors) (Schröter et al., 2020; Li et al., 2021). This reinforces the importance of examination of NbS experience and findings from other areas of the globe, including Oceania.
EbA is typically thought of as a subset of NbS, specifically applying to the adaptation elements of climate change response, and aims to work with nature to adapt to climate change through strengthening biodiversity and ecosystems (Munang et al., 2013; Pedersen Zari et al., 2017). A key premise of EbA is that if ecosystems are protected, remediated or regenerated this will lead to healthier ecosystems, improved or increased ecosystem services, and thus enhanced human wellbeing and resilience to the impacts of climate change (Pedersen Zari et al., 2019). The unique nature of EbA is twofold: firstly, when considering ecosystem health, the provision of ecosystem services, and human wellbeing holistically, EbA can offer more participatory, flexible, and potentially more cost-effective solutions compared to ‘“hard”’ engineered infrastructure adaptation strategies. Secondly, EbA approaches focus on, and reveal, multiple drivers of ecosystem change; including from both climatic changes and the activities of humans (Mackey et al., 2017; McPhearson et al., 2018). In this review we emphasise this potential of NbS to address climate change as well as urbanisation pressures.
NbS and EbA offer potential for both rural and urban areas. The potential of NbS for cities (at least in Europe and other developed nations) was given impetus in the mid-2010s by the European Commission’s Horizon 2050 Expert Group on “Nature-based Solutions and Re-naturing Cities” (European Commission, 2015). This research and innovation agenda identified four, overlapping, principal goals that can be addressed by NbS: 1) enhancing sustainable urbanisation; 2) restoring degraded ecosystems; 3) climate change adaptation and mitigation; and 4) improving risk management and resilience (ibid). Seven NbS areas were recommended for prioritisation: (i)urban regeneration through NbS; 2) approaches closely linked to improved human wellbeing; 3) coastal resilience actions; 4) watershed management and ecosystem restoration; 5) NbS for increasing the sustainable use of matter and energy; 6) NbS for enhancing the insurance value of ecosystems; and 7) increasing carbon sequestration through NbS (ibid).
A large number of subsequent academic articles and studies from different disciplines have sought to advance the urban NbS agenda, largely with focus on European cities. Santiago Fink (2016), for example, highlighted the vital role of nature in addressing climate change at the city scale, focusing on green infrastructure as a cost-effective means to contribute to mitigation and adaptation priorities and simultaneously promote human wellbeing. Further, Frantzeskaki (2019) identified a number of key lessons for advancing NbS in European cities, including: 1) the importance of co-creation, and indeed citizen-led initiatives; 2) inclusive narratives and agendas; 3) a willingness and experiment and learn from innovation; 4) the critical role of collaborative governance as embraced by supportive local government; and 5) the importance of input from multiple disciplines and perspectives.
Dushkova and Haase (2020), focusing on urban design, point out that: 1) urban NbS projects have a much greater social, economic and environmental value than often originally understood; and 2) the co-benefits of NbS have the potential for great value when projects address the multiple needs of restoration, protection, and enhancement of ecological functionality and ecosystem services. Dushkova and haase identified five types of urban NbS approaches that could be applied to urban design: 1) NbS that make better use of protected or natural ecosystems in a way that increases urban ecosystem services supply; 2) NbS in conjunction with sustainable management of urban production systems such as urban forestry or farming; 3) NbS approaches that lead to the creation of new ecosystems (such as green walls, green roofs, and green buildings); 4) NbS approaches leading to the creation of new ecosystems from existing neglected, abandoned or brownfield sites; and 5) NbS associated with education and awareness on sustainable actions. These all present options for urban NbS for climate change adaptation and enhanced human wellbeing in Oceania, noting at present urban NbS experience is relatively limited in Oceania.
ECOSYSTEM SERVICES AND WELLBEING
As was highlighted and facilitated in terms of policy development by the United Nations’ Millennium Ecosystem Assessment (MEA) of the mid-2000s, ecosystem services are fundamental to basic human survival and human wellbeing (Millennium Ecosystem Assessment (MEA), 2005). Ecologists have defined and categorised ecosystem services in various ways, but commonly within the four broad categories of: 1) provisioning services; 2) regulating services; 3) supporting services; and 4) cultural services. Recently, the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES) has developed as an influential alternative or complementary framework to that offered in the MEA. The IPBES approach emphasises human-nature relationships at the heart of an understanding of “nature’s contribution to people” (Díaz et al., 2015; Pascual et al., 2017). The concept of ecosystem services is at the heart of both the MEA and IPBES models, but the framing and language are different. For example, the IPBES model highlights that ecosystem services are co-produced by social–ecological systems (Bennett et al., 2015). The IPBES model also acknowledges the bi-directionality between social and ecological systems. For example, human wellbeing can also influence institutional and governance provision of ecosystem goods and services (Leviston et al., 2018). The IPBES approach also highlights the contribution of ecosystem services to the Sustainable Development Goals (SDGs), the key international commitments of the 2030 Agenda for Sustainable Development (Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES), 2018). Notably, biodiversity protection is inherent in SDG 14 (conserve and sustainably use the oceans, seas and marine resources for sustainable development) and SDG 15 (protect, restore and promote sustainable use of terrestrial ecosystems, sustainably manage forests, combat desertification, and halt and reverse land degradation and halt biodiversity loss). In addition, there are potential contributions and options for policy makers, to ensure an understanding that ecosystem services contribute to all other SDGs. As just one example, focusing on SDG 3 (ensure healthy lives and promote wellbeing for all at all ages), there are clear, well established, links between healthy biodiversity and human health and wellbeing (ibid).
