Chapter 6
The Water-Food Equation in the Pacific oo

Heidi K. Alleway and Wade L. Hadwen

Complexities that exist at the water-food nexus typify the
challenge, and the opportunity, for the Pacific region in adapting
to a future of change.

Abstract Onland and in the sea clean water safeguards food and nutritional security
in the Pacific, because it underpins functioning, productive food systems, and human
health and wellbeing. Water, food, and communities in the region are intrinsically
connected, which makes resolving ecological and socio-economic issues an inher-
ently complex task. Yet, this connectivity, and the geographic diversity of Pacific
nations, is also a strength. Nexus solutions can be effective in increasing the sustain-
ability of resource use and the resilience of ecosystems and communities to climate
change, as they enable a range of interconnected land and sea ecosystem issues
to be considered across multiple spatial scales. They also support communities,
governments, and industries to identify and navigate trade-offs in social and ecolog-
ical objectives. This chapter explores challenges in the water-food equation and
several nexus-focused strategies that could foster sustainability and the resilience of
ecosystems, resources, and communities in the Pacific.
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6.1 Introduction

The productivity and sustainability of water and food resources and the health
of ecosystems are interconnected. Because of this interdependency, challenges in
achieving sustainability that arise at the water-food nexus can be complex, and they
can require multiple ecological, social, and economic needs to be met. In the Pacific,
these challenges and complexities also solidify into a single significant test; without
a secure supply of clean water, on land and at sea, food security as well as water secu-
rity, cannot be achieved. Clean and secure freshwater and marine environments are
central to the water needs and sanitation of Pacific communities, and they underpin
the productivity, safety, and nutritional value of food. Without clean freshwater and
sanitation (SDG 6) communities will experience ongoing impacts to health and well-
being, and pressure on the supply of water for land-based food production will esca-
late due to population growth, competing demands for resources, and climate change.
To conserve marine and coastal environments and achieve genuine ecologically
sustainable development of resources (SDG 14) healthy ocean waters are essential.

Across the Pacific diverse environmental settings mean that access to sufficient
quality and quantity of freshwater is highly variable (Chap. 2). For example, in
atoll nations like Tuvalu, the Marshall Islands, and Kiribati, freshwater is in limited
supply, and technological and traditional approaches to cope with water scarcity are
required to sustain food production and human communities, particularly during dry
spells and droughts (MacDonald et al. 2020). In contrast, in Melanesian countries
like Papua New Guinea, Solomon Islands, Vanuatu, and Fiji, freshwater is abundant,
but the quality of the resource, particularly during and in the aftermath of signif-
icant extreme weather events, represents a major threat to human health and the
safety of food products (Chan et al. 2020). In all geographies coastal environments
and resources make an important contribution to food, livelihood, and community
well-being. But degradation of catchments and coastal water quality, brought about
by poorly managed development, land-based pollution, and high levels of water
consumption threaten these ecosystems and their productivity (Halpern et al. 2015).
Human stressors such as eutrophication, overfishing, and pollution, including threats
from plastic, light, sound, nutrients, and GHG emissions, are impacting marine and
coastal habitats and species at an increasing rate, and climate change is exacerbating
their effects (Halpern et al. 2019).

The biogeographic processes that shape geographies in the Pacific mean that
many environments are well adapted and inherently resilient to natural disturbance—
resilience that has evolved over millions of years—but poorly adapted and highly
vulnerable to human-driven impacts (Keppel et al. 2014). Development that increas-
ingly reflects western expectations for water and food systems, especially intensive,
high output production systems, and the loss of Indigenous knowledge and prac-
tice (Chap. 11) is straining the natural coping capacity of these systems and human
communities (Crook et al. 2015). This chapter explores challenges for Pacific nations
in the water-food equation and several nexus-oriented strategies that target challenges
in sustainable resource use, but could also provide an opportunity to leverage the
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interconnected nature of water and food systems to deliver numerous ecological,
social, and economic outcomes across many spatial scales.

6.2 Water-Food Systems: Their Importance and Their
Challenges

While at a global level the drivers of impacts to the availability and quality of water
may be common (e.g., water extraction for increased food production, physical effects
of climate and natural hazards) they are unique in time and place throughout the
Pacific, insofar as how and to what extent the effects are experienced at regional,
national, and subnational levels. Pacific nations are exceptionally diverse, geograph-
ically, biologically, and culturally. This diversity is an important feature of adaptable
and resilient environments (Keppel et al. 2014), but it also exposes the variability
with which nations, particularly the Pacific Island Countries and Territories (PICTs),
experience the effects of resource pressure and, increasingly, climate change. For
example, the Marshall Islands experiences the effects of drought and sea level rise,
both of which reduce the availability of freshwater (MacDonald et al. 2020), whereas
flooding that occurs in the Solomon Islands each year generates an excess of fresh-
water, and most is unused because rainwater harvesting is not common practice
(Chan et al. 2020). Such diversity of contexts requires consideration of issues that
emerge from within water and food systems and the unique impacts they can have
in each, and consideration of the effects they generate across these systems.

6.2.1 Water Systems

While water scarcity and lack of freshwater reserves is a growing problem in the
central and eastern parts of the Pacific, many countries in the Western Pacific region
suffer periods where monsoonal rainfall creates very different problems. Where fresh-
water is abundant, careful consideration of the sources of water and their potential
contamination is needed, to ensure that communities use safe water for drinking and
food production (Elliott et al. 2017; Chan et al. 2020). While interventions supporting
the capture and austere use of rainwater, universally deemed to be the safest and
highest quality source of water in most settings, are gaining significant support from
government and non-governmental organizations (NGOs) (MacDonald et al. 2020),
there remain cultural and biophysical constraints in many places that are limiting the
success of such interventions (MacDonald et al. 2017; Chan et al. 2020).

Scientific knowledge of water resources remains scarce in many Pacific settings,
such that the quantity and quality of freshwater available to alarge number of commu-
nities remains unknown (see Chap. 2 for discussion on water resource security). An
effective understanding of country-specific and community context remains a barrier
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to supporting water-food security and achieving the SDGs, particularly as traditional
knowledge and cycles of rainfall are no longer as reliable as they once were (Hadwen
et al. 2015; Chan et al. 2020). Limited understanding of groundwater recharge and
streamflow rates also represents a constraint in water resource planning in many
locations, although in some places sufficient information via qualitative information,
including anecdotes, government and NGO reports exists to understand if water is
scarce across seasons or other time scales.

