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Climate Change Adaptation
in the Agriculture and Land Use Sectors:
A Review of Nationally Determined
Contributions (NDCs) in Pacific Small
Island Developing States (SIDS)

Krystal Crumpler and Martial Bernoux

Abstract Climate change is already altering the natural resource base upon which
global food security and nutrition depend, with disproportionate impacts on rural and
coastal communities in Small Island Developing States (SIDS) (IPCC in An IPCC
special report on the impacts of global warming of 1.5 °C above pre-industrial levels
and related global greenhouse gas emission pathways, in the context of strengthen-
ing the global response to the threat of climate change, sustainable development,
and efforts to eradicate. IPCC, 2018). The agriculture and land use sectors (crops,
livestock, forestry, fisheries and aquaculture) lie at the heart of the global response to
climate change, with the unique capacity to protect ecosystem integrity and promote
the livelihoods and resilience of the poor and vulnerable (FAO in State of food and
agriculture: climate change, agriculture and food security. FAO, Rome, 2016a). The
Food and Agriculture Organization (FAO) of the United Nations (UN) has developed
a methodology (Crumpler et al. in Working paper no. 76, FAO, Rome, 2019) and
analysis of the role of the agriculture and land use sectors in the climate change adap-
tation components set forth in the Nationally Determined Contributions (NDCs) of
Pacific SIDS under the Paris Agreement (FAO in regional analysis of the Nationally
DeterminedContributions in the Pacific: gaps and opportunities in the agriculture and
land use sectors. FAO, Rome, 2020). The analysis aims to provide a synthesis of the
extent towhich countries in the Pacific region include agriculture and land use in their
adaptation components, as well as identify “gaps” and “opportunities” for enhancing
adaptation ambitions by addressing the major climate-related impacts, hazards and
vulnerabilities reported in ecosystems and social systems. Overall, around 90% of
Pacific SIDS identify adaptation measures in ocean and coastal zone ecosystems
and agroecosystems, with mangrove conservation and replanting and water storage
and harvesting amongst the most frequently prioritized adaptation options. Adverse
health, loss of productive infrastructure and assets, and food insecurity and malnu-
trition constitute the greatest climate-related risks in social systems reported. Over
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2 K. Crumpler and M. Bernoux

two-thirds of countries promote health information and services as a cross-cutting
adaptation priority, and half prioritize resilient infrastructure. However, high adapta-
tion policy coverage gaps emerge around climate-related losses in ecosystem service
provision, particularly biological control, soil erosion control, moderation of extreme
events and the maintenance of genetic diversity and abundance. In social systems,
high policy coverage gaps are found around climate-related migration and displace-
ment. The analysis aims to inform 2020 NDC revision processes, as well as guide
country support and investment options in the region.

Keywords Climate change · Adaptation ·Mitigation · Agriculture · Land use ·
Nationally determined contributions · NDC · Pacific · SIDS

Introduction

Climate change and variability are already altering the natural resource base onwhich
food and agriculture systems rely, with disproportionately higher risk of adverse
impacts on the world’s most vulnerable and food insecure (IPCC 2014). Some of the
worst impacts on sustainable development are expected to be felt among agricultural
and coastal livelihoods in Small Island Developing States (SIDS), where both natural
andhuman systems face hard limits to adaptation (IPCC2018). Themain climate- and
ocean-related drivers of change in small islands include variations in air and ocean
temperatures, ocean chemistry, rainfall patterns, wind strength and direction and sea
levels; as well as climate extremes including tropical cyclones, drought and storm
swell events (IPCC 2014). All pose cascading risks to ecosystems and people through
an expected increase in the price of food, income and asset loss, foregone livelihood
opportunities, adverse health impacts and population displacements (IPCC 2014).
Overall, climate change disproportionately impacts the poor and vulnerable, due to
higher levels of exposure to risk and lower coping capacities, with an additional 100
million people expected to fall into extreme poverty by 2030 (Hallegatte et al. 2016).
At the household level, women and children may bear more of the burden of climate-
related shocks and stresses on health, education and paidwork,with intergenerational
impacts on nutrition and poverty outcomes (FAO 2018).

Climate-related impacts on human systems and ecosystem services are already
being observed in the Pacific (IPCC 2019a). It is expected that global warming will
result in the irreversible loss of marine and coastal ecosystems and reduce the pro-
ductivity of fisheries and aquaculture through shifts in distribution and abundance
of species, with grave consequences on the income, livelihoods and food security
and nutrition of marine resource-dependent communities in the region (Hanich et al.
2018; IPCC 2019a). The decline in warm water coral reefs is projected to greatly
compromise the services they provide to communities, including food provision,
coastal protection and tourism in small islands (IPCC 2019a). At the global scale,
the biomass of marine animals across the food web is projected to decrease by up
15% and the maximum catch potential of fisheries by 24% under high emission
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scenarios by the end of the 21st century (IPCC 2019a). Maximum catch potential
was projected to decrease by up to 50% in the Pacific, with largest impacts in the
western Pacific warm pool (Asch et al. 2018). When combined with increasing arid-
ity and a decrease in freshwater availability, sea level rise will likely leave several
atoll islands uninhabitable (IPCC 2018). The Pacific islands are confronted with the
highest disaster risk globally in terms of per capita loss, and due to data gaps, is
likely underestimated (Edmonds and Noy 2018). There is overall high confidence
that a slower rate of climate-related ocean and land change associated with more
ambitious mitigation action globally would provide greater adaptation opportunities
(IPCC 2019b), with particular relevance to those communities and ecosystems in
small islands in the Pacific where the biophysical limits to adaptation, character-
ized by high levels of exposure to current and future hazards, are compounded by
financial, technological, institutional and other barriers.

The adoption of the Paris Agreement in 2015 constitutes a landmark achieve-
ment in the global response to climate change, when developed and developing
countries alike committed to do their part in the transition to a low-emission and
climate-resilient future. The Agreement seeks to limit global warming to below a
2 °C rise above pre-industrial levels and pursue efforts to stay within 1.5 °C, as
well as sets a global goal on adaptation within the context of sustainable devel-
opment. The Alliance of Small Island States (AOSIS), in particular, successfully
advocated for the role of adaptation in the Paris Agreement as a key factor in the
global response to climate change. Underpinning the Agreement are the (Intended)
Nationally Determined Contributions, (I)NDCs, which for the purpose of this doc-
ument are referred to as NDCs thereafter. NDCs represent the main national policy
framework, under the United Nations Framework Convention on Climate Change
(UNFCCC), by which Parties communicate their commitment to reducing national
greenhouse gas emissions (GHG) and adapting to the impacts of climate change,
based on national priorities, circumstances and capabilities (Article 4).

The success of the Paris Agreement rests upon the enhanced ambition of Par-
ties to progressively revise and strengthen their respective mitigation and adaptation
plans over time (Article 4.2). In 2023, and every five years thereafter, Parties will
periodically take stock of the implementation of the Agreement to assess the collec-
tive progress towards achieving its purpose and long-term goals (Article 14). The
outcome of the “Global Stocktake” will inform Parties in updating and enhancing,
in a nationally determined manner, their actions and support in accordance with the
relevant provisions of this Agreement, as well as in enhancing international cooper-
ation for climate action. The tracking of NDC implementation will take place under
the Enhanced Transparency Framework (Article 13), which provides a foundation
for building mutual trust and confidence. The “Paris Rulebook” requires Parties to
report reliable, transparent and comprehensive information on GHG emissions, cli-
mate actions and support, with built-in flexibility for developing countries under the
principle of common but differentiated responsibilities and respective capabilities
(Article 13).

The agriculture and land use sectors (crops, livestock, fisheries and aquaculture,
and forestry) feature prominently in the NDCs, with up to 97 and 89% of developing
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countries prioritizing climate change adaptation and mitigation, respectively, in one
or more agricultural sub-sectors (FAO 2016b). The main objective of this paper is to
provide a sector-specific synthesis of the climate change adaptation priorities set forth
in the NDCs of countries in the Pacific and to identify opportunities for governments
to strengthen adaptation ambitions, capture mitigation co-benefits and accelerate
progress on the sustainable development agenda. Furthermore, a better understanding
of national adaptation priorities, barriers to implementation and support needs in the
agriculture and land use sectors can inform targeted programming and investments
in the region. This analysis is directed at national policy makers and practitioners in
the region with a stake in ensuring that future adaptation policies and programmes
are clear, measurable, transparent and ambitious. It also aims to guide international
development and civil society organizations, committed to providing the country
support required for scaling up climate action in the agriculture and land use sectors
and co-delivering on the 2030 Agenda for Sustainable Development and Sendai
Framework for Disaster Risk Reduction.

Methodology

The NDCs are the product of diverse national priorities, capacities and processes,
meaning that they vary greatly in terms of style, format, scale and level of detail.
A common framework was developed to facilitate the synthesis and analysis of the
NDCs in the agriculture and land use sectors. The framework provides a structure for
assessing the clarity, measurability, transparency and ambition of NDCs over time.
Each NDC was analyzed in full within the bounds of this common framework. The
framework was based on a stocktaking of 184 NDCs to quantify and qualify the
types of climate change mitigation and adaptation contributions in the agriculture
and land use sectors by means of a common set of categories and sub-categories.
The full methodological notes are contained in Crumpler et al. (2019). In order to
fill the information gap whereby some countries opted to make reference to existing
national climate change plans and vulnerability analyses, a review of National Com-
munications (NCs) and National Greenhouse Gas Inventories (NGHGIs) was carried
out to supplement the information contained in the NDCs. This paper is based on
the information reported in the most recently submitted NDCs, NCs and Technical
Needs Assessments (TNA) of non-Annex I Parties in the Pacific to the UNFCCC as
of 1 August 2019. Table 1 contains a list of the documents analyzed, which are all
publicly available on the UNFCCC website (www.unfccc.int).

For this analysis, the Pacific refers to 14 independent countries, in three geo-
graphic areas in Oceania: Melanesia (Fiji, Papua New Guinea, Solomon Islands and
Vanuatu), Micronesia (Kiribati, Marshall Islands, Micronesia (Federated States of),
Nauru, Palau) and Polynesia (Cook Islands, Niue, Samoa, Tonga and Tuvalu) (UNSD
n.d.). All 14 countries are SIDS and four (Solomon Islands, Vanuatu, Kiribati and
Tuvalu) are Least Developed Countries (LDC). The assignment of countries or areas

http://www.unfccc.int
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Table 1 Source of national
data for analysis

Country name NDC NC TNA

Fiji 2016 2014

Papua New Guinea 2016 2014

Solomon Islands 2016 2017

Vanuatu 2016 2014

Kiribati 2016 2013

Marshall Islands 2016 2015

Micronesia (federated states of) 2016 2015

Nauru 2016 2014

Palau 2016 2002

Cook Islands 2016 2011

Niue 2016 2014 2003

Samoa 2016 2010

Tonga 2016 2012

Tuvalu 2016 2015

to specific groupings is for statistical convenience and does not imply any assumption
regarding political or other affiliation of countries or territories by the authors.

A systematic analysis of the NDCs presents a number of methodological chal-
lenges, owing to their aggregate volume and heterogeneity in terms of content, scope
and detail. Due to lack of a standard template for NDC formulation, and capacity
constraints, not all information was necessarily made available, nor equal in level
of detail. For instance, many countries decided to make reference to their existing
national climate change adaptation policies rather than explicitly integrate them into
their NDCs. For this reason, the information contained in the NDC is supplemented
by information from other sources, including the NCs and TNAs. Nonetheless, the
information is not always comparable in absolute terms, constituting a limitation to
the methodology presented. It should also be noted that the adaptation policy cov-
erage gap analysis serves as a broad review of the coverage of adaptation priority
sectors and measures mentioned by each country in the documents analyzed and
does not constitute an assessment of their strength, which could be further analyzed
in terms of type (e.g. action, policy, project, programme or framework), scale, com-
prehensiveness and timeframe. The adaptation policy gap analysis, therefore, serves
as an initial stocktaking of policy coverage and does not necessarily indicate policy
effectiveness.
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Results and Discussion

Climate-Related Hazards, Slow Onset Events and Impacts
in Ecosystems

In order to contextualize the adaptation priorities of countries in the region as set
forth in the NDCs, we reviewed the types of climate-related impacts, vulnerabil-
ities and risks found in national reports, or NCs, using definitions adapted from
the IPCC (2014) and/or EM-DAT (n.d.). Countries often include a description of
observed and/or expected climate-related hazards, including hydro-meteorological,
climatological and biological processes or phenomenon that may cause loss of life,
injury, or other health impacts, as well as damage and loss to property, infrastruc-
ture, livelihoods, service provision, ecosystems, and environmental resources, along
with longer-term chemical, biological, and physical changes, leading to slow onset
events. Countries also report climate-related impacts, vulnerability and risk in social
systems that are observed or expected in the future, as well as non-climatic environ-
mental, social, economic, cultural, political and institutional variables, or stressors,
that can affect individual adaptive capacity to respond, aswell as the level of exposure
to climate change, creating new or exacerbating existing vulnerabilities to climate
change.

All countries in the Pacific report the occurrence of storms amongst observed
and/or projected climate-related hazards, followed by drought (93% of countries),
floods (64%) and invasion by pests and non-native species in agriculture (29%),
amongst others. Salt-water intrusion and water stress are reported most amongst
observed and/or projected climate-related slow onset events in terrestrial and fresh-
water ecosystems (64%, respectively), while sea level rise and coastal erosion are
reported most frequently amongst those in marine and coastal ecosystems (100 and
86%, respectively). Figure 1 illustrates the share of countries in the region that report
observed and/or projected climate-related slow onset events, by type of risk.

Agro-ecosystems are considered the most vulnerable of ecosystems by all coun-
tries, followed by oceans and coastal zones (71%). In particular, marine fisheries
and crops are considered the most vulnerable of agricultural sub-sectors to climate
change (79 and 64%), followed by livestock (36%) and forestry (29%). Figure 2
illustrates the share of countries in the region that report observed and/or expected
climate-related impacts in agro-ecosystems, by sub-sector/land use category.

Overall, genetic resources, primarily in agro-ecosystems, are reported most fre-
quently amongst natural resource impacts (93% of countries), followed by land
and soil resources in coastal zone ecosystems (86%) and water resources across
all ecosystems (79%). While loss of primary production and productivity are most
frequently reported amongst ecosystem service impacts (93%of countries), primarily
in the marine fisheries and crops sub-sectors, followed by changes in water availabil-
ity and quality across all ecosystems and coastal erosion (79%, respectively), as well
as biodiversity loss, primarily in ocean and coastal zone ecosystems (57%), amongst
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Fig. 1 Observed and/or projected climate-related slow onset events reported in the Pacific, by type
(share of countries)

Fig. 2 Observed and/or projected climate-driven impacts in agro-ecosystems reported in thePacific,
by sub-sector/land use category (share of countries)
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Fig. 3 Observed and/or projected climate-related impacts reported on ecosystem services in the
Pacific, by type (share of countries)

others. Figure 3 illustrates the share of countries in the region that report observed
and/or projected climate-related impacts in ecosystems, by ecosystem service impact
category.

Climate-Related Impacts, Vulnerabilities and Risks in Social
Systems

All countries in the region identify at least one observed and/or expected impact, vul-
nerability and risk induced by climate change in social systems. Overall, the majority
of countries report health as social dimension at risk under climate change (93% of
countries), followed by loss of productive infrastructure and assets, food insecurity
and malnutrition and rural livelihoods and income loss (71% each), migration and
displacement (57%) and gender and youth inequality (50%), amongst others. Figure 4
illustrates the share of countries in the region that report observed and/or expected
climate-related impact, vulnerability and risk in social systems, by type.

Geography and topography are reported as the largest non-climatic stressors
of vulnerability, followed by the economic dependence on agriculture and natu-
ral resources (79%), poverty and low levels of development (71%), undermining the
adaptive capacity of people to respond to climatic shocks and stresses.
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Fig. 4 Observed and/or projected climate-related impacts, vulnerabilities and risks reported in the
Pacific, by type (share of countries)

Adaptation Components in Pacific NDCs

Including when a country makes reference to key adaptation plans in their ND, all
countries in the Pacific communicated an adaptation component of which include
the agriculture and land use sectors. The level of detail included in each country’s
adaptation component varies, as some countries detailed their adaptation visions,
goals and measures, while other countries made reference to national adaptation
and climate change plans. For the sake of this analysis, the agricultural adaptation
component is differentiated in terms of ecosystems and social systems.

Amongst priority sectors and cross-sectoral priorities for adaptation, all countries
identify water resources as a priority, followed by the agriculture sector in general
(93% of countries) and oceans and coastal zones (86%), as well as fisheries and aqua-
culture, biodiversity and forestry (36%, respectively), amongst others. Figure 5 illus-
trates the types of ecosystem-related adaptation priority sectors and cross-sectoral
priorities, by country.

Health represents the greatest cross-cutting adaptation priority in social systems
amongst countries in the region (71% of countries), followed by Disaster Risk
Reduction (DRR) (64%), food security and nutrition (57%), resilient infrastructure
(50%) and gender equality (21%), amongst others. Figure 6 illustrates the types of
cross-cutting adaptation priorities in social systems, by country.
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Fig. 5 Adaptation priority sectors and cross-sectoral priorities in ecosystems in theNDCs of Pacific
countries

Fig. 6 Cross-cutting adaptation priorities in social systems in the NDCs of Pacific countries

Adaptation Measures in Ecosystems

In addition to prioritized sectors or cross-cutting priorities for adaptation, countries
often include a set of policies ormeasures as part of their adaptation strategy. Overall,
the majority of countries include at least one or more adaptation policy or measure in
oceans and coastal zones, followed by agro-ecosystems and ecosystems in general.