Overall, investigation into wellbeing has evolved across many disciplines including psychology, education, health, economics, ecology and geography among others; although there remains no universally-recognised definition or standard measurement of wellbeing (Pennock & Ura, 2011; Diener and Tov, 2012). The IPBES framework conceptualises wellbeing as comprising access to basic resources, freedom and choice, health and physical fitness, good social relationships, security, peace of mind, and spiritual experience. Wellbeing is considered achieved when individuals and communities can act meaningfully to pursue their goals and enjoy a good quality of life. The ecological connection is key, with living in harmony and balance with nature recognised as central to human wellbeing across cultures (Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES), 2021).
Understandings of wellbeing continue to evolve. It is our view that notions of wellbeing must be locally appropriate and nuanced to particular place-based and cultural circumstances in order to be useful. Given the unique region of Oceania (including its huge geographical span and diversity), increasingly pressured by climate change and urbanisation, an important question comes to the fore: “how can we best conceptualise wellbeing within an ecosystem services approach to urban development in the Pacific?” We return to this question in later sections.
PACIFIC ISLAND CASE-STUDIES
Context
Kiribati, Samoa and Vanuatu, amid similarities and differences, showcase the challenges brought by coalescing climate change and urbanisation pressures for Pacific small island nations and also other small island developing states (SIDS) globally. All three Pacific nations have become leading regional and international voices calling for increased global attention to climate change mitigation and adaptation and biodiversity challenges. The capital cities of these nations, described in the following paragraphs, although small in global terms, heavily dominate the population and economy of the islands on which they are situated. More significantly, these cities have all experienced rapid population growth rates in recent decades, much higher than their countries’ national and rural growth rates. Population growth has occurred not only within urban administrative boundaries but also in peri-urban peripheries, affecting not only the population distribution of the urbanised areas, but also the provision of infrastructure and social services, food security and the cultural and social institutions of their settings.
Kiribati, in Micronesia, is a nation of 33 islands and approximately 118,000 people living in 21 islands (20 coral atolls and one volcanic island) spread across approximately 3.5 million square kilometres of ocean. Total land area is only 810 square kilometres. In 2019, 54% of the population was urban (World Bank, 2021), with South Tarawa the largest urban centre (population approximately 56,000), regularly reported as one of the densest urban agglomerations in the Pacific, if not the world. Kiribati’s population continues to rapidly urbanise (2.9% urban growth in 2019), shaped by movement from outer islands to South Tarawa in particular (ibid). Kiribati’s coral atolls only reach a few metres above sea level (on South Tarawa, for example, the highest elevation is 3 m). 35% of the population live within 0–50 m of the ocean, with a further 52% within the 50–100 m band (Kumar et al., 2020). Significant issues for Kiribati, among others, include the potentially existential impacts of sea level rise and increased storm events from climate change, limited freshwater and the salinification of freshwater lenses, and the need for improved sanitation and solid waste management. The incidence of basic needs poverty is highest in urban South Tarawa, affecting 24.2% of the population (Government of Kiribati, 2016a). Overall, Kiribati is confronted by a perfect storm of inherent climate vulnerability, limited land, continuing urbanisation, and overcrowding (Cauchi et al., 2019).
Samoa, in Polynesia, has a population of approximately 198,000 people spread across the two large volcanic islands of Upolu and Savai’i and eight smaller islands. The urban population was 18% in 2019 (World Bank, 2021), with the capital, Apia, the largest urban centre (approximately 36,700 people). Approximately 70% of the population reside in 330 villages along the coasts of Upolu and Savai’i (Government of Samoa, 2013). The natural hazard risk profile, impacted by climate change, is significant–with the country experiencing a number of devastating disasters in recent times, including cyclones and tsunamis as the most damaging. The National Climate Change Policy for Samoa highlights the significant sustainable development challenge: “Samoa shares with other SIDS the characteristics of being economically vulnerable and ecologically fragile because of its geographical location, isolation, limited resources and exposure to global economic crisis. Climate change impacts are [also] an added imposition on the inherent challenges Samoa already faces” (Government of Samoa, 2020).
Vanuatu, in Melanesia, has a population of approximately 282,000 people spread across a large volcanic archipelago of 83 islands. Like other nations of Melanesia, there is huge cultural and linguistic diversity. More than one hundred indigenous languages are spoken, for example. The nation was 25% urban in 2019, with urban growth globally-high at 2.9% in 2019 (World Bank, 2021), and urban and peri-urban growth rates in key administrative divisions reaching more than 8% between 1999 and 2009 (Trundle & McEvoy, 2015). The capital Port Vila, on the island of Efate, is the largest urban centre, with a population of approximately 51,500. Around 43.8% of the population lives within 500 m of the ocean (Kumar et al., 2020). Vanuatu ranks extremely highly in various global natural hazards vulnerability indices. It is exposed to cyclones and other storm events, earthquakes, and volcanic activity in particular. More than half the population, for example, are impacted annually by climate related extreme events or geohazards (Radtke et al., 2018).
Adaptation Priorities
Pacific island nations are insignificant emitters of greenhouse gases. Kiribati’s Intended Nationally Determined Contribution document, for example, highlights that the nation’s emissions per capita are among the lowest globally (Government of Kiribati, 2016a). As such, the focus of government efforts to respond to climate change in Kiribati, Samoa and Vanuatu has been on adaptation initiatives in various forms, often supported by a large number of partners, including regional organisations, multilateral organisations through various global funds, and bilateral aid programmes.