With year-to-year rainfall variability increasing, there will be growing uncer-
tainty around predictions of rainfall and reliability of freshwater resources for Pacific
peoples (Chap. 5). Already, this lack of predictability in rainfall cycles is having an
impact on local food production in many countries. Anecdotal evidence suggests
that the timing and magnitude of reliable rainfall events has been diminished, and
many local people have spoken of failed taro crops and uncertainty around when
to plant (Sahin et al. 2021). This erosion of reliability threatens the continuation of
subsistence production systems that many Pacific Island peoples rely on for suste-
nance. Furthermore, changes in rainfall cycles could see an emergence or increase in
other threats, such as bushfire events, increased vulnerability of crops, particularly
banana and plantain, to fungal disease, and the additional pressure on water resources
and infrastructure required for adequate response. Bushfires experienced throughout
Australia in summer 2019/2020 and flooding in the summer of 2021/2022 make clear
the extremity of the impacts of climate change; impacts that are projected to become
more common in many places (IPCC 2019, 2022). Bushfires in the PICTs present a
growing threat, and for water and food systems their impacts are numerous. The phys-
ical impacts to natural resources supporting primary production can be acute (e.g.,
loss of crops or stock and sustained effects on water resources through use of water
during events), as can contamination of water sources which can impeded recovery.
Additionally, heavy rainfall events after bushfires can lead to erosion in catchments
and carry sediment to coastal areas. Sedimentation of critical coastal and marine
habitats such as coral reefs can lead to further environmental impacts and rapidly
and severely deteriorate marine food source systems. To adequately prepare for the
increasing threats and effects of bushfires, similar approaches used to responsed to
address other natural hazards, such as cyclones, will be needed. But there will also be
unique, differentiated needs for preparation that must not be overlooked, in partic-
ular, access to additional water supply, especially during times of higher bushfire
risk, and rapid response to the ways in which supply will be destabilized and quality
impacted.

While living with freshwater resources of limited quality or quantity represents a
constraint for many people in the Pacific, there are also countless examples of Indige-
nous adaptations that help communities survive during periods of scarce supply. For
example, in the Republic of the Marshall Islands, communities use seawater when
cooking their fish (Elliott et al. 2017); this not only preserves the traditional Indige-
nous way of preparing food, but also preserves the limited available freshwater for
drinking use only, which helps the community get through dry spells and droughts
(MacDonald et al. 2020). Including Indigenous and customary practices and knowl-
edge into the design of sustainability and climate change adaptation strategies will
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ensure the ecological and social uniqueness of the Pacific region remains a strength,
and increase the capacity for adaptation under a future of change (Sahin et al. 2021).

6.2.2 Food Systems

In the PICTs, changes in eating habitats have resulted in poorer nutrition, the effects
of which will be intensified by threats to food security via disruptions to supply
chains from climate change. This includes direct impacts to food production, but
also disruption to distribution networks and the economic capacity of households to
access food (Barnett [2011], and see Chap. 4 for discussion on food and nutrition
security). However, despite ubiquitous and sometimes high rates of food imports
around 80% of people in the PICTs still draw on agriculture from small landholders
to satisfy their daily food needs. Many households have small food producing gardens
and these small holder farms play a pivotal role in the stability and quality of supply
(Georgeou et al. 2022). Agriculture and seafood production (fishing and aquaculture)
also provide the largest source of employment in the region, providing a societal
basis for both economic and food security, especially economic security created by
small-scale or subsistence fisheries which account for most of fisheries livelihood
fisheries in the Asia—Pacific (Kittinger 2013). These dependencies underscore one
of the most significant feedback loops that must be addressed in food production
today. An estimated 70% of freshwater usage, 80% of habitat degradation, and 26%
of total global greenhouse gas (GHG) emissions are associated with global food
production (Poore and Nemecek 2018). In the absence of practical or technological
advancements to address the environmental impacts of food systems, impacts to
resources could increase by 50-90% in the coming years (Springmann et al. 2018).
Under these circumstances food and nutritionally insecure nations could face the
double jeopardy of needing to expand production to meet increasing demand while
also incurring the impacts of increased production, through continued deterioration
of water resources, land displacement, and biodiversity loss (Blanchard et al. 2017).

The island nature of the Pacific region lends itself to an important role for seafood,
which forms an essential part of diets and cultural and economic livelihood. Oceania
maintains the highest regional per capita consumption of seafood globally (an average
24.2 kg per capita), and the contribution of fish and fishery products to the supply
of animal protein is more than 20% in a number of countries (FAO 2020). For
several small island nations, such as Palau, the Cook Islands, Kiribati, and Tokelau,
alternative forms of protein are not readily accessible and so consumption can also
be synonymous with reliance.

Small-scale fisheries do and will continue to play a critical role in securing this
consumption, even with the effects of climate change (Golden et al. 2021; Short
et al. 2021). However, the current distribution of seafood production effort means
this reliance is overwhelming directed toward fisheries, which exposes resources
to overfishing and the challenge of meeting social objectives for food security at
the same time as enabling economic opportunities, such as engaging with export
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markets. While production of seafood from aquaculture and its contribution to human
consumption has steadily increased since the 1960°s at a global level, with the
total global volume of production from this industry now equivalent to fisheries,
at a regional level this same trajectory of growth has not occurred. Aquaculture
production in Oceania is limited in comparison to other regions, with approximately
12—-14% of total seafood production (fisheries and aquaculture combined) contributed
by aquaculture and decadal growth occuring at a rate of just over 4% (FAO 2020).
While the majority of the Pacific has suitable habitat for aquaculture production of
marine species, and for a greater diversity of species than that currently produced
(Oyinlola et al. 2018), this generally restricted scale of current activity suggests there
are multiple technical, regulatory, and social challenges that need to be overcome
to increase production from this industry. Whether a country practices aquaculture
or not, and to what extent, is influenced by socio-economic factors, particularly
the quality of governance and regulation, and development of this industry over
time, underscoring the important role these factors will play in enabling sustainable
growth into the future (Gentry et al. 2019; Ruff et al. 2020).

6.2.3 Ecosystems and Economies

Traditional ways of life in the Pacific are dependent on nature, and these cultural ties,
as well as the physical dependence, are critical to wellbeing. For example, biodiver-
sity is fundamental to healthy ecosystems, but it is also closely tied to important
avenues for economic productivity, deepening the dependence of the Pacific on
healthy and productive water-food ecosystems, and adding to the complexity of
balancing multiple community and environmental needs. In particular, marine envi-
ronments in the central Indo-Pacific have the highest species richness globally (Miller
etal. 2018) and this unique biodiversity underpins the opportunities afforded through
tourism. Across Asia and the Pacific, international tourist arrivals have steadily
increased since 1950, and in 2018 the region received 24.43% of arrivals world-
wide (Roser 2017). Yet, while of critical economic importance tourism is a significant
creator of waste and the pressure generated through additional use of water resources
can limit the availability and access to safe water resources for residents (Becken
2014; Dwyer 2018). Energy-intensive desalination plants (Chap. 8) often only serve
international guests, with no direct water benefits for the local communities (Loehr
et al. 2021). These interactions could constrain sustainable development of tourism
and other industry, and further growth of economic capacity (Briassoulis 2002). As
such, a more holistic and integrated approach is needed to ensure that growth and
development in the tourism sector does not come at the cost of the local environment,
people, or places (Briassoulis 2002; Loehr et al. 2021). As climate change places
increasing stress on water resources, location-based or ‘destination’ approaches will
need to be able to ensure the sustainability of tourism in climate-vulnerable nations
(Hadwen et al. 2015; Loehr et al. 2021).
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Similarly, food consumption by tourists can generate expectations for access to
different foods than those produced in local systems and imbalances in food avail-
ability, which contributes to the high rates of food importation observed in some
Pacific nations (Table 6.1). Food importation requires considerable infrastructure.
Where trade networks lack infrastructure or the capacity to sustainably increase the
supply of goods from domestic or international markets, there is a risk that attention
and funding for maintenance, upgrades, or new initiatives will be diverted toward
tourism-centric development and away from needs that best serve local communities.
In the short term, the challenges of achieving local water and food security while
restoring and increasing economic opportunities associated with food markets and
tourism have been complicated by the impacts of the COVID-19 pandemic. The
collapse of the tourism economy and reduced economic contributions from fish-
eries will create long-term debt for many nations (Béné 2020; Northrop et al. 2020)
upping the challenge of meeting numerous, sometimes competing, ecological, social
and economic demands.

