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The concepts of Nature-based Solutions (NbS) and the Blue Economy (BE) are two prominent sustainability frameworks at the forefront of policy dialogues. However, investment within the BE has been slowed by the lack of a sufficiently robust operational definition. This lack of definition reduces investor confidence and impacts adoption by policy makers and practitioners. By considering the overlap between the two sustainability frameworks it is possible to identify specific sectors and activities within the BE that also fit the operationalised criteria for NbS. Undertaking this process for one sector of the BE (aquaculture) has provided evidence that aquaculture activities, if planned and operated within the criteria, would qualify as NbS and as such may unlock financing for the provision of ecosystem services.
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INTRODUCTION

As our understanding of the impacts that human economic activity has on the environment increases, a number of frameworks have been developed and utilised to contextualise, measure and ultimately manage these impacts. In a western context this thinking can be traced back to the 18th Century and earlier (Du Pisani, 2006), with links made more recently between economic and ecological equilibrium and sustainable economic growth (Meadows et al., 1972) and with key milestones such as Rio 1992 and the millennium ecosystem assessment (Reid et al., 2005). One such framework is that of Nature-based Solutions (NbS) which signposted a shift in thinking from conserving nature for its own sake to conserving for peoples sake (Seddon et al., 2021) and sits within a wider stable of concepts that can be termed the green economy (Loiseau et al., 2016). This concept of NbS and its subsequent framework has grown out of a term first used, but not defined, in a world bank report of 2008 titled “Biodiversity, Climate Change, and Adaptation: Nature-based Solutions from the World Bank Portfolio” (MacKinnon et al., 2008). The report detailed strategies for the management and adaptation to climate change and biodiversity loss that were based in the concepts of ecosystem management and conservation. The term was further defined in 2009 by explicitly making the link between biodiversity and ecosystem management and human economic development through forests, fisheries and agriculture (MacKinnon and Hickey, 2009); also the role these can play in carbon sequestration. In the same year an IUCN position paper to COP15 endorsed NbS for climate change to “harness the potential of healthy and well managed ecosystems to build resilience and reduce the vulnerability of people to the impacts of climate change” (Parker, 2009). Subsequently the term was adopted by the IUCN as one of three areas in its 2012–2016 work program (Cohen-Shacham et al., 2016). The IUCN adopted the definition of NbS 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.” Importantly this definition builds on the concept in three important aspects. Firstly, it expands the concept of NbS from ecosystem management and conservation to include not just natural ecosystems but also to modified ecosystems. This links to the 2009 framing of the term that included forests, agriculture and fisheries, but significantly expands the scope into the framework of social ecological systems (SES; Berkes et al., 2000). Secondly it also expands the desired outcomes from focussing on climate change resilience to a broader category of societal need and from poverty alleviation to human well-being. Thirdly it explicitly recognises the NbS’ needs to deliver both ecological and social benefits. The IUCN definition was further developed and effectively operationalised through the development of a typology that categorised NbS into three main groupings along two orthogonal axes (Eggermont et al., 2015): firstly the degree of engineering of the ecosystem that is undertaken and the second axis being the number of ecosystem services (ES) and stakeholder groups targeted. This ordination reveals three main typologies, of which Type 3 which is the furthest along both of these axes and is described as follows: “consists of managing ecosystems in very intrusive ways or even creating new ecosystems (e.g., artificial ecosystems with new assemblages of organism).” The authors recognise that in some cases this typology moves the definition beyond the IUCN definition and caveats that for all cases, NbS should contribute to preserving biodiversity and restoring ecosystems while delivering a range of ES.