Climate change adaptation features prominently in high-level policy documentation in all three case-study nations, amongst advocacy for global mitigation efforts. A key aspiration of Vanuatu 2030: The People’s Plan is “enhanced resilience and adaptive capacity to climate change and natural disasters” (Government of Vanuatu, 2016a). The Vanuatu Climate Change and Disaster Risk Reduction Policy 2016–2030 provides more specificity on priority actions, bringing focus on the areas of disaster risk reduction (DRR), community-based adaptation (CbA), and ecosystem-based approaches (Government of Vanuatu & Pacific Community, 2015). Similarly, the Kiribati 20-Year Vision 2016–2036 identifies environment and climate change as a key cross-cutting issue and highlights the critical need to mainstream climate change adaptation and mitigation across government policy and programmes (Government of Kiribati, 2016b). Providing more detail, the recent Kiribati Development Plan 2016–2019 identifies “environment” as one of six priority areas with an associated goal to “facilitate sustainable development through approaches that protect biodiversity and support the reduction of environmental degradation as well as adapting to and mitigating the effects of climate change” (Government of Kiribati, 2016c).
In Samoa, the recent Strategy for the Development of Samoa 2016–2020 (SDS) premised four priority areas including “environment” (including the key outcome areas of “environmental resilience improved” and “climate and disaster resilience increased”) (Government of Samoa, 2016a). It is notable, however, that the more recent Samoa 2040: Transforming Samoa to a Higher Growth Path policy document that complements the SDS does not specify environment or climate-related priorities beyond investment in “climate and disaster resilient infrastructure” (Government of Samoa, 2021).
Have adaptation efforts been successful in Kiribati, Samoa and Vanuatu? Academic literature investigating this question is relatively limited and, overall, the picture is mixed. Webber (2015), for example, investigated the significant World Bank-funded two-phased Kiribati Adaptation Project (KAPI and KAPII) and highlighted that while both focused on hard infrastructure (especially the construction of seawalls), it was ecosystem-based aspects, notably mangrove rehabilitation and planting, that were the more successful elements of both projects (as assessed in formal project evaluations).
More focus in the academic literature has been given to evaluating the success or otherwise of CbA projects, generally critiquing efforts to date. Piggott-McKellar et al. (2020), for example, report on the evaluation of a rural CbA project in Abaiang Island in Kiribati, concluding that outcomes were largely ineffective and unsustained. They highlight the key lesson that local contextual factors such as social norms, environmental, or local governance and decision-making mechanisms must be identified and meaningfully incorporated into the design and implementation of CbA initiatives. Similarly, Cauchi et al. (2021), acknowledging the top-down nature of many adaptation projects, highlighted through a series of participatory focus groups in Kiribati, how critical it is to ensure communities participate in the co-design of adaptation interventions. These CbA findings resonate with research from Samoa that has highlighted that to understand climate change resilience in an island society, careful assessment of islanders’ perceptions and actions in the context for their physical locales and socio-cultural systems is required (Latai-Niusulu, 2016). In short, islanders have detailed understanding, awareness and experience of climate changes (ibid) and this knowledge is vital to incorporate into adaptation initiatives.
Evaluations in Vanuatu have also reported the challenges of CbA initiatives to date. Westoby et al. (2020), for example, reviewed research evaluating 15 CbA projects in Vanuatu and concluded they invariably fell short of success, longevity, and sustainability. They argued that CbA projects typically were led by external “experts” working temporarily in local communities in sporadic design and implementation stages, “fitting” efforts to funding requirements and failing to view local communities as best placed to define and shape resiliency agendas. They concluded that localised adaptation efforts must be locally led and implemented across different entry points, and not just necessarily related to individual specific “communities”.
Overall, contextual specificities are vital to understand and incorporate in adaptation efforts (Clarke et al., 2019). This is also essential for adaptation and climate resilience in urban areas. Trundle (2020), for example, through case-studies of environment- and climate-vulnerable informal settlement communities in the capital cities of Port Vila (Vanuatu) and Honiara (Solomon Islands), shows how important sub-city analysis provides detail on urban resilience strategies such as informal maintenance of ecosystem services, use of kinship and familial networks, and the translocation of traditional knowledge.
NbS and EbA Approaches
Overall, there are many projects currently operating in the Pacific islands region that are broadly classifiable as NbS and/or EbA. Some are regional initiatives, and some specific to an individual Pacific island nation or territory. A 2019 review commissioned by the New Zealand Ministry of Foreign Affairs and Trade, for example, identified 31 projects aimed at delivering resilient ecosystem services under the broad heading of NbS. The majority of these projects focussed on adaptation to climate change through awareness, conservation, restoration, and sustainable management of natural resources (Douglas et al., 2019). Geographically, projects were focused across a number of different scales or continua, such as: between rural and urban, high volcanic islands and low atolls, and main and outer islands. Eight of the projects (in Samoa, Vanuatu, Solomon Islands, Fiji, and Marshall Islands) were identified as having a specific focus on urban areas (ibid). On the other hand, a policy review conducted for UNESCAP (UNESCAP, 2019) identified a lack of effective urban governance structures and mandate, and weak or fragmented local and national government structures for urban management as significant barriers to implementation of urban NbS. The policy recommendations of this review included measures aimed at elevating a blue urban agenda in responsible levels of government at the local, provincial and national levels.