Unfortunately, a comprehensive and harmonized picture of ecological and human-
development risk in water-food systems across the Pacific is being compromised by
a lack of available data for many PICTs. These data gaps limit the capacity for plan-
ning, and comparison of threats and impacts at successive scales to appropriately
prioritize investment. For example, the 2019 Global Food Security Index reports
rankings for the Pacific nations of Australia and New Zealand, but, despite being a
high profile and widely used database, comparable data and scores for many PICTs
are not available. This creates an imbalance and bias in the world view of resource
vulnerability analyses. Data limitations for the Pacific region also limit down-scaled
assessments of climate risk. For instance, Faivre et al. (2022) completed a hazard
assessment in Port Resolution Bay, Vanuatu and found very limited data of suffi-
ciently high resolution to model coastal processes effectively, leading to the risk of

Table 6.1 Proportion (%) of key trade processes (consumption by tourists, importation of products,
and exportation of products) in 2017, associated with food production (including food, beverages
and oils) in select Pacific nations (FAO 2019; Roser 2017)

Country? International | Total food | Tourist Imports (% of | Exports (% of
arrivals in production | consumption | production) production)
2016 (tonnes) in | (% of
2017 production)
Fiji 792,000 2,312,000 10.38 16.61 11.16
French 192,000 230,000 17.83 68.26 391
Polynesia
Kiribati NA 367,000 24.52 7.90 26.70
Samoa 134,000 293,000 19.11 23.89 6.14
Solomon | 23,200 1,059,000 17.19 11.71 15.49
Islands
Vanuatu 95,100 529,000 11.91 9.26 30.06

4Countries included are those with available data for consumption of food and beverages by tourists
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recommending maladapted approaches. In this example available wave data gener-
ated unrealistically high predictions of wave height within the bay, which if taken on
face value would lead to a recommendation for extensive and expensive engineering
adaptation for coastal protection despite these solutions being likely to fail to prevent
ongoing cliff erosion, even under worst case scenarios associated with a Category 5
tropical cyclone. The most appropriate intervention identified by Faivre et al. (2022)
was revegetation of clifftops to reduce erosion, a solution that may be lower in imme-
diate and ongoing costs and come with numerous additional ecological and social
co-benefits.

6.3 Fostering Sustainability and Resilience Through
Water-Food Strategies

The Pacific region is physically, socially, and economically exposed to acute impacts
and disruptions from climate change as well as systemic changes, such as sea level
rise and species migration through changes in the suitability of habitat (IPCC [2019]
and see Chap. 5 for climate change trends). Furthermore, climate change strains the
connectivity between systems, displacing or accumulating pressure across ecosys-
tems or communities. Changes in rainfall patterns present direct threats to water
security because of the high dependency of many Pacific nations on rainfall due
to limited availability of ground and surface water (Chap. 2). Changes in rainfall
patterns will likely also impact the production of staple crops, which could exacer-
bate the burden of malnutrition that is already present in the region (Chap. 4). Such
changes have direct impacts and equally problematic indirect impacts. For example,
reduced freshwater inputs into catchments can reduce flows to coastal habitats that
are necessary for the breeding of commercially or culturally significant freshwater
and migratory marine fishes (Arthington et al. 2016). Engineering features designed
to mitigate the impacts of increased variability in freshwater resource availability in
response to climate change could, therefore, disrupt these natural processes (Crook
et al. 2015). Strategies that therefore target the interdependencies between water
and food systems will be especially effective in supporting climate adaptation and
resilience. Their efficacy is reliant on working across ecosystems, spatial scales, and
human dimensions, and the interdependencies become an opportunity to leverage
improvements in both systems, their interdependencies, and diversity, which is crit-
ical to environmental health and community wellbeing (Fig. 6.1). Below we discus
three strategies that may be especially valuable examples of a nexus approach to water
and food sustainability in the Pacific region. We identify some key considerations
for each that all actors could take in furthering these approaches.
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A) Examples of system level stressors to water and food resources
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- Water extraction, for water sources and food *  Increasing sea temperature and ocean
production acidification
- Land clearance, increased erosion oftopsoil Pollution (plastic, light , sound, nutrients, carbon)
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Fig. 6.1 Water-food nexus strategies provide an opportunity to address threats within and across
systems (A), through sustainability strategies that work across multiple ecosystems, spatial scales,
and human dimensions (B). Figure adapted with permission from A. Blacka and the Water Research
Laboratory, University of New South Wales

6.3.1 Integrated Planning and Management

Integrated Management (IM) of resource use and sustainable development is now a
generally well-known and promoted approach; and it remains one of the most impor-
tant ways to achieve effective and equitable outcomes at the water-food nexus. IM
can assist to make decisions that require balancing multiple objectives in sustain-
ability, or the need for trade-offs, providing a foundation for transparent governance
and decision-making. The importance of this approach is reflected in its explicit
inclusion in the SDG’s and their targets, including SDG 6: Clean Water and Sani-
tation, which identifies “Target 6.5: By 2030, implement integrated water resources
management at all levels, including through transboundary cooperation as appro-
priate”. Integrated Landscape Management (ILM) is the management of production
systems and natural resources in an area large enough to produce vital ecosystem
services, and small enough to be managed by the people using the land and producing
those services (FAO 2017). This definition is extended to catchment and marine appli-
cations. In coastal areas, Integrated Coastal Zone Management (ICZM) can play an
important role in managing human use of this highly dynamic space, and changing
expectations for use of these common property areas and resources.
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The value of integrated management, in all its forms, is the focus it adds to planning
at the landscape or seascape scale, which drives recognition of the myriad habitats,
species, and functions that form an ecosystem and the intent and impact (positive
and negative) of a community’s interactions with them. An integrated approach also
enables challenges such as poverty and food security to be considered alongside
efforts to protect or restore environments. Yet, IM has proven difficult to implement,
in part because sufficient investment has not been directed toward the capacity needed
to monitor and evaluate its efficacy and make adaptations (in the approach), and
because it is linked to legislation and jurisdictional cross boundary policy (e.g.,
catchment management), which requires sustained political will and support from
government. Even in areas where IM constitutes a guiding principle for legislation
it has had mixed success. Notably, despite having the regulatory and management
capacity to implement ICZM, its application in Australia is varied and its results
uncertain. This has contributed to the lack of progress made in addressing ongoing
declines in globally critical habitats, such as coral reefs and biodiversity (Clark and
Johnston 2017). Disconnect in the practices applied in coastal areas and an imbalance
between responsibilities and effective resourcing has also meant that complex but
increasingly urgent issues, such as sea level rise, are not yet being meaningfully
addressed.