Ninety-three percent of countries include at least one adaptation policy or mea-
sure in ocean and coastal zone ecosystems, of which the majority promote mangrove
conservation and replanting (57% of countries), followed by coastal zone manage-
ment (43%), biodiversity and ecosystemmanagement (21%), flood management and
land/soil management, restoration and rehabilitation (14%, respectively), amongst
other measures. Figure 7 illustrates the share of countries in the region with one or
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Fig. 7 Adaptation policies and measures in ocean and coastal zone ecosystems in the NDCs of
Pacific countries, by type (share of countries)

more (to avoid bias of representation) adaptation policy or measure in ocean and
coastal zone ecosystems, by management activity.

Eighty-six percent of countries include at least one adaptation policy or measure
in agro-ecosystems. The majority of those countries promote adaptation in marine
fisheries and aquaculture (71% of countries), followed by crops and agriculture in
general (64%, respectively), forestry (57%), livestock (50%), freshwater aquaculture
(14%) and integrated systems (7%). Figure 8 illustrates the share of countries in the

Fig. 8 Adaptation policies and measures in agro-ecosystems in the NDCs of Pacific countries, by
sub-sector (share of countries)
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Fig. 9 Adaptation policies andmeasures in marine fisheries and aquaculture in the NDCs of Pacific
countries, by type (share of countries)

regionwith one ormore (to avoid bias of representation) adaptation policy ormeasure
in agro-ecosystems, by sub-sector.

Seventy-one percent of countries include at least one adaptation policy ormeasure
inmarine fisheries and aquaculture. Themajority of those countries promote fisheries
management (29% of countries), followed by ecosystem management, conservation
and restoration (14%), and equal shares of aquaculture management, community-
based adaptation, market-based measures and fisheries and aquaculture management
in general (7% each). Figure 9 illustrates the share of countries in the region with
one or more (to avoid bias of representation) adaptation policy or measure in marine
fisheries and aquaculture, by management activity.

Sixty-four percent of countries include at least one adaptation policy or measure
in the crops sub-sector. The majority of those countries promote plant management
(30% of countries), followed by water management and general crop management
(22 and 18%, respectively), nutrient and on-farm soil management and pest and
disease management (11% each), amongst others. Figure 10 illustrates the share of
countries with one or more (to avoid bias of representation) adaptation policy or
measure in the crops sub-sector, by management activity.

Fifty-seven percent of countries include at least one adaptation policy or mea-
sure in the forestry sub-sector. The majority of those countries promote afforesta-
tion/reforestation (36% of countries), followed by reducing deforestation and forest
conservation (29%), reducing degradation and sustainable forest management (21%)
and water management (7%), amongst others. Figure 11 illustrates the share of coun-
tries with one or more (to avoid bias of representation) adaptation policy or measure
in the forestry sub-sector, by management activity.

Fifty percent of countries include at least one adaptation policy or measure in the
livestock sub-sector. The majority of those countries promote animal breeding and



Climate Change Adaptation in the Agriculture … 13

Fig. 10 Adaptation policies and measures in the crops sub-sector in the NDCs of Pacific countries,
by type (share of countries)

Fig. 11 Adaptation policies and measures in the forestry sub-sector in the NDCs of Pacific
countries, by type (share of countries)

husbandry (20% of countries), followed by water and general livestock management
(14% each), and manure and grassland management (7% each). Figure 12 illustrates
the share of countries with one or more (to avoid bias of representation) adaptation
policy or measure in the livestock sub-sector, by management activity.

Only two countries (Nauru and Samoa, 14% of countries) identify at least one
adaptation policy or measure in freshwater aquaculture, while only one country
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Fig. 12 Adaptation policies and measures in the livestock sub-sector in the NDCs of Pacific
countries, by type (share of countries)

(Tonga, 7%) includes an adaptation policy or measure in integrated systems, namely
agroforestry.

Natural resource use and management options are integrated within each of the
approaches to adaptation identified above due to their cross-cutting nature. From a
natural resource perspective, 86% of countries identify water resource use and man-
agement amongst adaption options. The majority of those countries promote water
storage and harvesting (57% of countries), followed by integrated watershed man-
agement and sustainable use and management (29% each), availability and access,
quality and pollution management and efficiency and use (21% each), amongst oth-
ers. Figure 13 illustrates the share of countries with one or more (to avoid bias of
representation) water-related adaptation policy or measure across all ecosystems, by
resource use and management option.

Seventy-one percent of countries identify ecosystem and genetic resource use and
management amongst adaption options. Themajority of those countries promote pest
anddiseasemanagement (43%of countries), followedby the protection, conservation
and restoration of biodiversity and ecosystems in general (36 and 29%, respectively)
and payment for ecosystem services (7%). Figure 14 illustrates the share of countries
with one or more (to avoid bias of representation) ecosystem and genetic resources-
related adaptation policy or measure across all ecosystems, by resource use and
management option.

Fifty-seven percent of countries with an adaptation component identify land
resource use and management amongst adaption options. The majority of those
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Fig. 13 Water-related adaptation policies and measures in the in the NDCs of Pacific countries, by
type (share of countries)

Fig. 14 Ecosystem and genetic resources-related adaptation policies and measures in the in the
NDCs of Pacific countries, by type (share of countries)
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Fig. 15 Land-related adaptation policies and measures in the in the NDCs of Pacific countries, by
type (share of countries)

countries promote coastal zone management (45% of countries), followed by forest
and cropland management (36% each), land/soil conservation, restoration and reha-
bilitation (29%) and nutrient and on-farm soil management (21%), amongst others.
Figure 15 illustrates the share of countrieswith one ormore (to avoid bias of represen-
tation) land-related adaptation policy or measure across all ecosystems, by resource
use and management option.

Adaptation Measures in Social Systems

For the sake of this analysis, adaptation measures in social systems are differentiated
along three main pillars: socio-economics and well-being; knowledge and capacity;
and institutions and governance. All countries in the Pacific identify at least one
adaptation measure in social systems, primarily around the institutions and gover-
nance and socio-economics and well-being pillars (93% of countries each), followed
by the knowledge and capacity pillar (86%).

Ninety-three percent of countries in the Pacific include at least one adaptation pol-
icy or measure related to institutions and governance. Themajority of those countries
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Fig. 16 Institutions and governance-related adaptation policies andmeasures in theNDCsof Pacific
countries, by type (share of countries)

promote policy mainstreaming and coherence (71% of countries with policy or mea-
sure), followed byDRR andmanagement (57%), participatory governance and inclu-
sion (36%) and law and regulation reform (36%), and institutional capacity building
for climate action (29%), amongst others. Figure 16 illustrates the share of countries
with one ormore (to avoid bias of representation) institutions and governance-related
adaptation policy or measure, by intervention option.

Ninety-three countries in the Pacific include at least one adaptation policy or
measure related to socio-economics and well-being. The majority of those countries
promote health information and services (71% of countries), followed by resilient
infrastructure (50%), social protection (29%), food security and nutrition, safe and
responsible migration (21%) and resilience and adaptive capacity building (21%)
and credit and insurance services and farmer cooperatives and services (14% each),
amongst others. Figure 17 illustrates the share of countries with one ormore (to avoid
bias of representation) socio-economics and well-being-related adaptation policy or
measure, by intervention option.

Eighty-six countries in the Pacific include at least one adaptation policy ormeasure
related to knowledge and capacity. The majority of those countries promote hazard
and vulnerability mapping (57% of countries), followed by awareness raising and
education (50%) and early warning systems and climate information services (50%),
research and development (R&D) (36%) and traditional knowledge (36%,), exten-
sion services for climate action (29%) and early warning systems (29%), amongst
others. Figure 18 illustrates the share of countries with one or more (to avoid bias
of representation) knowledge and capacity-related adaptation policy or measure, by
intervention option.
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Fig. 17 Socio-economics and well-being related adaptation policies and measures in the NDCs of
Pacific countries, by type (share of countries)

Fig. 18 Knowledge and capacity related adaptation policies and measures in the NDCs of
Pacific countries, by type (share of countries)
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Adaptation Gap and Opportunity Analysis

This section compares the major climate-related hazards, impacts, vulnerabilities
and risks in ecosystems and social systems presented in the previous section against
the adaptation measures found in the NDCs at either the ecosystem service level (for
ecosystems) or social dimension (for social systems). The analysis aims to identify
policy coverage gaps and, therefore, opportunities for enhancing adaptation options
in the next round of NDCs.

“Policy coverage” refers to when at least one adaptation measure in a country’s
NDC aims to reduce vulnerability and/or increase adaptive capacity in relation to a
given climate-related hazard, impact, vulnerability or risk reported, or “hotspot.” The
analysis is based on the methodological matrix and assessment framework that can
be found in Crumpler et al. (2019). “Policy coverage” is quantified at the regional
level as the share of countries with at least one adaptation policy or measure that
addresses a given hotspot. A “policy coverage gap” refers to when there is an absence
of at least one adaptation policy or measure that addresses a particular vulnerability
hotspot. A policy coverage gap is the difference between the share of countries with
a vulnerability hotspot and the share of countries with policy coverage. It should
be noted that the analysis serves as a broad review of the coverage of adaptation
priority sectors and measures mentioned in the NDC and not an assessment of their
strength,which should be further assessed in terms of type (e.g. action, policy, project,
programme or framework), scale, comprehensiveness and timeframe. The analysis,
therefore, serves as an initial stocktaking of policy coverage and does not necessarily
indicate policy effectiveness. Table 2 illustrates the range of policy coverage gaps
and associated score.

In ecosystems, high to very high adaptation policy coverage gaps are found around
climate-related losses in biological control services and ecosystem services regulat-
ing the moderation of extreme events, soil erosion and the maintenance of genetic
diversity and abundance. Moderate gaps are observed in the relation to observed or
projected losses in the provision of crops and fisheries, as well as ecosystem services
supporting nutrient cycling and soil formation, and control against the increased
invasion of pests and non-native species in agriculture. Table 3 illustrates the adapta-
tion policy coverage gaps found around climate-related ecosystem hotspots, ordered
from highest to lowest gap.

In social systems, high adaptation policy coverage gaps are found around climate-
related migration and displacement. Moderate policy gaps are found in relation to

Table 2 Adaptation policy
coverage gap scoring of NDC

Score Policy coverage gap range (%)

Very high 61–100

High 31–60

Moderate 10–30

Low 0–9
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Table 3 Ecosystem-related adaptation policy coverage gaps in Pacific NDCs

Climate-related ecosystem
hotspot

Number of countries with
hotspot (%)

Adaptation policy coverage
gap

Reduced biological control
services

21 Very high

Reduced moderation of
extreme events services

29 High

Soil erosion 36 High

Reduced genetic diversity
and abundance

43 High

Losses in fisheries provision 71 Moderate

Increased invasion by pests
and non-native species in
agriculture

29 Moderate

Reduced nutrient cycling and
soil formation

71 Moderate

Losses in crops provision 57 Moderate

Table 4 Social
system-related adaptation
policy coverage gaps in
Pacific NDCs

Climate-related social
system hotspot

Number of countries
with hotspot (%)

Policy gap

Migration and
displacement

57 High

Gender and youth
inequality

50 Moderate

Loss of productive
infrastructure and
assets

64 Moderate

observed or projected gender and youth inequality and loss of productive infras-
tructure. Table 4 illustrates the adaptation policy coverage gaps found around
climate-related social system hotspots, ordered from highest to lowest gap.

Mitigation and Sustainable Development Co-benefits
of Adaptation in the Pacific

Mitigation and adaptation in agriculture are closely interlinked through aweb of feed-
backs, synergies, and tradeoffs. Sustainable food and agriculture systems carry the
greatest potential for generating synergies across climate changemitigation and adap-
tation efforts, as well as significant socio-economic and environmental co-benefits
(FAO 2016a). In the Pacific, around 40% of countries explicitly reference the miti-
gation co-benefits of adaptation in their NDCs. Adaptation measures in ocean and
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Fig. 19 Number of Pacific countries with explicit reference to the co-benefits of adaptation by land
use/sub-sector in the NDCs

coastal zones, social systems and forestry are expected to generate themostmitigation
co-benefits amongst adaptation measures in the agriculture and land use sectors, fol-
lowed by crops and integrated systems.Out of those adaptationmeasures in ocean and
coastal zones, mangrove conservation and replanting and land/soil conservation gen-
erate mitigation co-benefits. For instance, theMarshall Islands reference the capacity
of mangroves to act as carbon sinks as well as protect water resources and human
health. Out of those adaptation measures in social systems, disease management
and awareness raising generate the majority of mitigation co-benefits. For instance,
Micronesia stresses the benefits associated with raising awareness for the need for
adaptation and mitigation, including shifting to renewable energy sources, reduced
air pollution, consumption of local and more nutritious food and improved human
health. Out of adaptationmeasures in forestry, reducing deforestation and sustainable
forest management generate the majority of mitigation co-benefits. Figure 19 illus-
trates the number of countries with at least one adaptation measure with mitigation
co-benefits explicitly referenced, by land use/sub-sector.

Barriers to Implementation and Support Needs

Article 9, 10 and 11 of the Paris Agreement reiterate the obligations of devel-
oped countries to support developing country efforts to build clean, climate-resilient
futures through the provision of finance, technology and capacity-building support
for climate change mitigation and adaptation. This section discusses the different



22 K. Crumpler and M. Bernoux

types of support needs communicated by countries in the Pacific, as well as the
barriers facing these nations to effectively put in place technologies and policies
to achieve their climate goals and targets. Information from the NDCs was supple-
mented by a comprehensive review of country NCs and the TNAs to identify all
support needs and potential barriers to implementation.

Overall, the majority of countries identify lack of technical capacities and human
skills, economic and financial constraints and lack of proper institutions and orga-
nizations as the three main barriers to technology transfer and dissemination for
climate action in the Pacific. Figure 20 illustrates the share of countries with barriers
to climate action in the agriculture and land use sectors reported, by type.

Access to additional financial resources, capacity-building and technology trans-
fer is the preamble to achieving many of the ambitious climate goals and targets.
All countries in the region communicate either full or partial conditionality of NDC
implementation to external financial support, but not all quantify the respective con-
ditional and unconditional shares. Eighty six percent of countries communicate that
NDC implementation is partly conditional to international financial support, while
two countries (Samoa and Vanuatu) make their NDC totally conditional to it.

Fig. 20 Barriers to climate action in the agriculture and land use sectors reported in the Pacific, by
barrier type (share of countries)
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Conclusion

The incidence of climate-related hazards and natural disasters are on the rise in the
Pacific (EM-DAT n.d.), threatening food security and nutrition through a cascading
chain of impacts transferred from agroecosystems, along food value chains, to natu-
ral resource-dependent livelihoods (FAO 2018). Sea level rise, coastal erosion, water
stress and storms are reported by the majority of countries in the Pacific as climate-
related extremes and slow onset events, exacerbating the vulnerability of commu-
nities and households to other compounding social, economic and environmental
stressors. The increasing intensity and frequency of climate extreme and variability
is expected to result in the loss of productive infrastructure and assets, greater levels
of food insecurity and malnutrition, negative impacts on incomes and rural liveli-
hoods, wider gaps in gender and youth equality and increasing trends in migration
and displacement, as reported by the majority of countries in the region. With some
486 million people still undernourished in Asia and the Pacific, and progress stag-
nated in all sub-regions, the increasing severity and incidence of weather extremes
and climate-related disasters threaten to seriously burden food security and nutrition
in the region, as well as challenge progress on poverty alleviation (FAO 2018).

Indeed, the agriculture and land use sectors feature prominently in the adap-
tation component found in the NDCs of countries in the Pacific. Around 90% of
countries include adaptation polices or measures in ocean and coastal zones and in
agro-ecosystems, particularly in the marine fisheries and crops sub-sectors. Almost
all countries in the region also recognize the role of adaptation of institutions and
governance, including measures promoting climate change policy mainstreaming
and coherence, disaster risk reduction and management and health information and
services. The opportunity to leverage mitigation and sustainable development co-
benefits of adaptation in the agriculture and land use sectors is explicitly referenced
by 40% of countries in the region. In particular, mangrove planting and conserva-
tion is associated with natural sinks for emission removals, while climate change
awareness raising is associated with human health benefits.

However, high to very high adaptation policy coverage gaps are still found around
climate-related losses in biological control services and ecosystem services regulat-
ing the moderation of extreme events, soil erosion and the maintenance of genetic
diversity and abundance. In social systems,moderate to high adaptation policy cover-
age gaps are found in relation to climate-inducedmigration and displacement, gender
and youth inequality and losses in productive infrastructure and assets.