Regionally, Vanuatu has been a leader in EbA approaches, with EbA featuring prominently in key government policy documentation. For example, the 2016–2030 Climate Change and Disaster Risk Reduction Policy identifies targeted EbA actions including “ridge to reef” solutions, prioritising “soft” interventions such as coastal revegetation (compared to “hard” engineered infrastructure such as seawalls), advocacy and awareness programmes, and activities that build on existing local “taboos, conservation areas, heritage sites, locally managed areas and vulnerable habitats and ecosystems and carbon sinks” (Government of Vanuatu & Pacific Community, 2015). Notably, the policy also brings considerable focus to the role of TEK into adaptation planning, design and implementation, while also noting the importance of including TEK into formal and informal school curricula (ibid). Further, the National Ocean Policy highlights an ecosystem-based approach as the foundation of ocean management while also acknowledging the important role of TEK (Government of Vanuatu, 2016b). The Government of Vanuatu’s focus on incorporating TEK comes from the strongly held and widespread conviction that the traditional economy is vital for subsistence, livelihoods, and wellbeing in Vanuatu (Regenvanu, 2010; Government of Vanuatu, 2016a) and that happiness (or subjective wellbeing) is inherently linked to access to customary land and natural resources, traditional knowledge and practice, and community vitality (Malvatumauri National Council of Chiefs, 2012).
A significant EbA project active recently in Vanuatu (and also Fiji and Solomon Islands) is the Pacific Ecosystems-based Adaptation to Climate Change (PEBACC) project, the first stage implemented by SPREP from 2015 to 2020 with funding from the German Government. PEBACC involved four key stages: 1) ecosystem and socio-economic resilience analysis and mapping; 2) EbA options assessments; 3) development of EbA implementation plans; and then 4) implementation of pilot projects (SPREP, 2020). The PEBACC project included a specifically urban focus in Vanuatu (Port Vila) and Solomon Islands (Honiara).
In Vanuatu, PEBACC evaluation focussed not only on the officially recognised urban area of Port Vila, but also its surrounding peri-urban area and the large water catchment within which both these areas are located, in a ridge-to-reef approach, acknowledging that the terrestrial, freshwater, and coastal ecosystems of small islands are highly interconnected (Pedersen Zari et al., 2020). Application of the first three PEBACC stages identified above resulted in the identification of five EbA priorities: riparian corridor regeneration; restoration and protection of coastal vegetation; intensification of home gardens; urban tree planting; and the use of traditional housing technology in a demonstration sustainable urban housing project. The use of the PEBACC methodology in Port Vila provided a number of important lessons: 1) the needs of local communities must be at the forefront of project planning, requiring a participatory design process; 2) EbA project development must be multidisciplinary and iterative; 3) appropriate data, both quantitative and qualitative, are vital as a basis for EbA project development, and adequate time for data gathering is required; 4) urban and coastal EbA projects must be developed holistically, recognising socio-ecological systems that extend beyond urban areas; 5) the complex overlapping landscape of governmental and international aid financed projects must inform the development of new EbA projects; 6) potential monetary and non-monetary benefits, costs and risks across multiple factors must be carefully assessed; and 7) project implementation requires ongoing engagement and a readiness to adapt to on-the-ground realities that may shift (Pedersen Zari et al., 2020).
NbS/EbA activities also feature highly in the suite of activities that Samoa has prioritised in its climate change adaptation efforts. Chong (2014) notes, for example, that “EbA is well integrated within five of the nine priority projects identified in the NAPA [National Adaptation Programme of Action], which makes explicit the value of ecosystem services to building the adaptive capacity of communities”. Within the urban context, the most significant adaptation project incorporating NbS/EbA elements is the US$65 million Global Environment Facility (GEF)-funded and United Nations Development Programme (UNDP) implemented Vaisigano Catchment Project (VCP). The overall purpose of VCP is to strengthen adaptive capacity and reduce exposure to climate risks faced by communities and infrastructure in the catchment area of Apia (Green Climate Fund, 2021a). The project includes significant hard infrastructure components but also includes ecosystem responses such as crop planting, Ecosystem-based Adaptation Enterprise Development (EbAED) (supporting small businesses to engage in activities that will improve ecosystem function and have climate change adaptation benefits), cash for work through green jobs, and payment for ecosystem services (PES) (Green Climate Fund, 2016; Douglas et al., 2019). To date, some 20 EbAED projects are in operation with a further 319 projects approved; cash for work schemes are underway for ecological rehabilitation programmes at three reserve sites and fencing for watershed protection at one further site; and the PES component continues through feasibility stages (Samoa Ministry of Natural Resources and Environment, 2021).
In Kiribati, a number of projects, implemented at various scales (but particularly in rural areas), are broadly classifiable as NbS/EbA interventions, or include NbS/EbA components. The ongoing Food and Agriculture Organization (FAO)-implemented “Resilient Islands, Resilient Communities” project, for example, aims to improve biodiversity conservation and landscape and seascape level management to enhance socio-environmental resilience to climate variability and change. Funded by GEF (US$18 million), the project focuses on ridge-to-reef approaches for food security, sustainable livelihoods, and restoration and conservation of natural resources. Secondly, the UNDP-implemented “Enhancing National Food Security in the Context of Climate Change” (2016–2020) project looked to improve food security and hence the adaptive capacity of vulnerable communities through activities seeking to enhance ecosystem integrity such as coral reef restoration and improved ecosystem management (Douglas et al., 2019).
Opportunities
Climate change adaptation is an absolute priority for Kiribati, Samoa and Vanuatu, as well as other Pacific island nations. But adaptation is difficult. As evaluations of CbA projects have shown, for example, success is not guaranteed. NbS/EbA offer considerable potential for putting healthy ecosystems and biodiversity, crucial ecosystem services, and the key link between healthy ecosystems and human wellbeing at the centre of adaptation efforts, including in and particularly for urban areas. In Oceania, as elsewhere, NbS and EbA present opportunities for cost effective approaches, hybrid solutions, and the support of livelihoods through the restoration, regeneration, and protection of terrestrial and marine natural resources. Critically, NbS and EbA also offer significant opportunity for incorporating TEK, so rich in the region, into adaptation efforts.
