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ABSTRACT
Small island developing states are vulnerable to the impacts of climate change, including more intense
and frequent extreme weather, warming temperatures, coastal erosion, inundation, and coral
bleaching. Locally-specific natural resource threats, associated with population growth and tourism,
exacerbate these systemic risks, which are particularly acute where community well-being is
subsistence-based and directly reliant on ecosystem services. Garden productivity is falling as the
cropping/fallow cycle intensifies and culturally and there is loss of observance of traditional resource
taboos, eroding the effectiveness of customary management. Ecosystem based adaptations (EbA)
provide a fruitful range of interventions and are beginning to attract development funding. We
undertook a social benefit cost analysis for a suite of interconnecting EbAs for Tanna in Vanuatu. We
found that funds targeted at increasing the productivity of the gardens returns significant social
benefit. This also reduces pressure on natural resource threats and can potentially be adopted by all
households on Tanna. In addition, increasing the community’s capacity to balance formal forest and
reef conservation with customary management can provide small, but nevertheless important
complimentary benefits. Our programme design included interlinking activities, including a series of
demonstration garden plots, extension officers, community radio, a community ranger programme and
a tree nursery.
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1. Introduction

Small Island Developing States (SIDS) commonly rate as highly
vulnerable to the biophysical impacts of climate change, includ-
ing more intense or frequent extreme weather events, warming
temperatures, coastal erosion, inundation, and coral bleaching.
Most SIDS rural communities are subsistence-based and there-
fore human well-being is directly related to ecosystem service
(ES) delivery, which is affected by these impacts, risking food
insecurity and malnutrition (Carpenter et al., 2006; Millennium
Ecosystem Assessment, 2005; Savage, McIver, & Schubert,
2019). In addition, for particular SIDS, non-climate change-
related risks, such as seismic and volcanic activity, further
increase sudden-onset perturbations in ES delivery. Social
and economic development and demographic pressures also
play their part.

To mitigate these climate risks and to work towards the
goals of the United Nations 2030 Agenda for Sustainable Devel-
opment (the Sustainable Development Goals, or ‘SDGs’) (UN,
2018), funding agencies, such as the Global Environment Fund
and the Green Climate Fund, and global development banks
will need to commit an estimated US$ 140–300 billion (bn)
per year by 2030, rising to US$ 280–500 bn per year by 2050,
to climate change adaptation projects (UNEP, 2016). Steering
this money towards adaptation projects with high social rates

of return is key to meeting the climate challenges and achieving
the SDGs. However, assessing or projecting social rates of
return for adaptation projects remains a challenge, given a
lack of systematic outcomes that define project ‘success’, the
paucity of ES valuation data for calculating social benefits,
the long delay between implementation and delivery of out-
comes, and heterogeneity in locally-specific risks, cultures
and institutions (Adger, Arnell, & Tompkins, 2005; Berrang-
Ford, Ford, & Paterson, 2011; Ford, Berrang-Ford, Lesni-
kowski, Barrera, & Heymann, 2013; Hasan, Smart, Fleming,
& Mackey, 2018).

Climate change adaptation (CCA) can be defined broadly as
adjustments to social-ecological systems in response to actual
or expected climatic changes that ease any adverse effects or
take advantage of new opportunities (Adger et al., 2005; Bet-
zold, 2015; IPCC, 2014). By adapting management of natural
resources and socio-economic systems to climate changes,
communities can reduce risks and lessen potential future
damages that might otherwise occur (Leary, 1999). Ecosys-
tem-based adaptation (EbA) to climate change describes a
potentially fruitful class of CCA interventions. EbA is the
deployment of biodiversity and ESs to help communities
adapt to the adverse effects of climate change – it is not simply
habitat conservation for its own sake (Andrade et al., 2011;
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FEBA, 2018; Munang et al., 2013; Nalau, Becken, & Mackey,
2018; World Bank, 2009). EbA links habitat conservation and
active, adaptive management with broader social and economic
development strategies that assist communities adapt to trends
and shocks associated with climate change and, in parallel, to
improve social and economic well-being. EbA interventions
are not rigidly-defined, but can be best understood in terms
of their position on a continuum from ‘hard’, infrastructure-
based interventions to those that solely deploy ecosystems in
adaptation (FEBA, 2018, pp. 8–10). In this sense, EbAs work
with nature and natural processes (even when containing
some hard components) and therefore provide the support
and space to assist habitats to also adapt to changing conditions
in ways that are beneficial to human society.

Particularly for SIDS, EbA presents advantages over hard
adaptation approaches (Mackey &Ware, 2018).Whilst hard cli-
mate change adaptations, such as seawalls, manage risks of very
specific hazards (inundation from sea water during storm
surges, for example), and potentially manage them extremely
well, EbAs tend to manage such risks with less certainty, but
provide numerous co-benefits. As such, EbA promotes social
equity and is pro-poor, as these co-benefits tend to flow indiscri-
minately to the wider community as public goods, rather than as
specific, private benefit, which also potentially generates a nega-
tive externality if the investment has deleterious impacts on
nearby habitats and communities. For example, the regener-
ation of a mangrove forest to provide wave energy protection
to coastal communities during storm events also provides habi-
tat to deliver a wider range of ESs, such as nurseries for marine
fauna that support more sustainable fishing (Riley et al., 2009).
Particularly for SIDS, such co-benefits are the mainstay of agri-
culture, fisheries and community well-being (Mackey et al.,
2017; UNDP, 2010). EbA can also contribute towards national
development plans, generally align with SDGs, andmay provide
carbon mitigation opportunities (Republic of Vanuatu, 2016b).
Potentially, EbAs are the cheapest, safest and easiest solutions –
and sometimes the only feasible and practical solution as they
are amenable to bottom-up community-based adaptation
approaches (Betzold, 2015). They also deploy appropriate tech-
nology and can be utilized in locations where specialist engin-
eering capacity can be scarce.

The foci of funded EbA projects in Pacific SIDS is domi-
nated by ‘downstream’ activities, such as ecosystem asset con-
servation or augmentation in the service of adaptation and by
capacity building and community planning activities to
improve adaptive capacity. Projects that tackle ‘upstream’ fac-
tors – factors that reduce anthropogenic stressors to existing
habitats, such as the impact of unsustainable agricultural prac-
tices – have tended to be less successful in securing funding.
Approximately 5% of EbA projects identified in a dataset com-
piled by Hasan et al. (2018) list directly improving agricultural
productivity, or reducing the impact of agricultural activities
on natural habitats, as primary activities (though ‘food secur-
ity’ is a commonly cited outcome). Notwithstanding, there is
policy support at the national level for such projects. The
Vanuatu National Sustainable Development Plan (NSDP)
2016–2030 (Republic of Vanuatu, 2016b) connects EbA, food
production, and ES integrity. The environment pillar links
conservation of the natural environment to ecosystem service

provision of ‘food, cultural, economic and ecological needs’
(2016b, p. 13). Specifically, objective ENV 1.5 seeks to do
this by ‘[e]nhancing traditional agricultural practices, focusing
on disaster risk reduction and climate change adaptation’
(2016b, p. 13).