POLICY OPTIONS AND IMPLICATIONS

This development of the definition and steps toward the operationalisation of the NbS concept clearly demonstrates a strong link or nexus between NbS, ES (Almenar et al., 2021) and the context and sector specific challenges that are being addressed. However, the concept is still open and loosely defined (Randone et al., 2017), and this can represent a barrier to practitioners and policy makers in the adoption and application of the concept (Maes and Jacobs, 2017; Almenar et al., 2021). But the use of ES and an understanding of the specific context allows the anchoring of NbS within existing SES frameworks (Shah et al., 2020). These frameworks are crucial where there is a need to take the expanding ES literature and to use it as the catalyst for an action situation (Rodríguez-Robayo and Merino-Perez, 2017; sensu Ostrom) that leads to the benefits ascribed to the NbS approach. This anchoring allows both the recognition that any NbS is embedded in a complex web of interactions, subsystems, and internal variables (Ostrom, 2009) and that practitioners and policy makers can use existing SES frameworks to operationalise the concept. This operationalisation is key for the marine environment where inadequate frameworks and taxonomies have been highlighted as a principle barrier to sustainable financing and investment in Sustainable Ocean Economy or the Blue Economy (BE; Sumaila et al., 2020).

The concept of the BE as it relates to the sustainable development of coastal countries came out of the preparatory discussions for the Rio+20 conferences which were held in Rio de Janeiro in 2012. The concept of greening the BE was introduced at a meeting in Paris titled “A Blueprint for Ocean and Coastal Sustainability” (IOC/UNESCO et al., 2011). This meeting recognised the use of ocean space and resources as an essential component of global economic growth and prosperity and used the term “Blue-Green” Economy to refer to the transition to a human-ocean centred relationship of living with and from the oceans in a sustainable way. This meeting and the subsequent report highlighted the role of several key industries in this development. At the core of the BE concept is the de-coupling of socio-economic development from environmental degradation. It breaks the mould of the business as usual “brown” development model where the oceans have been perceived as a relatively unregulated source of resources and a waste dumping location with costs, financial and environmental, generally externalised from economic calculation. A robust definition of the “Blue Economy” is proving challenging to establish, with different stakeholders using it to cover wide ranging aspects of sustainable development in the context of utilising marine resources: fish, energy, mineral, transport, tourism, biotechnology, and others. However, the concept carries much political weight having been widely adopted by a large number of Governments and Non-Governmental Organisations including the United Nations, the World Bank (Bank et al., 2017), the Asian Development Bank, and WWF. Along with this recognition there have been a number of attempts at valuing the “economy” of our seas. An OECD report in 2017 valued the Ocean Economy at $1.5 trillion as of 2010 (Cervigni and Scandizzo, 2017), while other estimates of Gross Marine Product place the value at $2.5T (Hoegh-Guldberg, 2015). Despite this value there is a recognised lack of investment within the sector and a lack of capital flowing toward the BE (REUTERS, 2020), and there are also recognised information gaps in level of financial investment in the BE The Organisation for Economic Co-operation and Development (OECD) estimated that official development assistance leveraged a total of $2.96 billion of private finance between 2013 and 2017 (Whisnant and Vandeweerd, 2019; OECD, 2020). In addition the OECD recognised the lack of marine focus in the rapidly increasing Environmental, Social and Governance (ESG) investing, and cites the variety of standards and methodologies as challenging investor confidence in this sector. One of the barriers to investment in the BE, cited by 39% of asset managers, was a lack of definition of the BE (Suisse, 2020). The United Nations Environment Program Finance Initiative through the Sustainable Blue Economy Finance Initiative has recognised the importance of finance to the development of the sustainable BE. It has highlighted a wide range of public and private investment initiatives within the BE, and within this current investment landscape, financial services within the Seafood sector (including aquaculture) were prominent, although climate change and ecosystem service loss dominated the identified non-financial risks to investment. Conversely climate resilience and capturing positive environmental impact were the dominant non-financial considerations for financial institutions to engage with the sustainable BE (UNEP, 2021). Defining Nature based Solutions within the BE is a mechanism both to boost the investment within this sector of the economy and to mitigate some of the risks to investment that relate to a lack of definition.

There are strong linkages between the development of the concepts that underlie both the BE and the Nature Based Solutions framework and the development of the definitions, typologies and standards for NbS are transferable to the marine environment (IUCN, 2020) and its application in the marine environment has been particularly prevalent in the area of flood management and coastal defence (Inácio et al., 2020). The IUCN global standard for NBS lays out eight criteria based on the premise that an ecosystem-based approach can be used to manage functioning ecosystems and their natural resources as well as deliver solutions to societal needs, increasing both human well-being and biodiversity benefits. Using this premise, it is clear that some sectors of the BE using the European Union typology (European Commission, 2020) fall outside the framework of NbS, such as off shore renewables and shipping, whilst sectors such as aquaculture, fishing and coastal tourism have the capacity to fit within the NbS framework. Whilst not all activities within these sectors will fit the criteria for NbS, those that do have the potential to benefit from increased investment from private and public finance, and to receive better recognition of their benefit from policy makers and regulators.