The island nature of the PICTs creates the added challenge of realizing integrated
management in areas physically disconnected but intrinsically linked, be these link-
ages in ecosystems, species, or socio-economic and cultural connections. Integrated
Island Management (IIM) has been put forward as an approach to this complexity
(Jupiter et al. 2014). This work identified ten principles that provide a valuable
framework to advance IIM throughout the Pacific:

1. Adopt a long-term, integrated approach to ecosystem management.

2. Use clearly defined boundaries for ecological and governance systems.

3. Maintain and restore connectivity between complex social and ecological
systems.

4. Incorporate stakeholders through participatory governance with collective

choice arrangements that consider gender and social equity outcomes.

Ensure that management rules reflect stakeholder values and conditions.

Ensure recognition of rights to organize and develop management rules.

Develop appropriate sanctions for users who violate rules.

Identify appropriate, efficient, and cost-effective conflict resolution mecha-

nisms.

9. Implement adaptive management where regular monitoring, evaluation, and
review in the face of uncertainty lead to evidence-based decision-making.

10. Nest management layers across sectors, social systems, and habitats.

®© N W

Importantly, the inclusion of Indigenous knowledge and customary practices in
sustainability and climate change adaptations (Chap. 11) can inform the design of
more effective solutions, in addition to having a positive effect on individual and
community wellbeing (Sahin et al. 2021). Indigenous knowledge is not, however,
currently well-included in integrated approaches, and practical, ‘on the ground’
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examples of Indigenous-led or informed strategies are rare (see Nalau et al. 2018
for a recent review of case studies). To implement IM effectively, the inclusion of
Indigenous and customary knowledge and practices must be a priority, and actively
pursued.

6.3.2 ‘Ridge to Reef’ Investment

When implemented effectively IM can assist to more efficiently direct interventions
and investment. ‘Ridge to Reef’ (Chap. 16) resourcing of sustainability and climate
change adaptation strategies is built on an integrated approach but focuses especially
on anthropogenic impacts from terrestrial areas, at the source, or top, of the watershed
and their potential effects throughout the catchment and its waterways to the coast
and ocean. Consequently, as well as enabling the source of problems to be identified
aridge to reef focus can facilitate a more accurate view of the cumulative nature of
effects, such as the use agricultural fertilizers and runoff in addition to successive land
uses and change (e.g., Carlson et al. 2019). For example, Delevaux and Stamoulis
(2022) used spatial analysis of future forest management interventions to map where
the greatest benefits of marine conservation in Vanuatu could be achieved. Priority
areas for intervention in forests were clearly identified as those being upstream from
coral reefs and seagrass in catchments, on the windward side of large high islands
where tropical rainfalls were greater.

As well as having challenges common to the implementation of IM, a current
barrier to a ridge to reef approach is the size of the ‘pool’ of funding that is currently
available. Funding from global agencies and national jurisdictions provides a basis
for solutions that are applied in catchments, but public funding is unlikely to generate
an increase in investment or revenue that would lead to interventions being sustained
over long periods of time, or scaled-up, because integrated approaches typically
involve many stakeholders, each with their own changing interests (FAO and Earth-
scan 2011). Furthermore, funding of climate change adaptation and mitigation is
currently well below what is required to effectively protect communities and ecosys-
tems, particularly for strategies that can generate environmental as well as social
outcomes. A recent assessment of major global climate funds found that while
cumulative investment for climate change mitigation and adaptation projects was
USD9%4 billion, only USD12 billion of this funding was being spent on Nature-based
Solutions (NbS; UNEP 2021). Additional finance for adaptation is critically needed.

To supplement public funding, reform of financing and influencing the direction
of investment from private entities is emerging as an important approach to build
capital for NbS. For example, green bonds provide a financing option for private and
public entities to support environmental investments by working to raise capital that
explicitly supports environmental projects. The distinction of social values arising
from the environmental value, often with links to climate change adaptation, arising
from these investments differentiate them from traditional bonds (The World Bank
2015). From the first green bond in 2008 to the end of Jun 2015, the World Bank



140 H. K. Alleway and W. L. Hadwen

issued USDS.5 billion in more than 100 green bond transactions, supporting 70
climate projects around the developing world (The World Bank 2015). The first
ever green bond issued by a developing country was issued by Fiji in 2017, as a
sovereign bond focused on sustainable development of natural resources, renewable
energy, water and energy efficiency, clean transport, wastewater management, and
sustainable agriculture to reduce fertilizer run-off into coastal areas (The World Bank
2017).

In recent years ‘blue bonds’ have emerged to support financing of solutions for
coastal resilience. Financing for blue bonds is being pursued for the Pacific with
planning underway for a Pacific Ocean Bond (BNCFF 2019), meaning the region
may be well positioned to capitalize on private investment and provide an ethically
and financially attractive market for investors. Emerging financing mechanisms such
as these could provide much-needed resources to implement adaptations throughout
catchments and in high vulnerability areas, especially in the PICTs. A critical step
in ensuring strategies can be effective is maximizing their value and cost efficiency.
Embedding consideration of financing in IM at multiple spatial scales, using a ridge
to reef approach, provides one of the best opportunities to address issues that impact
multiple, connected terrestrial and coastal environments and dependent communities.