In this case study we assess and compare projects that focus
on activities that increase community resilience through
directly investing in ecosystem conservation and on reducing
anthropogenic stressors to remaining habitats and ecosystem
functions. Our case study presents a social benefit cost analysis
(SBCA) for a series of interconnecting EbA projects proposed
for possible implementation on Tanna island (hereafter,
Tanna) in the Republic of Vanuatu. These project proposals
arose from the Pacific Ecosystem-based Adaptation to Climate
Change Project (PEBACC) a project, which explored the poten-
tial for EbA to be integrated into ‘development, climate change
adaptation and natural resource management policy and plan-
ning processes in […] Pacific island countries’ (SPREP, 2018).
The first stage of this project involved, among other things, an
assessment of ES benefit flows and climate change-related risks
to the resilience of the (predominantly) rural communities on
Tanna (Mackey et al., 2017). Here we focus on a programme
of possible EbA interventions to address these risks, based on
two interlinked projects: (i) implementation of demonstration
garden plots and deployment of agricultural extension
officers, which tackles upstream stressors to habitats; and (ii)
from a downstream perspective, technical and logistical sup-
port for the establishment of a series of community-based con-
servation areas (marine and terrestrial) and accompanying
community ranger programme to rebuild habitats already
under threat from climate change.

To inform and develop these proposals, between November
2016 and March 2017, we undertook several stakeholder con-
sultations on Tanna to ensure the research team had a
grounded understanding of the everyday vulnerabilities that
underlie the social and environmental context. The consul-
tations included workshops, community focus group discus-
sions in selected communities, guided forest and reef
transects, and formal interviews with the provincial govern-
ment policy makers, planners and field officers, particularly
to learn more about opportunities to improve subsistence gar-
den productivity. Community-level consultation was centred
on the villages around Port Resolution, which are both subsis-
tence farming and fishing communities. In most cases, the
women and men were consulted separately, due to the strong
gender division still prevalent in traditional culture. This
approach secured a more equitable research process and gave
the women, in particular, a chance to voice their concerns
and opinions.

A common theme through these consultations, amongst
both men and women, was the importance of food and fibre
production to the well-being of Tanna society. However, it
was also considered one of the most significant sources of
pressure on the island’s habitats. The communities fully
appreciated the tight nexus between food production and forest
and reef health and customary management. For example,
taboo periods were not being honoured like they were in the
past, and people are using the forests and reefs even if there
is a taboo in place. Additional concerns were raised about
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diminishing fallow periods and degrading performance of tra-
ditional cropping systems. Women, specifically, raised a
broader set of socio-economic concerns, associated with
water, sanitation and health (WASH concepts). Discussions
on potential solutions focused on developing hybrid
approaches to natural resource management, where the tra-
ditional nakamal (the ‘meeting place’) way of decision making
(Lindstrom, 1982) is augmented through use of relevant gov-
ernance instruments, such as community conservation areas
backed by formal local by-laws. Testing new crop types and
introduction of more livestock was also commonly put forward
as a solution to help maintain food productivity given changing
climate conditions and pressure on reef fisheries. In the village
of Port Resolution, recent coastal erosion presented a threat to
school buildings, which led to suggestions of seawall construc-
tion being touted, however, given the significant costs associ-
ated with construction and maintenance and the relatively
low (and future) costs of retreating, these types of solutions
were not further pursued.

2. The study area

Tanna is an island in the southern Vanuatu province of Tafea
(Figure 1). It covers 58,793 hectares (ha) and has a population
of approximately 32,280 (Vanuatu National Statistics Office,
2009). The island’s population is predominantly village-based,
living in traditional housing in an agrarian subsistence-based

economy, and strongly identifying along tribal affiliations.
Tanna is often referred to as the stronghold of kastom – pro-
nounced ‘custom’ and loosely translating as such, but further
encompassing a broader range of meanings that include the
arrangement of private relations, social and economic systems,
ways of being and activities and practices associated with
managing the landscape. Tanna is a place where people still
know and revere traditional songs, can trace their lineage,
and organize and participate in kastom rituals, community
decision-making processes and ceremonies. Tanna is regarded
as an example of how kastom and modernity can coexist (Lind-
strom, 1982, 2011). However, common to many Pacific islands,
these cherished customary practices are eroding under the
influence of ‘western’ economic systems and philosophical tra-
ditions, such as monetary exchange, economic specialization
and individualized expression (Brosi et al., 2007; Nalau, Becken,
Schliephack, et al., 2018).

The well-being of virtually all of the population on Tanna
depends on a combination of subsistence farming, animal hus-
bandry, and artisanal fishing for sustenance and non-food
product harvesting (Vanuatu National Statistics Office,
2009). The farming system typically comprises three com-
ponents: (i) a shifting cultivation system; (ii) a perennial plan-
tation cultivation system; and (iii) a forest and aboricultural
system (Blanco, Pascal, Ramon, Vandenbroucke, & Carrière,
2013; Clarke & Thaman, 1993; Thaman, Clarke, Manner,
Decker, & Ali, 1993). In the shifting cultivation component

Figure 1. Location of Tanna in the Republic of Vanuatu.
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(that which most closely relates to traditional subsistence gar-
dening), each family slashes and burns secondary forest in two
to five locations per year to grow root vegetables, such as taro,
yam, manioc (cassava), and banana. Then, having depleted the
soil’s fertility, the family leaves the land fallow, allowing sec-
ondary forest regrowth to start the cycle again (Mackey
et al., 2017). The traditional shifting cultivation crops are
today being supplemented by recently-introduced peanuts
and sweet potato. However, as we discuss further below, it
has become apparent in recent years that a growing popu-
lation and increasing demand for food has resulted in a
decrease in the length of time a plot typically remains fallow
and that this is most likely the cause of what is a widely sub-
stantiated view that subsistence farming yields are declining.
The perennial cultivation system constitutes the main source
of any cash income for families; mostly comprising ‘cattle
under coconut’ (Lamanda, Malézieux, & Martin, 2006),
cacao, coffee and sandalwood. Large trees, such as breadfruit,
are often left standing amongst the garden plots, and new pro-
ductive fruit, nut and fig trees are often planted for their econ-
omic and cultural value. The productivity of this subsistence
system and integrity of the adjoining tropical forests are at
the centre of a complex web of interdependencies that have
an impact on overall village community resilience, within
which climate change is a significant factor (Barnett, 2001,
2011) (Figure 2).

Broader economic opportunities and employment specializ-
ation is limited. Although the indigenous inhabitants (Ni-
Vanuatu) face persistent poverty (in terms of income and
risk indices), which is linked to increasing environmental and
resource pressures, specifically the rural Ni-Vanuatu have
remained relatively immune from poverty in terms of destitu-
tion and food insecurity, due to continuation of widespread
subsistence gardening and fishing activities, and access to cus-
tomarily-managed land (Asian Development Bank, 2003; Ger-
beaux, Kami, Clarke, & Gillespie, 2007). Where households
receive cash incomes, the main expenditure is on rice, salt,
soap, and school fees.