By highlighting the gaps in the coverage of adaptation policies in the agriculture
and land use sectors, as well as illustrating opportunities for enhancing adaptation
ambitions in the next round of NDCs, this analysis can serve as an important roadmap
for informing country programming and directing future investments in support of
low-emission and climate-resilient agriculture and food systems in the region. Evi-
dence suggests that an integrated approach to disaster risk reduction andmanagement
and climate change adaptation that promotes anticipatory, absorptive, adaptive and
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transformative capacity is the most effective in building the resilience to climate-
related hazards and natural disasters of the community and ecosystem as a whole
(FAO 2018). Ecosystem-based approaches also offer opportunities for leveraging
mitigation and sustainable development co-benefits, enabling national governments
to co-deliver on other international agendas such as the 2030 Agenda for Sustainable
Development and the Sendai Framework for Disaster Risk Reduction. Unlocking
the potential of transformational adaptation and resilience in the agriculture and land
use sectors will require addressing the technical, economic and institutional barriers
reported that are impeding progress on NDC implementation in the Pacific.
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Place Attachment and Cultural Barriers
to Climate Change Induced Relocation:
Lessons from Vunisavisavi Village, Vanua
Levu, Fiji
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and Ravneel Chand

Abstract Relocation from coastal areas is a huge challenge for communities vul-
nerable to the impacts of climate change induced inundation. This study focuses on
Vunisavisavi Village in Fiji, where severe coastal erosion and frequent inundation
events have increased to such an extent that relocation is the only feasible option
remaining. This paper explores the social and cultural challenges faced by Vunisav-
isavi villagers in relocation, with an emphasis on the extent towhich place attachment
acts as a barrier for relocation. The paper summarizes the findings from individual
and focus group interviews of Vunisavisavi villagers. The research findings provide
an insight into the existing adaptation patterns of the villagers and recommends an
early intervention in assessing the vulnerability of communities to ensure that best
adaptation strategies are implemented.
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Introduction

The Pacific island nations have experienced periodic changes in climate that have
affected the well-being and economy of the small island nations for decades (Boege
2011). The projected changes in climatic conditions pose threat to the livelihood of
the Pacific Islanders, particularly those in the low-lying coral islands (Nunn 2012
in Charan et al. 2016). There is no denying that the livelihoods of most Pacific
Islanders is being severely affected due to rising sea levels, increased coastal erosion,
inundation, flash flooding, cyclones and salinization of coastal aquifers (Ferris et al.
2011). While the Pacific people have been adapting to the changing climate, further
adaptation efforts will be required as the effects of climate change intensify. Over
the past few years, numerous research projects have sought to analyze and document
the links between climate change and human migration but only a few of these have
attempted to explore the dimensions of planned relocation made obligatory due to
climate change (McAdam and Ferris 2015).

The inevitable need to familiarize to climate change adversities has intensifiedover
the last few decades as climate change continues to remain a priority in discussions in
many island nations in recent discourses (Barnett and Campbell 2010). The thermal
expansion of sea water coupled with the melting of land ice is threatening to increase
sea levels to limits which will render most low-lying atolls inhabitable. Since 1993,
Fiji has recorded a 6 mm (0.2 in.) increase in its sea level per year, larger than the
global average (COP 23, Fiji 2017). The rise in sea level and the resulting sea water
intrusion that stems from the increased ferocity of coastal floods have made portions
of the island uninhabitable. Although, 6 mm may seem as an inconsequential sum,
its ramifications on island nations are colossal.

According to IPCC’s Fifth Assessment Report, sea-level rise will significantly
affect islands where communities and infrastructure are located in coastal zones
with limited possibility to relocate inland (IPCC 2014). This is evident in many
Pacific island communitieswhere the increasing impacts of climate change is causing
unprecedented adverse effects to the coastal ecosystem, which has left many of these
coastal communities exposed to the threats of flooding and inundation. For Pacific
island coastal communities, retreating slightly inland due to increased outreach of
ocean waves has been an ongoing adaptive practice in the past, but the recent impacts
of the rapidly changing climate is forcing some of these communities to seek land
much further inland, away from the ever increasing reach of the ocean waves. The
onset of the disastrous impacts of climate change, and permanent relocation further
inland seems inevitable (Tronquet 2015).

For the iTaukei (indigenous Fijians) communities, land is seen as an ancestral
trust passed down through successive generations, thus resulting in the formation
of strong cultural links between people and their land. Land in Fiji is categorized
into three main types namely: freehold land, state land and native land. Out of these,
about 9% of the land is freehold, 3% belongs to the state, and the remaining 88% is
native land (Shah 2017). Land in iTaukei communities is communally owned by the
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mataqali1with any decisions regarding land use being presided over by the traditional
leaders with collective input from the clan. Fiji’s native land is also administered by
the iTaukei Land Trust Board (formerly known as the Native Land Trust Board) who
are the authorized body assigned to oversee the matters concerning native land use.

This paper explores the extent to which land ownership, place attachment and
culture affect population movements in Fiji, exemplified by the case of Vunisavisavi
Village. It builds on the notion that place attachment and community structures are
essential elements to sustainable relocation. The two dimensions of place attachment,
namely place identity and place dependence have a large bearing on the extent of
connection an individual has with the land (Low 1992). According to Stokols and
Schumaker (as cited in Pretty et al. 2003), place dependence reflects the functional
attachment of a setting in achieving the specific goals of the individual. Prohansky
(as cited in Kyle et al. 2004) equates place identity to the cognitive connection
of the self with the setting, while Kals and Maes characterize it as an emotional
bond which is developed between an individual and a place (2002). For the case
of Vunisavisavi Village, place attachment is explored as a social bonding developed
through shared experiences in the village site. An equally pivotal aspect is the cultural
connection to land and ocean that is deeply ingrained in the people of Vunisavisavi.
Culture is important to understand the way in which people identify risks and react
to adversities (Adger et al. 2012). In a Fijian context, the notion of culture is essential
to understanding the causes and meaning of human responses to climate change.

The main aim of this paper is to explore the role of place attachment and cul-
tural obligations in the Vunisavisavi Village relocation. The paper also examines
few other cases of recent full scale and partial relocations in Fiji to understand the
processes through which the traditional customs, shared institutions and structures
were reconciled in past relocations. Financial limitations as a barrier to relocation
in Fiji is briefly considered. The paper also includes a decription of community
based adaptation (CBA) practices and traditional practices that have enabled the
people of Vunisavisavi to adapt to their changing environment and explores options
for Ecosystem-based Adaptation (EbA) practices that could improve the overall
adaptation strategy for the Vunisavisavi community.

The Vunisavisavi Community

The study site of Vunisavisavi is a village of approximately 200 inhabitants (25
households), which is located in the South Coast of Savusavu Town in Cakaudrove
Province, Vanua Levu, the second largest island in Fiji (Figs. 1 and 2). The village,
which is an hour’s drive from Savusavu Town, is situated a few meters from the sea.
The main source of income for the villagers is from Yaqona2 (Piper methysticum)
farming and fishing. The village suffers from frequent inundation, particularly from

1Traditional iTaukei land owning unit or clan.
2Referred to as kava and is strongly associated with the Fijian culture and traditional ceremony.
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Fig. 1 Map of Fiji. Adapted from Fiji Google Maps

Fig. 2 Locality map showing Vunisavisavi Village, Savusavu, Fiji
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the influence of king tides. It is poignant to observe that the resources the villagers
are heavily reliant on are repeatedly impinged by flood waters. The quality of soil
has deteriorated due to salt water intrusion, making it difficult for the villagers to
grow crops in their teitei.3

The villagers have been experiencing the recurrent issue of flooding for the last
thirty years, but recently the flooding events have intensified in frequency. The con-
stant inundation has resulted in substantial damage to the village site with a shriveled
sea front containing only a few surviving trees and small patches of grass (Fig. 3).
There are small mangrove strands near the village and some scattered vegetation
along the shoreline. In addition, the streams which were once a source of drinking
water is now salty due to inundation. Even the village septic tanks fill up with sea-
water during high tide. During the period of the field visit, the village was plagued
by a prolonged dry spell which caused the households to be completely dependent
on government water trucks to fill up their tanks for the purpose of drinking, cooking

Fig. 3 Soil quality has
deteriorated with few
trees and patches of grass
remaining

3Fijian term for farms.
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and bathing. Other essential infrastructure such as access road, main road and the
village drain are exposed and vulnerable to flooding and extreme weather events.

The village is a site for the USAID Coastal Community Adaptation Project (C-
CAP). Through this project, four new houses have been constructed and four families
successfully relocated. The houses moved a few meters inland from their previous
location and are still located in the same vicinity. Indisputably, most of the remaining
homes in Vunisavisavi need to be relocated. However, there are several barriers
that need attention redress prior to facilitating complete relocation. During the field
visitation, it was revealed by the villagers that the village is located on the original
site of the paramount Chief’s house and many villagers feel duty bound to stay and
watch over the land, fearing customary punishment will follow if they leave. This
unyielding belief is rooted in Vunisavisavi settlement, making it difficult to convince
the villagers to relocate.

Method

The sentiments surrounding the notion of relocation is complex and as such a par-
ticipatory research approach was adopted to gain insights into the way the Vunisav-
isavi villagers perceive relocation. This research examines the prospect of relocating
Vunisavisavi Village and considers the challenges faced by the villagers in terms of
their attachment to their land and cultural beliefs that is deeply rooted in the vil-
lage traditions. The study utilized literature and secondary data sources to recourse
information on the process of relocation, which provided the initial research direc-
tion. This was accomplished through means of a literature review, which focused on
analyzing scholarly literature on forced relocation and recent and past examples of
climate change induced relocation in Fiji.

Semi-structured interviews were conducted as a means of obtaining qualitative
data from the villagers and key informants. The interviews were conducted over a
period of two weeks in July, 2018. The study gathered information from 20 indi-
vidual interviews and 2 focus group interviews. Individual interviewees included
16 villagers from Vunisavisavi and 4 administrators from the Cakaudrove Provin-
cial Council. Equal number of men and women were interviewed. The participants
ranged from the age of 20 years to 70 years. There were two focus groups. For ease
of communication, one of the focus groups consisted of 5 women and the other com-
prised of 5 men. A questionnaire guide was used for the interviews, where English
and iTaukei languages featured as a medium of communication, focusing on elicit-
ing information in relation to climate change relocation and adaptation measures for
Vunisavisavi settlement.
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Limitations of the Research

Due to funding and time limitations, the researchers were unable to carry out surveys,
however, qualitative research methods was considered appropriate due to the nature
of the research. While, this meant that the study did not yield statistically significant
results, it provided details that assisted the researchers to comprehend the significance
the participants placed on the matter under investigation.

Place Attachment and Its Implications on Relocation

The role of place attachment in climate induced relocation warrants delibera-
tion. Place attachement revolves around emotions, local knowledge and customary
behaviour (Chow and Healy 2008). The notion of attachment adjoins to individual
and community well-being and value of life and is extensively used as a constituent
in assessing community sustainability. Thus, place attachment is an important factor
for climate change adaptation in regions where livelihoods of people get affected as
impacts of climate changes are increasingly manifested (McAdam and Ferris 2015).
Relocation from their land, either voluntarily or involuntarily, has emotional and
psychological implications for its people (Twigger-Ross and Uzzel 1996). In the
case of Vunisavisavi Village, the examination of place attachment as an emotional
bond has shed light on the distress and grief expressed by those who are forced to
relocate. In order to completely understand this, one must first appreciate the value
that indigenous communities give to their land in Fiji.

Land is more than just a means of earning livelihoods for an indigenous Fijian,
it is strongly linked to traditional and emotional well-being. The village kinsmen of
Vunisavisavi recognize the traditional significance of the site on which the village is
situated. The Assistant Village Headman explains this as “our elders were sent here
from Somosomo, Taveuni to occupy this site as this is where the first Tui Cakau,4 Ro
Kevu, was installed as paramount Chief of Cakaudrove Province” (Vunisavisavi Vil-
lage Interviewee, personal communication, 20 July 2018, Savusavu, Fiji). According
to the majority of the villagers, the current village site has deep significance due to
their lineage. Naidu and Reddy (2004) capture the intrinsic relationship one shares
with the land aptly describing the concept of the vanua5 as not just a detached entity
but as “inclusive of the land with its flora and fauna, rivers and adjacent seas, the peo-
ple (the ancestors, those living and those yet to be born) and their customs, norms,
beliefs, social organization (traditional hierarchy or tutu vakavanua6) and sacred
sites”. According to the Cakaudrove Provincial Council, it is these sentiments that

4The Tui Cakau is the Paramount Chief of Cakaudrove Province in Fiji.
5Vanua is the Fijian term used to refer to the physical land, home or village.
6Tutu vakavanua is the Fijian term referring to social organization or traditional hierarchy.



34 P. Singh et al.

continue to evoke strong emotional attachments to the vanua and more particularly
to a certain place.

One of the women participants expressed her family’s unwillingness to demolish
their home and relocate inland because of the memories attached to the house and
the village site. As stated by her, “This house was built by my grandfather way back
when chainsaws were not available so they had to use an axe to fetch enough trees for
timber” (Vunisavisavi Village Interviewee, personal communication, 21 July 2018,
Savusavu, Fiji). She explained that it is difficult for her family to leave their home, a
place where they were born and raised and for which their father and elders worked
tirelessly to construct. An elderly woman, who spent most of her time at the village,
stated, “We would rather let nature come and take its course after which we will then
move” (Vunisavisavi Village Interviewee, personal communication, 22 July 2018,
Savusavu, Fiji). The idea of abandoning their place of birth and moving elsewhere
even if it is still within the land boundaries of the same mataqali7 is quite stressful
for the aged members of the village, given the memories and emotional attachments
that they have with the site.

The young participants, mostly in their twenties were open to discussions and
able to understand the need to relocate in the face of adversity. Nevertheless, the
kinship ties and communal lifestyle make it challenging for even the young people
to completely embrace the notion of relocation. Attachment to a placemay be closely
linked to a sense of belonging to a community and this is quite apparent in the Fijian
context, where many communities still live in villages governed by chiefly systems.
These familial units with strong attachment to their community are often unwilling to
relocate because they are reluctant to leave behind their social and emotional support
groups and adapt to a new community.

Cultural Barriers and Traditional Obligations

The multifaceted nature of climate change is essential to consider when developing
strategies for adaptation. For example,while it is important to focus on environmental,
economic and political aspects of climate change, it is equally vital to emphasize the
cultural and social norms that may increase or reduce the exposure to climate-related
risks. This indicates that climate change is a cultural challenge as well, especially
considering the diverse ways in which culture is interpreted by various communities.
In a Fijian society, the notion of the vanua is acknowledged and used as a power-
ful instrument in securing conformity and forging solidarity. The members of the
community play a unique role in fulfilling their duties to the paramount chief and
ultimately the vanua.

7Mataqali is the Fijian term referring to a Fijian clan/tribe or landowning unit.
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Bound by traditional obligation to the Tui Cakau, the people of Vunisavisavi have
been bestowed stewardship over the lalagavesi.8 One of the elderly participants, from
a chiefly family stated, “It is our traditional duty to the Tui Cakau to remain here and
watch over the lalagavesi and yavu” (Vunisavisavi Village Interviewee, personal
communication, 21 July 2018, Savusavu, Fiji). The villagers strongly believe in
chastisement that may befall them at the new site should they leave the original
site. Almost all of the participants mentioned that the newly married couples are
encouraged to build new homes away from the current site and the households that
currently exist are to remain and fulfill their obligation to the vanua until the village
becomes completely inundated. Assistant Village Headman stated, “The elderly will
remain here until the homes are completely destroyed”.We knowwewill face sau9 if
we move now so we do not want to take that risk” (Vunisavisavi Village Interviewee,
personal communication, 20 July 2018, Savusavu, Fiji). Hidalgo and Hernandez
(2001) stated that when a community relocates from their place of birth—a place
they value somuch, their culturesmay beweakened, and in some cases endangered as
well. According to about 90% of the interviewees there is absolutely no replacement
for, or sufficient reparation for lost sites of meaning.

One of the participants, who occupies the newly constructed home, revealed that
they only moved because their former house was completely inundated during king
tide and frequent coastal floods. According to the village spokesperson, an elderly
male, the villagers understand and respect the power (sau10) or blessing (mana11)
entrusted to theChief’s. The spokespersonmentioned that, “evenwhen the tides come
in and village is flooded, the residence of the former Tui Cakau, remains above the
water”. The spokesperson further described it as amiracle and stated, “It’s as if the sea
understands the significance of the lalagavesi and refuses to touch it” (Vunisavisavi
Village Interviewee, personal communication, 24 July 2018, Savusavu, Fiji).

In an iTaukei community, culture plays an integral role in shaping the Fijian
way of life and ultimately all major decision making processes. The Fijian culture
encompasses the vanua, traditional roles as a clan or mataqali and as an individual
these define or give identity to one as iTaukei. Cultural and traditional obligations to
Chiefs and the vanua are acknowledged barriers to relocation acrossmany vulnerable
Fijian communities andunless these are integrated at the onset of any relocation effort,
there is very little guarantee of success. The impacts of climate change experienced by
the people of Vunisavisavi are significant and even though relocation in future seems
inevitable, the members of the community are in a quandary over their treasured
land and the need to move to the new site as ramifications of climate change become
palpable. The members realize the seriousness of the situation but their social and
cultural values prevent them from relocating.

8Lalagavesi is the Fijian term referring to the foundation of the former and first Tui Cakau’s chiefly
residence.
9Sau is the Fijian term used to refer to customary punishment and can also be used to mean ‘power’.
In this instance it means customary punishment.
10Sau in this instance is used to refer to power or chiefly might.
11Mana is the Fijian term used to refer to heavenly blessings.
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Funding Constraints

The study indicated that financial constraint is also one of the biggest hurdles for
climate induced relocation. The lack of governance and funding mechanisms create
countless challenges for villagers in need of relocation. For example, the focus group
discussions revealed that some families whose houses are close to the shores and
frequently floodedmight bewilling to relocate but they do not have the funds to do so.
Gharbaoui and Blocher (2016) define planned relocation as premeditated movement
of a population in consultation with the community being relocated which is planned
and supported by the government, its partners, or a regional entity. However, Edwards
(2013a, b) reports that national governments usually do not have the capacity to
offer displaced people financial support. This is especially applicable to small island
developing states that face numerous political and economic challenges.