6.3.3 Nature-Based Solutions and Regenerative Systems

Central to the water-energy-food nexus is the environment (Chap. 1), with functioning
ecosystem services essential for sustainable development. Interactions between the
sectors of water, energy, and food do not necessarily physically abut each other to
be connected at an ecosystem, catchment, or other scale. The pressures and impacts
from each sector interact through pathways as part the broader environment. NbS
are actions that protect, sustainably manage, or restore natural and modified ecosys-
tems in ways that address societal challenges effectively and adaptively, to provide
both human well-being and biodiversity benefits (IUCN 2020). When applied to
climate change, NbS could enable communities to achieve targeted climate mitiga-
tion outcomes, including GHG emissions reductions, while also realizing sustain-
able growth in the use and production of resources, especially water resources and
food. Land management actions using these Natural Climate Solutions (NCS) may
be able to provide more than one third of the mitigation required to keep climatic
warming below 2 °C, and they may be more cost-effective than other approaches
(Griscom et al. 2017). A range of NbS and NCS are emerging in agricultural settings
and industries, including “regenerative practices”; practices that work to rehabili-
tate degraded land and reduce GHG emissions through specific farming approaches.
The resource burden of global food production is significant, and transformation
of this industry is needed. The Food and Land Use Coalition, Global Consulta-
tion Report (FOLU 2019) report defines 10 transformations that if implemented
could create additional economic outcomes to 2030 worth USD530 billion, through
actions that focus on ‘productive and regenerative agriculture’, and USD200 billion
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by ‘restoring and protecting nature’. Importantly, NbS present an opportunity to
bridge the intent of IM with practical and effective solutions for system-level inter-
ventions (e.g., improving soil health) and interlinked interventions that can have
broader benefits (e.g., improving soil health to enhance food production, enhance
biodiversity, and sustain local cultural values from the landscape).

An emerging illustration of how regenerative practices could foster increased
food production while also improving water quality and ecosystem resilience can be
seen in restorative aquaculture. It has been estimated that an additional 76 million
people in tropical areas of Asia and Oceania could be fed on the high-quality protein
provided by bivalve shellfish with an additional development of only 1% of the
available (non-conflicted) waters (Willer and Aldridge 2020). However, the compar-
atively smaller contribution of aquaculture to total seafood production in Oceania (12
to 14%) and low growth rates over the last several decades (4%) present a challenge
to increasing production from this industry in the short term (FAO 2020). Also,
despite substantial progress in improving industry sustainability and management
over the last 20 years issues associated with pathogens, parasites and pests remain,
conflicting use of space and resources can be difficult to resolve, and the effects of
climate change may present a challenge to the capacity of existing farming methods
(Naylor et al. 2021). Therefore, while sustainable development of aquaculture might
foster access to food and economic opportunities with minimal pressure to freshwater
resources, and provide a means to produce quality protein with lower environmental
impacts than terrestrial sources (Gephart et al. 2021), growth in this industry will
most likely still increase the risk of environmental impacts, conflicts in resource
use, and greater GHG emissions. In contrast, restorative aquaculture, “occurs when
commercial or subsistence aquaculture provides direct ecological benefits to the envi-
ronment, with the potential to generate net positive environmental outcomes” (The
Nature Conservancy 2021). It provides an opportunity to direct growth in aquacul-
ture for food or economic activity toward practices that can also generate ecosystem
services and environmental benefits, and repair or protect coastal and marine envi-
ronments. Bivalve shellfish aquaculture has been assessed as having ‘high potential®
for the parallel delivery of food and environmental benefits via restorative aqua-
culture in the Pacific (Theuerkauf et al. 2019, https://sites.google.com/view/global
aquatest/home), and interest in the production of seaweed species—an aquatic food
that can be produced with the lowest known GHG emissions (Gephart et al. 2021)
and provide a range of ecosystem services as co-benefits (Alleway et al. 2018)—is
growing (Box 6.1).

To support effective implementation of NbS the International Union for Conser-
vation of Nature (IUCN) has established global standards that provide a framework
to support verification of the efficacy of solutions and guidance on their design (e.g.,
biodiversity and ecosystem considerations, financial viability, balancing trade-offs),
and scaling, the ‘TUCN Global Standard for Nature-based Solutions’ (IUCN 2020).
These standards directly and indirectly intersect with water and food industries. The
synergies between aquaculture, for example, have been explicitly reviewed, showing
that under specific circumstances, and if planned and implemented effectively, aqua-
culture could contribute to NbS (Le Gouvello et al. 2022). Regional initiatives
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are also emerging, such as the Kiwa Initiative (https://kiwainitiative.org/en/) which
works to strengthen the resilience of Pacific Island ecosystems, communities, and
economies to climate change through NbS. In partnership with the Pacific Commu-
nity (South Pacific Commission) and the Secretariat of the Pacific Regional Environ-
ment Programme (SPREP), this initiative recently launched a technical assistance
program aimed at:

¢ identifying and developing large projects addressing climate change adaptation
through NbS;

e assisting relevant stakeholders from beneficiary PICTs in project development to
be submitted to the Secretariat of the Kiwa Initiative; and

e promoting joint funding opportunities from the Kiwa Initiative and other climate
action donors.

The availability of frameworks and support mechanisms such as these provide impor-
tant guidance for industry, jurisdictions, and communities in immediately engaging
with NbS and regenerative practices, and must continue to be developed and main-
tained. To ensure NbS can be implemented effectively, however, and without undue
economic costs through inefficiencies or maladapted responses, collaborative, cross-
jurisdictional collaboration that can support the implementation of IM and ensure the
inclusion of Indigenous and local knowledge and customary practices in an equitable
way, must be reinforced.

Box 6.1 Seaweed—nutritional outcomes with sustainable, environmentally posi-
tive food sources

Marine algae (seaweed) produced through sustainable aquaculture is gaining increasing
attention for its potential to be a nutritionally valuable source of food that can also
provide ecosystem services and environmental benefits during farming (Fig. 6.2).
Seaweeds have a range of known co-benefits, meaning the sector could make an impor-
tant contribution to food security as well as ecosystem health in Pacific. Barrett et al.
(2022) estimated that a seaweed farm could remove an average 275 kg of nitrogen
ha™! yr_1 (n estimates = 8; 96-678 kg ha™! yr‘l), worth an average 8,889 (3,084—
21,886) USD ha™! yr‘l, and there is the potential for seaweeds to use substantial
amounts of carbon during their growth, to the extent that the carbon taken up could
support offsetting emissions from the aquaculture industry as a whole (Froehlich et al.
2019). With the right practices seaweeds can be produced with very low GHG emissions
and other environmental impacts (Gephart et al. 2021), and could therefore support
communities in meeting the objectives of multiple SDG’s (Duarte et al. 2021).
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Fig. 6.2 Seaweed species have high range nutritional value and can be farmed with few
environmental impacts and potential positive effects. (OTNC/Kevin Arnold)

However, despite high annual growth rates in seaweed production activity in
seaweed aquaculture is largely nascent in many countries in the Pacific, including the
larger industry jurisdictions of Australia and New Zealand (FAO 2020). Production is
fragmented across the region, and farming has come up against multiple regulatory,
technology, and social barriers. Recent work in the region has identified that actively
linking seaweed production and processing to broader social, economic, and envi-
ronmental goals could be an important pathway to overcoming current production and
processing constraints, and building domestic demand and investing in the development
of effective local supply chains could be an effective platform for then further growth
(Paul 2020). Importantly, despite its nascent status in current production consumption
of seaweed is not a new trend. In some Pacific nations seaweeds have cultural signifi-
cance and are commonly consumed (Tiitii et al. 2022), but capitalizing on the potential
for these species to be a nutritionally valuable and environmentally positive source
of food will require an evolution from subsistence patterns of consumption to more
widespread use (Butcher et al. 2020). Attention will need to be given to differences in
local preferences (Butcher et al. 2020) and the production systems that are acceptable
and most effective within jurisdictions (Paul 2020).