Under IPCC climate change scenarios Tanna will continue
to experience sufficient within-island climatic variability to
require subtly different adaptation actions between the north
and the south of the island, and between the coast and the
uplands, particularly with respect to promoting the resilience
of subsistence farming and its corollary, forest management
(IPCC, 2014; Mackey et al., 2017, pp. 46–53). In addition to ris-
ing temperatures, projections suggest an overall wetting trend
(largely associated with summer rainfall), an increase in tropi-
cal cyclones under El Niño conditions, sea level rise, warming
sea surface temperatures, and ocean acidification, resulting in
highly-stressed corals. (Being a volcanic island, rather than an
atoll, Tanna is not at existential threat of being overwhelmed
by sea level rise.) While climate change presents serious threats
to Tanna communities and habitats, it is important to consider
these pressures in the context of ongoing environmental
changes and the drivers of these changes, particularly popu-
lation growth and land use change (deforestation) (Mackey
et al., 2017, pp. 54–56). This combination of climate-related
and geological risks, low income, poor public services, and
low capacity render Vanuatu as the most at-risk nation to natu-
ral hazards in the world (United Nations University, 2015).

3. Intervention programmes

Based on formal and informal community and stakeholder
consultation over the period of the PEBACC project (see sup-
plementary material), we developed a series of interlinking
EbAs to address identified risks to the resilience and adaptive
capacity of village communities of Tanna. For the purposes
of our case study, we determine resilience to mean the capacity
of a system (in this instance, Tanna village communities) to
respond to a trend change or disturbance and still retain its
core functions (community wellbeing) in a steady state. Adap-
tive capacity infers an ability of a system to adjust to external
changes and yet still prosper (Jones, 2019). Specific risks arise
from demographic and climate-related pressures on the con-
dition of the coral reef and on the close-coupled tropical forest

Figure 2. Factors influencing the productivity and sustainability of village subsistence farming systems.
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and subsistence garden system. The proposed programme of
works is based on two interlinked projects, which can be
implemented either in coordination with each other, or as
stand-alone projects.

(i) Implementation of demonstration garden plots and an
agricultural extension programme to drive new behaviours
and innovation in subsistence gardening, an upgrade of the
Tanna’s regional government plant nursery, and
implementation of a community radio station to assist
with the promotion and engagement of the community
in the demonstration plots.

(ii) Technical and logistical support for the establishment of a
series of community-based conservation areas (marine and
terrestrial) to formalize and support reef and tropical for-
est conservation efforts.

Individually, the projects are representative of interventions
along the spectrum from ‘pure’ EbA, such as coral reef conser-
vation for coastal protection and improving the sustainability
of fish harvests, to ‘hard’ interventions, such as the installation
of equipment to run a community radio station. However, in
toto, the programme is firmly in the realm of EbA – with its
key focus on habitat protection and restoration and enhancing
ES flows.

3.1. Improving productivity of subsistence gardens

One of the higher return policy interventions for improving
rural well-being and resilience is stimulating innovation in
the sectors from which the rural poor derive their livelihoods
(Weber, 2012, p. 84). Ninety-eight percent of all Tanna house-
holds undertake some form of subsistence food production,
mostly root vegetables and fruits from household gardens, ani-
mal husbandry (pigs and chickens), and in coastal areas, fishing
is common (Vanuatu National Statistics Office, 2009). Food
production capacity can be increased by expanding the land
available for farming, but this comes at the expense of alterna-
tive ecosystem types, principally kastom forest, or by increasing
fishing effort, that can result in over-harvesting of fish from the
fringing coral reefs. To avoid such impacts on forest and reef
ecosystems, modified farming systems and practices are
needed, which can improve soil fertility and sustain high pro-
ductivity and crop diversity in existing garden areas. Projected
climate change impacts are also an important concern, as rising
temperatures will push the optimal thermal envelope for high-
yield staples, such as taro, to higher elevations and to the south
– areas that are currently under widespread kastom forest
tenure. The northern end of the island is currently drier and
future climate may lead to increases in seasonal droughting,
even if annual rainfall increases (Mackey et al., 2017).

Locally-reported falling yields from these gardens present a
significant risk to food security and local habitats (Mackey
et al., 2017). This fall in productivity is also supported by obser-
vations across Vanuatu by Fleming (2007), who reports a linear
trend in falling productivity of −2.95% per annum (total factor
productivity) between 1970 and 2002. The pressure on Tanna’s
subsistence farming system from direct human pressures is
accentuated by the relatively small area of high-quality arable

land available. We also have empirical evidence that there has
been an increase in the area of cropped versus fallow land
(i.e. natural forest regrowth), contributing to a marked decrease
in fallow periods when compared with traditional practices
(Mackey et al., 2017). Community interviews highlighted that
some villagers are experiencing declining taro production, a
decrease in soil fertility, and competition between growing
food for cash and subsistence, along with increasing cultivation
intensification and a loss of tree cover. Some communities also
report clearing of primary forest for taro production as a
response to increasing food demand and declining soil
productivity.

Improved productivity can potentially be achieved through
changes in management of subsistence gardens, such as incor-
porating new crop varieties (climate-resilient crops) and grow-
ing techniques, localized irrigation, improving soil fertility,
introducing higher value crops, and diversifying the local econ-
omy (Mael, 2013). Demonstration farming plots and agricul-
tural extension programmes have proven to be effective in
encouraging innovation and improving farmer welfare and
are a key strategy in the Vanuatu NSDP (Objective ECO 3.4)
(James et al., 2011; Moser & Barrett, 2006; Nakano, Tsusaka,
Aida, & Pede, 2018; Republic of Vanuatu, 2016b; Suvedi, Ghi-
mire, & Kaplowitz, 2017). As farmers make decisions based on
uncertain benefits and uncertain costs, demonstration plots can
provide a level of assurance to support individual farmers’
innovation, reducing exposure to risk of failure, hunger, loss
of income or indebtedness (Adesina & Zinnah, 1993, p. 297;
Eklund, 1983; Marglin, 1965). Community social structures
already provide some degree of risk mitigation (Clifton &
Wharton, 1971), but there is a generally slow adoption of
new technologies for subsistence farming, without support. In
addition to risk exposure, knowledge constraints, input avail-
ability and conformity effects are also significant factors in
low subsistence farming innovation (Clifton & Wharton,
1971; Dercon & Christiaensen, 2011; Moser & Barrett, 2006;
Nyyssölä, Pirttilä, & Sandström, 2014; Weber, 2012).

The early impact of extension programmes has been shown
to be high and technology diffusion, through neighbourly con-
nections, has proven to be persistent and continues indefinitely,
making extension programmes a cost-effective enterprise
(Krishnan & Patnam, 2014, p. 308). They can foster a culture
of ‘learning by doing’ (Conley & Udry, 2010; Foster & Rosenz-
weig, 1995) and peers can be encouraged when they observe
good results through ‘social learning’, or emulating others, par-
ticularly within the same village or tribe (Foster & Rosenzweig,
1995). Much of the success of demonstration plots is earned
through a propagation of a personal belief that individuals
can achieve what their peers can, so having successful neigh-
bours is, unsurprisingly, important, as growers want to see
their peers achieve results before adopting the new practice.
In general, technology diffusion is more common with non-
food than food crops and with cash crops rather than those
produced for household consumption and it is also further
influenced by gender, employment, household size, education
level, age, land size, and off-farm income (Clifton & Wharton,
1971; Langat et al., 2013). Notwithstanding, there are obvious
challenges to technology diffusion relating to communication
and connectivity in remote rural communities, generally. For
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Tanna, these challenges are further complicated by a general-
ized reluctance to share technology between clans and language
diversity present on Tanna (Andrew, Andasua, & Baynes, 2016;
Nehrbass, 2012). Finally, from a communications perspective,
community radio has shown to be useful in raising and main-
taining awareness, but is insufficient to convince people to take
up new practices in and of itself (Weber, 2012).

