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Nature-based Solutions (NbS) have been advocated to protect, sustainably manage, and restore natural or modified ecosystems, simultaneously providing human well-being and biodiversity benefits. The uptake of NbS differs regionally with some countries exhibiting greater uptake than others. The success of NbS also differs regionally with varying environmental conditions and social-ecological processes. In many regions, the body of knowledge, particularly around the efficacy of such efforts, remains fragmented. Having an “inventory” or “tool box” of regionally-trialed methods, outcomes and lessons learnt can improve the evidence base, inform adaptive management, and ultimately support the uptake of NbS. Using Malaysia as a case study, we provide a comprehensive overview of trialed and tested NbS efforts that used nature to address societal challenges in marine and coastal environments (here referring to mangroves, seagrass, coral reefs), and detailed these efforts according to their objectives, as well as their anticipated and actual outcomes. The NbS efforts were categorized according to the IUCN NbS approach typology and mapped to provide a spatial overview of IUCN NbS effort types. A total of 229 NbS efforts were collated, representing various levels of implementation success. From the assessment of these efforts, several key actions were identified as a way forward to enhance the uptake of Nature-based Solutions for informing coastal sustainable development policy and planning. These include increasing education, training, and knowledge sharing; rationalizing cooperation across jurisdictions, laws, and regulations; enhancing environmental monitoring; leveraging on existing policies; enabling collaboration and communication; and implementing sustainable finance instruments. These findings can be used to inform the improved application and uptake of NbS, globally.
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INTRODUCTION

Marine and coastal ecosystems are under threat globally from rising human populations, rapid urbanization, and climate change (European Environment Agency, 2012; Todd et al., 2019; Bugnot et al., 2021). In 2021, the global human population size is 7.8 billion people (United Nations, 2021), with 40% living within 100 km of the coast (Firth et al., 2016). By 2050, this is projected to surpass 9 billion (United Nations, 2019b) with widespread migration toward coastlines driven by benefits that include infrastructure, industrial and urban development, and economic growth (Creel, 2003; McGranahan et al., 2007; Smith, 2011; Neumann et al., 2015). Disproportionately dense human populations coupled with lack of space on land, poor urban planning, and pervasive effects of climate change (sea level rise, coastal erosion, and flooding) are major threats to vulnerable marine and coastal resources and ecosystems (Day and Rybczyk, 2019; Kekeh et al., 2019; Siegel, 2019).

Adopting a sustainable development approach is therefore increasingly promoted as the principal way of maintaining natural resources despite growing population pressure. This approach, that entails meeting the needs of the present without compromising the ability of future generations to meet their own needs is the foundation for current leading global frameworks and international cooperation such as the 2030 Agenda for Sustainable Development and its Sustainable Development Goals (United Nations, 2020). The United Nations has also proclaimed 2021–2030 as the “Decade of Action on Sustainable Development Goals,” “Decade on Ecosystem Restoration,” and “Decade of Ocean Science for Sustainable Development” to support efforts in reversing the decline in natural ecosystems and in gathering stakeholders worldwide behind a common framework to ensure science can fully support nations in creating improved conditions for sustainable development of ecosystems (United Nations, 2020). In all these approaches, nature has been strongly advocated as one of the best ways to achieve human well-being, address climate change, and protect biodiversity.

Nature-based Solutions (NbS) encompass a broad range of actions to protect, sustainably manage and restore natural or modified ecosystems that address societal challenges effectively and adaptively, while simultaneously providing human well-being and biodiversity benefits (Cohen-Shacham et al., 2016, 2019). These solutions focus on harnessing the power of nature as a cost-effective answer to broad socio-environmental challenges (European Commission, 2015). The term “NbS” emerged in the late 2000s and has since been used in various international environmental documents and frameworks, with prominence as actions for addressing the climate change and biodiversity loss crises (Li et al., 2021). Additionally, NbS also provide a host of co-benefits including provision of coastal defense to safeguard people and property, support of global economies through enhanced fisheries and tourism activities, improvement of surrounding esthetics, creation of green jobs, and generally increasing the resilience of natural ecosystems to environmental disturbances (Raymond et al., 2017; Giordano et al., 2020). Recently, NbS have been even promoted as sustainable, cost-effective, win-win solutions for countries designing and implementing pathways to recover from the COVID-19 pandemic. These solutions can do so by creating economic opportunities, employment, and multiple public health and wellbeing benefits (IEEP, 2021).

Despite the simplicity of the NbS concept and their much-touted multiple co-benefits, there remain gaps and barriers in effective uptake and implementation of NbS approaches. Lack of clear definitions, parameters and methodologies had been shown to impact the proper coordination, application, and evaluation of NbS principles (Cohen-Shacham et al., 2019). The lack of communication and cohesiveness among different cross-sectoral stakeholders also complicates uptake and implementation of NbS. At times, state and federal government jurisdictions and legislations contradict instead of complement each other, giving rise to unclear pathways and adding to the complexity of NbS implementation. The issue of funding inadequacy for conservation-based research projects, even more so now under pandemic conditions than before, slows down progress of achieving evidence-based outcomes of nature as solutions to global issues. There are presently very few interventions that have been trialed at a wide geographic scale leading to a lack of confidence that interventions will work under different environmental conditions. In the rare occurrence where these barriers are overcome, the lack of systematic management and long-term monitoring of NbS efforts then need to be addressed to sustain the natural ecosystems and maintain their function over time.

Considered a global biodiversity hotspot (Myers et al., 2000; Hoeksema, 2007; Gaither and Rocha, 2013) with a rapidly growing economy, Malaysia exemplifies the tension between conservation and economic development faced by many developing nations, globally. Malaysia is one of the top three countries with the highest urban populations in Southeast Asia (World Bank, 2020), with many states experiencing rapid increases in population density (Figure 1). Concomitantly, continuous urbanization and land use changes that cater to rising human population needs have led to coastal habitat destruction, and associated biodiversity loss and species extinction (Hezri and Hasan, 2006; Sim, 2019). Malaysians are among the world’s top fish consumers with projected annual per capita consumption of 55 kg in 2020 (Goh, 2018), adding further pressure to coastal and marine resources that are already overexploited. Furthermore, the country is home to some of the largest land reclamation megaprojects in the world (Yin and Kwang, 2016; Chee et al., 2017, 2020), with artificial island construction affecting entire ecosystems in several locations around the country. As a result, Malaysia’s society is impacted in terms of reduced benefits from coastal and marine ecosystem services (e.g., coastal protection, clean water, culture, esthetics) and increased costs (e.g., restoration efforts, physical displacement, social changes associated with changing patterns of resource use, human-wildlife conflicts) (Masud, 2019).
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FIGURE 1. Population density in each Malaysia state and federal territory. Sources: Population: Department of Statistics Malaysia (2020). In 2020, the Malaysian national average was 98.5 people/km2 – the density of people in Malaysia has more than quadrupled since 1950 when there was an average of 18.6 people/km2. In 2020, the global average was 59.9 people/km2 (United Nations, 2021).