6.4 Conclusion

Safeguarding the health of fresh and marine water resources and systems will have
benefits to the productivity and quality of food systems, as well as the water systems
themselves. Without clean freshwater and sanitation, and intact, functioning marine
environments, communities will experience ongoing impacts to health and wellbeing
and increasing pressure on resources, because of population growth, competing needs
for resources and economic opportunities (e.g. tourism), and climate change. The



144 H. K. Alleway and W. L. Hadwen

intrinsic connectivity of water and food provides an important opportunity to design
and implement locally contextualized solutions, which can be assisted by thinking
about their interdependencies and leveraging approaches that work at the nexus,
such as IM, ridge to reef investment, NbS and regenerative practices. Central to
this opportunity is the interconnectedness of people, place, and ecosystems in the
Pacific. Ensuring Indigenous and local knowledge is included as an integral part of
these solutions will be critical to their success (e.g. knowledge to optimize freshwater
resource use during periods of acute water scarcity; MacDonald et al. 2020). In some
nations and areas, local knowledge is driving the development of original solutions at
the forefront of proactive responses, for instance the reinvigoration of traditional and
agroecological methods for networked marine protected areas (Mcleod et al. 2019).
In other nations, Indigenous and local knowledge is being overlooked in favour
of technology innovation. Viewing the water-food equation as an opportunity to
leverage connectivity and approach trade-offs, rather than viewing this connectivity
solely as a challenge—often a highly complex challenge—provides a much-needed
lens through which solutions that can improve the sustainability and resilience of
ecosystems as well as communities can be developed.

References

Alleway HK, Gillies CL, Bishop MJ, Gentry RR, Theuerkauf SJ, Jones R (2018) The ecosystem
services of marine aquaculture: valuing benefits to people and nature. Bioscience 69:59—68.
https://doi.org/10.1093/biosci/biy 137

Arthington AH, Dulvy NK, Gladstone W, Winfield 1J (2016) Fish conservation in freshwater and
marine realms: status, threats and management. Aquat Conserv 26:838—857. https://doi.org/10.
1002/aqc.2712

Barrett LT, Theuerkauf SJ, Rose JM, Alleway HK, Bricker SB, Parker M et al (2022) Sustainable
growth of non-fed aquaculture can generate valuable ecosystem benefits. Ecosyst Serv 53:101396.
https://doi.org/10.1016/j.ecoser.2021.101396

Barnett J (2011) Dangerous climate change in the Pacific Islands: food production and food security.
Reg Environ Change 11:229-237. https://doi.org/10.1007/s10113-010-0160-2

Becken S (2014) Water equity—contrasting tourism water use with that of the local community.
Water Resour Ind 7-8:9-22. https://doi.org/10.1016/j.wri.2014.09.002

Béné C (2020) Resilience of local food systems and links to food security—a review of some
important concepts in the context of COVID-19 and other shocks. Food Secur 12:805-822.
https://doi.org/10.1007/s12571-020-01076-1

Blanchard JL, Watson RA, Fulton EA, Cottrell RS, Nash KL, Bryndum-Buchholz A et al (2017)
Linked sustainability challenges and trade-offs among fisheries, aquaculture and agriculture. Nat
Ecol Evol 1:1240-1249. https://doi.org/10.1038/s41559-017-0258-8

BNCFF (2019) Blue bonds: financing resilience of coastal ecosystems. BNCFF, Gland

Briassoulis H (2002) Sustainable tourism and the question of the commons. Ann Tour Res
29(4):1065-1085

Butcher H, Burkhart S, Paul N, Tiitii U, Tamuera K, Eria T et al (2020) Role of seaweed in diets
of Samoa and Kiribati: exploring key motivators for consumption. Sustainability 12. https://doi.
org/10.3390/sul12187356

Carlson RR, Foo SA, Asner GP (2019) Land use impacts on coral reef health: a ridge-to-reef
perspective. Front Mar Sci 6:562. https://doi.org/10.3389/fmars.2019.00562


https://doi.org/10.1093/biosci/biy137
https://doi.org/10.1002/aqc.2712
https://doi.org/10.1002/aqc.2712
https://doi.org/10.1016/j.ecoser.2021.101396
https://doi.org/10.1007/s10113-010-0160-2
https://doi.org/10.1016/j.wri.2014.09.002
https://doi.org/10.1007/s12571-020-01076-1
https://doi.org/10.1038/s41559-017-0258-8
https://doi.org/10.3390/su12187356
https://doi.org/10.3390/su12187356
https://doi.org/10.3389/fmars.2019.00562

6 The Water-Food Equation in the Pacific 145

Chan T, MacDonald MC, Kearton A, Elliott M, Shields KF, Powell B et al (2020) A community-
level Bayesian-belief-network model to support decision-making and climate adaptation for rural
water and sanitation systems in the Solomon Islands. Sci Total Environ 714:136681. https://doi.
org/10.1016/j.scitotenv.2020.136681

Clark GF, Johnston EL (2017) Australia state of the environment 2016: coasts (Independent report
to the Australian Government Minister for Environment and Energy). Australian Government
Department of the Environment and Energy, Canberra

Crook DA, Lowe WH, Allendorf FW, Er6s T, Finn DS, Gillanders BM et al (2015) Human effects
on ecological connectivity in aquatic ecosystems: integrating scientific approaches to support
management and mitigation. Sci Total Environ 534:52-64

Delevaux J, Stamoulis K (2022) Prioritizing forest management actions to benefit marine habitats
in data-poor regions. Conserv Biol 36:€13792. https://doi.org/10.1111/cobi.13792

Duarte CM, Bruhn A, Krause-Jensen D (2021) A seaweed aquaculture imperative to meet global
sustainability targets. Nat Sustain. https://doi.org/10.1038/s41893-021-00773-9

Dwyer L (2018) Saluting while the ship sinks: the necessity for tourism paradigm change. J Sustain
Tour 26(1):29-48. https://doi.org/10.1080/09669582.2017.1308372

Elliott M, MacDonald MC, Chan T, Kearton A, Shields KF, Bartram JK et al (2017) Multiple
household water sources and their use in remote communities, with evidence from Pacific Island
communities. Water Resour Res 53:9106-9117. https://doi.org/10.1002/2017WR021047

Faivre G, Tomlinson R, Ware D, Shaeri S, Hadwen W, Buckwell A et al (2022) Effective coastal
adaptation needs accurate hazard assessment: a case study in Port Resolution, Tanna Island
Vanuatu. Clim Change 170:10. https://doi.org/10.1007/s10584-021-03304-9