Our project proposes a series of six demonstration garden
plots (one in each sub-island administrative district), each sup-
ported by a salaried local extension officer, with budget for
equipment, a vehicle and botanical needs, a salaried central
project officer, with budget for an office, equipment and a
vehicle, and a community radio station, including programme
creation consultancies and equipment, broadcast technology
and programming support, to drive engagement with the pro-
gramme. In addition, to assist in the production and propa-
gation of new plant stock and tree saplings for reforestation
and revegetation efforts, a centralized nursery is proposed, at
the site where an existing government nursery is currently
operating, at Isangel (albeit at a very small scale, currently).
We also factor-in an expansion of Tanna’s poultry stock, sup-
ported by a centralized hatchery and more widespread intro-
duction of poultry into the subsistence garden food systems
to increase the protein production capabilities of the land
(eggs and meat), to help manage pests, and to increase nitrogen
cycling (Dumas et al., 2016). Our budget also includes costs for
specialist consultancies for permaculture design, hatchery man-
agement, project evaluation, contract management, adminis-
trative costs, and all recruitment. All our cost are based on
estimates from expert opinion in the international development
community, local forestry and agriculture officers, and informal
quotations from service providers in Vanuatu and Australia.
Our five-year project budget is set out in Table 1, which
accounts for inflating prices over the project timeline at 3.5%
per annum.

3.2. Community-based conservation

Vanuatu law relating to customary ownership of natural
resources is based on the fundamental concept, enshrined in
the Constitution (Chapter 12, Article 71), that all land and
in-shore reefs are the inalienable property of the Ni-Vanuatu
(Amos, 2007). The Ni-Vanuatu of Tanna have a long history
of sustainable natural resource management and have devel-
oped a range of kastom practices to protect and conserve Tan-
na’s ecosystems (Lindstrom, 1982, 2011; Regenvanu, Wyatt, &
Tacconi, 1997). However, it is also evident these claims of sus-
tainability need to be qualified, as coastal fisheries are under
threat, garden productivity is falling and deforestation con-
tinues (Fleming, 2007; Mackey et al., 2017). In support of

customary management, the Vanuatu Environmental Manage-
ment and Conservation Act 2002 allows for establishment of
Community Conservation Areas (CCA) – the key conservation
tool in Vanuatu legislation. To be formalized, a CCA must be
registered with one of the appropriate Vanuatu government
departments. Creating the CCA must follow an established
procedure, which allows for community consultation, biodiver-
sity audits, community approval of a management plan, notifi-
cation of neighbouring communities and support from both
the island Council of Chiefs and the provincial government.
CCAs may be of any size, marine or terrestrial, privately-, com-
munity- or cooperatively-owned and managed, and can sup-
port local practices by allowing for the sustainable harvesting
of resources, such as fish, timber and non-timber forest pro-
ducts. The community-based conservation component of our
proposal aims to develop Tanna’s formal natural resource man-
agement capacity in a way that is based upon kastom practices
and Vanuatu legislation.

Whilst this legislatively-established procedure provides
checks and balances to creating equitable, sustainable, and
worthwhile conservation areas, the technical, managerial and
logistical demands create barriers to their establishment. Our
project proposal establishes coordinating staff and supports
the technical, consultative and evaluation aspects of establish-
ing a series of marine and terrestrial CCAs on Tanna to support
the conservation of the two most important ecosystem types:
coral reefs and tropical rainforests. Once established, it is
expected that each CCA will be self-managed by communities
with sufficient knowledge and capacity to best ensure their on-
going value to the local community. This capability will be pri-
marily achieved through the establishment of a community
ranger programme, which will provide for a network of local
community rangers as implementation managers for each
area. The rangers will be provided with a wage, resources,
responsibilities, training and mentoring. Community ranger
programmes have demonstrated success in achieving conserva-
tion and habitat management and restoration objectives in a
wide range of societal settings from Australia to Namibia (Aus-
tralian Government, 2018; Stuart-Hill, Diggle, Munali, Tagg, &
Ward, 2005). Numerous local benefits can flow from commu-
nity ranger programmes, including generating local, culturally
meaningful, employment (which can encourage younger
people to stay on-country on Tanna), building community
capacity, and enabling a mechanism for applying traditional
knowledge to be integrated into land management (Moritz,
Ens, Potter, & Catullo, 2013).

While formalization of the CCAs is an option, it is not a cen-
tral focus. The key is to establish the capacity for effective com-
munity-based resource management, with or without
registration. The formalization process has been subject to

Table 1. Project budget for six demonstration plots and extension officers, tree nursery expansion and community radio station (US$).

Project component Year 1 Year 2 Year 3 Year 4 Year 5 Total (5 years) Ongoing costs (per annum)a

Tree nursery 101,600 50,301 52,062 53,884 55,570 313,616 42,350
Demonstration plots, poultry management, engagement officers 346,060 199,921 206,440 213,187 226,482 1,192,089 153,600
Sub-total 447,660 250,222 258,502 267,071 282,252 1,505,705 195,950
Community radio station 654,880 71,899 73,485 75,162 79,933 955,360 70,000
Totals 1,102,540 322,121 331,987 342,233 361,985 2,461,065 265,950
aOngoing costs are represented here in relation to scenarios described in the Results section and in the analysis, are subject to 3.5% inflation per annum.
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significant criticism on the basis that it focuses on the interests
and the skill sets of the international NGO community, which
benefits from being seen establishing formal conservation,
without obligation for ongoing resourcing at the expense of
local communities who risk the loss of control of their resources
with no ongoing benefits (Hickey, 2008; Ruddle & Hickey,
2008).

3.2.1. Forest-based conservation
The role of forest assets to the well-being of the Ni-Vanuatu is
recognized in the Vanuatu Forest Policy (Department of For-
ests, 2011), however, there remains a gap between policy intent
and implementation. As fallow periods shorten, intensification
of gardening efforts leads to clearing of remnant trees in the
agroforestry system and in addition, large areas of primary for-
est are now at risk (Mackey et al., 2017). There are significant
benefits from retaining primary forest adjacent to subsistence
gardens. Forests provide fuel-wood and non-wood forest pro-
ducts, improve soil stability and fertility, and subsistence gar-
den forest cover provides shade and microclimatic buffering
from extreme weather events (Harrison, Karim, Alauddin, &
Harrison, 2016). If the extent and connectivity of remnant pri-
mary forests cross critical thresholds, these benefits will dimin-
ish, and further downward pressure is placed on subsistence
garden productivity. Assisting communities with the protection
of forest areas as an EbA, implemented through CCAs, can thus
reduce the risk of climate change impacts.