Many projects and partners are already active in NbS/EbA in Oceania. But much more can be done. The New Zealand Ministry of Foreign Affairs and Trade-commissioned review of NbS in Oceania, for example, recommended three broad categories of NbS opportunities that could fill current gaps: 1) restoring traditional gardening and farming practices, where eroded, for ecosystem health, food security, and improved human health benefits; 2) the prospects of traditional food storage methods to support disaster preparedness; and 3) the potential for using bio-indicators as early warning systems for climatic events such as droughts (Douglas et al., 2019). Recognising that significant gaps in implementation persist, a major 35 million euro multi-donor NbS programme was launched in 2020, led by Agence Française de Développement (with support from SPC, SPREP and IUCN), called the Kiwa Initiative. This programme aims to strengthen climate change resilience for Pacific island ecosystems, communities, and economies through NbS that protect, sustainably manage, and restore biodiversity (Pacific Community, 2021a). The Kiwa Initiative will provide grants for a variety of local and regional projects and provide associated technical assistance for project proposal development. These projects are likely to focus on a variety of different geographic scales, including both rural and urban areas. The Kiwa Initiative explicitly puts “people at the heart of its priorities [to] help drive forward socially inclusive project implementation at all levels” (Pacific Community, 2021b)—recognising that those most impacted by climate change, and depending the most on natural resources for their livelihoods, are best placed to develop and implement long lasting NbS (ibid). Future phases of PEBACC in Fiji, Vanuatu and Solomon Islands, focused on the implementation of EbA projects developed in the first phase, are also currently planned to be funded via the Kiwa Initiative. Some are likely to have an urban focus, such as those discussed already planned for Port Vila. Another major initiative in preparation is the Green Climate Fund Melanesian Coastal and Marine Ecosystem Resilience Programme (M-CMERP). This project focused on Papua New Guinea, Solomon Islands, and Vanuatu will look to prioritise and integrate EbA in national planning and decision-making amid long-term (50–30 years) climate impact and resilience scenarios, as well as provide grants to EbA and resilient development investments (Green Climate Fund, 2021b).
Opportunities also exist, or may present, through various government priorities and flagship projects for NbS/EbA in urban areas. In Samoa, for example, the National Adaptation Programme of Action (NAPA) specified zoning and strategic urban management adaptation priorities aiming, inter alia, for environmental dividends by strengthening adaptive capacity and urban intensification through an improved urban centre from the promotion of attractive design and heritage (Government of Samoa, UNDP and GEF, 2005). This helped lead to the creation of the Planning and Urban Management Authority (PUMA), responsible for managing Apia’s urban growth, and recent work revitalising Apia’s waterfront aiming to improve attractiveness, functionality and safety (Government of Samoa, 2016b). Key elements of the Apia waterfront work involve the protection of green spaces, parks, reserves, streetscapes and other recreation spaces (ibid); fertile ground for the potential application of NbS/EbA approaches. In addition, in Kiribati, considerable effort and funds have been directed at planning and feasibility stages of the Temaiku Land and Urban Development project aimed at reclaiming and raising (by 2–5 m) 300 ha of land on South Tarawa to provide a “resilient basis for future land and urban development [with] the potential to house 35,000 people” (Watkin et al., 2019). This project, likely enormously costly and still uncertain, was planned to combine phased hard and soft coastal defence solutions and a range of uses including residential housing, government buildings, infrastructure and utilities, and recreation. NbS/EbA approaches, if prioritised, could be incorporated into this project should it be realised.
As discussed, ecosystem services and their connection to human wellbeing and survival, are central to NbS and EbA approaches. In urban areas, adaptation approaches that premise wellbeing offer great potential. In Vanuatu, for example, where the government has a strong interest in wellbeing and its determinants, research has shown that subjective wellbeing, or happiness, is lower, on average, in urban areas compared to rural areas (Malvatumauri National Council of Chiefs, 2012). As introduced earlier, the same research has highlighted how wellbeing in Vanuatu is linked to three key factors: 1) access to customary land and natural resources; 2) traditional knowledge and practice; and 3) community vitality. Thus, in Vanuatu and likely elsewhere, it is clear that NbS and EbA approaches for climate change adaptation; which work with nature at their very core, offer great potential for improving urban wellbeing, particularly when combined with approaches that are driven by or incorporate TEK.
CONCLUSION
Across both rural and urban areas there are critical linkages between ecosystems, ecosystem services, and human health and wellbeing. In the Pacific islands region climate change and urbanisation combine to profoundly impact ecosystems, ecosystem services, and the livelihoods that they support. As described by Cauchi et al. (2021) and Pedersen Zari et al. (2019), climate change can be seen as a multiplier of urbanisation and other environmental pressures. Adaptation to climate change is urgently required, and NbS and EbA approaches offer great potential across different scales. Our three Pacific island case studies showcase the growing evidence base of NbS and EbA approaches in Oceania. But gaps in knowledge, policy, and practice remain, particularly for rapidly growing urban and peri-urban areas. It is also clear that successful adaptation requires careful consideration of the local context and participatory “bottom-up” co-design and implementation with local communities (Kabisch et al., 2017; Narayan et al., 2020; Piggott-McKellar et al., 2020; Cauchi et al., 2021). We believe that there is great potential for a nature-based urban design agenda positioned within an urban ecosystems framework linked closely to Indigenous, localised, understandings of wellbeing and ecology. The co-design and implementation of urban NbS would be the defining features of this agenda, building from key lessons elsewhere that local communities must be inherently involved in NbS planning, design, and implementation (Kabisch et al., 2017; Frantzeskaki, 2019; Dushkova & Haase, 2020; Li et al., 2021; Seddon et al., 2021). Building such an agenda is an important contribution to nature-based ecological urban design in Oceania, particularly given that spatially explicit urban design policy and practice is often absent in Pacific islands nations.