The 2004 Indian Ocean tsunami, which claimed the lives of over 250,000 people in Southeast Asia and left millions homeless, started a wave of conversations on preparedness for future disasters of this nature and magnitude in Malaysia. The aftermath of the tsunami revealed that areas of Malaysia which had healthy mangrove forests experienced lower death rates and infrastructural loss than those where mangroves had already been lost due to harvesting or development (Dahdouh-Guebas et al., 2005; Ghazali et al., 2016; Nordhaus et al., 2019). In recognition of the natural protective role of mangroves in Malaysia, post-tsunami action plans included allocating government funding for mangrove rehabilitation, protecting existing mangroves, and forming a National Special Task Force for rehabilitation of coastal forests (Abdullah et al., 2005). As of December 2015, about 2,605 hectares had been restored with more than 6.3 million trees planted to rehabilitate these mangrove forests (Ramli and Caihong, 2017).

In addition to mangroves, the restoration and management of seagrass and coral reef ecosystems play a key role as NbS in Malaysia. All three ecosystems are biologically diverse, highly productive, nurture fish populations, weaken storm surges, and provide numerous other services to coastal communities (Doshi et al., 2012; Friess et al., 2020a; Rahman and Yaakub, 2020). Coral reefs, seagrass meadows, and mangroves have been reported to work synergistically to moderate wave energy, inundation levels, and loss of mud sediments (Zhang et al., 2012; Gillis et al., 2014; van de Koppel et al., 2015). The collective conservation of all three ecosystems together has been shown to supply more protection services than any individual or pair of ecosystems (Guannel et al., 2016; Rooker et al., 2018; Berkström et al., 2020).

Despite the importance of these ecosystems in implementing NbS, the term NbS itself has yet to be used formally within environmental-related policies in Malaysia. The National Policy on Biological Diversity (NPBD) 2016–2025, however, does incorporate NbS aspects in its actions and targets, e.g., Action 4.3 -Implement Ecosystem Approach to Fisheries Management, Target 6 – Protected Area Target, Target 7 – Vulnerable Ecosystems Target, and Target 8 – Ecosystem Corridor Target. Several other policies like the National Policy on the Environment (Ministry of Science, Technology, and Innovation, 2002), National Green Technology Policy (Ministry of Energy, Green Technology and Water, 2009), and the National Policy on Climate Change (Ministry of Natural Resources and Environment, 2009) have also embedded nature into their goals and principles. Increasing and mainstreaming NbS within national governance, climate action, and biodiversity policy-related instruments are priority actions identified by the UN Climate Change Summit (United Nations, 2019a) and Nature-based Solutions have the potential as enablers to meet the targets under the United Nations Framework Convention on Climate Change.

The urgent need for mainstreaming and uptake of NbS within existing policy and governance frameworks is also due to the cross-cutting nature of NbS in addressing many other environmental issues faced by Malaysia. To justify mainstreaming and uptake of NbS in a cohesive manner, there needs to be formal categorization, standardized evaluation and monitoring methods, and hard evidence for nature-based efforts and their purported effectiveness (Firth et al., 2020). In Malaysia, protection, restoration, and management efforts using coral reefs, mangroves, and seagrass meadows have been carried out to address issues such as flooding, erosion, habitat destruction, and biodiversity loss. Whilst some of these efforts are recorded in peer-reviewed scientific literature, most examples are poorly documented and the results of these NbS are difficult to access, with many only known from grey literature and verbal claims. Much can be gained from data rescue and reuse from disparate sources to address conservation and policy concerns (Hawkins et al., 2013; Firth et al., 2021). Comprehensive NbS records will allow successful attempts to serve as models that can be replicated in Malaysia and elsewhere, while lessons learned from unsuccessful ones can help avoid similar mistakes in the future.

The overarching objective of this paper is therefore, to collate and assess information on past and current NbS efforts in the marine and coastal environment in Malaysia. We then evaluate the efficacy of each type of application where possible, and articulate the lessons learned. Not only will this baseline inventory help facilitate the mainstreaming and uptake of NbS in Malaysia, but it will also help build the global evidence base for NbS thus, addressing societal challenges in a way that is harmonious with both nature and society.



MATERIALS AND METHODS


Study Area

Malaysia, with a population of 32.7 million (Department of Statistics Malaysia, 2020), comprises 13 states and three federal territories that span two non-contiguous regions: West (or Peninsular) Malaysia and East Malaysia (Sarawak, Sabah, and Labuan on Borneo) (Figure 1). Malaysia is part of the Sundaland Biodiversity Hotspot area (Myers et al., 2000) and is ranked 12th globally in terms of its National Biodiversity Index (CBD, 2015). Mangroves forests, seagrass meadows, and coral reefs intermittently line 1,972 km of the Peninsular and 2,828 km of East Malaysia’s coastline (MyBIS, 2015). These ecosystems support both high species richness and endemism and are estimated to contain 20% of the world’s animal species (Ministry of Natural Resources and Environment, 2006; CBD, 2019). Some of Malaysia’s waters are within the Coral Triangle which is host to 77% of the total recorded marine species in the world (Veron, 1995; Veron et al., 2009; Department of Marine Park Malaysia, 2016). These marine ecosystems provide an array of ecosystem services including provisioning (e.g., food, fresh water, wood, medicine), regulating (e.g., climate regulation, natural hazard regulation, water purification, waste management), supporting (e.g., biomass production, oxygen production, nutrient cycling, provisioning of habitat), and cultural (e.g., spiritual enrichment, intellectual development, recreation, esthetic values) services that are critical to Malaysian citizens (Friess et al., 2020b) and also the biodiversity and ecosystem health of the wider region.



Categorizing Nature-Based Solutions Efforts

We used the IUCN’s universal categorical approaches to organize Malaysian marine and coastal NbS and to ease comparability between approaches and regions (Cohen-Shacham et al., 2016, 2019; Figure 2). The five categories are: (1) Ecosystem restoration approaches which includes ecological restoration, ecological engineering and forest landscape restoration; (2) Issue-specific ecosystem-related approaches which includes ecosystem-based adaptation, ecosystem-based mitigation, climate adaptation services, and ecosystem-based disaster risk reduction; (3) Infrastructure-related approaches which includes natural infrastructure and green infrastructure (combining natural and engineered systems); (4) Ecosystem-based management approaches which includes integrated coastal zone management and integrated water resources management; and (5) Ecosystem protection approaches which includes area-based conservation approaches such as protected area management. These approaches are employed due to their explicit objectives to ensure sustainable management and conservation of natural ecosystems and natural resources. They also emphasize the complexity and the connectivity of socio-ecological ecosystems, along with their derived ecological goods and services that ultimately can be translated into measurable goals. Notably, NbS efforts can fall under multiple approaches.
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FIGURE 2. Conceptual representation of the NbS umbrella for five categories of Nature-based Solution approaches (adapted from Figure 6 in Cohen-Shacham et al., 2016).