3.2.2. Marine community conservation areas
Marine protected areas (MPAs) are zone-based, mixed man-
agement marine areas, targeted at ensuring sustainability in
the management of fisheries and integrity of coastal coral reef
ecosystems. Zones can be managed along a spectrum from
‘no-visit’ and ‘no-take’ to temporary closures or gear restric-
tions. Implementation and effective management of MPAs
can increase fish diversity and biomass (or at least arrest
declines), particularly as they mature, when they can measur-
ably increase local food security (Mascia, Claus, & Naidoo,
2010). Where mixed zoning includes at least some no-take
zones, this increases biomass and take zones can benefit from
spill-over (Lester et al., 2009). MPAs do not necessarily increase
coral cover, but can arrest its (often) continued demise in
proximity to human settlement (Agardy, Di Sciara, & Christie,
2011; Mascia et al., 2010). The presence of MPAs has been
shown to increase tourism in Vanuatu (Pascal et al., 2015)
and there is a strong link between biological success and social
success (legitimacy) (Christie, 2004). Customary management
systems should be dynamic and evolve adaptively to changing
social, political, economic, and cultural conditions (Cinner &
Aswani, 2007). In addition, combining the goals, techniques,
and institutions of modern fisheries management with custom-
ary MPA management can mitigate against failures of current
inshore resource management and the vulnerability of custom-
ary management institutions to socioeconomic change.
Implementation of MPAs can positively affect local environ-
ments; firstly, through spill-over effects of biota (Guidetti,
2007) (though these are moderate); and secondly, through
knowledge diffusion and so-called ‘copycat entrepreneurship’

(UNDP, 2012, p. 11), whereby the successful management
model is replicated through the region.

Conservation of Tanna’s coastal coral ecosystem and the
sustainability of reasonable fishing yield are critical for coastal
communities, not only in terms of food security, but also in
providing significant benefits in terms of raw materials, coastal
protection and disturbance moderation (Mackey et al., 2017).
In addition, a healthy reef ecosystem will likely be a key habitat
type for visitation in the developing tourism industry in Tanna.
Though MPAs are found elsewhere in Vanuatu, particularly on
Efate, they are not widely used on Tanna, suggesting insti-
tutional and capacity barriers to their establishment. Vanuatu
currently has 18 formalMPAs registered through the CCA pro-
cess (Marine Conservation Institute, 2018). Their extents range
from 30 to 0.11 ha, though most extents are unreported. None
are registered for Tanna. Informal MPAs (not registered
through Vanuatu legislation) also exist. The authors are specifi-
cally aware of locally-formulated MPAs in the Cook’s Rock-
Port Resolution region of Tanna, though by their nature,
there is no data on boundaries and any management measures.

Our programme budget for CCA logistical and technical
support and the community ranger programme is set out in
Table 2, which accounts for inflating prices over the project
timeline at 3.5% per annum. The programme budget would
account for the implementation of one new CCA each year
for the five years of the project, each establishing 10 ha of forest
and 2 ha of MPA, managed by two employed community ran-
gers each. Our budget includes line items for salaries for com-
munity rangers and a ranger coordinator (plus vehicle), costs
associated with setting-up and supporting management com-
mittees and technical consultancies for biodiversity audits
and mapping services. Again, our costs are based on estimates
from expert opinion in the international development commu-
nity, local forestry and agriculture officers.

4. Methodology

4.1. Method of assessment

Social benefit-cost analysis (SBCA) compares the relative value
of benefits and costs of a project under consideration, over
time, to determine the project’s economic value on its own
merits, from a broad, all-of-society perspective (Boardman,
Greenberg, Vining, & Weimer, 2017; Leary, 1999). Various
metrics can be computed for project assessment: firstly. the
‘net present value’ (NPV) is the total present value benefit
minus the total present value cost for the project as a whole;
secondly, the ‘benefit-cost ratio’ (BCR) is the ratio of the

Table 2. Project budget for establishment of community conservation area
logistical and technological support and management of community ranger
programme (US$).

Project component Year 1 Year 2 Year 3 Year 4 Year 5
Total (5
years)

Community rangers
programme

44,800 34,776 35,993 37,253 38,557 191,379

Community
conservation area
support

24,500 25,358 26,245 27,164 28,114 131,381

Totals 69,300 60,134 62,238 64,417 66,671 322,760
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present value benefits to present value costs (this determines a
‘return on investment’ for each unit of present value cost
incurred); and thirdly, the internal rate of return (IRR),
which reflects the rate of ‘growth’ in the value of the investment
(computed by determining the discount rate at which the NPV
of a project equals zero). In our case study we use NPV and
benefit cost ratio metrics. IRR is considered inappropriate in
the context of grant-funded programmes, where benefits are
predominantly social in nature.

The economic feasibility of a project is assessed by deter-
mining whether the social benefits are greater than the costs,
including the opportunity cost (i.e. whether the private capital
could achieve greater returns elsewhere) (Hernández et al.,
2006). In this instance, we do not attempt to determine the
opportunity cost as the entire project would be likely funded
by an external large-scale funding body, purely for broad, social
benefit.

Social costs and benefits canmake use of economic valuations
of changes in ES delivery. In this studywewidely deploy ES value
estimates either using coefficients established by Mackey et al.
(2017), which are predominantly based on the The Economics
of Ecosystems and Biodiversity (TEEB) valuation database
(van der Ploeg & de Groot, 2010), or from references in the pub-
lished literature. In this case studywe estimate gains and losses in
ES value from: (i) productivity changes in subsistence gardens;
(ii) extent changes of tropical forests; (iii) changes in value of
fisheries; (iv) changes in value of coastal protection from the
conservation of coral reefs; and (v) changes in value of tourism,
facilitated through the establishment of marine CCAs. To estab-
lish an appropriate value for benefit transfer to Tanna, we first
used Vanuatu-specific valuation studies, where available (n =
2). When not available, we applied the most appropriate filters
to the TEEB database to derive values for Tanna (using amedian
value, if there was more than one value from the database).
Finally, for the annual value of subsistence gardens we used
Anderson’s (2006) estimates of the value of customary-managed
land for subsistence food production in PapuaNewGuinea (cul-
turally, also Melanesian), adjusted to 2016 values and further

adjusted to take account of lower GDP per capita (purchasing
power parity) for Vanuatu. Anderson’s study calculated the
replacement value, at local market prices, of produce growth
in subsistence gardens.

Through this process we established per hectare, per year ES
values for subsistence gardens, tropical forests and coastal coral
reefs by summing the appropriate values across as many of the
individual ESs we could establish values for. (There was only a
single value for food, for subsistence gardens.) We recognize
there are gaps in some values (biological control value for for-
ests being an important one), due to a paucity of data, particu-
larly for non-market values associated with cultural
connections to country. Cultural ES values can be difficult to
value economically and arguably do not lend themselves well
to benefit transfer due to their highly-localized nature and
the potential for cultural relationships to be non-negotiable
(Pröpper & Haupts, 2014; Venn & Quiggin, 2007). Whilst
gaps in ES values and difficulties in establishing some cultural
ES values inevitably leads to under-estimation of social benefits,
conversely, when deciding between implementation of compet-
ing projects, economic valuation is only one consideration and
cultural values can, and perhaps should, be assessed more
qualitatively. Table 3 provides a qualitative summary of trend
losses and gains in ES value and ecosystem extent associated
with the proposed projects. All values are adjusted to 2016
values, using World Bank data. Full details of our valuation
and extent change methodologies are in the Supplementary
Materials.

We assess a range of different scenarios for the subsistence
gardens project. Our base case is a 5-year funding timeframe,
whereby households engaged in the programme, either directly
by the extension officers or through technology diffusion, are
doubling the productivity of their gardens over a 25-year
period. The increases in productivity follow a logistic growth
curve, with slow growth at first, accelerating through the
middle years (peaking in growth in year 12) before approxi-
mately levelling-out after year 23 and remaining indefinitely
at a near-doubled rate. Components included in this scenario

Table 3. Summary of gains and losses in ecosystem service value or ecosystem extent.