FAO (2017) Landscapes for life. Approaches to landscape management for sustainable food and
agriculture. Food and Agriculture Organization of the United Nations, Rome

FAO (2019) FAOSTAT. “New Food Balances.” FAO, Rome

FAO (2020) The state of world fisheries and aquaculture. Sustainability in action. FAO, Rome

FAO Earthscan (2011) The state of the world’s land and water resources for food and agriculture—
managing systems atrisk. Food and Agriculture Organization of the United Nations and Earthscan,
Rome and London

FOLU (2019) Growing better: ten critical transitions to transform food and land use. The Global
Consultation Report of the Food and Land Use Coalition

Froehlich HE, Afflerbach JC, Frazier M, Halpern BS (2019) Blue growth potential to mitigate
climate change through seaweed offsetting. Curr Biol 29:3087-3093.e3. https://doi.org/10.1016/
j-cub.2019.07.041

Gentry RR, Ruff EO, Lester SE (2019) Temporal patterns of adoption of mariculture innovation
globally. Nat Sustain 2:949-956. https://doi.org/10.1038/s41893-019-0395-y

Georgeou N, Hawksley C, Wali N, Lountain S, Rowe E, West C et al (2022) Food security and small
holder farming in Pacific Island countries and territories: a scoping review. PLOS Sust Transf
1:¢00000009. https://doi.org/10.1371/journal.pstr.0000009

Gephart JA, Henriksson PJG, Parker RWR, Shepon A, Gorospe KD, Bergman K et al (2021)
Environmental performance of blue foods. Nature 597:360-365. https://doi.org/10.1038/s41586-
021-03889-2

Golden CD, Koehn JZ, Shepon A, Passarelli S, Free CM, Viana DF et al (2021) Aquatic foods to
nourish nations. Nature 598:315-320. https://doi.org/10.1038/s41586-021-03917-1

Griscom BW, Adams J, Ellis PW, Houghton RA, Lomax G, Miteva DA et al (2017) Natural climate
solutions. Proc Natl Acad Sci 114:11645-11650. https://doi.org/10.1073/pnas.1710465114

Hadwen WL, Powell P, MacDonald MC, Elliott M, Chan T, Gernjak W et al (2015) Putting WASH
in the water cycle: climate change, water resources and the future of water, sanitation and hygiene
challenges in Pacific Island countries. J Water Sanit Hyg Dev 5(2):183-191

Halpern BS, Frazier M, Afflerbach J, Lowndes JS, Micheli F, O’Hara C et al (2019) Recent pace
of change in human impact on the world’s ocean. Sci Rep 9:11609. https://doi.org/10.1038/s4 1
598-019-47201-9


https://doi.org/10.1016/j.scitotenv.2020.136681
https://doi.org/10.1016/j.scitotenv.2020.136681
https://doi.org/10.1111/cobi.13792
https://doi.org/10.1038/s41893-021-00773-9
https://doi.org/10.1080/09669582.2017.1308372
https://doi.org/10.1002/2017WR021047
https://doi.org/10.1007/s10584-021-03304-9
https://doi.org/10.1016/j.cub.2019.07.041
https://doi.org/10.1016/j.cub.2019.07.041
https://doi.org/10.1038/s41893-019-0395-y
https://doi.org/10.1371/journal.pstr.0000009
https://doi.org/10.1038/s41586-021-03889-2
https://doi.org/10.1038/s41586-021-03889-2
https://doi.org/10.1038/s41586-021-03917-1
https://doi.org/10.1073/pnas.1710465114
https://doi.org/10.1038/s41598-019-47201-9
https://doi.org/10.1038/s41598-019-47201-9

146 H. K. Alleway and W. L. Hadwen

Halpern BS, Frazier M, Potapenko J, Casey KS, Koenig K, Longo C et al (2015) Spatial and temporal
changes in cumulative human impacts on the world’s ocean. Nat Commun 6:7615. https://doi.
org/10.1038/ncomms8615

IPCC (2019) IPCC special report of the ocean and cryosphere in a changing climate. [IPCC, Geneva

IPCC (2022) Climate Change 2022: impacts, adaptation, and vulnerability. Contribution of working
group II to the sixth assessment report of the intergovernmental panel on climate change.
Cambridge University Press, Cambridge

IUCN (2020) Global standard for nature-based solutions. A user-friendly framework for the
verification, design and scaling up of NbS, 1st edn. IUCN, Gland

Jupiter S, Mangubhai S, Kingsford RT (2014) Conservation of biodiversity in the Pacific Islands of
Oceania: challenges and opportunities. Pac Conserv Biol 20:206-220

Keppel G, Morrison C, Meyer J-Y, Boehmer HJ (2014) Isolated and vulnerable: the history and
future of Pacific Island terrestrial biodiversity. Pac Conserv Biol 20:136-145

Kittinger J (2013) Human dimensions of small-scale and traditional fisheries in the Asia-Pacific
Region. Pac Sci 67:315-325. https://doi.org/10.2984/67.3.1

Le Gouvello R, Brugere C, Simard F (2022) Aquaculture and nature-based solutions. Identifying
synergies between sustainable development of coastal communities, aquaculture, and marine and
coastal conservation. [IUCN, Gland

Loehr J, Dwipayanti NMU, Nastiti A, Powell B, Hadwen W, Johnson H (2021) Safer destinations,
healthier staff and happier tourists: opportunities for inclusive water, sanitation and hygiene in
tourism. Tour Manag Perspect 40:100883. https://doi.org/10.1016/j.tmp.2021.100883

MacDonald MC, Chan T, Elliott M, Kearton A, Shields KF, Barrington DJ et al (2017) Temporal
and thematic trends in water, sanitation and hygiene (WaSH) research in Pacific Island countries:
a systematic review. J] Water Sanit Hyg Dev 7:352-368

MacDonald MC, Elliott M, Langidrik D, Chan T, Saunders A, Stewart-Koster B et al (2020)
Mitigating drought in remote island atolls with traditional water usage behaviours and modern
technology. Sci Total Environ 741:140230. https://doi.org/10.1016/j.scitotenv.2020.140230

Mcleod E, Bruton-Adams M, Forster J, Franco C, Gaines G, Gorong B (2019) Lessons from the
Pacific Islands—adapting to climate change by supporting social and ecological resilience. Front
Mar Sci 6. https://doi.org/10.3389/fmars.2019.00289

Miller EC, Hayashi KT, Song D, Wiens JJ (2018) Explaining the ocean’s richest biodiversity hotspot
and global patterns of fish diversity. Proc Royal Soc B 285:20181314. https://doi.org/10.1098/
rspb.2018.1314

Nalau J, Becken S, Schliephack J, Parsons M, Brown C, Mackey B (2018) The role of indigenous
and traditional knowledge in ecosystem-based adaptation: a review of the literature and case
studies from the Pacific Islands. Weather Clim Soc 10:851-865. https://doi.org/10.1175/WCAS-
D-18-0032.1