Evidence Synthesis

All co-authors were specifically selected based on their respective expertise that broadly covered the NbS topics relevant to this paper. Collectively, we used a combination of search strategies (published and un-published documents) and expert consultation to collate and build the initial database of efforts that qualify as NbS in Malaysia’s marine and coastal environments. Firstly, we conducted a search of publications from June to July 2020 on past and on-going efforts to address coastal erosion, loss of habitat, sea level rise, and climate-related issues that are relevant particularly for the first three categories (ecosystem restoration, issue-specific ecosystem, and infrastructure-related approaches). We used Google Scholar (incognito mode) rather than Web of Science as it casts a broader net and is more likely to capture information from gray literature in addition to peer-reviewed literature. The terms “seagrass,” “mangroves,” “wetlands” and “coral reefs” together with “Malaysia,” “coastal erosion,” “habitat loss/destruction,” “development,” “urbanization,” “climate change” and “sea level rise,” were used to search for indexed literature without setting publication cut-off date. We then conducted web searches for relevant policy papers, management plans, working papers, unpublished reports, newspapers, and magazines to complement the initial Google Scholar search. For documents that were not available online, we made written requests to procure these in hard copies.

We included in the database an inventory of national or regional policy formulations and management plans which explicitly incorporated NbS aspects in their actions, targets, goals, and principles. Policy-related instruments have been stressed as a key solution to climate change adaptation and biodiversity loss (CBD, 1992; UNGA, 1994). Although government-formulated policies may be cross-cutting and applicable across more than one NbS category depending on degree of implementation (which can be variable across regions and states), we categorized all policy instruments within the fourth category of ecosystem-based management approaches for clarity, simplicity, and consistency.

Protected areas are a key NbS (linked to category 5: ecosystem protection approaches). A shapefile of Malaysian marine and coastal protected areas was retrieved from the World Database on Protected Areas (WDPA; accessed through Protected Planet in March 2021).1 This dataset consisted of multiple types of spatially-designated protected areas including Marine Protected Areas (designated as such by Malaysia), national parks, state parks, marine parks, forest reserves, turtle sanctuaries, and wildlife reserves. Ramsar sites (from WDPA) and Important Bird and Biodiversity Areas (IBA; supplied upon request by BirdLife International2 were included since these designations highlight systems of internationally recognized importance to biodiversity. Though each type of protected area designation confers a different level of protection, we included and classed all of these spatial designations as protected areas; examining level of protection provided is outside the scope of this paper but is a useful future exercise. Using the protected areas shapefile, we first selected all protected areas located in the marine environment as well as those within 5 km inland from the Malaysian coast to capture protected areas containing mangrove forests, which are not systematically designated as “marine.” All protected areas were then manually screened, and areas not containing coastal or marine ecosystems were omitted. For example, the Sungai Menyala Forest Reserve is located within 5 km of the coast, but is predominantly freshwater wetlands with no coastal ecosystems, and so has been excluded from this assessment. In instances where a protected area did not contain coastal or marine ecosystems (such as Silabukan Virgin Jungle Reserve) but is spatially entwined and therefore managed together with an adjacent protected area that does contain coastal and marine ecosystems (such as Silabukan Protection Forest), both were jointly included in the assessment. Some sites, such as Tioman Island (“Pulau” in Malay), had multiple restoration projects which are recognized as separate NbS efforts in Table 1 and Supplementary Table 1.


TABLE 1. Summary of case studies categorized according to IUCN NbS approaches.

[image: Table 1]To complement the search results, we also relied on available raw data provided generously by co-authors and their networks. From all the documentation and raw data collated, the following information was extracted and recorded for each NbS effort where available: objectives, methodology, location, areal extent, photographic images, anticipated outcome, actual outcome, and overall implementation costs. The efforts were also reviewed for enablers that attributed to their “success,” defined in this review as having reached its stated objective, or barriers attributed to their “failure,” here defined as not having reached its stated objective. These enablers and barriers were synthesized as the basis for the “Lessons learned and way forward” section below. There were obvious data gaps in the process of extracting relevant information, particularly on anticipated outcome, actual outcome, and barriers/enablers to failure/success. To address these gaps for selected NbS efforts, we reached out to experts and relevant project leaders for their inputs and insights. All extracted information on each effort, including that from experts, was aggregated into an Excel database (Supplementary Table 1). All NbS efforts in the database were assigned to one or more categories of NbS approach as defined by the IUCN (as detailed above) and their spatial distribution across Malaysia was synthesized in a map with summary statistics.



RESULTS AND DISCUSSION

A total of 229 efforts related to using marine ecosystems as nature-based solutions was identified across the thirteen states and federal territories of Malaysia (Table 1; see Supplementary Table 1 for cross-referencing of codes used below). The earliest effort was carried out in the mangroves of Matang (E114) in 1906 (Shukor, 2004; Yeap et al., 2007; Jusoff and Taha, 2008) indicating that although not specifically termed NbS (the term only emerged in the 2000s), marine and coastal ecosystems have been used as solutions to address pressing environmental challenges in Malaysia for at least 115 years. Geographically, more efforts were recorded in East (115 efforts) than Peninsular Malaysia (107) (Figure 3), where human population densities are generally low (except Labuan, Figure 1). Seven national and one regional policy and management efforts were identified; these all fell under ecosystem-management based approaches (Figure 3 inset). The highest number of NbS efforts were of the ecosystem protection type (205), followed by ecosystem-management based approaches (86), ecosystem restoration approaches (12), issue-specific ecosystem approaches (6), and infrastructure-related approaches (3). Many NbS efforts (82) qualified for multiple NbS categories.
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FIGURE 3. NbS efforts in Malaysia. Efforts are color coded and may embody a combination of approaches. Area-based protection approaches include IBAs, MPAs, marine parks, national parks, state parks, forest reserves, turtle sanctuaries, wildlife reserves, and Ramsar sites; these are predominantly ecosystem protection mechanisms, but some, such as Forest Reserves (illustrated here in red and purple hatch), also have an ecosystem management component. National and regional ecosystem management-based interventions are inset (red border). Points and polygons with multiple colors embody multiple NbS approach categories.



Ecosystem Restoration Approaches

Twelve out of 229 efforts (5.2%) qualified as ecosystem restoration approaches (Supplementary Table 1, E1-12). Of these, seven were applied to coral reefs (E4-10), three to mangroves (E3, 11 and 12), and two to seagrass meadows (E1 and 2). Coral reef restoration efforts in Peninsular Malaysia were executed for different reasons than those in Sabah. In Peninsular Malaysia, three efforts were carried out within marine parks to address physical damage to corals due to tourism-related impacts (i.e., diving, anchor damage from boating) and strong wave action (E7, 8, and 9) with the objectives of building ecological resilience, creating awareness, and promoting tourism. In Sabah, reef restoration efforts outside of marine parks were carried out to build ecological and social resilience and address damage caused by destructive fishing practices (i.e., fish bombing) (E4 and 6). Mangrove restoration was conducted to rehabilitate eroded coastlines and degraded mangroves previously cleared for aquaculture activities (E3, 11, and 12). Seagrass restoration was used to restore seagrass meadows degraded by natural and anthropogenic drivers including loss from land reclamation (E1 and 2).