Demonstration plots, farming extension, community
radio Community conservation area (CCA) (marine)

Community conservation
area (CCA) (forest)

Value (US$ ha−1 yr−1)
and extent (ha) of
subsistence gardens

Value increases as a logistic function as extent of land
under modified practices increases (which is
proportional to the number of households engaged in
the programme). For those households not engaged,
the value falls as productivity is generally falling in
Vanuatu. Total area under cultivation rises in-line with
population growth, but this rise is suppressed by the
rate of increase in productivity

— —

Extent of tropical forests
(ha)

Extent of tropical forest generally reduces due to
existing deforestation. The rate of deforestation is
dependent on the level of productivity increase on
cultivated area under modified practices

— Extent of tropical forest
increases in area subject

to CCA

Value of fishery (US
$ ha−1 yr−1)

— Fishery value increases in a logistic function in area
subject to CCA. Where CCA is not present, the
value of the fishery falls as an inverse log function

—

Value of coastal
protection (US
$ ha−1 yr−1)

— Extreme event moderation value of coral reefs
remains constant in area subject to CCA. Outside
this area, this value diminishes in an inverse log
function

—

Value of tourism (US
$ ha−1 yr−1)

— Recreational value of coastal coral increases in area
subject to CCA

—
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are: (i) six demonstration plots and extension officers; (ii) one
centralized tree nursery; and (iii) a community radio station.
We also assess this project without the implementation of a
community radio station (this reduces the engagement rate,
but not the technology diffusion rate). In addition to our base
case scenario, we also modelled the outcomes if the project
components could be continually annually refinanced over a
25-year period (for example, from an endowment), using an
estimated annual project maintenance cost, subject to a 3.5%
inflation rate (Table 1). For the CCA project we assessed a
base case only, where 2 ha of MPA and 10 ha of forest conser-
vation area are established, with 5 years of funding, with
benefits assessed over the same 25-year period.

SBCA inevitably entails comparison of costs and benefits
that arise at different points in time. To enable meaningful
comparison, these costs and benefits are converted into their
‘present value’ by applying an annual discount rate – the rate
at which the value erodes over time. From a societal perspec-
tive, the discount rate applied reflects whether society prefers
to obtain beneficial outcomes sooner rather than later, society’s
attitude towards the risk of investments failing to deliver the
expected return, and a reflection of the time value of money.
Private discount rates for Ni-Vanuatu households will likely
be high, as decisions on risks surrounding the variable yields
from subsistence gardening of perennial crops and exposure
to natural hazards can influence household wealth significantly.
However, no consensus exists on which discount rate should be
used in relation to ES benefits, nor is there an accepted ‘Pacific
standard’ for application in the region – the majority of finance
ministries do not promote a preferred rate (Buncle, 2013). For
this study, we selected a centre point discount rate of 10% that
sits at the upper bounds of that recommended by Buncle
(2013), which reflects the commonly applied discount rates
by analysts for project assessments in the Pacific.

5. Results

Under all scenarios, our SBCA demonstrates significant posi-
tive NPVs from improving the productivity of subsistence gar-
dens on Tanna. Implementation of community conservation
efforts (either marine, terrestrial, or a combination of both)
yields a neutral NPV at the centre-point discount rate. Our
base case garden improvement analysis indicates an NPV of
US$ 182.6 million (m) (all figures in 2016 US$ values) at a
BCR of 93, when the discount rate (r) is 10%. This assumes
that 25-years after project commencement, approximately
32% of all households in Tanna will be at some stage of a jour-
ney of year-on-year productivity improvement, assuming that
subsequent technology diffusion occurs after the project ends.
(For details of our productivity gains analysis, see Supplemen-
tary Materials.) If a supporting radio station is not funded (i.e.
the engagement process is less effective), the project still returns
a NPV of US$ 86.6 m at a BCR of 74. This assumes at the end of
the 25-year period, only 16% of all households would be under-
taking modified techniques (Table 4).

We also modelled the outcomes if the garden project com-
ponents could be continually refinanced over a 25-year period,
using an estimated annual project maintenance cost of US$
265,950 (with radio station) and US$ 175,350 (without radio

station) (Table 5), inflating over time at 3.5%. Being continually
supported over such a period increases the reach of the engage-
ment aspects of the project. If supported by a community radio
station, over 25-years, all Tanna households could be reached
by year 17 and annual funding for the demonstration plots
and agricultural extension officers could cease, as any annual
additional households (forming as a result of population
growth) could be engaged within our modelled bounds of
unsupported technology diffusion. In such a scenario, the
NPV of the project is US$ 448.8 m at a BCR of 122 for a dou-
bling of productivity. In the absence of a radio station, funding
for the demonstration plots and extension officers must con-
tinue through the 25-year period. In this instance the NPV is
US$ 240.8 m at a BCR of 91.

We performed a sensitivity analysis by adjusting both the
discount rate from 10% to 15% and 3% and the rate of increase
in productivity of the subsistence gardens over 25-years from
100% to 50% and 25%. Where r = 15%, progression towards a
25% increase in productivity and no implementation of a com-
munity radio station, under the fixed 5-year project timeframe
(i.e. the project’s least favourable scenario), the project still
returns a favourable NPV of US$ 15.4 m with a BCR of 18.
The full outputs of our sensitivity analyses are in Tables 6
and 7.

For implementation of the CCA programme (marine and
terrestrial) we estimate a NPV of US$ 3275 with a BCR of
1.01, where a 10% discount rate is applied. This is based on pro-
gramme costs from Table 2 and implementation of 10 ha of
tropical forest and 2 ha of coral reef per year protected under
CCA status and employment of 10 community rangers.
Where r = 15%, the NPV and BCR are US$ −53,218 and 0.75

Table 5. Net present value (NPV) and benefit cost ratio for garden improvement
(six sites), both with and without a supporting community radio station with
ongoing programme funding (25-years) (r = 10%).

Demonstration plots

Subsistence gardens with
supporting community

radio station

Subsistence gardens
without supporting

community radio station

NPV
Benefit
cost ratio NPV

Benefit
cost ratio

100% improvement in
productivity

448,786,430 122 240,761,777 91

50% improvement in
productivity

266,539,576 73 139,596,089 54

25% improvement in
productivity

166,677,409 46 83,129,266 32

Table 4. Net present value (NPV) and benefit cost ratio for base case scenario
garden improvement (six sites), both with a supporting community radio station
and without (r = 10%).

Improvement in
productivity over 25
years

Subsistence gardens with
supporting radio station

Subsistence gardens
without supporting radio

station

NPV
Benefit
cost ratio NPV

Benefit
cost ratio

100% improvement in
productivity

182,575,159 93 86,654,751 74

50% improvement in
productivity

112,755,934 58 51,188,706 45

25% improvement in
productivity

73,738,681 38 31,292,990 28
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respectively, whilst where r = 3% the NPV is US$ 234,663, with
a BCR of 1.79 (see Table 8).

As it is a key variable, in the CCA project, we performed a
sensitivity analysis on the social benefit derived from tropical
forests by adjusting the per hectare per year value by mul-
tiples of 1.5 and 0.5. For the higher value, the project returns
positive BCR for all discount rates. For the lower value, the
project returns negative BCR for all discount rates, however,
where r = 3%, the NPV is only marginally negative (US$
−13,025). The full outputs of this sensitivity analyses are in
Table 9.