We posed the question earlier “‘how can we best conceptualise wellbeing within an ecosystem services approach to urban development in the Pacific?” As yet, the answers to this question are still far from clear. But we suggest that progressing an Oceania urban NbS agenda and responding to this question requires: 1) developing an inventory of innovative urban NbS strategies for the region; 2) more comprehensively exploring the range of existing and potential Indigenous wellbeing frameworks within Oceania; 3) using community co-design to develop future urban NbS strategies centred in TEK and related Indigenous wellbeing frameworks; and 4) ensuring that the wellbeing of Indigenous peoples, however defined locally, is a central pillar of future Oceania urban design and climate change adaptation initiatives.
Indigenous knowledges have long held that human wellbeing is inextricably connected to ecosystem health. We believe that building on Indigenous framings of wellbeing, and partnering TEK and other scientific information with NbS, can lead to place-based, localised, design responses that can offer long-term benefits across different scales, including in urban areas. Further developing an Oceanic urban design agenda is the focus of ongoing research undertaken by a collaboration of Aotearoa New Zealander, I-Kiribati, Samoan, and Ni-Vanuatu researchers and practitioners, including the authors. The recently released sixth assessment report (2021) of the Intergovernmental Panel on Climate Change (IPCC) has highlighted the acute vulnerability of Pacific island nations to climate change (SPREP, 2021). Adaptation efforts are vital, including in urban areas that are instrumental in contributing to global climate and sustainability goals (Santiago Fink, 2016; Li et al., 2021). Urban design responses, including those working with nature and with community co-creation at the core, will be an integral part of efforts to adapt in ways that protect and enhance the wellbeing of people and the ecologies of the region.
AUTHOR CONTRIBUTIONS
GK lead authorship. TB, AL-N, WM, MPZ, RK, VC, PB, DL equal supporting input.
FUNDING
We would like to acknowledge funding from the Marsden Fund – Royal Society of New Zealand and from two Victoria University of Wellington Faculty of Architecture and Design Innovation strategic research grants.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Bennett, E. M., Cramer, W., Begossi, A., Cundill, G., Díaz, S., Egoh, B. N., et al. (2015). Linking Biodiversity, Ecosystem Services, and Human Well-Being: Three Challenges for Designing Research for Sustainability. Curr. Opin. Environ. Sustainability 14, 76–85. doi:10.1016/j.cosust.2015.03.007
 Cauchi, J. P., Correa-Velez, I., and Bambrick, H. (2019). Climate Change, Food Security and Health in Kiribati: a Narrative Review of the Literature. Glob. Health Action. 12 (1), 1603683. doi:10.1080/16549716.2019.1603683
 Cauchi, J. P., Moncada, S., Bambrick, H., and Correa-Velez, I. (2021). Coping with Environmental Hazards and Shocks in Kiribati: Experiences of Climate Change by Atoll Communities in the Equatorial Pacific. Environmental Development , 100549. 
 Chausson, A., Turner, B., Seddon, D., Chabaneix, N., Girardin, C. A. J., Kapos, V., et al. (2020). Mapping the Effectiveness of Nature‐based Solutions for Climate Change Adaptation. Glob. Change Biol. 26 (11), 6134–6155. doi:10.1111/gcb.15310
 Chong, J. (2014). Ecosystem-based Approaches to Climate Change Adaptation: Progress and Challenges. Int. Environ. Agreements 14 (4), 391–405. doi:10.1007/s10784-014-9242-9
 Clarke, T., McNamara, K. E., Clissold, R., and Nunn, P. D. (2019). Community-based Adaptation to Climate Change: Lessons from Tanna Island, Vanuatu. Isl. Stud. J. 14 (1). doi:10.24043/isj.80
 Cohen-Shacham, E., Andrade, A., Dalton, J., Dudley, N., Jones, M., Kumar, C., et al. (2019). Core Principles for Successfully Implementing and Upscaling Nature-Based Solutions. Environ. Sci. Pol. 98, 20–29. doi:10.1016/j.envsci.2019.04.014
 Cohen-Shacham, E., Walters, G., Janzen, C., and Maginnis, S. (2016). Nature-based Solutions to Address Global Societal Challenges. Gland, Switzerland: IUCN, 97. 
 Díaz, S., Demissew, S., Carabias, J., Joly, C., Lonsdale, M., Ash, N., et al. (2015). The IPBES Conceptual Framework - Connecting Nature and People. Curr. Opin. Environ. Sustainability 14, 1–16. doi:10.1016/j.cosust.2014.11.002
 Diener, E., and Tov, W. (2012). “National Accounts of Well-Being,” in Handbook of Social Indicators and Quality of Life Research (Dordrecht: Springer), 137–157. doi:10.1007/978-94-007-2421-1_7
 Douglas, E., Lundquist, C., Luttrell, J., and Ramsay, D. (2019). Opportunities for Nature-Based Solutions to Support Adaptation in the Pacific Region. Wellington: Unpublished NIWA report prepared for New Zealand Ministry of Foreign Affairs and Trade, October. 
 Dushkova, D., and Haase, D. (2020). Not simply green: Nature-Based Solutions as a Concept and Practical Approach for Sustainability Studies and Planning Agendas in Cities. Land 9 (1), 19. doi:10.3390/land9010019
 European Commission (2015). “Towards an EU Research and Innovation Policy Agenda for Nature-Based Solutions and Re-naturing Cities,” in Final Report of the Horizon 2020 Expert Group (Brussels: Directorate-General for Research and Innovation). 
 Frantzeskaki, N. (2019). Seven Lessons for Planning Nature-Based Solutions in Cities. Environ. Sci. Pol. 93, 101–111. doi:10.1016/j.envsci.2018.12.033
 Government of Kiribati (2016a). Intended Nationally Determined Contribution. Retrieved from: https://www4.unfccc.int/sites/ndcstaging/PublishedDocuments/Kiribati%20First/INDC_KIRIBATI.pdf. South Tarawa: Government of Kiribati. 
 Government of Kiribati (2016b). Kiribati 20-Year Vision 2016-2036. Retrieved from: http://president.gov.ki/images/kiribati-20-year-vision-2016-2036%E2%80%A2sept.final.pdf. 
 Government of Kiribati (2016c). Kiribati Development Plan 2016-2019. Retrieved from: http://www.mfed.gov.ki/sites/default/files/Kiribati%20Development%20Plan%202016%20-%2019.pdf. 
 Government of Samoa (2016a). Strategy for the Development of Samoa 2016-2020. Retrieved from: https://www.mof.gov.ws/wp-content/uploads/2019/08/SDS-1617-1920_Eng.pdf. 
 Government of Samoa (2016b). Apia Waterfront Development Project: Waterfront Plan 2017-2026. Apia: Government of Samoa, Ministry of Natural Resources and Environment and Samoa Tourism Authority. Retrieved from: https://www.mnre.gov.ws/wp-content/uploads/2018/04/20161130_Final-Waterfront-Plan.pdf. 