ACTIONABLE RECOMMENDATIONS: AQUACULTURE AS AN EXAMPLE OF NbS WITHIN THE BLUE ECONOMY

Aquaculture is widely accepted as one of the pillars of the BE (Wenhai et al., 2019) and as an industry has a farmgate value of $263.6 billion (FAO, 2020). Aquaculture can be broadly divided into two categories, those that rely on the addition of feed to the production system (fed aquaculture) and those which rely on the wider ecosystem to provide nutrients and energy (extractive aquaculture; Troell et al., 2009). In general, extractive aquaculture concerns the cultivation of low trophic species such as photoautotrophs and filter feeding animals. The impacts of these two types of aquaculture on ES are generally accepted to be functionally different (Alleway et al., 2019). The definitions of NbS are based around taking an ecosystem based approach to manage a functioning ecosystem, where the managed activities enhance ES by delivering benefits that both enhance human wellbeing and reduce ecosystem degradation. The concept of taking an ecosystem approach to aquaculture (EAA) management is already well developed (Soto et al., 2007). It strives to balance diverse societal objectives by taking account of the knowledge and uncertainties of biotic, abiotic and human components of ecosystems (including their interactions, flows and processes) and applying an integrated approach within ecologically and operationally meaningful boundaries (FAO, 2005). This EAA has gained recognition, been widely adopted and has been linked to the development of aquaculture within the BE (Brugère et al., 2019). The first two principals of the EAA clearly link to the NbS approach, through ES and human well-being.


1.Aquaculture should be developed in the context of ecosystem functions and services (including biodiversity) with no degradation of these beyond their resilience capacity,

2.Aquaculture should improve human well-being and equity for all relevant stakeholders,

3.Aquaculture should be developed within the context of (and integrated with) other relevant sectors.



Not all aquaculture activity takes an EEA and not all aquaculture activity can offer NbS to the seven societal challenges the IUCN identify. The principles of NbS are wider than those of EAA, but an Ecosystem Approach to resource management does cover five of the eight principles of the NbS (Cohen-Shacham et al., 2019). In the IUCN global standard (IUCN, 2020) it is clear that to be classified a NbS, the activity must deliver human well-being, biodiversity and climate benefits and conform to the eight criteria. This framework allows the assessment of aquaculture activities (or any other sector) against these criteria. These criteria would allow for the mindful design and development of future aquaculture activities to deliver NbS (Table 1) inline with Eggermont’s typology of “managing ecosystems in very intrusive ways or even creating new ecosystems (e.g., artificial ecosystems with new assemblages of organism).”


TABLE 1. The eight criteria as developed by the IUCN global standard for Nature-based Solutions (IUCN, 2020) and evidence to demonstrate how specific, planned aquaculture activities meet the criteria.

[image: Table 1]When considering the application of these criteria to a highly diverse sector such as aquaculture it becomes evident that some sectors and practices within the industry are easier than others to demonstrate their potential future design as NbS. A systemic attempt to synthesise the way in which aquaculture can augment ES to deliver solutions to societal challenges while augmenting those ES and protecting ecosystem functioning showed that provisioning and regulating (using the Millennium Ecosystem Assessment Framework) were the most commonly addressed services (Weitzman, 2019). In conjunction with this there is clear understanding that the culture of low trophic species (such as bivalve and seaweed culture) have a good potential to augment regulating ES (Alleway et al., 2019) and as such may be the most appropriate to align with the concept of NbS.