A variety of transplantation methods, ranging from conventional to innovative, fell within this approach. Innovative methods involved the introduction or ecological engineering of additional engineered structures, for example geotubes were installed to slow erosion and allow higher success rates in mangrove transplantation in Selangor (E11) (Tamin et al., 2011; Motamedi et al., 2014). Another innovation involved the development of recycled glass-cement structures to aid coral reef transplantation in Terengganu and Pahang (E7 and 9) (Chen et al., 2018). Some efforts were conducted at small spatial scales (0.002-0.003 ha) (E4 and 6) without replication, while others were conducted at larger scales (>2 ha) or in multiple replicates of various scales, e.g., all around Pulau Tioman (E9).

In efforts (n = 4) where we were able to evaluate actual outcomes, 50% did not achieve their stated objectives, 25% yielded successful outcomes, whilst another 25% reported mixed outcomes. In one effort where mangrove restoration failed [i.e., in Sungai Haji Dorani, Selangor (E11)], the use of inappropriate species was thought to be the cause (S. Y. Foong, Personal Communication), as is often the case for failed restoration efforts, globally (Bayraktarov et al., 2016). Species like Rhizophora mucronata, Sonneratia alba, and Avicennia alba are tolerant to high frequency water inundations, whereas Bruguiera gymnorhiza, Lumnitzera spp. and Exoecaria agallocha are less tolerant to inundation (Watson, 1928; Marchand et al., 2008). Therefore, choice of appropriate species for restoration, coupled with appropriate ecological understanding of the degraded site, is pivotal, exemplifying the need for communication with experts or local communities to ensure success. Conversely, in the effort where mangrove restoration was perceived to be successful, i.e., at Sungai Semilang, Penang (E12), the use of larger, mature saplings for replanting was thought to contribute to successful mangrove establishment (Abbot and Marohasy, 2014). Success rates are reportedly higher with mature trees compared to transplanting younger trees (Pryor and Watson, 2016). However, this is highly species dependent as large trees may have higher mortality even though they may establish faster than small trees (Struve et al., 2000).

Where seagrass restoration efforts failed (E2), strong water currents from monsoons were cited as the main contributing factor (Yap, 2019). Whether stochastic or periodic, high wave energy such as those brought about by monsoons in Malaysia, can either mobilize sediments that bury seagrass or erode planted areas (van Katwijk et al., 2016; Yap, 2019). This is especially true for young meadows that have not yet reached sufficient abundance or fully taken root to overcome the disturbance. Therefore, sediment stabilization plays an important role, in addition to other parameters like appropriate light levels, keeping sediment and sprigs in place and preventing them from being swept away by strong currents and waves (van Kuelen et al., 2003; Lanuru, 2011).



Issue-Specific Ecosystem-Related Approaches

Six out of the 229 NbS efforts (2.6%) qualified as issue-specific ecosystem-related approaches (Supplementary Table 1, E11, 13-17). Two of these efforts were carried out to address the lack of a co-management system in marine protected areas (E14-15).3 Specifically, stakeholders were brought together to manage the coral reefs and protect resident marine species on the islands of Sibu-Tinggi (Johor) and Tioman (Pahang).

The effort on Pulau Tioman in particular, aimed at establishing a long-term functioning coral reef co-management and conservation system (E14). The project costed USD146,514 (see text footnote 3). The other two efforts were carried out to offset the impacts from planned developments in Sabah (E16 and 17). In these efforts, seagrass sprigs were translocated from planned development areas to Sepanggar Bay and to ODEC Beach in two separate projects (E16 and 17) (Miki, 2019). Each translocation project cost USD700 for areas between 100 to 150 m2. Sprig translocation was partially successful in Sepanggar Bay but did not meet expected outcome of self-sustainable seagrass ecosystem in ODEC beach due to stunted growth and uprooting events from strong waves and wind (Miki, 2019). In this effort, ecologically engineered habitat enhancements (e.g., seagrass planters or wave barriers made from upcycled materials) could be positioned strategically to attenuate wave and wind forces so that the sprigs can take root (T.K. Yap, Personal Communication).

One of these efforts, E11, was mentioned under the ecosystem restoration approach demonstrating how efforts using nature as solutions can qualify for multiple categories. This effort also aimed to solve the issue of erosion in Sungai Haji Dorani, Selangor (Tamin et al., 2011).



Infrastructure-Related Approaches

Three out of the 229 NbS efforts (1.3%) qualified under infrastructure-related approaches (Supplementary Table 1, E13-15) as well as under other approaches mentioned earlier. The breakwaters used to restore mangroves (Motamedi et al., 2014) and the recycled glass-cement structures used to restore coral reefs (Chen et al., 2018) qualify as both ecosystem restoration and infrastructure-related approaches. These examples of green infrastructure incorporate both the natural environment and engineered systems to conserve ecosystem values and functions and reportedly provide a wider array of benefits to people and nature, than hard engineered structures alone. As mentioned previously, the breakwater structure did not achieve its anticipated outcome, likely due to the use of inappropriate mangrove species. This suggests that the use of appropriate species in an NbS effort carries more weight in determining the success of the approach than provision of infrastructural support.



Ecosystem-Based Management Approaches

Eighty-six out of the 229 efforts (37.6%) qualified as ecosystem-based management approaches. These were implemented either at state, regional, or national levels (Supplementary Table 1, E18-103). Forest reserves constituted the highest number of efforts (78) within this approach followed by national and regional policies and plans (8). Integrated Coastal Zone Management (ICZM) (E96) is a planning framework used worldwide to reconcile conflicting cross-and intra-sectoral uses of the coastal area and to ensure sustainability of coastal resources. In response to the multiple challenges faced by Malaysia’s coastal regions (reviewed by Abdullah, 1999) and to strengthen federal and state cooperation, ICZM was adopted firstly as a pledge within the 8th Malaysia Plan (Mokhtar and Aziz, 2003). While a national ICZM policy has yet to be formalized, ICZM pilot projects had reportedly been undertaken in three states - Sarawak, Sabah, and Penang. The implementations faced challenges in Penang where issues such as overlapping jurisdiction, lack of clear legislation, and assumed favor of profit (from coastal reclamation projects) over conservation hampered efforts (Pedersen et al., 2005; Albotoush and Tan, 2019).

The Integrated Shoreline Management Plan (ISMP) (E97), implemented by the Department of Irrigation and Drainage (DID), uses ICZM principles to focus on shoreline issues within the 4 km coastal fringe that extends 1 km inland and 3 km offshore (Mokhtar et al., 2019). Here, we treated ISMP and ICZM efforts separately. In Penang, the ISMP helped to address many vital coastal management issues such as the loss of mangroves, overexploitation of coastal fisheries and poor water quality (NRE and PKSD, 2010; Albotoush and Tan, 2019).