Campbell (2010) argues that the cost of climate induced relocation should not
be borne by the community or their national governments and any costs incurred
should be compensated via international adaptation financing. In a recent case of
the Vunidogoloa Village relocation, the Fijian government was able to sponsor up to
two thirds of the cost of the entire relocation, which is small feat in itself for a small
island state which is still in its developing stages. In 2019, the Fijian government
launched Fiji’s Climate Relocation and Displaced Peoples Trust Fund for communi-
ties and infrastrature. A certain percentage of the money will be deducted from the
Environment and Climate Adaptation levy to finance the fund. However, this may
not be sufficient to cater for the increasing number of villages in need of relocation.

It is clear that international source of funding from donor agencies will be needed
to support Vunisavisavi and other future relocations. However, developing nations
like Fiji usually face limitations in accessing the international climate fund, mostly
due to its intricate application and accreditation procedures. In response to these
issues of accessibility raised by developing nations in the past few years, major
funding agencies such as the Green Climate Fund are now improving their strategic
planning to be more responsive to the needs and priorities of developing countries’
which include enhancing direct access to funds by these nations (GreenClimate Fund
2017).

Overview of Past Climate Induced Relocation Efforts in Fiji

The first successful climate induced community relocation was that of Vunidogoloa
Village, Vanua Levu (Fig. 4). The Relocation Project was supported and largely
funded by the Fijian government as encroaching seas due to rising sea levels were
making the former village site uninhabitable (Charan et al. 2016). The Vunidogoloa
villagers made several attempts to adapt by building seawall, raising houses on piles
andmoving slightly inland, but eventually decided tomove further inland as it became
extremely challenging to sustain livelihoods. The new site was within the same
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Fig. 4 Vunidogoloa Village
at new site

customary boundaries of the community, so the land ownership issues were avoided.
However, the process of relocation was an emotionally disturbing experience for
the villagers who had strong connections to former village site coupled with fond
memories of the place.

Subsequent to the successful relocation of Vunidogoloa, a small coastal commu-
nity of Narikoso on Ono Island was the next to relocate as sea level rise had severely
inundated the coastal area. The sea wall which was constructed over 50 years ago
gradually eroded and did not offer much protection against the storm surges. The
relocation of the Narikoso community started in the year 2012 and since then it faced
amyriad of issues, especially associated with the unavailability of financial resources
and villagers’ resistance to relocation (Bertana 2019). Additionally, 10 houses ear-
marked for relocation belonged to amataqaliwhich has no land to relocate to, which
further complicated the relocation process (Bertana 2019).

The coastal village of SolodamuonFiji’s third largest island,Kadavu is yet another
example of relocation due to climate change (Cagilaba 2005). The Solodamu vil-
lagers had to negotiate access to the new site with a neighboring village. Following
traditional negotiations between the two village chiefs, the Solodamu community
members were able to move to the new site—a hilly area 2 km inland (Rokocoko
2006). Gradually, social tensions began to grow between the new settlers and the
host community. In such cases the protection of the host community’s land rights
and appropriate compensation for the displaced community needs to be considered
and discussed among all stakeholders before relocation.

A more sudden relocation compared to the previous three cases, is the Denimanu
relocation which was completed in 2013. The Denimanu Village located on the
Yadua Island was a planned partial relocation which took place after cyclone Evan
in December 2012 destroyed around 19 houses in the village. The relocation which
was supported by the government, involved relocating these 19 houses to a closely
related mataqali land, some 500 m away from the original site (Piggott-McKellar
et al. 2019). As such the relocated villagers did not experience land issues like in the
case of the Narikoso and Solodamu village.

The Fijian Government has developed a National Relocation Guideline to support
and steer relocation efforts at the local level and is working towards formulating a
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National Relocation Policy. Such a policy must circumspectly address social and
cultural issues which are the foundation of traditional Fijian structures. There are
numerous other issues to take into consideration while developing the relocation
policy. These entail: new sources of income and livelihood, environmental impact
assessment at the new site, and consistent monitoring and evaluation to assess the
livelihoods of people at the new location. An extensive consultation and deliberation
is necessary with the relevant stakeholders before Fiji’s National Relocation Policy
is made available. The iTaukei land and socio-cultural elements are an integral com-
ponent of most communities in Fiji, and these must form the basis of national reloca-
tion framework. It is also essential to consider funding issues as several communities
might be able to overcome cultural barriers to relocation, but may be constrained by
financial issues.

The Vunisavisavi relocation presents a unique case as traditional obligation and
place attachment forms an important hurdle that may need to be overcome through
successive traditional consultations, particularly between the communities at stake,
traditional chiefs and representatives of government ministries. In the meantime,
it is imperative to continue exploring community based adaptation (CBA), tradi-
tional practices and ecosystem based adaptation (EbA) that have enabled people of
Vunisavisavi to increase their community resilience.

Community Based Adaptation

The Pacific region consists of a number of small island nations that are entrenched in
rich culture and traditions,which have both been a limitation aswell as an opportunity
for adaptation (Barnett 2001). In the case of Vunisavisavi Village, cultural obliga-
tions were observed to impede relocation. However, there are robust knowledge-
practice belief systems that have allowed communities to adapt to their surrounding
environment in order to maintain sustainable livelihoods over long periods of time
(McNamara and Prasad 2014). Berkes and Jolly (2002) argue that although climate
change affects the livelihood and subsistence activities, there are several ways that
communities can adapt to the changing climate by varying their coping strategies.

A community’s adaptation to climate change is based on a number of factors,
some of which extend beyond technical and financial prerequisites. It is important for
communities to demonstrate their adaptive capacity by restructuring their strategies as
per their social response options (Berkes and Jolly 2002). For example, community
members fully understand their local environment, and as such have the capacity
to reduce the impacts of climate change by utilizing their local knowledge of the
environment and natural resources (Eisenack et al. 2014). The people of Vunisavisavi
are cognizant of the impacts of climate change and have been collectively addressing
the challenges for over 20 years. For example, they have shifted their plantations
further inland as the agricultural land close to the village is not suitable for growing
crops due to saltwater inundation. The stream closer to the village is also affected
by seawater intrusion. The community members are storing freshwater supplied



Place Attachment and Cultural Barriers to Climate Change … 39

by Government as their own water supply from a stream in the highlands is often
disrupted.

Although, the iTaukei communities normally have a division of labor based on
gender, the challenges brought about by the changing climate are inspiring more
women to share responsibilities in planting of Yaqona, especially with weeding,
sorting and sometimes even marketing. The support of women in CBA initiatives is
commendable and requires further research to understand their contribution to com-
munity resilience. The Fijian government successfully commissioned solar panels
for homes in Vunisavisavi in June 2017. Introduction of solar electricity has signif-
icantly increased the adaptive capacity of the villagers by improving their quality
of life ensuing that they have access to a clean and reliable source of energy. The
villagers no longer depend on diesel generators. Instead, they are able to invest their
savings in other projects that increase their livelihood.

Integrating Traditional Practices in Adaptation Strategies

Traditional knowledge is consistent with the adaptive capacity of community mem-
bers and includes an integrated approach to resourcemanagement (Berkes et al. 2000;
McNamara and Prasad 2014). Janif et al. (2016: 7) states that “Among the compo-
nents of resilience are traditional environmental knowledge, community unity, and
respected decision making processes”. Indigenous customary knowledge is recog-
nized as an essential factor in improving the adaptive capacity of villagers. According
to an elderly participant, “When hornets begin to build their nests very close to the
ground, it is a clear indication that a tropical cyclone is approaching” (Vunisavisavi
Village Interviewee, personal communication, 23 July 2018, Savusavu, Fiji). This
prompts villagers to begin preparation for alleviating the impacts of natural hazards.
People of Vunisavisavi, particularly women exhibit adequate knowledge of food
preservation techniques. They often seek assistance from men to create earth oven
pits to cook fish and root crops. Food made in this way can be conserved for over a
week and is especially useful in times of food shortages post cyclone.

Villagers also smoke fish, which can be preserved for up to oneweek. Similar find-
ings are shared by McNamara and Prasad (2014) in their case study of three villages
in Fiji namely; Naselesele, Qeleni and Yanuca. The study which documented and
synthesized local and traditional experiences and knowledge used in preparation for
extreme weather events revealed that food crops of traditional iTaukei resilient staple
foods such as taro,12 yam,13 cassava,14 breadfruit and kumala15 are often valuable in
times of extreme climate events such as drought and cyclone. The traditional practices
also overlap with resource sustainability. As explained by one of the participants,

12Taro—Colocasia Esculenta.
13Yam—common name for some plant species in the genus Dioscorea that form edible tubers.
14Cassava Manihot Esculenta.
15Kumala—Sweet Potato (Ipomoea batatas).
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“as part of cultural obligation, as much as 50% of the fishing grounds are closed
following the death of village elderly and reopened after 3–6 months” (Vunisavisavi
Village Interviewee, personal communication, 22 July 2018, Savusavu, Fiji). Preser-
vation and utilization of medicinal flora for traditional treatments is also a common
practice in iTaukei communities and is an effective way of assisting communities
cope with the adverse impacts of climate change, particularly, infectious diseases
that increase during extreme weather events.

Ecosystem Based Adaptation

Coastal ecosystems offer various services and opportunities for communities and this
interdependence if managed properly can increase a community’s resilience (Jones
et al. 2012). Ecosystem Based Adaptation (EbA) is a relatively new strategy used in
disaster risk reduction and climate change adaptation, which utilizes the most acces-
sible asset; the natural system, to adapt to the impacts of climate variability (Munang
et al. 2009). As described by the Convention on Biological Diversity (2009), EbA is
the “use of biodiversity and ecosystem services as part of an overall adaptation strat-
egy to help people to adapt to the adverse effects of climate change”. Natural ecosys-
tem provides services that reduces the impact of natural hazards, improves resource
management, increases food security and enhances livelihood diversification (IPPC
2014).

In the case of Vunisavisavi, socio-cultural and financial barriers impede effec-
tive relocation, thus increasing exposure to risks posed by natural hazards. How-
ever, majority of the participants expressed some level of understanding of the EbA
approach that can increase community resilience. For instance, one of the participants
showed prior knowledge about the importance of mangrove rehabilitation activities
to strengthen shoreline and prevent coastal degradation. Mangrove ecosystems can
dissipate the energy of tropical cyclones along exposed coastlines. Mangrove for-
est cover is not only an essential tool for adaptation, but also contributes to climate
change mitigation due to its high carbon sequestration value. Alongi (2012), argue
that coastal vegetation such as mangrove forests are a valuable resource and has
remarkable capacity to offer coastal protection, protect biodiversity and regulate cli-
matic processes. The existing coastline along Vunisavisavi has small strands of man-
groves, which does not deliver optimal services due to its patchy distribution. Thus,
a concerted effort by community members and external stakeholders is essential to
induce a community steered mangrove restoration program.

The use of coir logs in Fiji has recently garnered some consideration, particularly
because it is a cost effective approach to increase community’s resilience. Hashim
et al. (2010) describes coir logs as compressed cylindrical structures made from
natural biodegradable coconut fiber, sheathed in polypropylene netting. Generally,
coir logs are implanted alongwith vetiver grass and local shrubs to ensure sustainable
waterways and riverbanks. The coir logs function as a buffer against wave action and
protect vegetation beyond by deeply anchoring plant root system into the soil. Coir
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logs also help to stabilize soil which supports coastal infrastructure. World Wide
Fund for Nature (WWF)—Pacific has implemented coir-logs in some villages in
Fiji as part of their USAID funded project aimed at reinforcing local institutional
structures and resource management for communities in Fiji (WWF-Pacific 2016).
This technique is fairly new for Fiji and warrants further observation and evaluation
to gather its effectiveness in sustaining coastal systems.

Resilient ecosystems are important to support communities’ efforts to sustain
livelihood and adapt to the changing climate. Berkes (2004, p. 623) argue that “it
has become increasingly important to incorporate the dynamic interactions between
societies and natural systems in addressing environmental issues”. Consequently,
the emergence of social-ecological mechanisms may be relevant for several small
coastal communities trying to adapt to the impacts of climate change. Social mech-
anisms and community dynamics play a crucial role in the integration of ecological
and community based approach towards adaptation (Berkes et al. 2000). Community
cohesion observed in iTaukei communities can play a pivotal role in implementation
of EbA strategies. Ecosystem based approach to adaptation entails capacity building
of community members and may be difficult to execute if there is a lack of col-
laboration between communities, institutions and government agencies (Jones et al.
2012).

Conclusion

The complexities surrounding relocation often places pressure on the communities’
that are repeatedly challenged by rising sea level. This case study finds that there
are numerous obstacles associated with the relocation of Vunisavisavi villagers to
a new site. For the people of Vunisavisavi, the need to relocate is overpowered by
strong bonding to the original village site. The study highlights the importance of
considering the cultural and traditional dimensions associated with relocation. We
find that these cultural factors and social norms act as barriers to the Vunisavisavi
community relocation. It is also evident from the research that financial challenges
faced by villagers contribute to the problem. The Fijian government continues in
its pursuit to relocate the coastal communities, needless to say, financial restrictions
also affect them. The role of government is fundamental, especially when it comes
to designing, supporting and implementing planned relocation. It is thus, imperative
for the government to invest conscientiously in preparing a detailed and systematic
relocation policy that takes into consideration social, economic and ecological fac-
tors. Additionally, although the context is important, the critical factors of culture,
finances and land come up in other such relocations in Fiji and so the findings of
this study has important generalizations that can be used to understand and plan for
most small island community relocations in the Pacific. We also find that the tradi-
tional practices and ecosystem based adaptation has potential to increase the adaptive
capacity of the Vunisavisavi villagers. It is therefore, imperative for communities to
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take ownership of their community adaptation plans and learn to adapt as and when
required through various social-ecological systems.
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Themes and Gaps”

Tony Weir

Abstract This paper classifies the literature relating to adaptation in small island
developing states (SIDS), especially in the Pacific Islands, with a view to identifying
gaps where further research could facilitate useful action. Themain themes emerging
are: (1) Social issues. (2) sectoral impacts of climate change. (3) community-based
adaptation (on which most studies are only in informal literature). (4) relocation of
communities, both internationally (widely studied though little acted on as yet) or
in-country (an emerging response in the Pacific but comparatively little studied).
(5) financing at various levels for adaptation (far outweighed by financing for mit-
igation), (6) islander perceptions of climate change and their information sources.
Researchers based in the islands and regional organisations have an important role in
recognising these issues and in developing the local skills base needed to deal with
them. The Paris Agreement of 2015 is a positive (but as yet inadequate) step towards
the international action on climate change that small island developing states need.
It would be particularly useful for researchers to document more cases of successes
and failures (and the reasons for them) in community-based adaptation, commu-
nity relocation (especially in-country relocation), and adaptation (or lack of it) in
looser peri-urban communities. Researchers can also greatly assist the positions of
the islands’ negotiators by documenting the economic and social costs incurred by
current and projected climate change, the effectiveness (or otherwise) of the financing
mechanisms, and the extent to which ‘loss and damage’ is being incurred.

Keywords Pacific islands · Community relocation · Climate change · Adaptation ·
Research gaps

Introduction

The United Nations Framework Convention on Climate Change (UNFCCC 1992)
specifically recognises that among the countries particularly vulnerable to climate
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change are ‘low lying and other small island countries’. This obviously includes
the Pacific Island countries (PICs). The PICs are also ‘developing countries’, and
as such are widely expected to bear a disproportionate burden from climate change,
because of their inability to make the necessary adjustments without help. Thus a
major environmental change of concern to SIDS is climate change, both as it is
emerging now and is projected to do so in future.

Accordingly, this paper classifies the literature relating to adaptation in small
island developing states (SIDS), with a view to identifying gaps where further
research could facilitate useful action, especially in the Pacific Islands.

Among the common themes identified in this paper are:

(1) social issues,
(2) sectoral impacts of climate change,
(3) community-based adaptation,
(4) relocation of communities, both internationally and in-country,
(5) financing of adaptation.
(6) islander perceptions and information sources.

The paper continues with two more sections relating to ‘what next?’:

(7) The Paris Agreement and its follow-up:
(8) Conclusions: implications for research and policy.

Thus this paper relates directly to most of the themes of this conference (Pacific
Adapt 2019), especially:

• Implementing climate change adaptation in rural areas and communities [themes
(3) and (4)] above;

• Climate change resilience and hazards [themes (1) and (2)];
• Financing climate change adaptation [theme (5)];
• Information, communication, education and training on climate change [theme
(6)].

Although relocation and migration forced by environmental change (theme 4 of
this paper) is certainly related to ‘adaptation’, it is important to note that many in
the Pacific view it as an impact and thus deserving of compensation for ‘loss and
damage’, as island governments seek in the continuing international negotiations
following the Paris Agreement of 2015 (see later section of this paper).

Of course it is not claimed that these themes cover all aspects of adaptation
in SIDS. The Fifth Assessment Report of the Intergovernmental Panel on Climate
Change (IPCC) includes a fuller review of impacts and adaptation in SIDS, which
highlights also their vulnerability to climate change, particularly as an enhancement
of the stresses they already face (Nurse et al. 2014), as does (even more strongly) the
later IPCC special report on a 1.5° target (IPCC 2018) and the review by Schleussner
et al. (2018).

Nor is it claimed that this paper is a ‘systematic’ review, with actual counts of
published research papers under each theme, nor even that it cites all relevant peer-
reviewed literature. Rather it is an update and widening of an earlier, more restricted,
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review of themes (Weir and Pittock 2017). Consequently the emphasis here is on
papers published and work done since about 2015, supplemented by some back-
ground from the author’s own experience over several decades of the Pacific Islands
and climate issues.