6. Discussion

Our SBCA implies that climate change adaptation funding tar-
geted at increasing the productivity of subsistence gardens on
Tanna returns very significant social benefits over a 25-year
period, suggesting such a programme of works is a good candi-
date for EbA project funding on Tanna and, arguably, in Pacific
SIDS, in general. Increasing the per unit area food productivity
of subsistence gardens and encouraging the introduction of
new and adaptive permaculture techniques can (i) help com-
munities adapt to changes to crop growing temperature
envelopes, more extreme weather events, and degradation of
in-shore reefs; (ii) insure against worsening food insecurity
from falling yields and population growth; and (iii) take advan-
tage of co-benefits (positive externalities) that include tropical
forest cover retention to regulate soil, water, and micro-climate,
and protect biodiversity and contribute towards global efforts
to sequester carbon. As improvements to productivity can be
potentially adopted by all households on Tanna that farm
(98%) and can, through technology diffusion over a long
period, continue to be adopted, the social benefits are substan-
tial (see Table 4). In addition, increasing the community
capacity to balance formal forest and reef conservation with
customary management can provide small, but nevertheless
important complimentary social benefit. Implemented
altogether, the programme of works can coordinate and sup-
port community development and education on Tanna, as
well as augment the logistical capacity, effectiveness and
reach of both projects (see Figure 3). In addition, the proposed
demonstration plots and upgraded nursery could act as con-
vening hubs for training and engagement for similar projects
being undertaken by the development community on Tanna.
Both these projects align with Vanuatu’s NSDP, which sets
the course towards national achievement of the SDGs, particu-
larly Environmental Goals 1 (food and nutrition security), 3
(climate and disaster resilience), 4 (natural resource manage-
ment), and 5 (ecosystems and biodiversity) and Economy
Goals and Policy Objective 3 (strengthen rural communities)
(Republic of Vanuatu, 2016b).

Though small-scale demonstration plots have been trialled
on Tanna, reportedly with some success (Clarke, McNamara,
Clissold, & Nunn, 2019), adoption of modified gardening tech-
niques is likely to face many of the same barriers on Tanna, as
have been documented elsewhere, such as aversion to taking
new risks, due to the potential for shocks causing crop failure
and loss of livelihood, lack of new inputs and education, and
conformity affects (Clifton & Wharton, 1971; Dercon & Chris-
tiaensen, 2011; Moser & Barrett, 2006; Nyyssölä et al., 2014;
Weber, 2012). These risks are salient in the context of Tanna:
in 2015, the island was affected by category 5 Tropical Cyclone
Pam that damaged vegetation and crops, which was followed
immediately by a drought, delaying replanting. In addition,
communications and transport links are poor, meaning access
to markets, innovative ideas and new inputs is limited. This
likely reticence can be mitigated by undertaking bottom-up
implementation, embodied in community-based-adaptation
approaches (Clarke et al., 2019), together with the longevity
of the proposed project (at least 5 years), which will enable
results from perennial and annual crops and the benefits

Table 7. Sensitivity analysis of benefit cost ratio for implementation of garden
improvement programme (six sites) with a supporting community radio station
and without, with ongoing programme funding (25 years).

Demonstration plots

Subsistence gardens
with supporting
community radio

station

Subsistence gardens
with no supporting
community radio

station

Benefit cost ratio Benefit cost ratio

r =
3

r =
10

r =
15

r =
3

r =
10

r =
15

100% improvement in
productivity

229 122 77 149 91 61

50% improvement in productivity 136 73 47 87 54 37
25% improvement in productivity 86 46 29 53 32 22

Table 6. Sensitivity analysis of benefit cost ratio for implementation of garden
improvement programme (six sites) for five-year project timeline, both with a
supporting community radio station and without.

Demonstration plots

Subsistence gardens
with supporting
community radio

station

Subsistence gardens
with no supporting
community radio

station

Benefit cost ratio Benefit cost ratio

r =
3

r =
10

r =
15

r =
3

r =
10

r =
15

100% improvement in
productivity

248 93 51 192 74 41

50% improvement in productivity 152 58 32 113 45 26
25% improvement in productivity 99 38 21 70 28 16

Table 8. Net present value (NPV), benefit cost ratio and sensitivity analysis for
implementation of community conservation area (logistical and technical
support) and management of community ranger programme over a five-year
time line.

r = 10 r = 3 r = 15

NPV
(US$)

Benefit
cost
ratio

NPV (US
$)

Benefit
cost
ratio

NPV (US
$)

Benefit
cost
ratio

Community
conservation
project

3275 1.01 234,633 1.79 −53,218 0.75

Table 9. Sensitivity analysis of benefit cost analysis for value of forests in
community conservation areas. (No change in the value of coastal coral reef
values.)

r = 3 r = 10 r = 15

150% baseline value of forest (957 US$ ha−1 yr−1) 2.63 1.50 1.12
100% baseline value of forest (638 US$ ha−1 yr−1) 1.79 1.01 0.75
50% baseline value of forest (319 US$ ha−1 yr−1) 0.96 0.53 0.39
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from new technologies, such as mulching and irrigation, to be
demonstrated over multiple growth cycles and, potentially,
through El Niño climate oscillations.

Understanding the distributional impacts of the proposed
projects is essential to understanding the impact of a project,
not just its outputs and outcomes (Asian Development Bank,
2007). No quantitative poverty impact analysis (PIA) has
been undertaken to disaggregate which stakeholder groups
would likely benefit most from the projects. It cannot be
explicitly stated the projects, as proposed, are explicitly pro-
poor. However, a number of demographic attributes of
Tanna suggest that we can make at least a qualified judge-
ment that the demonstration plots project, in particular, can
benefit indiscriminately and would have positive distribu-
tional impacts. Tanna’s communities remain relatively hom-
ogenous and tribally-based. Tribal affiliation provides
entitlements to shelter and customary rights to farming
land and forest and marine resources; hence there is no
land-owning class that overtly benefits from improved pro-
ductivity. Nevertheless, this optimism needs to be tempered
by the understanding poorer farmers often benefit less from
extension programmes due to their propensity to farm smal-
ler plots, be more risk averse, and be less likely to engage in
such programmes (Feder, Just, & Zilberman, 1985). Provided

outreach associated with the programme is carefully designed
– perhaps even specifically targeting households that are typi-
cally hard to reach, or individuals who are marginalized – the
impact on poverty reduction should be high. Notwithstand-
ing, a more detailed, quantified PIA, would provide a valuable
adjunct to our study.

Undoubtedly, increases in the productivity of the gardens,
and a general trend towards economic specialization, economic
development and infrastructure investments in Vanuatu,
would have an impact on produce prices and mix, and employ-
ment wages. However, employment levels and quantities of
goods exchanged are starting off a low base – currently, only
12.2% of Tanna’s population ‘works for pay’, which includes
those who are employed, own businesses or produce surplus
harvests (fish or vegetables) ‘mainly’ for sale (Republic of
Vanuatu, 2016a). (Ad hoc sale of occasional surplus produce
and handicrafts is widespread.) Estimates of the impact on
food prices of the proposed projects is beyond the scope of
our study, but would also provide a valuable line of enquiry,
particularly ex post.