The National Physical Plan (NPP) (E103), approved in 2005, is the country’s strategic spatial planning policy for determining the direction of the physical development of Peninsular Malaysia. Clear principles and strategies on coastal spatial planning and developments along the Peninsular Malaysia coastline were outlined (NPP-CZ; Mohamad et al., 2018). These principles have guided coastal developments including large-scale reclamation projects in Melaka (Ishak et al., 2016) as well as flooding mitigation in Klang and Kuala Langat, Selangor (Mohamad et al., 2018). The NPP is currently undergoing the third revision for the fourth version and is expected to be launched by end of 2021.

Other national policies also qualify under the ecosystem-based management approach. The National Policy on Biological Diversity (NPBD) (2016–2025) (E98) was formed to address pressures that threaten the biodiversity in Malaysia including habitat fragmentation, invasive species, pollution, poaching, increasing competition for land, and climate change (Ministry of Natural Resources and Environment, 2016).

The National Wetland Policy (Ramsar Convention Secretariat, 2010) (E101) aims to ensure conservation and wise use of wetlands (including seven Ramsar sites), as well as fulfill Malaysia’s obligations under the Ramsar Convention. The policy’s objectives include protection and conservation of different types of wetlands, integration of wetlands conservation interests into overall natural resource planning, increase scientific and technical knowledge and public appreciation of wetlands functions and benefits; and restoration of degraded wetlands (Ministry of Natural Resources and Environment, 2014). Wetland protection remains challenging due to disconnects with land use policies which is designed for development of land resources and therefore provides a legal standing to convert wetlands to agricultural and residential use (Olorunfemi, 2017).

The National Policy on Climate Change (Ministry of Natural Resources and Environment, 2009) (E99) aims to provide a framework to mobilize and guide government agencies, industry, and local communities, as well as other stakeholders in addressing climate change challenges in a holistic manner. Actions include harmonizing existing legislation, policies and plans related to coastal and marine natural resources as well as to land use and land use change (including land reclamation); incorporating climate change as priority area in national development planning; and establishing inter-ministerial and cross-sectoral committees to enable implementation of climate change measures (Ministry of Natural Resources and Environment, 2009). This policy has been embedded into local development plans in Shah Alam City, Selangor, to mitigate flooding (Perera and Khailani, 2017) and enhancing fishermen’s access to credit to adapt to climate change (Shaffril et al., 2017).

The National Policy on the Environment (Ministry of Science, Technology, and Innovation, 2002) (E100) fosters economic, social, and cultural progress and to enhance the quality of life of Malaysians via environmentally sound and sustainable development. This policy protects the marine environment by promoting active stewardship and sustainable resource use, and bolstering improvement in the quality of the marine environment (Ministry of Science, Technology, and Innovation, 2002). In 2020, the policy was reviewed to address pending issues concerning the marine environment including marine debris and plastic pollution and this would include a revision of this policy (Bernama, 2020).

Finally, the National Forestry Policy (E102) protects forests, including those found in coastal areas such as mangroves (Forestry Department of Peninsular Malaysia, 2020). The policy supports regeneration and rehabilitation of forests, protection of biodiversity and preservation of unique flora and fauna, promotion of forestry education and scientific research, and forging of international cooperation for shared benefits through technology transfer and exchange of scientific information. For example, the Matang Mangrove Forest Reserve has management objectives such as shoreline protection from coastal erosion, to assure functionality of the forest as breeding/nursery ground and wildlife habitat, and as support for forest conservation, research, education, and ecotourism (Azahar and Nik, 2003; Chong, 2006; Goessens et al., 2014).

Many of the aforementioned policies and plans are ongoing but there has been limited information on implementation status, save for the National Policy on Biodiversity 2016–2025 – to which progress was reported in the 6th National Report to the Convention on Biological Diversity.



Ecosystem Protection Approaches

Two hundred and five out of the 229 NbS efforts (89.5%) qualified under ecosystem protection approaches (E13, 18-95, 104-229). These spatially protected areas are designated by different legislation or regulations (Islam et al., 2017) but can all be broadly classed as Marine Protected Areas (MPAs). They include 78 forest reserves, 42 no-take marine parks, 18 Important Bird and Biodiversity Area (IBAs), 17 wildlife reserves, 12 national parks, ten state parks, seven turtle sanctuaries, six Ramsar sites, five fisheries prohibited areas, five nature reserves, one nature park, one designated MPA, and one sea cucumber protection area (Supplementary Table 1). In general, the activities conducted in these areas (if permitted) are restricted to prevent degradation of marine ecosystems, although the level of protection varies (Kamil et al., 2017). Some key MPA efforts are discussed in detail below.

To protect mangrove and other key ecosystems, 78 coastal and marine forest reserves have been gazetted in Malaysia (E18-95). These reserves are part of the country’s Permanent Forest Reserve and are managed by Forestry Departments in respective states that provide general supervision and policy guidelines in the management, conservation, and preservation of these reserves (Shukor, 2004). The Matang Mangrove Forest Reserve in the state of Perak is globally recognized as the best example of a well-managed mangrove forest reserve on a sustainable basis in Malaysia (Chong, 2007). Contrastingly, many other forest reserves have reported a decrease in mangrove forest area (Latiff, 2012). The Klang Islands Mangrove Forest Reserves, Selangor, for example has been declining in biomass due to degazettement, land reclamation, oil pollution, and coastal erosion (Norhayati et al., 2009), questioning the effectiveness of forest reserves in protecting these ecosystems.

Malaysian marine, national, and state parks are established with the goal of conserving and managing significant marine ecosystems so that they remain undamaged for future generations. Water quality and esthetics in sensitive areas of the world-renowned diving destination, Pulau Sipadan (Sipadan Island), have improved after the area was established as a state park in 2004 (Musa, 2003; Kamil et al., 2017). The establishment of MPAs have been effective in building ecological and social resilience in places like Pulau Tioman Marine Park (E164). Local stakeholder involvement is a key feature of Pulau Tioman Marine Park. Cintai Tioman is a long-term program which has introduced a co-management approach and management plan involving local stakeholders in conservation and marine resource management. Additionally, Tioman Marine Conservation Group is responsible for ghost net removals and maintenance of reef rehabilitation sites (Reef Check Malaysia, 2020). Lack of community involvement in many other MPAs had been cited as one reason for their ineffectiveness (Rahman et al., 2019).

Malaysia is also a party to the Ramsar Convention on Wetlands that provides the framework for national action and international cooperation for the conservation and wise use of wetlands and their resources (Cohen-Shacham et al., 2016). Of Malaysia’s seven Ramsar sites (E189-194), six are mangroves (Ong, 2017). Strict conservation rules restricting public access to Ramsar sites such as Pulau Kukup, Johor, have improved the ecological integrity of the mangrove island, with little negative impact on the locals. Although restrictions in access may be a trade-off for local communities wanting to pursue cultural activities, tourism linked to the island’s Ramsar designation has boosted the local economy (Barau and Stringer, 2015). The establishment of Ramsar sites have also resulted in a sustainable approach in tourism development in Johor involving careful decision-making and planning of tourism activities to conserve the mangroves there (Aminu et al., 2013). However, it has also been reported that the existence of Ramsar sites had not prevented some large-scale reclamation of these sites (Bernama, 2019).