Social Issues

The IPCC review of the vulnerability of SIDS to climate change highlights that small
islands will face as soon as 2030 a high risk of loss of much of their biodiversity,
fish abundance and of the coastal protection afforded by coral reefs (Nurse et al.
2014, Table 29.4). That review further projects that these risks will become very
high later this century even if the rise in global mean surface temperature (GMST) is
held below 2 °C. Even more widely publicised in popular media is the similarly very
high risk that will occur to low-lying coastal areas from the interaction of high-water
events, such as storms and king-tides, with rising global mean sea level (which is a
direct physical consequence of the rise in GMST). Indeed all these risks are already
occurring in many SIDS at levels perceptible to the islanders (IPCC 2019).

These and other associated risks constitute grave threats to the social fabric and,
in some cases, the continuing existence of small island states, as they threaten the
sustainability of food security, livelihoods from tourism and fisheries, and the con-
tinuing habitability of the coastal villages and towns in which most of the population
lives.

The article by Weir, Dovey and Orcherton (2017) presents an overview of such
socio-economic aspects, drawing on case studies from awide range of Pacific Islands.
They point out that, although most of these issues occur in other SIDS in some form
or other, one distinctive aspect of the Pacific Islands is the continuing importance
there of traditional environmental knowledge and of traditional social networks,
both of which contribute to the continuing resilience of Pacific Island communities
(villages) in the face of current climatic hazards such as tropical cyclones, but may
be less effective against the unprecedented steady rise in sea levels.

Notwithstanding popular perceptions and historically-oriented policies that focus
on rural populations, in many SIDS around half of the population now lives in urban
and peri-urban areas mostly in and around the national capital (Connell 2013). Many
national governments are having difficulty in grappling with this new reality, though
they can hardly be unaware of this rapid urbanisation which includes large informal
settlements of poorer people, often in areas vulnerable to climatic hazards, especially
flooding (Orcherton et al. 2017). But in terms of adaptation and disaster risk manage-
ment, these looser ‘communities’ may require different policies and programs from
those in rural areas, with more direct involvement by their national governments.
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Sectoral Impacts of Climate Change

No human settlement can be sustained without secure access to food and drinkable
water. Consequently both of these have been widely recognised as human rights and
in the Millennium Development Goals set by the United Nations in 2000 and the
Sustainable Development Goals of 2015 that replace them [see http://www.un.org/
millenniumgoals/ and http://www.un.org/sustainabledevelopment/]. Both of these
securities are affected by global environmental changes. These issues are particularly
acute for SIDS, whose resilience in the face of such changes is often less than that
of other countries, not least because of socio-economic factors.

The research literature contains numerous articles by specialists in various sectors
examining the impact on small islands of current and/or projected climate change
on ‘their’ sector, for example on agriculture (Campbell 2015; Wairiu 2017), water
supply (Holding and Allen 2016), biodiversity (Taylor and Kumar 2016), fisheries
(Valmonte-Santos et al. 2016), and tourism (Pratt and Harrison 2015).

Coral bleaching due to global warming has become increasingly widespread and
frequent world-wide, including in the Pacific (Hughes et al. 2018). As noted by IPCC
(2014b: Assessment Box SPM-2) this results in reduced biodiversity, fisheries abun-
dance, and coastal protection, and thus impacts on all of food security, habitability
of coastal settlements, and tourism.

Thomas and Benjamin (2018) note that few if any SIDS havemechanisms in place
to document the extent to which such present and future impacts constitute ‘loss and
damage’ under the Paris Agreement. Such documentation would ideally include both
clear attribution to climate change and economic costs.

Community-Based Adaptation

In most developing countries, including SIDS, a large proportion of the population
continues to live in rural communities (villages). In such countries, effective adap-
tation to climate variability and climate change needs to have a firm base in these
communities and their quest for sustainable development on their terms (Barnett and
Campbell 2010; Nunn 2009).

In the Pacific, several traditional measures to enhance resilience are still widely
practiced, e.g. biodiverse gardens including some long-lasting crops that are held
back for emergencies (Fig. 1a). Social capital, in the form of a coherent community
willing to all pitch into help those affected by disasters, also remains fortunately
widespread.

Nevertheless, community-based adaptation (CBA) has been under-represented
in the formal academic literature, as found by IPCC in its successive Assessment
Reports (Nurse et al. 2014; Mimura et al. 2007) and by Schipper et al. (2014). The
useful systematic review by Klöck and Nunn (2019) of academic (peer-reviewed)

http://www.un.org/millenniumgoals/
http://www.un.org/sustainabledevelopment/
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Fig. 1 Examples of community-based adaptation. a A biodiverse garden at Teouma in Vanuatu.
b Planting long-rooted vetiver grass to lessen river bank erosion at Buretu in Fiji

literature on adaptation in SIDS between 2000 and 2016 found only about 10 such
papers, most of which were about projects in the Pacific.

This conference (PacificAdapt 2019) and its predecessor in 2016 (Leal Filho2017)
thus add substantially to the small body of peer-reviewed literature on adaptation in
the Pacific.

Nevertheless, much of the relevant practice often has to be learnt afresh, though
some is passed on verbally or recorded in informal sites aimed ‘community devel-
opment’, such as Participatory Learning and Action (the numerous issues of which
are freely downloadable from www.planotes.org) and WikiADAPT (online at http://
www.weadapt.org/person/) and magazines such as Tiempo. Of such grey literature,
Piggott-McKellar et al. (2019) give a useful review, though partial by its very nature.
Like Klöck and Nunn (2019), they found relatively few reports about the Pacific
Islands. Postgraduate teaching at the University of the South Pacific has also made
a significant contribution to spreading such knowledge around the region.

Limalevu et al. (2010) list some lessons learnt about CBA from long experience
in the Pacific Islands. One key lesson is that ‘fly-in, fly-out’ projects almost always
fail to bring sustainable benefits. In island cultures, patience is rewarded and haste
is not. Time spent early in listening to community concerns and helping the whole
community to think through feasible adaptation options ensures their engagement
in implementation in the medium term, but needs to be coupled with an appropriate
(small but non-zero) level of external resources and sustained follow-up ‘adaptive
monitoring’. A good starting point is the community’s perception of the climatic
hazards that affect them already and a discussion of how they have acted in the
past, and can do now, to lessen the impact of those all-too-familiar hazards, such as
tropical cyclones or droughts. It is also important to share information about climate
change and adaptation (what worked and what did not) with other communities, who

http://www.planotes.org
http://www.weadapt.org/person/
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have similar issues to deal with. Success can be gauged—and indeed achieved—only
with long-term ‘adaptive monitoring’ and evaluation, beginning as early as possible
and not left to the ‘end’ of the project. ‘Adaptive monitoring’ means if something’s
visibly not working, doing something to fix it; this implies a need to allocate some
resources, including technical assistance, beyond the nominal ‘end’ of project.

These lessons are reinforced by the experience of Cambers et al. (2017) with the
EU-funded GCCA—PSIS program of 2011–2015, which ran ‘demonstration’ CBA
projects in nine Pacific Island countries, with the majority of these projects being in
remote outer islands. The Pacific Adaptive Capacity Analysis Framework presented
by Warrick et al. (2017) likewise draws on the experience of many of the agencies
working inCBA in thePacific, and has been extensivelyfield-tested, and can therefore
be expected to be the basis of many future projects. Among those agencies is the
University of the South Pacific (USP), which ran a regional adaptation program,
complementary to the PSIS but also funded by the EU-GCCA. The USP program
included (as one would expect) a strong emphasis on education and training as well
as pilot projects and has been succeeded by several other similar programs funded
by a range of donors (see https://pace.usp.ac.fj/projects/). All these projects find that
social capital, which remains strong in most parts of the Pacific, is a significant
factor in adaptive capacity, as confirmed by the work of Hagedoorn et al. (2019) in
Micronesia. Note how the villagers are working together to protect their riverbank
from erosion in Fig. 1b.

Although building a sea wall is often one of the first adaptation measures to be
thought of by a vulnerable coastal village, it is well known to coastal engineers that
such sea walls are usually ineffective for more than a year or two, due to poor design
and construction (Nunn 2009; Betzold and Mohamed 2017; Donner and Webber
2014).

Nunn et al. (2017) present case studies from coastal communities in the Federated
States of Micronesia, which illustrate the range of contemporary responses and the
tensions between culturally-grounded responses and those imposed from outside.
Gau island in Fiji was overwhelmed by super-strong Cyclone Winston in February
2016, but has since made a considerable recovery, though this recovery required its
social capital reserves and resilience (Veitayaki 2006; Remling and Veitayaki 2016),
to be complemented by significant technical and financial assistance for immediate
disaster recovery.

NGOs, notably the national Red Cross Societies through their networks of trained
in-village volunteers anddistributed emergency stores, have a significant role inCBA,
at least so far as it overlaps with preparation for sudden-onset climate hazards such
as cyclones. Drawing on their cross-border links they are also important players in
relocations, both planned and sudden (IFRC 2018). So too are churches for similar
reasons (Weir andVirani 2011; Edwards 2013), and also because they are particularly
trusted sources of information (see Section “Islander Perceptions and Information
Sources” below).

https://pace.usp.ac.fj/projects/
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Relocation of Communities1

Three Levels of Relocation

Campbell and Warrick (2014) in their review for the 2014 UN conference on SIDS
define community relocation in general terms:

Community relocation means the forced permanent or long-term movement of an entire
community (or a significant part of it) from one location to another.

They note that this term is generally used in the literature in two ways: (a) in a
positive sense, to describe the planned relocation of unified communities that main-
tain structure and function; (b) sudden or forced displacement, which often indicates
the fragmentation of communities.2

It is useful to distinguish between three levels of community relocation (Gharbaoui
andBlocher 2017;Weir et al. 2018). In order of cultural, social, andpolitical difficulty,
they are (a) relocation within the community’s own (village) land; (b) relocation
elsewherewithin the same country, and (c) relocation (emigration) to another country.

The cultural difficulties from the last two of these arise principally because of
islanders’ cultural and economic link to their traditional land (Curry et al. 2015).
Most land in the independent Pacific Islands, especially that outside the capital, is
under indigenous customary ownership; in effect the land belongs to a collective of
owners in a local village (Crocombe 2008, Chap. 11). The degree to which ownership
this is formalised in the national legal system varies; it is greatest in Fiji, where the
individuals in the landowning unit (mataqali) are named.

The bond between indigenous people and their land, expressed in the concept
called vanua in Fijian, is important throughout the Pacific. One Fijian anthropologist
(Ravuvu 1983, p. 70) summarises the concept:

[Vanua means not only] the land area one is identified with, and the vegetation, animal life
and other objects on it, but it also includes the social and cultural system - the people, their
tradition and customs, beliefs and values, and the various other institutions established for
the sake of achieving harmony, solidarity and prosperity within a particular social context.

See also Batibasaqa et al. (1999), Nabobo-Baba (2010, p. 10), Long (2018).

(a) Relocation within the community’s own land

Local relocation (sometimes referred to as ‘managed retreat’, especially in the disas-
ter risk literature) is culturally relatively easy compared to relocations further afield,
as the land required for relocation is already held within the community concerned.

1Communities is the generic term used in the Fiji draft guidelines on relocation to describe: villages,
formal settlements, informal (squatter) settlements, and sub-communities within larger urban areas.
2Note that there is a variety of other definitions in the literature. In particular the Fiji Planned
relocation guidelines define community relocation as “The voluntary, planned and coordinated
movement of climate-displaced persons within [a State] to suitable locations, away from risk-prone
areas, where they can enjoy the full spectrum of rights including housing, land and property rights
and all other livelihood and related rights.”
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Such relocations have been one of the traditional responses to climate extremes.
For example, the community of Biausevu in Fiji relocated four times between 1880
and 1983 (Campbell et al. 2005). Gharbaoui and Blocher (2017) discuss this and two
other such relocations in Fiji, all of which occurredmore than 50 years ago. Although
it was more immediate environmental factors (e.g. flooding or cyclone damage)
that drove these relocations, these relocations have all greatly reduced community
vulnerability to sea level rise and climate change.

One of the most documented recent cases is the village of Vunidogoloa, which in
2014 was one of the first villages in Fiji to receive substantial government assistance
to relocate about 2 km inland away from its coastal site on Vanua Levu, which
had long been troubled by inundation, salt intrusion and coastal erosion despite
failed seawalls (McNamara and Jacot des Combes 2015; Charan et al. 2017). This
assistance took the form of help with planning, levelling of land on the new site, and
finance. But even though the new and old sites are both owned by the samemataqali,
some villagers (especially older ones) were reluctant to leave the very land of their
birth that they perceive as defining them and solidifies their identity; indeed such
objections had inhibited internal discussions of relocation for over 40 years! (Charan
et al. 2017).

A more critical study of the relocation of Vunidogoloa by Rika (2017) points out
that that although the Fiji government spent about US$250,000 on the relocation
about half of this was wasted on premature earthworks, on top of which the village
contributed some US$130,000 from the sale of much of their native forest to local
loggers in return for material with which the new houses were built to state-approved
plans. Rika also points to the important facilitating role played by the Methodist
church, especially in overcoming the villagers’ spiritual objections to the move.

Following consultations beginning in 2012 and with the then emerging Vunido-
goloa experience in mind, the Fiji government issued draft guidelines, which out-
lined a consistent procedure for communities to follow in approaching government
for financial or technical assistance for relocation. The extensive damage caused by
Tropical Cyclone Winston in February 2016 injected a sense of urgency into these
considerations, withmore definitiveworking guidelines released in 2018 (GOF2018;
see Fig. 2). Also a series of vulnerability assessments led to the government iden-
tifying 42 villages as deserving of assistance for relocation. The Fiji government
estimated that this work (and other infrastructural adaptations) would cost more than
F$100m (GOF 2017). Fiji’s own financial and technical resources available for this
work remain well short of this amount, although the Fiji Prime Minister tabled the
consolidated vulnerability assessment at COP-23 (of which he was chair) in Decem-
ber 2017 in an effort to seek such funding. Consequently not much more than the
most urgent rehabilitation (e.g. of villages on Koro island which were almost totally
destroyed) has yet taken place (Gard and Veitayaki 2017).

Many other vulnerable villages, such as Nabukadra in Ra province studied by
Nichols (2019), have had to fend for themselves after Cyclone Winston, which has
usually precluded relocation and resulted in houses being rebuilt in the vulnerable
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Fig. 2 Front cover of the Fiji guidelines on planned relocation, showing part of one of the many
coastal villages vulnerable to sea level rise and storm surges (GOF 2018)
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location. That case study also illustrates the complications that can arise if the house-
holders suffering most from coastal erosion want to move to land held by a different
sub-community (mataqali) within the village.

In the Solomon Islands, Albert et al. (2018) report on two villages where the
inhabitants were forced to relocate by coastal erosion and flooding, in the absence
of any government assistance. In both cases, relocation was essentially piecemeal,
with each household relocating to another site where that household had rights to
land. Because of the fragmented nature of these land parcels, the result was that some
households moved several km, and community solidarity declined markedly.

(b) Relocation elsewhere in the same country

This is culturally harder than (a) because of traditional attachment to land, held
in customary tenure. In most (all?) PICs, this ‘attachment’ traditionally includes a
person’s sense of being an inherent part of the land and its environment in their place
of origin (the vanua), along with its traditional social structures.

Since most Pacific Islanders (except in Papua New Guinea) live on the coast,
many of those in non-atoll countries, particularly those now living right on the coast
or in low-lying river deltas, may also be forced to move, though most likely to other
parts of the same country.

Campbell (2014) rightly points to the ‘essential link’ between Pacific Islands
people and their land as a key issue that poses major problems not only for those
forced to leave but also for communities within the region that may be required to
give up land for relocatees.

Nevertheless, the past few decades has seen much ‘unforced’ internal migration
within each island country, most of it towards the urban centre(s) driven by young
people seeking better education and income-earning opportunities (Connell 2013).
[For example, according to the 2007 census, about one third of the population of Fiji
now lives in the greater Suva area.] This movement is referred to as ‘migration’, as
distinct from relocation, as it is individuals or families who move rather than a whole
community at once. However, there are cases where over time one family from a
village follows another from the same village in a ‘chain migration’, with the effect
that a particular peri-urban informal settlement becomes a relocated community.

An example is ‘Lord Howe’ settlement near Honiara (Solomon Islands), in which
almost everyone can be traced back to Lord Howe Island (now called Ontong Java),
which is one of the largest atolls in the Pacific with only limited agricultural land
and vulnerable to SLR.3 Although migration from Ontong Java goes back at least
50 years, more recent recognition of climate change and its impacts has forced
consideration of planned relocation of all or most of the population of that island to
elsewhere in Solomon Islands (Bonie 2010; Rasmussen et al. 2011). This and other
cases have driven the Solomon Islands government, like Fiji, to attempt to formulate
guidelines for planned community relocations (Filia 2018; Wilson 2013).

3‘Traced back’ allows for people born near Honiara, but whose parents or [great-]grandparents
moved from Ontong Java.
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As usual in the Pacific islands, finding suitable land onto which to move is a major
issue (Monson and Fitzpatrick 2016). This has certainly held back another proposed
large-scale relocation in Solomon Islands, that of Taro, the government capital of
Choiseul province, for the past 20 years (Albert et al. 2018).

Note that a literature survey found 86 reported cases of forced relocation between
1920 and 2005, of which only about half were driven by natural hazards such as
coastal erosion or disasters such as cyclones or volcanos (Campbell et al. 2005).Most
of the other relocationswere driven by armed conflict ormajor projects such asmines,
new airports, or nuclear testing—themost famous example being the relocation of the
Bikini islanders to a particular motu (islet) on Majuro atoll, the government centre
for the Marshall islands. Many of these historic relocations were easier than they
would be today because of the rapid increase of population in some PICs, which
made it easier in the past to get landholder agreement to release a site (Weir and
Virani 2011).