 Government of Samoa (2020). National Climate Change Policy for Samoa. Ministry of Natural Resources and Environment. Retrieved from: https://www.mnre.gov.ws/wp-content/uploads/2021/03/Samoa-Climate-Change-Policy-2020-2030.pdf. 
 Government of Samoa (2021). Samoa 2040: Transforming Samoa to a Higher Growth Path. Retrieved from: https://www.mnre.gov.ws/wp-content/uploads/2021/03/Samoa-2040-Final.pdf. 
 Government of Samoa (2013). Samoa Post-disaster Needs Assessment Cyclone Evan 2012. Retrieved from: https://www.gfdrr.org/sites/default/files/publication/SAMOA_PDNA_Cyclone_Evan_2012_0.pdf. 
 Government of Samoa (2005). National Adaptation Programme of Action. Retrieved from: https://unfccc.int/resource/docs/napa/sam01.pdf. Apia: Government of Samoa, UNDP and GEF. 
 Government of Vanuatu & Pacific Community (2015). The Vanuatu Climate Change and Disaster Risk Reduction Policy 2016–2030. Retrieved from: https://www.nab.vu/sites/default/files/nab/vanuatu_cc_drr_policy_minus_att4v4.pdf. Port Vila/Noumea: Government of Vanuatu. 
 Government of Vanuatu (2016a). Vanuatu 2030: The Peoples Plan. Department of Strategic Policy, Planning and Aid Coordination. Port Vila: Government of Vanuatu. Retrieved from: https://www.gov.vu/images/publications/Vanuatu2030-EN-FINAL-sf.pdf. 
 Government of Vanuatu (2016b). Vanuatu’s National Ocean Policy: Our Ocean, Our Culture, Our People. Retrieved from: http://macbio-pacific.info/wp-content/uploads/2016/09/Vanuatu_National_Ocean_Policy_High_Res_020616.pdf. 
 Green Climate Fund (2016). Funding Proposal: Integrated Flood Management to Enhance Climate Resilience of the Vaisigano River Catchment in Samoa. Retrieved from: https://www.greenclimate.fund/sites/default/files/document/funding-proposal-fp037-undp-samoa.pdf. Incheon: Green Climate Fund. 
 Green Climate Fund (2021a). Integrated Flood Management to Enhance Climate Resilience of the Vaisigano River Catchment in Samoa. Retrieved from: https://www.greenclimate.fund/project/fp037.
 Green Climate Fund (2021b). Melanesia - Coastal and Marine Ecosystem Resilience Programme (M-CMERP). Retrieved from: https://www.greenclimate.fund/document/melanesia-coastal-and-marine-ecosystem-resilience-programme-m-cmerp.
 Griscom, B. W., Adams, J., Ellis, P. W., Houghton, R. A., Lomax, G., Miteva, D. A., et al. (2017). Natural Climate Solutions. Proc. Natl. Acad. Sci. USA 114 (44), 11645–11650. doi:10.1073/pnas.1710465114
 Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES) (2021). Well-being. Retrieved from: https://ipbes.net/glossary/well-being. Bonn. 
 International Union for Conservation of Nature (IUCN) (2020a). IUCN Standard to Boost Impact of Nature-Based Solutions to Global Challenges. Retrieved from: https://www.iucn.org/news/nature-based-solutions/202007/iucn-standard-boost-impact-nature-based-solutions-global-challenges. 
 International Union for Conservation of Nature (IUCN) (2020b). IUCN Global Standard for Nature-Based Solutions. 1st edn. Gland, Switzerland: IUCN. Retrieved from: https://portals.iucn.org/library/sites/library/files/documents/2020-020-En.pdf. 
 International Union for Conservation of Nature (IUCN) (2021). Nature-based Solutions. Retrieved from: https://www.iucn.org/theme/nature-based-solutions/about. 
 Kabisch, N., Frantzeskaki, N., Pauleit, S., Naumann, S., Davis, M., Artmann, M., et al. (2016). Nature-based Solutions to Climate Change Mitigation and Adaptation in Urban Areas: Perspectives on Indicators, Knowledge Gaps, Barriers, and Opportunities for Action. Ecol. Soc. 21 (2). doi:10.5751/es-08373-210239
 Kabisch, N., Stadler, J., Korn, H., and Bonn, A. (2017). “Nature-Based Solutions for Societal Goals under Climate Change in Urban Areas - Synthesis and Ways Forward,” in Nature-Based Solutions to Climate Change Adaptation in Urban Areas (Cham: Springer), 323–336. doi:10.1007/978-3-319-56091-5_19
 Kumar, L., Gopalakrishnan, T., and Jayasinghe, S. (2020). Population Distribution in the Pacific Islands, Proximity to Coastal Areas, and Risks. Climate Change and Impacts in the Pacific . Cham: Springer, 295–322. doi:10.1007/978-3-030-32878-8_8
 Latai-Niusulu, A. (2016). Exploring Resilience to Climate Change and Other Environmental Challenges in Samoan Communities. Unpublished PhD thesis. Dunedin: University of Otago. Retrieved from: https://ourarchive.otago.ac.nz/handle/10523/7461. 
 Leviston, Z., Walker, I., Green, M., and Price, J. (2018). Linkages between Ecosystem Services and Human Wellbeing: A Nexus Webs Approach. Ecol. Indicators 93, 658–668. doi:10.1016/j.ecolind.2018.05.052
 Li, L., Cheshmehzangi, A., Chan, F. K. S., and Ives, C. D. (2021). Mapping the Research Landscape of Nature-Based Solutions in Urbanism. Sustainability 13 (7), 3876. doi:10.3390/su13073876
 Mackey, B., Ware, D., Nalau, J., Sahin, O., Fleming, C. M., Smart, J. C., and Hallgren, W. (2017). “Ecosystem and Socio-Economic Resilience Analysis and Mapping (ESRAM) and Associated Work at Multiple-Scales in Vanuatu: ESRAM Report,” in Griffith Climate Change (Brisbane). 
 Malvatumauri National Council of Chiefs (2012). Alternative Indicators of Well-Being for Melanesia. Vanuatu Pilot Study Report. Retrieved from: http://www.christensenfund.org/wp-content/uploads/2012/11/Alternative-Indicators-Vanuatu.pdf Port Vila: Malvatumauri National Council of Chiefs. 
 McPhearson, T., Karki, M., Herzog, C., Santiago Fink, H., Abbadie, L., Kremer, P., et al. (2018). “Urban Ecosystems and Biodiversity,” in Climate Change and Cities: Second Assessment Report of the Urban Climate Change Research Network ed . Editors C. Rosenzweig, W. Solecki, P. Romero-Lankao, S. Mehrotra, S. Dhakal, and S.A. Ibrahim (New York: Cambridge University Press), 257–318. 
 Millennium Ecosystem Assessment (MEA) (2005). Ecosystems and Human Wellbeing: Synthesis. Washington DC: Island Press. 
 Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES) (2018). in The IPBES Regional Assessment Report on Biodiversity and Ecosystem Services for Asia and the Pacific ed . Editors M. Karki, S. Senaratna Sellamuttu, S. Okayasu, and W. Suzuki (Bonn, Germany: Secretariat of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services). Retrieved from:https://doi.org/10.5281/zenodo.3237373. 
 Munang, R., Thiaw, I., Alverson, K., Mumba, M., Liu, J., and Rivington, M. (2013). Climate Change and Ecosystem-Based Adaptation: a New Pragmatic Approach to Buffering Climate Change Impacts. Curr. Opin. Environ. Sustainability 5 (1), 67–71. doi:10.1016/j.cosust.2012.12.001
 Narayan, S., Esteban, M., Albert, S., Jamero, M. L., Crichton, R., Heck, N., et al. (2020). Local Adaptation Responses to Coastal Hazards in Small Island Communities: Insights from 4 Pacific Nations. Environ. Sci. Pol. 104, 199–207. doi:10.1016/j.envsci.2019.11.006
 Pacific Community (2021a). The Kiwa Initiative: Nature-Based Solutions for Biodiversity Protection and Climate Change Adaptation. Retrieved from: https://www.spc.int/cces/the-kiwa-initiative. 