Out of 55 Important Bird and Biodiversity Areas (IBA) in Malaysia, 18 of these are in coastal areas (E109-126) (Yeap et al., 2007). Coordinated internationally by BirdLife International and locally by Malaysian Nature Society (MNS), the IBA program identifies and promotes coherent and organized action for priority sites for birds and biodiversity at the regional, national, and local levels. These areas are known to regularly support significant numbers of (i) globally threatened, (ii) restricted-range, (iii) biome-restricted, and/or (iv) congregatory bird species (BirdLife International, 2020). In Tanjung Tuan, Melaka (E124), the IBA secures migration routes of 37,615 migrating raptors from eleven species – one of the highest proportions of migratory raptors along the East Asian-Australasian Flyway (Puan et al., 2014). IBAs could form the basis of future protected areas.

Each of these ecosystem protection efforts aims to promote conservation and wise use of natural marine ecosystems. However, protection status is not a long-term guarantee especially in the case of state parks (e.g., the degazettement of Pulau Kukup by the Johor state government in 2018). Additionally, it has been reported that encroachment (Noh et al., 2018), illegal development (Hashim et al., 2019), deforestation caused by agriculture (Hezri and Hasan, 2006; Hamdan et al., 2016; Sarmin et al., 2016), aquaculture (Hamdan et al., 2016; Sarmin et al., 2016), urban expansion (Aisyah et al., 2015; Islam et al., 2017; Hashim et al., 2019), pollution and excessive tourism activities (Sarmin et al., 2016; Islam et al., 2017), and mass tourism (Hashim et al., 2019) have endangered the biodiversity in many of these areas. These factors attributed to weaknesses in the implementation of management plans (Pourebrahim et al., 2015; Marzukhi, 2020) which is now adding pressure for Malaysia to move toward a more sustainable future.



LESSONS LEARNED AND WAY FORWARD

The number of NbS efforts in each IUCN category varied widely, with, for example, 89.5% of the 229 Malaysian NbS efforts categorized as “ecosystem protection approaches,” with only 1.3% categorized as “infrastructure-related approaches” and only 2.6% as “issue-specific ecosystem-related approaches.”

The lack of funding may likely be the reason for the low percentage of “infrastructure-related approaches” and “issue-specific ecosystem-related approaches.” Funding is usually limited and often insufficient for governmental organizations to carry out infrastructure building or to address particular specific issues (e.g., E16 and 17 in this study), while allocations to non-governmental organizations only allow for small-scale efforts. In addition, there are often complications in gaining approval to build infrastructure (e.g., environmental impact assessments, government approvals for infrastructure planned for government-owned land and approvals from private entities to build infrastructure privately-owned land). The lack of awareness and initiative to explore and embark on new technologies among policymakers and practitioners could also have contributed to low percentages in some of the approaches. More often than not, stakeholders tend to fall back on affordable and familiar practices which are less risky and more predictable in their outcomes (T.K. Yap, Personal Communication). Finally, each individual MPA was considered a single NbS effort, which contributes to the relatively high number of efforts linked to category 5 ecosystem protection approaches.

From the NbS efforts collated in this study and from the evaluation of success or lack thereof for each type of approach, we summarize below key lessons learned and way forward for advancing future uptakes of NbS (Figure 4). Although these findings are based on the Malaysian case study, lessons drawn are relevant and applicable, globally.
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FIGURE 4. To increase application and uptake of NbS in Malaysia and elsewhere, scientific and local knowledge should be shared though education and training programs to increase the probability of success of NbS efforts; jurisdictions, legislations, and regulations should be rationalized or standardized to eliminate contradictions and close gaps; long-term, sustained observations should be used to monitor the success of NbS efforts; existing policies should be strengthened and made more inclusive of NbS; communication and collaborative efforts among all stakeholders should be strengthened to best use resources and facilitate ecosystem stewardship; and funding for NbS schemes should be sufficient and consistent.



Appropriate Application of Targeted Knowledge

Informed application of both scientific and local knowledge is important in increasing probability of success in NbS efforts. In Pulau Pom Pom, Sabah (E6), deployment of artificial modules using both local knowledge and scientific expertise ultimately contributed to a fivefold increase in marine biodiversity of the reefs, likening them to natural reef biodiversity levels.4 Specifically, local knowledge on how to provide structural strength and stability to the substrate where corals are transplanted and rigorous scientific testing showing that larger coral fragments used yielded higher survival rates than smaller fragments.

In the case of mangrove replanting in Seberang Perai Tengah, Penang (E12), local ecological knowledge about using older mangrove saplings led to successful rehabilitation. The older tree saplings took root faster than younger saplings, improving their hold on soft, muddy sediments preventing them from being washed away by strong waves and currents (S.Y. Foong, Personal Communication).

Careful choice of site and timing for NbS application is equally important for NbS to result in positive outcomes. Site characteristics like the areal extent, soil type, wave climate, and availability of similar species in the vicinity, need to be considered for the ecosystem used in NbS (Sarabi et al., 2020). For heavily developed coastlines, like the east coast of Penang Island, these considerations are even more critical due to space limitation and reduced connectivity among patches, limiting self-recruitment or species dispersal (Chee et al., 2017). It is important to recognize when available spaces may not be ideal for certain NbS efforts. This is apparent from some seagrass efforts where selected sites constantly bore effects from strong waves and other harsh environmental conditions (Miki, 2019).

To increase confidence in the functionality of solutions and to provide support for NbS uptake, education and capacity building programs for stakeholders including citizens and professionals, should be prioritized, and up-scaled (Figure 4; Davies and Lafortezza, 2019; Sarabi et al., 2019). Formal education in classrooms and informal education through the media, internet, and tourism opportunities can facilitate uptake of NbS (Chen et al., 2019). Online repositories of NbS efforts, with transparent documentation of successes and failures, can enable sharing of knowledge and experiences, access to feedback and professional consultation, incorporation of citizen knowledge, mapping of NbS issues, and showcasing of best practices in implementing NbS (Faivre et al., 2017)5, 6; such efforts will aid in assessment of NbS effectiveness and trade-offs for better decision making (Bayraktarov et al., 2016; Firth et al., 2020; Seddon et al., 2020) and may in turn promote future investments in natural infrastructure (van Ham and Klimmek, 2017; Airoldi et al., 2021).