(c) International migration

The sea level rises projected by IPCC (2013) would swamp substantial parts of many
coral atolls, in which most land is less than two metres above mean sea level. In fact
an atoll could become uninhabitable as soon as 2030, because once sea level rises to
the stage that saltwater inundation at higher tides occurs every few months instead
of every few years, then the underground fresh water lens, on which crops and most
drinking water supplies depend, will remain salty (Weir and Virani 2011; Storlazzi
et al. 2015).

Consequently policy makers in atoll countries, such as Kiribati, Tuvalu and the
Maldives are reluctantly having to consider the possibility of substantial portions
of the population of atoll countries being forced to migrate (Smith and McNamara
2015; Nurse et al. 2014, Sect. 29.6.2.4). In turn, some island leaders (e.g. Tong 2015)
are forcing these issues to the attention of the developed countries, who they see as
responsible for this threat to their continued sustainability and who would be the
receiving countries for such migrants.4

A flood of scholarly articles continues to examine the probability and implica-
tions of such migration, including convenient collections of such articles (Burson
2010; McAdam 2010; Leckie et al. 2012; McLeman and Gemenne 2018) and spe-
cial issues of such journals asForcedMigrationReview, Population andEnvironment,
and Climatic Change.

Among recent articles, some are more optimistic than others. Farbotko et al.
(2018) are among those who argue that such migration is a form of adaptation, and
that mobility can contribute to both climate change adaptation and human devel-
opment, particularly in vulnerable areas where in situ adaptation options have been
exhausted. Barnett (2017) is exceptionally optimistic in arguing that “for as long
as the science of loss remains uncertain, and the limits to adaptation are unknown,

4The current President of Kiribati, Mr Taneti Maamau, prefers not to consider mass migration, and
looks instead to ambitious engineering adaptations (for which funding is as yet uncertain) to protect
the people and culture of Kiribati (Tong and Rytz 2018).
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forced migration cannot be taken as a matter of fact and could possibly be averted
through emission reductions and a vastly improved and significantly more creative
approach to adaptation”.

Encouragingly, at the Second Pacific Climate Change conference in Wellington
in February 2018, New Zealand’s Minister for Pacific Peoples, ‘Aupito Tofae Su’a
WilliamSio, saidNewZealandmust have policies in place to deal with the possibility
of climate induced migration from the Pacific Islands. However, such policies are
not yet in place. Cass (2018) identifies some of the issues that have to be addressed
before public acceptance is likely: public perceptions, the law, maintaining Island
culture and identity and changing the existing media narrative on social change.

Less optimistic are Constable (2017) and Curtain and Dornan (2019), who exam-
ine both options formigration to neighbouring Pacific Island countries and formigra-
tion to developed Pacific Rim countries, particularly Australia, New Zealand and the
United States. Although citizens of the Marshall Islands legally have free access to
theUnited States under the Compact of FreeAssociation (at least until 2023when the
current Compact expires), social, cultural and economic factors currently limit such
migration. Weber (2017) notes that both multilateral trade agreements and regional
trade and seasonal labour agreements between Pacific Island countries and Australia
andNewZealand have potential to include labourmobility, but this aspect has proven
to be politically very sensitive, especially in the receiving countries, and therefore
such agreements do not currently offer much, if any, assistance to those who may be
forced tomigrate. The 2018UNGlobal Compact onMigration is unlikely to improve
access, as it is (i) non-binding, and (ii) opposed by many of the possible receiving
countries (Espinoza et al. 2018). Nor has much agreed action flowed from the rec-
ommendations of the UNFCCC task force on displacement. A review by Obokata
et al. (2014) points out that although there are “significant levels of international
migration from highly vulnerable Pacific states like Tuvalu, at present, little of it can
be directly attributed to environmental factors as compared with economic factors
or traditions of mobility”. It remains to be seen how long this will remain the case.

For migration from SIDS more generally, I agree with Weber and with former
President Tong of Kiribati that now is the time to equip people with skills that enable
them to positively contribute to the societies that are supposed to receive them,
and that it is equally important that there is an islander community in the receiving
community that sees it as natural to help out and welcome those who need support
in finding and settling into new homes. There are certainly substantial and long-
established populations of people of island origin in the former colonial powers,
especially Britain and France, and also in New Zealand and (to a lesser extent)
Australia. However the migration laws of all those countries have tightened since the
main wave of islander migration (Connell 2013), so some of those of island ancestry
are now in the third generation and may not consider themselves as ‘islanders’.
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Financing Adaptation

National Governments

In practice, almost all funding for adaptationmeasures inSIDScomes fromdeveloped
countries, with relatively little coming from their own sparse national budgets (Nunn
2013). Through to 2007 at least,my observation suggests that such of this funding that
reaches local communities outside the capital cities comes mainly through NGOs,
although usually ultimately from metropolitan governments.

Nevertheless, Pacific national governments can and do make policies that set a
framework for action in their countries, including priorities for funding, e.g. through
their National Adaptation Plans.

International Donors

As member states of the United Nations, national governments are the main players
for SIDS in the international negotiations aimed at getting action from the large
industrialised countries to reduce their greenhouse gas emissions to a levels that
would ‘prevent dangerous anthropogenic interference with the climate system’, as
the objective of the UNFCCC (1992, Article 2) puts it. A major outcome of these
negotiations is the Paris Agreement (2015).

An important issue in the negotiations is funding for adaptation to climate change,
since the UNFCCC obliges ‘developed’ countries to provide assistance (includ-
ing financial assistance) to ‘developing’ countries to help them adapt to climate
change [articles 4.4 and 4.8]. Such assistance can be provided either bilaterally or
multilaterally.

Several multilateral funds have been set up, either directly by decisions of the
UNFCCC Conference of Parties or by groups of concerned countries. These include
the Green Climate Fund, the Special Climate Change Fund, the Least Developed
Countries Fund and the Adaptation Fund. All of these have project pipelines waiting
for money but are critically under-resourced and/or slow to disburse the funds they
do have.

In the follow-up negotiations to the Paris Agreement, discussed in a later section,
SIDS and other least developed countries continue to push for firmer action (com-
mitments) on finance, and on the related issue of compensation for ‘loss and damage’
these countries have incurred due to climate change caused by the emissions from
richer countries.
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Regional Organisations

In both theCaribbean and thePacific, regional (intergovernmental) organisations play
amajor role as channels for technical assistance (and often also for associated funding
programs) in many common areas of need which the small individual governments
could not cover all of, as each has only a limited pool of skilled people. Robinson and
Gilfillan (2017) explore the extent to which regional organisations such as the South
Pacific Regional Environment Program (SPREP) and the Pacific Community (SPC)
in the Pacific have been effectively executing their mandates in one such area, namely
climate change adaptation, and their future potential to support the design and imple-
mentation of national adaptation policies. The authors recommend that, in addition
to differentiating organisational mandates, regional organisations should focus on
resolving the major climate-related information deficit issues, helping countries to
develop ready-to-finance investment projects, building national level capacities to
adapt, and supporting the creation of an enabling environment for climate change
adaptation.

Community’s Own Contributions

In all community-based adaptation projects, including relocations, the expectation
of donors, island governments, and fieldworkers is that the community itself will
contribute their labour to the project, e.g. (under the direction of an engineer) to clear
land, lay water pipes or construct stone walls. Only a few communities have enough
cash on hand to make a significant cash contribution towards building materials etc.
This might come from income from leasing land to a resort, or (as at Vunidogoloa)
the sale of some of their natural resources (Rika 2017), or (particularly in Tonga,
Samoa and Fiji) from remittances from former community members now overseas.

Islander Perceptions and Information Sources

Betzold (2015), on the basis of several case studies in SIDS by other researchers,
argues that islander lack of awareness of climate change (especially as distinct from
climate variability, with which they are all too familiar) is a significant barrier to their
implementing adaptation measures (McNaught et al. 2014). Why bother, when more
short-term problems like poverty and food security are seemingly more pressing,
which is understandable in a context of subsistence-based cultures?

That is why many earlier donor-led programs in the Pacific focussed on spreading
information about climate change. This sometimes had the unfortunate result that
the project funding ran out with the communities concerned having received lots of
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background information and a vulnerability assessment, but without much consider-
ation of actions needed or the resources to implement them, as Limalevu et al. (2010)
found in Fiji.

Academics generally expect and hope that university students will be better
informed than most of the general population, and (as every psychology researcher
knows) students are a convenient population for exploring perceptions of any issue
of interest. The University of the South Pacific (USP) draws students from 12 Pacific
SIDS. Scott-Parker et al. (2017) report that that most of the 1200 USP students they
surveyed rank global environmental change as the highest future risk to their coun-
tries. The level of awareness of these students stands in remarkable contrast to that
found by Lata and Nunn (2011) in some rural villages of Fiji less than 100 km from
Suva, the capital of Fiji, which is the location of the main USP campus.

Perceptions shape actions (Adger et al. 2013; see Fig. 3). So the attitudes of these
students—who represent the future elite of their region—present unique opportuni-
ties for long-range planning of intervention and support strategies to address global
environmental change. Of particular note for effective intervention and support is the
breadth and trustworthiness of various information sources including scientists and
church leaders. In particular, 98% of their sample are certain that climate change is
happening, and 87% feel not only a responsibility to do something about it but also
that they can personally make a difference. These proportions are strikingly different
from those reported by polls in North America (Funk and Rainie 2015) and Australia
(CSIRO 2014).

Smaller surveys reported by Beyerl et al. (2018) find that residents of Tuvalu,
Tonga and Samoa perceive drought, cyclones and other flood-related problems as a
far more imminent danger than rising sea level. But consistent with the survey of
USP students, the sample in Samoa which was much younger on average, was much
more concerned than that in the other islands about future climate change.

Fig. 3 Perceptions shape actions. aCommunitymembers in a Fijian village discuss their perception
of past and future climate-related hazards—one of themany community discussions that are required
for successful adaptation responses [author photo]. b Churches (and other religious centres) are
important in Pacific communities, so educating their leaders about climatic hazards and responses
to them can greatly enhance community resilience [Photo: P. Nunn]
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Churches are ubiquitous and well attended in the Pacific islands (Fig. 3b) and thus
important in shaping attitudes, including about climate change and how to respond to
it (Nunnet al. 2016). Sometimes, strongly held biblical beliefs have led tomaladaptive
perceptions, e.g. that ‘we will be saved from flooding by sea level rise because we
are godly people, unlike the sinners that were destroyed when Noah and his family
escaped, as told in the book of Genesis.’ (Mortreux and Barnett 2009), Related to
this is a view that disasters such as TC Winston are a punishment for ‘original sin’
(Cox et al. 2018). Pacific theologians have attempted to counter such interpretations
by reminding their congregations that although God promised Noah that He would
not cause such a flood again, this did not rule out such a flood being caused by human
action (WCC 2004; Rubow and Bird 2016) and thus that community relocation is
not inherently sacrilegious (Rika 2017).

The Paris Agreement and Its Follow-up

While the Paris Agreement (2015) is viewed by Pacific leaders as a positive step
forward it will not be enough to limit damage from climate change to acceptable
levels, especially for those countries whose very survival is vulnerable to sea level
rise. This is because the Agreement leaves each country to set its own emission
reduction target and these targets are not legally binding, but only subject to review
by the Conference of Parties. Comparison with the latest IPCC Synthesis Report
(2014a) shows that the individual commitments that have been tabled to date have
no chance of limiting the temperature increase to 2 °C, let alone to the 1.5 °C goal
championed by SIDS (UNEP 2018).

As the Director of Oxfam (as reported by Deen 2015) put it:

This deal offers a frayed life-line to the world’s poorest and most vulnerable people. Only
the vague promise of a new future climate funding target has been made, while the deal does
not force countries to cut emissions fast enough to forestall a climate change catastrophe,
[which] will only ramp up adaptation costs further in the future.

Hence the importance attached to the regular review process, where pressure by
SIDS and their peers can be put on countries with large emissions to increase their
mitigation efforts, and on richer countries for funding for adaptation. Although all
these matters remain active in the rules agreed at the Conference of Parties (COP-
24) held at Katowice in December 2018, very few industrialised countries have yet
increased their commitments on either emissions reduction or on finance.

In an encouraging sign for SIDS, there are strong indications from the Paris
conference that many big businesses in the industrialised countries see the needed
shift from fossil fuels as both inevitable and a business opportunitywhich they neglect
at their peril (Hamilton 2015). Thus, significant pressure on the governments of large
emitting countries to commit to further reduce emissions is likely to come from their
own business and financial communities. Some encouragement can also be drawn
from the number of subnational governments (cities and States) which have made
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their own pledges to reduce emissions—often making commitments beyond those
made their national governments, especially in the USA where President Trump has
announced his intention to exit the Paris Agreement (Mathiesen 2017; Darby 2016).

SIDS negotiated hard in Paris to ensure that the Paris Agreement includes a clause
about loss and damage, by which the SIDS mean compensation for loss and damage
beyond what can readily be ‘fixed’ by adaptation measures. However this ‘win’
was undermined, at least in the short term, by an associated COP decision (drafted
by the USA) which denies that the rich countries accept any such obligation. This
reflects not only a reluctance to make unlimited financial commitments but also very
different views about the meaning of the term ‘loss and damage’ (Boyd et al. 2017).
Although there have beenmany academic papers about loss and damage (McNamara
and Jackson 2019; Pill 2020) yielding plenty of ideas, what counts now for the PICs
is what commitments can be negotiated.

Fiji was the chair of COP-23, the first island nation to hold that position,5 and
hopes were high that the agenda there would highlight island concerns, in particular
loss and damage. But unfortunately the Fiji delegation took too much direction from
a bunch of Australian consultants, to the extent that the nominated Fijian chairperson
was dismissed by her own government (Darby 2018) and loss and damage barely
made it onto the agenda and even then without linking it to funding (Benjamin et al.
2018). Consequently, decisions about loss and damage at COP-24 in December 2018
were largely confined to process for further discussions.

Conclusions: Implications for Research and Policy

The articles referred to in this paper and the negotiations around the Paris Agreement
both show that all Small Island Developing States (SIDS) face similar physical and
socio-economic threats from climate change and that consequently their responses
are also very similar. In this context, the differences between the various regions
of SIDS are generally less significant than the differences between SIDS and other
developing countries.

One common need is to increase the number of people in SIDS with skills and
knowledge needed to adapt to climate change. Given the small population base that
SIDS have (by definition) it is fortunate this does not have to imply a large cadre
of specialists in climate change, but rather to foster an appreciation of the impli-
cations of climate change in the much wider range of professionals and ordinary
citizens who are working towards sustainable development in their countries and in
their lives. Sharing scarce but often needed specialist skills through regional organ-
isations can be effective in offsetting the pressure on numerically small national
agencies. Although engineering and other technical skills are an essential input to
many adaptation measures, there has been a tendency to wrongly assume that ‘hard’
adaptation measures are all that is required. On the contrary, the perceptions and

5Although the meeting was actually held in Bonn (Germany) for logistical reasons.
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solidarity of the community involved can determine the effectiveness or otherwise
of adaptation measures. Fortunately there is a long tradition in the Pacific Islands
of resilience in the face of environmental change, drawing on traditional knowledge
and social capital; a challenge for today is to maintain and build on those strengths.

Universities and academics and other researchers in the region have an important
role in recognising the issues and in developing the skills base needed to deal with
them. Without indigenous capacity, it is very easy to lose institutional memory of
what works and what does not.

At present, too few case studies of adaptation have been documented to assist
this institutional memory and to guide future projects away from known causes
of failure. It would be particularly useful for researchers to document more cases
of successes and failures in community-based adaptation, community relocation
(especially in-country relocation),6 and adaptation (or lack of it) in looser peri-urban
communities.

International negotiations and the reduction in greenhouse gas emissions that they
can (in principle) produce are key to reducing the threat of climate change to SIDS,
and indeed to the rest of the world. The Paris Agreement of 2015 is a positive step in
this direction, but SIDSwill need tomaintain the international pressure for action and
not just words. The follow-up mechanisms and further negotiations mandated by the
Paris Agreement and the UNFCCC, which underlies it, are also key to securing the
international (donor) finance that will be essential for substantial adaptation in the
Pacific Islands. Researchers can greatly assist the positions of the islands’ negotiators
by documenting the economic and social costs incurred by current and projected
climate change, the effectiveness (or otherwise) of the financing mechanisms, and
the extent to which ‘loss and damage’ is being incurred.
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Dam(n) Seawalls: A Case of Climate
Change Maladaptation in Fiji
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Abstract Coastal communities in Pacific Island Countries are particularly vulnera-
ble to climate change impacts including sea-level rise, coastal erosion, tidal inunda-
tion, and the intensification of storm surge activity. In response, adaptation projects
across the region have attempted to reduce exposure and overall vulnerability to
these coastal pressures. This paper explores what happens once these projects reach
communities: are effective and sustainable outcomes achieved, or can the imple-
mentation of adaptation projects lead to unintended negative outcomes and result in
maladaptation? This paper investigates this issue in relation to two seawall projects
implemented in communities on Vanua Levu Island, Fiji. We found that the seawalls
have not been successful in achieving their primary aim of safeguarding commu-
nities against coastal pressures and have instead resulted in unanticipated negative
outcomes for land and livelihood security. Of primary concern is the way that sea-
walls trap water along their landward sides—acting more like a dam—because of the
ineffective design and construction of the seawalls and associated infrastructure. This
paper concludes with a call to think more long-term about site-specific adaptation
measures that actively involve and are driven by local perspectives in the planning,
implementation, and maintenance process.
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Vulnerability to Climate Change in Pacific Island Countries

Pacific Island Countries (PICs) are often depicted as one of the most vulnerable
regions to climate change (Beyerl et al. 2018; Warrick et al. 2017). Despite such
assertions, there is no universally used and recognised definition for vulnerability to
climate change (Füssel 2007). The most recent definition by the IPCC exemplifies
this ambiguity, defining vulnerability as “The propensity or predisposition to be
adversely affected. Vulnerability encompasses a variety of concepts and elements
including sensitivity or susceptibility to harm and lack of capacity to cope and adapt”
(IPCC 2014: 1775). Despite such definitional ambiguities, there persists a general
informal acceptance that vulnerability refers to the exposure of a system coupled
with the potential to be harmed (Jackson et al. 2017; Tu’akoi et al. 2018). As such,
vulnerability to climate change can refer to both the severity of climate related impacts
(i.e. sea-level rise, increased storm surge activity, tidal inundation), coupled with the
propensity of people/places to be harmed by such climatic impacts, which can be
broadly understood by susceptibility (i.e. institutional, social, historical, economic)
and adaptive capacity (i.e. local knowledge, access to information and assets, social
capital).