The degree of uncertainty in the projections of future cli-
matic conditions for which adaptation is necessary has an
implication on the scale, timing and types of adaptations that
are most appropriate. If an adaptation is implemented in a

Figure 3. Conceptualization of how the individual project components can function in mutual support.
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way that is inflexible to new information and the future benefits
are uncertain (as new conditions may not transpire, or be more
extreme than anticipated) assessing the benefits of such an
adaptation becomes problematic (Leary, 1999). A benefit-cost
framework for judging the welfare of climate change adaptation
in light of climatic uncertainty was proposed by Leary (1999):
(i) adaptations that entail large irreversible costs, which provide
limited present benefits, and which can be delayed until there is
greater certainty, should be delayed; conversely (ii) adaptations
that might reduce vulnerability in the future, but create present
benefits under current conditions, ‘are a good place to start’
(Leary, 1999, p. 318). Our gardens proposal, in particular,
meets these criteria set out by Leary – the costs may be con-
sidered significant, but are definitively flexible (even reversible)
and each of any component of the proposal generates feasible,
demonstrable benefits even if climatic conditions do not
change. The flexibility inherent in our gardens project also
accounts for changes in socio-economic conditions. For
example, a small number of communities in Tanna (the Port
Resolution and Whitegrass areas, for example) potentially
face significant social, economic and environmental upheaval
in the short-term, particularly from increases in tourism visita-
tion and development, and a transition towards a more econ-
omically specialized, cash-based economy. For example, the
authors are aware of particular potential developments in
Port Resolution, including the development of a regional air-
port and a mooring for cruise ship visitation.

There is also uncertainty around what impact climate
change will have on ecosystems and, by extension, the ability
of ecosystems to continue to provide both adaptation and miti-
gation services, as well as the broader suite of ESs (Jones, Hole,
& Zavaleta, 2012). For example, investing in coral reef conser-
vation through establishment of a MPA (providing storm pro-
tection, food security and tourism industry opportunities) may
face limits if the ocean warms to an extent where continued
mass coral bleaching dislocates the coral reefs’ integrity and
the reef tips to an alternate state that does not provide the
same adaptation services (Albright et al., 2018; Hughes et al.,
2017; Mumby, Hastings, & Edwards, 2007). Furthermore, cli-
mate change is generally not the only threat to habitat conser-
vation. There is little reason to believe habitats that are the
targets of investments from EbA projects that are also currently
under threat at the margins – or even at risk of collapse – as a
result of anthropogenic activities and global change processes,
will not face the same threat of degradation, notwithstanding
the adaptive response. Tackling food security, through the
demonstration plot project, tackles these anthropogenic stres-
sors – land conversion from forests in particular – at the root
cause.

We recognize Indigenous Traditional Knowledge (ITK) –
specifically kastom management of natural resources –
remains important to Tanna communities and can be
employed successfully in EbA (Nalau, Becken, Schliephack,
et al., 2018). Engagement in agricultural innovation via dem-
onstration plots and agricultural extension workers could be
interpreted as the antithesis of ITK and be seen as an external
intervention, however, if we take the view that ITK is just one
layer in ‘nested knowledge systems’ (Nalau, Becken, Schlie-
phack, et al., 2018, p. 851), a well-structured, demonstration

plot and extension officer programme can lead to co-produced
knowledge. As ITK is held and accumulated collectively, our
proposed adaptation projects have potential to be fully inte-
grated into the community actions and interests – a common
factor of success (Hasan et al., 2018; Nalau, Becken, Schlie-
phack, et al., 2018). Though this intervention could be con-
strued as technocratic (it deploys specialists), a focus on
immediate solutions (growing produce more intensively),
which also supports a continuation of kastom management
of agricultural resources, should ensure enduring local engage-
ment (Granderson, 2018).

Our project budgets include line items for annual evalu-
ation. Success can be measured by generic assessment criteria,
such as effectiveness, equity, legitimacy and efficiency (Adger
et al., 2005; Althaus, Bridgman, & Davis, 2007). Measures of
effectiveness need to have both a spatial and temporal element.
Farming techniques that are successful in one area may not be
so in others (Adger, Huq, Brown, Conway, & Hulme, 2003).
These projects should be considered equitable (98% of house-
holds undertaking some farming (Vanuatu National Statistics
Office, 2009), however, formal CCAs can have some localized
access impacts: for example, MPAs limit access to or activities
in fishing grounds, which need to be managed in an open and
egalitarian way. In the main, most evaluation tends towards
objective methods and solicit little or no judgement from the
subject; i.e. the communities of Tanna. Recently, subjective,
participatory methods are being proposed, along two conti-
nuums – how it is defined and how it is monitored (Clarke
et al., 2019; Jones, 2019).

The combined subsistence gardens, extension officers, and
tree nursery project components fit within the funding envel-
ope for major funding institutions, such as a ‘medium-sized
project’ from the Global Environment Facility (less than
$2 m). The addition of the community radio component
pushes the project into the ‘full-sized project’ envelope.
Hasan et al. (2018) argue that projects that are shorter in
length and have a clear, singular agenda are more likely to suc-
ceed. As proposed, this project is of five year’s duration, there-
fore to mitigate the risk of being unsuccessful, a level of co-
funding – a further attribute of successful completion – by
the Vanuatu government (either cash or in-kind) would better
ensure that the intervention will be successfully and fully
implemented.

Approaches to planning and decision making that use EbA
and resilience-thinking provide a significant opportunity for
SIDS to adapt to climate change threats, while addressing
other sustainable development and equity goals, such as those
laid out in the United Nations 2030 Agenda for Sustainable
Development. But despite these demonstrated benefits, the
potential of EbA solutions is not being fully realized (Munang
et al., 2013). Although there is evidence EbA is beginning to
influence policy-making and planning, it remains limited and
the full suite of co-benefits is not being recognized (Pramova,
Locatelli, Brockhaus, & Fohlmeister, 2012). Once these co-
benefits are demonstrated, in many instances, the business
case becomes overwhelmingly positive, as our SCBA has
shown. Demonstrating these benefits using SBCA that employs
economic valuation of ESs is a vital step in making the business
case.
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7. Conclusion

Our study presents an SBCA of a targeted programme of EbA
interventions on Tanna for the purposes of improving commu-
nity resilience to climate change. We employ methods for econ-
omic valuation of ESs in the assessment of positive
environmental externalities. Our results show that very con-
siderable social benefit is derived from specific interventions
that aim to improve the productivity of subsistence gardens
by the implementation of demonstration plots and agricultural
extension workers, which also simultaneously take the pressure
off deforestation and improve well-being, even under con-
ditions of a growing population. Increasing the intensity of
food production reduces pressure on a range of resource man-
agement threats and can potentially be adopted by all house-
holds on Tanna. The initial project investment is, however,
considerable, putting it into either the medium- or full-sized
project envelope for major funding organizations. From a
more modest investment. increasing the community capacity
to balance formal forest and reef conservation with customary
management can provide small, but nevertheless important
complimentary social benefits, but does not produce the sub-
stantial social returns on investment. Given the lack of global
progress towards reducing greenhouse gas emissions, the
impacts of climate change are likely to accelerate. If the impacts
of climate change on SIDS are to be mitigated and resilience to
environmental change for rural communities is to be sup-
ported, then EbA approaches that improve food production
(or reduce food insecurity), whilst also alleviating pressure on
remaining natural habitats, provide potentially fruitful avenues
and should be high priority for major project sponsors.
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