Multiple Stakeholder Engagement, Partnerships, and Communication

High levels of community involvement and buy-in are also important enablers in increasing probability of success in NbS efforts. Community engagement programs such as Cintai Tioman (E14) encouraged local stakeholders on Pulau Tioman, Pahang, to connect with conservation organizations and participate in their coral reef protection activities enabling sustainability of this program beyond its establishment (Joibi, 2018). Similarly, Kepulauan Sibu-Tinggi, Johor (E15), has a Community Consultative Committee that functions as a core management platform for the community to express opinions about development projects to State and Federal agencies (United Nations, 2019b). Such community-focused initiatives help build ecological and social resilience (Reef Check Malaysia, 2015) and empower the community members to be involved directly in these NbS efforts.

Collaborative management of Marine Protected Areas has been explored, particularly in the state of Sabah (CBD, 2019). For example, Reef Guardian Sdn. Bhd. – a private entity, has been appointed by the Sabah State Government to manage the 46,317 ha Sugud Islands Marine Conservation Area (SIMCA) situated within the Coral Triangle and Sulu-Sulawesi Tri-National Sea Turtle Corridor. The company has been entrusted to enforce regulations in SIMCA, implement marine conservation efforts, and promote education and awareness in return for the right to operate tourism facilities on the island. This collaborative effort has shown a reduction in cases of encroachment into the protected areas. For Tun Mustapha Park, the second largest marine park in Malaysia, Sabah Parks have appointed Honorary Wildlife Wardens from local communities to assist in patrolling the protected waters (WWF, 2008).

Successful partnerships allow for effective communication of scientific knowledge and experiences between different experts and decision makers, thus allowing for high-quality decision-making. In the case of Malaysian IBAs, consistent communication between experts and decision makers from relevant ministries was the key enabler for their general success (C.E. Tan, Personal Communication). Continuous adherence to standardized methodology of IBA assessment, coupled with updated expert communication of current IBA conditions with top-level decision makers of these areas, collectively enabled their protection from encroachment and human activities (C.E. Tan, Personal Communication). Benefits of communication and co-decision making were also demonstrated in the case of Ramsar sites where the federal government decided that it will no longer consider approval for pre-development environmental impact assessments (EIA) on Ramsar sites, thereby safeguarding these sites from future development (Bernama, 2019).

For international efforts, partnerships with local organizations were important. The IBA program initiated by BirdLife International (www.birdlife.org) in partnership with a local organization, the Malaysian Nature Society for example, enabled nationwide monitoring of the biodiversity and status of wetland IBAs through an annual census. The partnership helped strengthen the conservation and protection of several wetland IBAs primarily in Bako-Buntal Bay (Sarawak), Teluk Air Tawar-Kuala Muda coast (Penang), Matang coast (Perak), and the north-central Selangor coast (Selangor) (C.A. Yeap, C.E. Tan, Personal Communication). Similarly, stakeholder collaborations between the Sarawak state government and Sarawak Forestry Corporation enabled coral rehabilitation using reef balls in Sarawak (Lai, 2019; The Borneo Post, 2020). This collaboration has kept illegal trawlers out of key marine habitats so that corals and other marine species can grow and reproduce. As a result, fish catches have increased significantly (E. U-H. Sim, Personal Communication) and resulting in increased income for local fishermen.

As NbS are multifunctional solutions that cut across multiple disciplines and institutions (Davis and Naumann, 2017; Frantzeskaki et al., 2017; Seddon et al., 2021), there is a need to strengthen communication and collaborative efforts among all stakeholders including local communities, government agencies, NGOs, private sectors, and academic institutions (Figure 4). Each of these entities has its own strength in terms of technical expertise, financial capacity, knowledge on policy, and local knowledge. Communication and collaboration among these groups can encourage trust, while facilitating ecosystem stewardship (Rusli and Lee, 1999; Muhammad et al., 2017; Waris et al., 2019). Citizens can empower the NbS planning and management process by contributing local knowledge, which can substantially increase the likelihood of a successful NbS outcome for instance, providing citizen science data to map different conservation zones for marine protected area (Lau et al., 2019; Rahman et al., 2019). Communication between academia and industry can produce various benefits via the enhancement of research and innovation through joint research projects and delivery of innovative commercial products. Private sectors can offer support by sharing their experiences and knowledge in project implementation as well as through the contribution of financial resources. Public-private partnerships can combine the top-down regulation of the government sector with the flexibility of the private sector (Rahman et al., 2019). Partnerships between businesses and other stakeholders can showcase the potential and value of NbS for economic prosperity and human well-being. For NbS to bridge different disciplines and institutions, inclusion is pivotal (Frantzeskaki et al., 2017) and sometimes, knowledge brokers (e.g., WWF, Wetlands International) will need to be appointed to develop a shared understanding of NbS and their benefits as they can speak the language of different groups and connect them with one another (Sarabi et al., 2019).



Streamlining of Nature-Based Solutions Policy and Cooperation Across Jurisdictions, Legislation, and Regulations

Mainstreaming of NbS within a coherent framework is an important step forward for countries like Malaysia where governance of natural resources are often confined to respective sectors; and jurisdiction for biodiversity divided between federal and state governments as provided by the Federal Constitution. NbS efforts conducted “in silos” can be a major impediment to their sustainability (Jomo and Wee, 2003; Kangayatkarasu, 2018). Depending on scale, NbS efforts may involve actions in multiple habitats that transcend jurisdictional boundaries (Seddon et al., 2020). For instance, mangrove reserves come under the state Forestry Department, while all mangrove habitats outside reserve boundaries largely come under the state Lands and Mines Department, which has limited capacity to manage these environments (Rahman et al., 2019). Additionally, not all mangroves are categorized as reserves; some are outside Forestry Department remits and fall into a legislative gap when it comes to management and conservation. Similarly, in ICZM, overlapping jurisdiction and lack of legislation that directly addresses coastal zone management also exists and this affects the performance of different departments within the federal government (Pedersen et al., 2005; Albotoush and Tan, 2019).

Given the extensive amount of NbS efforts and opportunities for national climate mitigation and adaptation strategies, policy amendments could explicitly include recognition of NbS and mainstreaming of the climate change agenda. Such amendments should be included alongside policy integration across multiple tiers of government, the closure of policy loopholes that disincentive protection of existing NbS efforts, policy reforms toward decentralization, and co-management of NbS efforts. National and state policies need to be aligned to provide supportive institutional settings where short-term state-wide objectives are aligned with long-term national goals (Sarabi et al., 2020).

Due to the dichotomy in jurisdiction on natural resource use (Reef Check Malaysia, 2019), state and federal governments may have conflicting priorities which, in turn, can potentially affect the success of NbS implementation. Therefore, cooperation and coordination of the offices involved needs to be strengthened to close disparities that may affect decision-making and subsequent outcomes. Ideally, actors at the local level such as municipal councils, and those at the national, regional, and international levels, should provide supportive and clear legislation (Sarabi et al., 2019). Cooperation through decentralization of power and upgrading national and municipal regulations may also support nationwide efforts (Hezri and Hasan, 2006; Loh, 2010). Supportive regulatory arrangements will also promote compliance and collaboration between private and public entities (Islam et al., 2017; Sarabi et al., 2020).