Naylor RL, Hardy RW, Buschmann AH, Bush SR, Cao L, Klinger DH et al (2021) A 20-year
retrospective review of global aquaculture. Nature 591:551-563. https://doi.org/10.1038/s41586-
021-03308-6

Northrop E, Konar M, Frost N, Holloway E (2020) A sustainable and equitable blue recovery to
the COVID-19 crisis. World Resources Institute, Washington, DC

Oyinlola MA, Reygondeau G, Wabnitz CCC, Troell M, Cheung WWL (2018) Global estimation of
areas with suitable environmental conditions for mariculture species. PLoS ONE 13:e0191086.
https://doi.org/10.1371/journal.pone.0191086

Paul N (2020) Diversification of seaweed industries in Pacific Island countries. Project number
FIS/2010/098 (No. FR2020-014). Australian Centre for International Agricultural Research,
Canberra

Poore J, Nemecek T (2018) Reducing food’s environmental impacts through producers and
consumers. Science 360:987-992. https://doi.org/10.1126/science.aaq0216

Roser M (2017) Tourism. https://ourworldindata.org


https://doi.org/10.1038/ncomms8615
https://doi.org/10.1038/ncomms8615
https://doi.org/10.2984/67.3.1
https://doi.org/10.1016/j.tmp.2021.100883
https://doi.org/10.1016/j.scitotenv.2020.140230
https://doi.org/10.3389/fmars.2019.00289
https://doi.org/10.1098/rspb.2018.1314
https://doi.org/10.1098/rspb.2018.1314
https://doi.org/10.1175/WCAS-D-18-0032.1
https://doi.org/10.1175/WCAS-D-18-0032.1
https://doi.org/10.1038/s41586-021-03308-6
https://doi.org/10.1038/s41586-021-03308-6
https://doi.org/10.1371/journal.pone.0191086
https://doi.org/10.1126/science.aaq0216
https://ourworldindata.org

6 The Water-Food Equation in the Pacific 147

Ruff EO, Gentry RR, Lester SE (2020) Understanding the role of socioeconomic and governance
conditions in country-level marine aquaculture production. Environ Res Lett 15:1040a8. https://
doi.org/10.1088/1748-9326/abb908

Sahin O, Hadwen WL, Buckwell A, Fleming C, Ware D, Smart JCR et al (2021) Assessing how
ecosystem-based adaptations to climate change influence community wellbeing: a Vanuatu case
study. Reg Environ Change 21:90. https://doi.org/10.1007/s10113-021-01809-8

Short RE, Gelcich S, Little DC, Micheli F, Allison EH, Basurto X et al (2021) Harnessing the
diversity of small-scale actors is key to the future of aquatic food systems. Nat Food 2:733-741.
https://doi.org/10.1038/s43016-021-00363-0

Springmann M, Clark M, Mason-D’Croz D, Wiebe K, Bodirsky BL, Lassaletta L et al (2018)
Options for keeping the food system within environmental limits. Nature 562:519-525. https://
doi.org/10.1038/s41586-018-0594-0

The Nature Conservancy (2021) Global principles of restorative aquaculture. The Nature Conser-
vancy, Arlington, VA

The World Bank (2015) What are green bonds? The World Bank, Washington, DC

The World Bank (2017) Fiji issues first developing country green bond, raising $50 million
for climate resilience. https://www.worldbank.org/en/news/press-release/2017/10/17/fiji-issues-
first-developing-country-green-bond-raising-50-million-for-climate-resilience

Theuerkauf SJ, Morris JA, Waters TJ, Wickliffe LC, Alleway HK, Jones RC (2019) A global
spatial analysis reveals where marine aquaculture can benefit nature and people. PLoS ONE
14:¢0222282. https://doi.org/10.1371/journal.pone.0222282

Tiitii U, Paul N, Burkhart S, Larson S, Swanepoel L (2022) Traditional knowledge and modern
motivations for consuming seaweed (Limu) in Samoa. Sustainability 14. https://doi.org/10.3390/
sul4106212

UNEP (2021) Adaptation GAP Report 2020. UNEP, Nairobi

Willer DF, Aldridge DC (2020) Sustainable bivalve farming can deliver food security in the tropics.
Nat Food 1:384-388. https://doi.org/10.1038/543016-020-0116-8


https://doi.org/10.1088/1748-9326/abb908
https://doi.org/10.1088/1748-9326/abb908
https://doi.org/10.1007/s10113-021-01809-8
https://doi.org/10.1038/s43016-021-00363-0
https://doi.org/10.1038/s41586-018-0594-0
https://doi.org/10.1038/s41586-018-0594-0
https://www.worldbank.org/en/news/press-release/2017/10/17/fiji-issues-first-developing-country-green-bond-raising-50-million-for-climate-resilience
https://www.worldbank.org/en/news/press-release/2017/10/17/fiji-issues-first-developing-country-green-bond-raising-50-million-for-climate-resilience
https://doi.org/10.1371/journal.pone.0222282
https://doi.org/10.3390/su14106212
https://doi.org/10.3390/su14106212
https://doi.org/10.1038/s43016-020-0116-8

148 H. K. Alleway and W. L. Hadwen

The opinions expressed in this chapter are those of the author(s) and do not necessarily reflect the
views of the UNESCO: United Nations Educational, Scientific and Cultural Organization, its Board
of Directors, or the countries they represent.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
ShareAlike 3.0 IGO License (https://creativecommons.org/licenses/by-sa/3.0/igo/), which permits
use, sharing, adaptation, distribution, and reproduction in any medium or format, as long as you
give appropriate credit to the UNESCO: United Nations Educational, Scientific and Cultural Orga-
nization, provide a link to the Creative Commons licence and indicate if changes were made. If you
remix, transform, or build upon this book or a part thereof, you must distribute your contributions
under the same licence as the original.

The use of the UNESCO: United Nations Educational, Scientific and Cultural Organization’s
name, and the use of the UNESCO: United Nations Educational, Scientific and Cultural Organiza-
tion’s logo, shall be subject to a separate written licence agreement between the UNESCO: United
Nations Educational, Scientific and Cultural Organization and the user and is not authorized as part
of this CC-IGO licence. Note that the link provided above includes additional terms and conditions
of the licence.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons licence, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.


https://creativecommons.org/licenses/by-sa/3.0/igo/

	6 The Water-Food Equation in the Pacific
	6.1 Introduction
	6.2 Water-Food Systems: Their Importance and Their Challenges
	6.2.1 Water Systems
	6.2.2 Food Systems
	6.2.3 Ecosystems and Economies

	6.3 Fostering Sustainability and Resilience Through Water-Food Strategies
	6.3.1 Integrated Planning and Management
	6.3.2 ‘Ridge to Reef’ Investment
	6.3.3 Nature-Based Solutions and Regenerative Systems

	6.4 Conclusion
	References