 Pacific Community (2021b). Nature-based Solutions for Climate Resilience and Biodiversity Conservation in the Pacific. 3 March. Retrieved from: https://www.spc.int/updates/blog/director-general/2021/03/nature-based-solutions-for-climate-resilience-and. 
 Pascual, U., Balvanera, P., Díaz, S., Pataki, G., Roth, E., Stenseke, M., et al. (2017). Valuing Nature's Contributions to People: the IPBES Approach. Curr. Opin. Environ. Sustainability 26-27, 7–16. doi:10.1016/j.cosust.2016.12.006
 Pedersen Zari, M., Blaschke, P. M., Jackson, B., Komugabe-Dixson, A., Livesey, C., Loubser, D. I., et al. (2020). Devising Urban Ecosystem-Based Adaptation (EbA) Projects with Developing Nations: A Case Study of Port Vila, Vanuatu. Ocean Coastal Manage. 184, 105037. doi:10.1016/j.ocecoaman.2019.105037
 Pedersen Zari, M., Blaschke, P. M., Livesey, C., Martinez-Almoyna Gual, C., Weaver, S., Archie, K. M., et al. (2017). Ecosystem-based Adaptation (EbA) Project Implementation Plans, Port Vila, Vanuatu. Wellington, Aotearoa New Zealand: Report prepared by Victoria University of Wellington for the Pacific Ecosystem-based Adaptation to Climate Change Programme of the Secretariat of the Pacific Regional Environment Programme (SPREP). 
 Pedersen Zari, M., Kiddle, G. L., Blaschke, P., Gawler, S., and Loubser, D. (2019). Utilising Nature-Based Solutions to Increase Resilience in Pacific Ocean Cities. Ecosystem Serv. 38 (C), 100968. doi:10.1016/j.ecoser.2019.100968
 Pennock, M., and Ura, K. (2011). Gross National Happiness as a Framework for Health Impact Assessment. Environ. Impact Assess. Rev. 31 (1), 61–65. doi:10.1016/j.eiar.2010.04.003
 Piggott-McKellar, A. E., McNamara, K. E., and Nunn, P. D. (2020). Who Defines “Good” Climate Change Adaptation and Why it Matters: a Case Study from Abaiang Island, Kiribati. Reg. Environ. Change 20 (2), 1–15. doi:10.1007/s10113-020-01614-9
 Radtke, K., Heintze, H., Kirch, L., Küppers, B., Mann, H., Mischo, F., et al. (2018). World Risk Report 2018. Berlin: Alliance Development Works. 
 Raymond, C. M., Frantzeskaki, N., Kabisch, N., Berry, P., Breil, M., Nita, M. R., et al. (2017). A Framework for Assessing and Implementing the Co-benefits of Nature-Based Solutions in Urban Areas. Environ. Sci. Pol. 77, 15–24. doi:10.1016/j.envsci.2017.07.008
 Regenvanu, R. (2010). The Traditional Economy as Source of Resilience in Vanuatu. Retrieved from: http://milda.aidwatch.org.au/sites/default/files/Ralph%20Regenvanu.%20Traditional%20economy%20as%20a%20source%20of%20resistance%20in%20Vanuatu.pdf. 
 Samoa Ministry of Natural Resources and Environment (2021). Climate Change Report Card. 11th Edition. 3 February. Retrieved from: https://www.mnre.gov.ws/wp-content/uploads/2021/03/RC-11th-edition.pdf. Apia: Samoa Ministry of Natural Resources and Environment. 
 Santiago Fink, H. (2016). Human-nature for Climate Action: Nature-Based Solutions for Urban Sustainability. Sustainability 8 (3), 254. doi:10.3390/su8030254
 Schröter, B., Zingraff-Hamed, A., Ott, E., Huang, J., Hüesker, F., Nicolas, C., et al. (2020). The Knowledge Transfer Potential of Online Data Pools on Nature-Based Solutions. Science of The Total Environment , 143074. 
 Seddon, N., Smith, A., Smith, P., Key, I., Chausson, A., Girardin, C., et al. (2021). Getting the Message Right on Nature‐based Solutions to Climate Change. Glob. Change Biol. 27 (8), 1518–1546. doi:10.1111/gcb.15513
 SPREP (2021). Newly Released IPCC Report Confirms Grave Risks in a Warming World. Apia. Retrieved from: https://www.sprep.org/news/newly-released-ipcc-report-confirms-grave-risks-in-a-warming-world. Apia: SPREP. 
 SPREP (2020). Pacific Ecosystem-Based Adaptation to Climate Change: Strengthening and Protecting Natural Ecosystem Services to Enhance Resilience to Climate Change. Apia. Retrieved from: https://www.sprep.org/sites/default/files/documents/publications/Pacific-Ecosystem-based-adaptation-climate-change.pdf Apia: SPREP. 
 Trundle, A., Barth, B., and McEvoy, D. (2019). Leveraging Endogenous Climate Resilience: Urban Adaptation in Pacific Small Island Developing States. Environ. Urbanization 31 (1), 53–74. doi:10.1177/0956247818816654
 Trundle, A., and McEvoy, D. (2015). Greater Port Vila Climate Change Vulnerability Assessment. UN-Habitat. Retrieved from: https://www.researchgate.net/publication/283243489_Greater_Port_Vila_Climate_Vulnerability_Assessment_-_Full_Report. Fukuoka. 
 Trundle, A. (2020). Resilient Cities in a Sea of Islands: Informality and Climate Change in the South Pacific. Cities 97, 102496. doi:10.1016/j.cities.2019.102496
 UNESCAP (2019). Ocean Cities Regional Policy Guide. Delivering Resilient Solutions in Pacific Islands Settlements. Bangkok: UNESCAP. Retrieved from: https://www.unescap.org/sites/default/files/Ocean%20Cities%20Policy%20Guide_300519.pdf. 
 UNESCAP (2018). “Re-naturing Urbanization,” in Ocean Cities Policy Brief 3 ( UNESCAP: Bangkok). Retrieved from: https://www.unescap.org/sites/default/files/Ocean%20Cities%20of%20the%20Pacific%20Islands_PB3_UNESCAP_USP_0.pdf.
 Watkin, S., Foon, M., and Liddell, S. (2019). “Temaiku Land and Urban Development-Building Sustainable Climate Change Resilience for Kiribati,” in Australasian Coasts and Ports 2019 Conference: Future Directions from 40 [degrees] S and beyond (Hobart: Engineers Australia), 10-13, 1204. 
 Webber, S. (2015). Mobile Adaptation and Sticky Experiments: Circulating Best Practices and Lessons Learned in Climate Change Adaptation. Geographical Res. 53 (1), 26–38. doi:10.1111/1745-5871.12102
 Westoby, R., McNamara, K. E., Kumar, R., and Nunn, P. D. (2020). From Community-Based to Locally Led Adaptation: Evidence from Vanuatu. Ambio 49 (9), 1466–1473. doi:10.1007/s13280-019-01294-8
 World Bank (2021). Urban Population (% of Total Population) - Pacific Island Small States. Retrieved from: https://data.worldbank.org/indicator/SP.URB.TOTL.IN.ZS?locations=S2. Washington, D.C: World Bank. 
Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2021 Kiddle, Bakineti, Latai-Niusulu, Missack, Pedersen Zari, Kiddle, Chanse, Blaschke and Loubser. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/xhtml/nav.xhtml
Contents

		Cover

		Nature-Based Solutions for Urban Climate Change Adaptation and Wellbeing: Evidence and Opportunities From Kiribati, Samoa, and Vanuatu		Introduction

		Nature-Based Solutions in Urban Areas

		Ecosystem Services and Wellbeing

		Pacific Island Case-Studies		Context

		Adaptation Priorities

		NbS and EbA Approaches

		Opportunities





		Conclusion

		Author Contributions

		Funding

		Publisher’s Note

		References









OPS/images/cover.jpg
* frontiers
in Environmental Science

Nature-Based Solutions for
Urban Climate Change
Adaptation and Wellbeing:
Evidence and Opportunities From
Kiribati, Samoa, and Vanuatu





OPS/images/fenvs-09-723166-g001.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
'frontiers _
in Environmental Science