Climate change impacts are already being experienced and projected to increase
into the future, with evidence that state-of-the-art climatemodels are underestimating
the severity of future impacts (Schewe et al. 2019). Climate change impacts expe-
rienced most severely in PICs include the increased intensification of storm surge
activity; sea-level rise and subsequent increased tidal inundation; shoreline erosion
and groundwater salinization; changing fish stocks; and less predictable rainfall pat-
terns (Barnett 2011; Chand et al. 2016; IPCC 2014; Kumar and Taylor 2015). These
impacts are likely to increase in severity into the future more than necessary owing
to the lack of international action on reducing atmospheric GHG quantities through
reducing emissions or increasing carbon sinks. Despite PICs being heterogeneous
in culture, society, governance, histories, and economy, they are often depicted as a
homogenous entity at the forefront of these impacts owing to the similar character-
istics that PICs share which enhance their propensity for harm. Such shared char-
acteristics include generally high coastline to land mass ratios and mainly coastal
settlements, direct dependence on climate sensitive sectors (such as fishing and agri-
culture), comparatively low incomes coupled with limited economic opportunity,
distance from resource bases and population centres, and inefficient infrastructure.
It is this confluence of factors that make PICs recognised as some of those places in
the world that are most vulnerable to a changing climate.

While PICs are depicted as highly vulnerable to climate change, such a depiction
presents a simplistic notion of vulnerability. Primarily, it disregards the internal adap-
tive capacity and resilience of island communities and their traditional knowledge
systems and coping strategies that have long guided people through extreme envi-
ronmental changes such as resource constraints and changes in sea level (Barnett and
McMichael 2018; Bridges and McClatchey 2009; Granderson 2017: Lefale 2010).
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Further, the notion of Pacific Island vulnerability can serve to sideline more intri-
cate aspects that play into vulnerability. Owing to access to resources and developed
infrastructure and economies, people in core centres, as opposed to peripheral com-
munities, have differing levels of vulnerability (Nunn et al. 2014; Nunn and Kumar
2018; McNamara et al. 2017). This can also play out in terms of the class, ethnic-
ity, gender, status, or age of a person which can impact their access to information,
availability of resources, employment opportunities, and education, all of which can
amplify individual and community vulnerability.

Climate Change (Mal)Adaptation

Adaptation to climate change refers to reducing the vulnerability of a system to
experienced or anticipated climate change impacts (Barnett and Campbell 2010). As
climate change impacts are progressively felt, and projected to become increasingly
visible and impactful, it is clear that adaptation policies and projects have been imple-
mented with haste. The depiction of PICs as vulnerable has resulted in significant
funding being directed to the region. For example, between 2008 and 2012 adaptation
finance to the Pacific Region was just under USD $80 million per annum (Donner
et al. 2016). Adaptation implementation comes largely through bilateral funds, and
large multilateral funding schemes funded by developed countries and implemented
by local governments and NGOs (Spires et al. 2014). A recent review of adaptation
in Small Island Developing States (SIDS), of which all PICs identify, shows that
documented planned adaptation fit into three categories being structural or physical
(i.e. engineering and infrastructural); social (such as educational, behavioural, or
informational); or institutional (governance and policies, and law and regulation),
with infrastructural and behavioural dominating (Klöck and Nunn 2019).

While there has been increased activity in implementing planned adaptation,
whether adaptation is actually reducing the vulnerability of communities has often
been questioned (Adger et al. 2005; Barnett and Campbell 2010; Nunn et al. 2014).
As almost all of the funding for adaptation comes from developed countries (Nunn
2013), often project objectives are developed by development and donor organisa-
tions and agencies. This has resulted is questions being raised about the relevance of
such projects to local social, economic, and cultural contexts (Barnett and Campbell
2010; Kumar 2015). Yet, evaluating the success of adaptation in PICs is challeng-
ing owing to differing perceptions of what success means, a lack of longitudinal
data, and the oft-limited prioritisation of evaluation (Buggy and McNamara 2015;
Dumaru 2010; Klöck and Nunn 2019; Remling and Veitayaki 2016). Evaluations of
adaptation projects that have been undertaken across the region have shown at times
failed outcomes. For example, an analysis of the World Bank Kiribati Adaptation
Program (KAP) showed that it was deeply flawed in its design and relevance to
the nation’s institutional framework and local capacity (Dean et al. 2016). A study
in Vanuatu found that adaptation projects have often been unsuccessful resulting
from the community viewed as a homogenous entity and not accounting for the
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nuances and variation in local hierarchies, decision-making processes, and social
dynamics (Buggy and McNamara 2015). Aside from the ambiguity of success of
project outcomes, there have been broader questions raised about whether a reliance
on external aid for adaptation by PIC governments has reduced capacity to inde-
pendently adapt and diverted attention away from more pressing development needs
(Barnett 2008; Webber 2013).

Such concerns about the potential for perverse outcomes from adaptation policies
and projects have resulted in a growing scholarship on maladaptation. AsWork et al.
(2018: 13) state, “We face today new dangers from climate change projects and
policies as much as we do from the effects of climate change itself”. Challenges in
defining exactly what maladaptation is have been raised (Juhola et al. 2016). First,
it is important to make the distinction between ‘null adaptation’ where adaptation
has no direct benefit in reducing the vulnerability of the targeted population, as
opposed to maladaptation which inadvertently increases vulnerability. Barnett and
O’Neill (2010: 211) define maladaptation as an “action taken ostensibly to avoid
or reduce vulnerability to climate change that impacts adversely on, or increases
the vulnerability of other systems, sectors or social groups”. A further definition
proposed by Juhola et al. (2016: 139) building off this previous definition, states that
“maladaptation could be defined as a result of an intentional adaptation policy or
measure directly increasing vulnerability for the targeted and/or external actor(s),
and/or eroding preconditions for sustainable development by indirectly increasing
society’s vulnerability”.

Due to the relative early scholarship onmaladaptation there have been some ambi-
guities as to what maladaptation actually means in practice and thus how to identify
and measure it. In a manner to develop understanding, Barnett and O’Neil (2010)
identify five pathways through which an adaptation can be defined as maladaptive;
if the adaptation action: (1) increases GHG emissions, (2) disproportionately bur-
dens the most vulnerable, (3) has high opportunity cost, (4) reduces the incentive
to adapt, and (5) creates path dependency. Juhola et al. (2016) advance the schol-
arship in maladaptation through providing a typology that allows the assessment
of actions as maladaptive as either rebounding vulnerability, shifting vulnerability,
or eroding conditions for sustainable development. Taking an ex ante approach, in
trying to answer under what conditions maladaptation can occur, has become preva-
lent in the literature. Identifying the potential risk that maladaptation may occur by
decision-makers early in the planning process has been documented as an important
step in working to avoid the potential of maladaptation occurring (Magnan et al.
2016). While this is undoubtedly an important step, Work et al. (2018) have shown
that development partners will often ignore potential detrimental social and envi-
ronmental impacts, thus not implementing practices to reduce these from occurring,
and leading to maladaptation. Further, Owusu-Daaku (2018) argues that adaptation,
can be overtaken and perpetuated by actors with underlying or adverse economic
interests, and as such maladaptation is a product of a myopic focus dominated by a
few actors, positing the term ‘maladaptive opportunism’.
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Coastal Protection Measures

To adapt to coastal pressures resultant from sea-level rise and associated impacts
there are often three categories of initiatives employed: accommodation measures
that allow people to adapt in situ, for example, by raising infrastructure; protection
measures that employ some form of coastal defence; and retreat which involves
the movement of people away from the shoreline (Williams et al. 2018). Coastal
protection measures (which are the focus of this research) can be broadly categorised
as soft or hard. Soft measures refer to the use of natural materials such as mangroves
or other natural vegetation that act as a natural defence buffer while hard measures
refer to built infrastructure (Pilkey and Cooper 2012). Hard measures range from
locally built ad hoc defences using available materials such riprap, machinery, or
boulders, to the construction of planned seawalls or revetments (Shand et al. 2017),
in many instances funded through donor funded projects.

Concerns about the suitability of seawalls and revetments implemented in rural
settings in developing countries have been expressed. For example, conventional
seawalls implemented in a PIC context have been identified as only ‘moderately’
resilient to climate change impacts with societal outcomes typically average to poor
(Shand et al. 2017). Further, the changing dynamics of small islands through natural
geomorphic processes coupled with oft-limited scientific knowledge of these loca-
tional process can render seawalls and other hard infrastructure inappropriate (Kench
2012). The longevity of seawalls for coastal protection is another challenge as recip-
ient country governments or beneficiary communities have neither the commitment
nor the resources to maintain the infrastructure beyond the period of project fund-
ing (Nunn 2013). Concerns with seawalls go deeper than an inability to protect rural
coastal areas as they represent amore archaic perspective of adaptation through reduc-
ing vulnerability to hazardswhile not acknowledging underlying socio-economic and
other contextual drivers of vulnerability.

Despite the ineffectiveness of seawalls there remains a trend within rural areas
in particular of PICs, where seawalls have been uncritically implemented as a long-
term coastal protection measure (Nunn 2009, 2013). One reason for this trend is
that most coastal protection measures in PICs come from donor countries, causing
replication of coastal protectionmeasures fromwealthier, often continental countries.
As Dean et al. (2016: 87) state “there is a naïve and misguided belief of many
donors that hard shoreline structures along Pacific Island coasts are themost effective
and enduring long-term solutions to shoreline erosion”. There appears an allure for
donors in building a seawall as it can on the one hand provide initial (yet short-
term) comfort to communities, as well as provide a visible outcome suitable for
reporting purposes. Softer adaptation measures, such as long-term skills training or
meaningful community education building, while requiring more commitment and
less observable reward, have been shown to have an increased positive impact for
growing adaptive capacity in such situations (Williams et al. 2018).
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Research Aim and Questions

Seawalls and revetments have been, both implicitly and explicitly, noted as ineffec-
tive and unsuccessful coastal protection measures in PICs (Karlsson and Hovelsrud
2015; Klöck and Nunn 2019; Nunn 2009). While they are acknowledged as unsuc-
cessful long-term coastal protections measures, further questions about the maladap-
tive potential of seawalls have been raised (Barnett et al. 2013; Dean et al. 2016), in
that not only are they unsuccessful but that they can serve to inadvertently increase
vulnerability.

With this context inmind, the aim of this research is to examine, through empirical
evidence, the outcomes and implications of seawalls on lives and livelihood secu-
rity. The experiences from two communities—Karoko and Korotasere—on Vanua
Levu Island, Fiji who were recipients of seawalls through a donor funded adaptation
project, guide this research. This research aims to answer the following questions:

(1) How, if at all, have seawalls successfully reduced exposure to coastal pressures
for communities?

(2) How, if at all, has community land and livelihood security been affected by the
construction of seawalls in their communities?

(3) Should seawalls be seen as a case of maladaptation to climate change?

This paper first provides an overview of the two case study sites and project back-
ground, followed by the methods undertaken. Next, an exploration of the outcomes
and implications of the two seawalls in both reducing exposure to coastal pressures,
as well as exploring the implications on community livelihood security is provided,
showcasing that both the seawalls have not been successful in providing coastal pro-
tection and have inadvertently increased the vulnerability of the community due to
poor seawall design and construction. A final discussion surrounding the maladap-
tive nature of seawalls in rural PIC communities, and discussion of more appropriate
options to move toward appropriate and sustainable adaptation is presented.

Case Study Sites and Project Background

Fiji is an archipelago situated in the South West Pacific Ocean and home to 330
islands, with Vanua Levu the second largest (Viti Levu being the largest). Approx-
imately 15% of the total 900 000 population live on Vanua Levu. In total, roughly
45% of inhabitants of Fiji live in rural areas, which has declined from 70% in 1960
(World Bank 2018). The case study sites for this research are two villages, Karoko
and Korotasere, located on Vanua Levu Island (see Fig. 1). Like most rural areas
in Fiji, both villages are coastal and largely subsistence-based relying heavily on
marine and terrestrial resources for their livelihoods. Karoko is a significant distance
from the nearest town center, Savusavu while Korotasere is situated much closer to
Savusavu. A bus services both villages along the only road serving that area.
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Fig. 1 Map of the two case
study sites—Karoko and
Korotasere—on Vanua Levu
Island, Fiji

Research into climate impacts in the Pacific Region over the past few decades
show that increases in sea level have been occurring over the last 150 years and are
projected to increase up to 80 cm above the 1985–2005 mean by 2100 (Church et al.
2013). Alongside this, increased surface temperatures and strength of El Niño and La
Niña cycles mean that there is likely to be an increase in cyclone intensity creating
more impactful storm surges (Walsh et al. 2016). For coastal communities, thismeans
an increased threat of flooding events that can impact livelihoods. Both case studies
in the research have a history of flooding in the village. In Karoko this has become
exacerbated in recent years as an elderly member of the village explained: “When I
was small we didn’t have as much high tide and the village never flooded. But now
we see a lot of change” (Karoko FG).

As both villages have been facing impacts from flooding, there was a desire within
the villages for some form of coastal protectionmeasure. In Korotasere a seawall was
specifically requested by the village. In Karoko, while there was a desire for some
type of coastal protection, a seawall was one option that had been discussed in the
village, alongside relocation. Despite this lack of consensus, the implementation of
the seawall was welcomed by the village: “We don’t know how to start at a new place
so a lot of people lean toward the seawall rather than relocate…we felt good that the
seawall was going to be built” (Karoko FG). This desire of a seawall is representative
of the feelings of safety that can be garnered by having a physical structure in place
(Lincke and Hinkel 2018). In Karoko the seawall was along the coastal side of the
village, while in Korotasere the seawall was constructed along the river.

Both seawalls were funded through The United States Agency for International
Development (USAID) under the Coastal Community Adaptation Project (C-CAP)
and implemented in both communities at the end of 2015. In its totality, the project
was implemented in numerous communities across nine countries throughout the
Pacific region, in consultation with respective governments and local partners. The
actual constructionwas undertaken by a local contractor. One of the project’s primary
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objectives is to implement infrastructure adaptations designed to structurally with-
stand the impacts of climate change and functionally increase community resilience
to climate change. In both Karoko and Korotasere, this resulted in the construction
of seawalls in the communities.

Methods

The research team consisted of the lead author, who led the discussions with the
community members, and the fourth author who helped with translation and inde-
pendently led discussions, playing a pivotal role in the research process. A local
provincial representative acted as gatekeeper for the research team, contacting and
arranging site visits with both villages ahead of time. This was done to arrange an
appropriate time to visit and ensure that communitymemberswerewilling, available,
and prepared for FG discussions. Ensuring this initial contact is done in an appro-
priate and respectful manner that is in line with the cultural and societal norms is an
essential step in the research procedure when working in PICs. While people who
have worked in this region are well aware of the importance of this, the following
is presented as a cautionary tale for others. In one of the villages participants noted
that another research team had recently arrived unannounced at the village to talk to
people without any prior arrangement. They arrived on a Sunday, this being a day of
prayer for island communities. As such the community members were not impressed
with this visit and stated they refused to talk to them.

Field visits were undertaken during November and December 2017. In Karoko,
the village was visited over a two-day period with two formal focus groups (FG)
discussions occurring, one women’s FG and one men’s FG. This was also hoped to
occur in Korotasere although on the first day the research team found a funeral was
planned for the following day and, as such, only one day was spent in the village and
as such one FG was undertaken with a combination of men and women. Site visits to
inspect the seawalls as well as walk around the village were also undertaken. Ethical
procedures were followed in which participants were given details of the research
and asked to sign a consent form. Each FG was recorded with permission from the
participants. The qualitative data collected from the field visits was later transcribed
and a content analysis undertaken where information was coded according to FG
questions to elucidate common responses and experiences.

There were some limitations experienced in this research. Of note was the lim-
ited time spent in Korotasere, with only one day spent in the village. Yet, this was
unavoidable owing to the unanticipated funeral proceedings planned for the follow-
ing day, and the time constraints of the researchers. Second, as this research uses
qualitative data, there is an assumption that information presented by village par-
ticipants is true and honest to their individual experiences. Yet, there is potential
for positive response bias when implementing such experiential qualitative methods.
Finally, there can be challenges associated with the translation of words from the
local language into English and vice versa (Rudiak-Gould 2012).
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Implications and Outcomes of Seawalls for Communities

With the aim of understanding and evaluating the success of adaptation, this must
be done in terms of both reducing exposure from climate related hazards, as well
as the outcomes on livelihoods, as this plays an important role in adaptive capacity,
resilience, and susceptibility. As such, the implications of the seawalls for affected
communities will be explored below in terms of how well the seawalls have reduced
exposure to coastal pressures, as well as how the seawalls have impacted community
land and livelihoods particularly livelihood security.