Implementation of Sustainable Finance Instruments

Inadequate and intermittent funding was cited as one barrier to the upkeep of MPAs and other NbS efforts such as mangroves (Teh et al., 2008; Lahasing et al., 2015). Sole reliance on governmental and municipal resources to finance solutions places pressure on these institutions and highlights the need for long term, sustainable funding mechanisms. It is critical to invest in and finance NbS well beyond the completion of establishment as the expected success and other co-benefits associated with NbS can be realized only in the long-term. Unfortunately, specific funding opportunities to facilitate the implementation of NbS in Malaysia are often limited (Kangayatkarasu, 2018).

Sustainable financing is one of the most important enablers in the way forward for the successful implementation of NbS (Airoldi et al., 2021). Carbon credit initiatives which have already been employed by several other countries globally, should be explored and implemented in Malaysia. Other types of economic instruments that could be incorporated include price instruments, quantity instruments, and fiscal instruments (Droste et al., 2017; Sarabi et al., 2019). In price and quantity instruments, private parties can adjust the fees and charges of using ecosystem services or limit the activities affecting nature. In fiscal instruments, decision makers in the public sector can create incentives for developing green infrastructure and NbS through the inclusion of ecological criteria in fiscal transfer processes. These economic instruments can encourage stakeholders to uptake and implement NbS as the alternative that can provide the best value for money. They can also be in the form of grants that enable community led NbS projects. One promising initiative by the Malaysian government to bridge the financial gap faced by states is the Ecological Fiscal Transfer (EFT) initiative. First announced in 2019, EFT allocates federal funds to states based on the amount of protected area (both terrestrial and marine) conserved.



Systematic Management With Long Term Monitoring

Collated efforts showed that systematic management can enable NbS uptake and safeguard sustainability. The Matang Mangrove Forest Reserve, Perak (E114), is a fitting example of systematic management as an enabler to local NbS effort. Since 1908, the reserve has been systematically managed using fixed rotation age management system on a sustained basis for fuelwood and poles. Consequently, no more than 3% of the original mangrove habitat has been lost (Gan, 1995; Chong, 2007) and sediment accretion has gained 1,500 ha of forest (Gan, 1995). This successful NbS implementation controls shoreline erosion, supports research, educational and training activities, plays a crucial role in protecting bird migration routes, and even promoting sustainable ecotourism (Chong, 2007). Lack of systematic management on the other hand (e.g., shortage of or a poorly equipped workforce), can be a barrier to NbS implementation. This was observed in Mersing Marine Park Islands, Johor, where manpower shortage adversely affected daily operations resulting in encroachment by foreign trawlers in marine park waters (Ooi et al., 2011, 2017).

Generally, there is a need to increase the evidence base of NbS (Chausson et al., 2020; Li et al., 2021) with explicitly designed measurable benefits for biodiversity (Seddon et al., 2021). Investment into long term systematic research and monitoring of individual marine NbS efforts is important to assess success, benefits, and cost-effectiveness of these efforts. The ability of the NbS applied to withstand fluctuations in environmental conditions allows for assessment of the NbS effectiveness in mitigating changes from natural and anthropogenic pressures and global climate change (Navarrete et al., 2010; Giani et al., 2012; Sukhotin and Berger, 2013; Mieszkowska et al., 2014). In addition to mangroves, seagrass, and coral reef ecosystems that are predominantly used as NbS in Malaysia, efforts need to be given to other understudied marine ecosystems that have similar potential. These include, but are not limited to, submerged reefs, tidal flats, and estuarine swamps. Research should also be carried out to determine how different NbS can be implemented jointly, adding value by achieving greater outcomes and synergistic benefits. Finally, policy and management mechanisms implementing NbS efforts should include long-term monitoring as part of their NbS implementation strategies.



Ethical Considerations

The application of NbS raises some challenging ethical considerations. While NbS aim 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, there is scope for it to be misused in several ways. Firstly, there is scope for “greenwashing,” where environmental harm is caused by businesses incorrectly implementing NbS, particularly restoration projects (as part of so-called Corporate Social Responsibility) that fail. Secondly, through implementation of the Mitigation Hierarchy (CSBI, 2015), there is scope for NbS to be misused to make new coastal developments be viewed more favorably by regulators and the public. This can be particularly harmful as it can expedite the regulatory process and increase likelihood of consent of coastal development projects which damage key biodiversity and habitats (Rijks et al., 2015). This practice is akin to greening of gray infrastructure and biodiversity offsetting being used to facilitate coastal development by creating small increases in biodiversity when in fact the actual development causes net biodiversity loss (Firth et al., 2020). Finally, perhaps the most dangerous consideration is the naïve assumption that humans can “fix” and “engineer” their way out of environmental problems. Much greater emphasis should be placed on ecosystem protection over other approaches if we are to avoid NbS being misused for environmental harm.



CONCLUSION

NbS are increasingly being recognized as a promising means to achieve sustainable development and to address climate change related issues with multiple co-benefits to the economy, society, and environment. For decades, Malaysia has been actioning efforts that qualify as NbS in marine and coastal environments, but the body of knowledge is fragmented and sometimes difficult to access. To chart a way forward and to promote a widespread uptake and implementation of NbS not just in Malaysia, but elsewhere globally, there is a need to critically review past efforts for lessons they can provide and build on them. Here, we collated 229 NbS efforts and categorized them according to IUCN NbS approach typology. In some cases, these efforts achieved their anticipated outcomes highlighting the enablers for NbS but in others, it was apparent that there were barriers and challenges that needed addressing. Adopting a similar approach for other regions will improve the evidence base, inform adaptive management and ultimately the uptake of NbS, globally.

We found that factors such as communication, institutional uniformity, community engagement, partnerships and collaborations, knowledge, funding, and management, in part or collectively, affected the actual outcomes of each effort. Hence, several areas were determined as the way forward to enhance the uptake of Nature-based Solutions for informing coastal sustainable development policy and planning. These include increasing education, training, and knowledge sharing, rationalizing cooperation across jurisdictions, laws, and regulations, enhancing environmental monitoring, leveraging existing policies, enabling collaboration and communication, and implementing sustainable finance instruments. Ideally, research should also be conducted to elucidate understudied marine ecosystems and the potential synergy from combining ecosystems. Such findings are globally applicable to policy makers, whose work will likely benefit from expanding policy implementation efforts to include these enablers.

It should be cautioned, however, that nature should not be exploited in the name of finding “solutions” to the crises caused by unchecked economic growth. For research, policy, and practice on NbS to support transformative change, there must be a move away from the narrow framing of what nature can “do” for the society to an integrated approach, where solutions are understood as place-based, activated by people in partnership with nature (Welden et al., 2021). This study demonstrates and stresses how real solutions to global environmental crises should come from the ground up, where governments, local communities, and all other stakeholders commit to supporting transformational change centered on ecosystem-based, community-led approaches. These findings can be used to inform the improved application and uptake of NbS globally, and provide critical steer for generating policy buy-in from the communities who are most vulnerable to climate and biodiversity changes and who will benefit most from NbS efforts.
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