CONCLUSION

The application of the NbS framework to low trophic and integrated aquaculture may allow the unlocking of investment linked to the enhancement of ES such as nutrient reduction. In general those aquaculture operations that are considered to extract inorganic nutrients (seaweed aquaculture) and organic nutrients (bivalve aquaculture; Troell et al., 2009) are more easily aligned with the criteria than fed species. But the conscious integration of multiple species groups (both extractive and fed) to meet multiple challenges may also meet the criteria, when balanced so as to provide a net benefit to human well-being and ecosystem functions (Chopin et al., 2012).
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Criteria

Evidence that aquaculture operations can meet the criteria

NDbS effectively address societal challenges

Design of NbS is informed by scale

NDS result in a net gain to biodiversity and ecosystem
integrity

NbS are economically viable

NDbS are based on inclusive, transparent, and empowering
governance processes

NbS equitably balance trade-offs between achievement of
their primary goal(s) and the continued provision of multiple
benefits

NbS are managed adaptively, based on evidence

NbS are sustainable and mainstreamed within an
appropriate jurisdictional context

Although aquaculture is principally concerned with the production of food (food security) it can be designed to meet other societal challenges
such as climate change mitigation (Sondak et al., 2017), adaption (Galappaththi et al., 2020), economic and social development (Ponte et al.,
2014), and the mitigation of environmental and biodiversity degradation (Lacoste et al., 2020).

Aquaculture development is a commonly licenced activity with that licence pertaining to a single spatial location, although the granting of
icences often draws on considerations at a larger geographical scale (Hishamunda et al., 2014). As such aquaculture developments are often
considered within a large seascape planning context. However, extending this to an integrated framework of marine spatial planning can identify
urther opportunities to increase food production, to reduce environmental harm (Lester et al., 2018) and to allow integration with other sectors
(Abhinav et al., 2020).

The nature of the environmental impact of aquaculture is dependent on a range of factors including the scale, the type of organism cultured and
he receiving environment (Ahmed and Thompson, 2019). However, aquaculture operations can be specifically designed to deliver conservation
goals (Froehlich et al., 2017) and to provide an increase in regulating ecosystem services such as nutrient cycling and carbon storage in low
rophic aquaculture such as shellfish or seaweed production. Furthermore aquaculture sites can, if designed appropriately, provide habitats and
positively impact on biodiversity locally and at a regional scale (Gentry et al., 2020).

Although growth rates of the aquaculture industry have slowed since the 1980s and 1990s, they remain high (4.5% between 2011 and 2018)
and aquaculture now has a farm gate value of $263B (FAO, 2020). Within these figures there are significant differences between the economic
viability, and this variability is context specific. However, there is a general negative relationship between sustainability and unit value of
aquaculture (Neori and Nobre, 2012) reflecting possible trade-offs between sustainability and profitability for any aquaculture NbS. Furthermore,
business models in aquaculture are often weighted toward economic rather than social development (Kaminski et al., 2020).

At a global level aquaculture exhibits a wide range of governance structures and processes. Much of this governance is based at the farm level
and has a focus on environmental regulation (Bush et al., 2019). There is, however, significant opportunity within the aquaculture industry and its
associated governance to address issues of human rights and gender equality (Gopal et al., 2020; Graham and D’Andrea, 2021), community
well-being (Campbell et al., 2021), and stakeholder intervention (Krause et al., 2020).

Constraints within complex systems makes trade-offs inevitable and the equitability of those trade-offs is dependent on how decisions are
made (Sowell, 2019). Within aquaculture, trade-offs can be broadly distributed amongst the multiple pillars of sustainability (Valenti et al., 2018)
and a number of tools have been developed to manage these trade-offs (Gimpel et al., 2018; Bohnes et al., 2019).

Although there is no systemic review of the philosophical basis to aquaculture governance and management, there is a body of evidence to
demonstrate the application and value of adaptive management to the aquaculture sector (Fang et al., 2016; Craig, 2019) and clear frameworks
for their future application (Doremus et al., 2011).

As previously discussed, aquaculture development already exists within comprehensive governance structures, policy frameworks and
regulatory environments. However, their inclusion within the NbS framework would require an additional transparency in terms of design,
implementation and lessons learnt to allow the effective scaling and persistence of the solution. This type of activity has already been
implemented within the aquaculture sector, connected to technology or diffusion of more sustainable practices (Lebel et al., 2016; Alexander
and Hughes, 2017).