Reducing Exposure to Coastal Pressures?

The implementation of the seawalls in both communities was done with the aim of
alleviating climate related coastal exposure from increased flooding, tidal inunda-
tion, and coastal erosion. Yet, both seawalls were not successful in alleviating these
pressures for all members of the community, namely those situated at the front of the
village, closest to the seawall. Community members from both Karoko and Koro-
tasere stated that the construction of the seawalls was not adequate as the length did
not go far enough and as such water can still enter the village around both ends:
“The end of the seawall, the water comes around it. And it’s not done properly.
It’s not just one end, it’s both ends” (Karoko FG). There were also concerns raised
in both villages that the construction of the drainage systems associated with the
seawalls was ineffective. These concerns with the infrastructural design are, unfor-
tunately, not unique to these two case studies. Such concerns with incomplete and
inadequate design of infrastructure have been noted across the adaptation literature.
For example, in a recent review of barriers to effective community level adapta-
tion, challenges associated with infrastructure were noted in 32% of cases examined
(Piggott-McKellar et al. 2019).

Infrastructural projects have been noted to be inadequate in many rural areas that
lack access to resources to maintain projects, especially when mechanisms to do so
are not accounted for and in-built into project design throughmaintenance training or
improving access to resources. In this instance community members have noted that
the seawalls have been breaking down in some sections, predominately through rocks
falling out of the structure. While these concerns were noted in both villages, such
issues have not been rectified. This is owing to communities both having insufficient
funds or expertise to solve the problem themselves, but also because they perceive
the seawalls as an outside project, the responsibility of the government and other
external stakeholders to maintain for the communities benefit.

As a result of the poor design and incomplete infrastructure in both villages, some
deleterious outcomes formembers of the community have occurred.Water still enters
the village as it goes around the seawall, thus not substantially reducing flooding
events, one of the primary tasks it was implemented to do. A further associated issue
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occurred due to the drainage system being built too high, resulting in water having
no way to escape once it has entered the village, from both tidal flooding events and
heavy rainfall. As such, water is trapped on the landward side of the villages, thus
acting like a dam. This issue was brought up in both villages: “Since they have built
the seawall the outcome is that the water is not flowing out, it is getting blocked by
the sea wall… the idea of a seawall is for water to stay outside, and that doesn’t
work here” (Korotasere FG), and “So our house on the first row, we will be sitting
inside the house on top of the water, flooded, and we will be staring at the pipe nice
and dry. We will be watching the water collecting inside the seawall and not going
out” (Karoko FG).

While benefits from the seawalls have been experienced by some community
members in that they have reduced the extent of tidal wave surges, owing to poor
design and construction of infrastructure, the seawalls have overall been unsuccess-
ful in alleviating coastal pressures in either village. Rather, inadvertent outcomes
stemming from poor infrastructural design and implementation have meant water is
now trapped inside the village, acting more like a dam.

Implications for Land and Livelihood Security

As described above, the seawalls have not been successful in achieving their goals
in reducing exposure to coastal flooding and tidal inundation experienced in both
communities. Yet, in addition there have been further inadvertent outcomes on com-
munity lives and livelihood security. It was expressed by a participant whose home
was close to the front of the village that as the spill over and rain water is retained
inside the village, challenges in maintaining their gardens has occurred, resulting
in a loss of income: “the vegetables we grow sometimes we will take to the market
and sell, or sell around the village. Now we don’t have this source of income and
are buying vegetables that is taking a lot of our own money” (Karoko FG). This is
especially pertinent because the limited economic opportunities in both villages due
to their distance from core centers, and thus constrained market access.

In a feasibility analysis of coastal protection options across Pacific Islands, Shand
et al. (2017) note that one common downfall of seawalls and revetments is that they
can reduce beach access for local communities, especially if infrastructure is built
without this consideration inmind. This challenge arose inKaroko (where the seawall
was built on the coastal side) with beach access reduced for community members:
“Also there was another issue, because they put the steps in the middle of the sea
wall and when its flooded sometimes we have to swim to the stairs to get down to the
beach instead of just going down like before” (Karoko FG). Further people expressed
that fishing nets are getting caught on the seawall and that it has overall resulted in a
negative impact on livelihoods: “this seawall has become a liability to our children’s
safety, it damages our nets, our livelihoods are being affected” (Karoko FG).

Seawalls are often seen as a desirable coastal protection measure for local com-
munities as they present a physical level of comfort, at least initially, that makes
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people feel safe from increasingly experienced coastal pressures (Morris et al. 2018;
Jamero et al. 2018). Korotasere has been asking for a seawall for roughly eight years,
prior to this one being implemented, and both communities experienced an initial
desire and happiness with the projects in their villages. However, while this is the
case, the reality is that while seawalls might present an initial level of comfort, they
are invariably an inadequate long-term option for rural communities. This can be
shown as over time, due to the negative impacts associated, people have not gar-
nered as sense of safety: “yes, initially we were happy but it didn’t serve its purpose”
(Korotasere FG), and “So we always have the same feeling like before the seawall
was built. Worries and anxiety” (Karoko FG).

Acknowledging and not undermining the negative outcomes experienced from the
seawalls, there have been some more positive outcomes experienced by community
members. For example, some people feel the seawall has protected themexperiencing
the full impacts from large scale tidal surges: “yes we will be grateful still because at
least it stops most of the water and wave surges… but there is still some that gets in
around the seawall” (Karoko FG). Some practical outcomes in terms of the seawall
infrastructure allowing easier access to fishing at high tides as people can stand on
the seawall, as well as using the sea wall as a place to socialise, as one participant
noted: “And we use it a lot for site seeing because we walk along the sea wall. We
take our guests out there and walk around” (Karoko FG).

A Case of Maladaptation

Across the literature, the implementation of large infrastructural projects to reduce the
vulnerability of populations to adverse climate impacts has been questioned (Adger
et al. 2005; Dean et al. 2016; Girot et al. 2012; IPCC 2011). After analysing the out-
comes from the implementation of seawalls in the two case study sites presented in
this research, it is clear that perverse outcomes can arise from infrastructural adapta-
tions. Further, this research showed that the seawall projects had unintended negative
impacts on both communities. As such it is argued here that seawalls implemented
in PIC communities should be recognised as, in the least, having the potential to be
maladaptive.

The maladaptive potential of seawalls will be shown, drawing on empirical data
from the twocase study sites in this research, aswell as other literature.Wewill use the
conceptual underpinnings of maladaptation developed by Juhola et al. (2016), which
has previously been used to evaluate the maladaptive potential of other adaptation
initiatives (Antwi-Agyei et al. 2018). Juhola et al.’s (2016) framework for assessing
maladaptation refers tomaladaptation occurring under the conditions of: (1) rebound-
ing vulnerability, whereby the vulnerability is increased for the targeted actor; (2)
shifting vulnerability, whereby vulnerability is increased for external actors; and (3)
eroding conditions for sustainable development, whereby maladaptation occurs if
an adaptation negatively impacts environmental, social, economic, or cultural condi-
tions necessary for sustainable development. The criteria across each of these can be
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met by increasing vulnerability through either increasing exposure or susceptibility,
or decreasing adaptive capacity (Juhola et al. 2016).

Rebounding vulnerability refers to a situation in which a planned adaptation
increases the vulnerability of those that the adaptation intervention was implemented
to protect. In the case of seawalls, and as this study showcases, perverse outcomes
resulted for the communities as a direct result of the seawall projects. In this instance
this occurred as the seawalls have not reduced the exposure to coastal pressures, and
have inadvertently increased for some village members, specifically those situated
closest to the seawall: “the seawall has flooded the village, not climate change… they
said we should relocate from climate change, but we said no, wewill relocate because
of the sea wall” (Karoko FG). The implementation of seawalls have also shown to
provide a short term, and misleading sense of security. Seawalls are often seen as
providing a structurally sound and long-term defence by local communities, when
they should be seen as an intermediary activity at most. The expectation of seawalls
being a long term solution can divert attention away from adaptation options that can
actually reduce the vulnerability of local communities. For example, the time and
resources put into building a seawall, which has not had a positive benefit in reducing
vulnerability to the community, and has instead added to it, could have been put into
a more long-term solution.

The second example of maladaptation is that of shifting vulnerability whereby
vulnerability is ‘shifted’ to another actor. In this instance, drawing on other literature,
it can be seen that seawalls can be described asmaladaptive under thismeasure as they
can cause downstream unintended negative outcomes through altering natural coastal
processes (Shand et al. 2017). Seawalls disrupt natural erosion process which usually
provide sediment to adjacent coastal areas through longshore drift, thus resulting in
the starvation of sediment for locations at these sites (Linham and Nicholls 2010).
Dean et al. (2016) describe the impacts of a seawall constructed alongside an existing
seawall that was already causing erosion, thus perpetuating the problem even further.
This can lead to impacts on nearby communities who rely extensively on the coast
for their livelihoods, and thus shifting the vulnerability onto them.

The third form of maladaptation is that maladaptation occurs through the ero-
sion of the preconditions for sustainable development. These are seen as com-
mon pool outcomes that impact society, rather than specific actors themselves.
The construction of seawalls as opposed to other more feasible options has been
noted to significantly contribute to greenhouse gas (GHG) emissions, through
their construction, thus contributing to and exacerbating climate change (Barnett
et al. 2013). Further, the construction of seawalls as opposed to natural coastal
defences, such as mangrove rehabilitation, have direct negative environmental con-
sequences. As Shand et al. (2017: 972) notes referring to seawalls, “Environmen-
tal impacts are likewise average to poor as the natural system is being interrupted
by a fixed structure generally with a large occupation area”. While these impacts
are more localised, they can also contribute to broader environmental concerns as
coastal areas are imperative for the health of local marine wildlife, and alterna-
tives such as mangrove restoration can serve to maintain long-term ecosystem health
(Morris et al. 2018; Calliari et al. 2019).
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Viewing seawalls as maladaptive, or in the least having maladaptive potential is
an important realisation going forward. As shown here, seawalls can be maladap-
tive across all forms through rebounding vulnerability on those the adaptation has
been implemented to assist, shifting vulnerability onto other actors, and eroding the
conditions for sustainable development.

Conclusions and Future Directions

PICs are described as some of the most vulnerable to climate change which has
resulted in adaptationprojects implemented across the regionwith the aimof reducing
this vulnerability. Whether such planned adaptations are effective, in that they suc-
cessfully reduce local vulnerability, has been appropriately and suitably questioned
throughout the literature. Additionally, whether such adaptations are instead increas-
ing vulnerability, leading to maladaptation, has been further raised. This research
contributes much-needed knowledge about the potential for planned adaptation to
be maladaptive using the case of seawalls implemented in two rural communities
in Fiji. The construction of the seawalls was part of a wider adaptation project, C-
CAP, which was funded by USAID and implemented across the Pacific region in
numerous communities across nine countries. These seawall projects were imple-
mented to assist communities in dealing with high exposure to changing coastal
conditions as experienced from climate change. This research showed that seawalls
have been largely ineffective in protecting recipient communities from associated
coastal pressures, especially for people closest to the seawall as water is trapped
inside the landward side of the village, acting more like a dam. Poor infrastructural
design was identified as the primary cause of this as water can enter around the sea-
wall as its length in insufficient and drainage infrastructure has been ineffectively
built. As a result, further inadvertent impacts on land and livelihood security have
been experienced by some community members. By exploring this case study and
other literature, it is clear how seawalls meet all three categories for maladaptation
as proposed by Juhola et al. (2016), as they: (1) can increase vulnerability for those
the seawalls were implemented to protect; (2) can increase the vulnerability of down
drift communities; and (3) can erode conditions for sustainable development. Due to
these deleterious outcomes, themaladaptive potential of seawalls must be recognised
going forward, especially in the context of rural communities in small island nations.

Adaptation is an essential component when dealing with climate change, con-
sidering climate change impacts are already being experienced and will continue
into the future. This research reveals some important insights into how adaptation
is currently undertaken and implemented and raises some important considerations
and questions related to who is defining ‘good’ or ‘successful’ adaptation. In the
case studies presented in this research, seawalls could be seen as successful in that
they were physically constructed in both communities, yet the outcomes of these
have been deleterious to communities whom the projects were purportedly imple-
mented to assist. If adaptation is to be truly meaningful in reducing the vulnerability
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of communities most affected, a shift is required pertaining to the processes and
decision-making that permeate the current adaptation model which prioritises short-
term adaptations that are driven by the perspectives, objectives, and criteria of donors
and implementing agencies. For example, hard infrastructural adaptations, especially
when implemented in island nations, have been documented extensively to be inef-
fective, while communities at the frontline of climate change impacts are continu-
ously left out of decision-making processes. As such, a move away from the current
focus on tangible short-term responses to long-term adaptations that account for the
breadth of factors that influence and drive vulnerability and include and account for
the diverse perspectives of those affected is needed. If such a paradigm shift is not
made, there is a genuine risk that planned adaptations will instead increase people’s
vulnerability above that already experienced by climate change. As such, the authors
reiterate and join the call amongst others to plead “for the anticipation of the risk of
maladaptation to become a priority for decision-makers and stakeholders at large,
from the international to the local levels” (Magnan et al. 2016: 661).
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Abstract The Paris Agreement requires that signatories develop and communicate
their post 2020 climate actions in the form of Nationally Determined Contributions.
This paper encompasses an overviewof the nationally determined contributions com-
municated by the Pacific Small Islands Developing States with a focus on the four
(4) Melanesian countries; Fiji, Papua New Guinea, Solomon Islands and Vanuatu. It
identifies the gaps and challenges the nationally determined contributions potentially
entail and is a contribution to the development of discourse on nationally determined
contributions for the four (4) Melanesian countries. The methodology used is a sit-
uational analysis of the NDCs communicated by Fiji, Papua New Guinea, Solomon
Islands and Vanuatu. The paper explores the questions ‘are the current nationally
determined contributions communicated by the four (4) Melanesian countries con-
sistent, comprehensive and feasible?’ and ‘what can be done to improve the infor-
mation provided in these nationally determined contributions?’ The paper proposes
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Introduction

Intended Nationally Determined Contributions (INDCs) were introduced at the 2013
19th session of the conference of the Parties (COP19) inWarsaw. The term “contribu-
tions”was developed as a compromise betweenQuantified Emissions Limitation and
Reduction Objectives (QUELROs) and Nationally Appropriate Mitigation Actions
(NAMAs) (Höhne et al. 2014). When introduced, INDCs were developed for the
purpose of identifying actions at the national level that different governments intend
to implement. For the purpose of facilitating action and discussions at COP21 in
Paris, parties1 were requested to submit their INDCs in the first 4 months of 2015.
INDCs can therefore be seen as a basis for post 2020 global emissions reduction
commitments under the Paris Agreement (PA). After the PA came into force on the
4th of November 2016, the INDCs were converted to Nationally Determined Con-
tributions (NDCs) and are specifically presented in Article 4 of the PA (Pouffary
et al. 2016). According to Article 4 paragraph 2 of the PA, parties are required to
successively communicate NDCs and as such, will implement the objectives of their
NDCs through national mitigation and adaptation actions (United National Frame-
work Convention on Climate Change 2016a, b). In adherence to paragraph 12 of
Article 4 of the PA all NDCs that are submitted will be recorded in a public reg-
istry2 that is maintained by the secretariat (United Nations Framework Convention
on Climate Change 2016b). It is a requirement under the PA that successive NDCs
reflect an increase in national efforts beyond previous NDCs and that developing
countries such as the Pacific Small Island Developing States (PSIDS) continue to
enhance mitigation efforts.

Even more important for PSIDS and particularly the region of Melanesia, are the
provisions under paragraph 5 of Article 4 stating that developing country parties
shall be provided support to implement Article 4 (in accordance with Articles 9, 10
and 11)3 Parties are to communicate NDCs every 5 years as stipulated in paragraph
9 of Article 4 of the PA. With regards to accounting, provisions under the PA outline
all parties shall account for their NDCs, and that in the process, they should promote
environmental integrity, transparency, accuracy, completeness, comparability and
consistency (United Nations Framework Convention on Climate Change 2016a, b).
The inclusion of adaptation actions in theNDCs is based on the negotiation outcomes
from COP20 in Lima, that confirm that adaptation actions can be included in country
NDCs (Paw et al. 2017; Pouffary et al. 2015).

1Parties refers to the countries who have signed up to the UNFCCC.
2Public Registry as described in Article 4 paragraph 12 of the Paris Agreement. The COP, by its
decision 1/CP.21 paragraph 29, requested the Subsidiary Body for Implementation (SBI) to develop
modalities and procedures for the operation and use of the public registry referred to in Article 4,
paragraph 12, of the Paris Agreement, for consideration and adoption by the Conference of the
Parties serving as the meeting of the Parties to the Paris Agreement (CMA) at its first session.
3Articles 9, 10 and 11 focus on support and financial resources, technology transfer and capacity
building respectively.
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Fiji, PapuaNewGuinea, Solomon Islands andVanuatu have communicatedNDCs
that reflect energy and the forestry sector as priority areas for action. However, recent
studies have shown that the strong shift by the international community to focus on
mitigation has not sufficiently translated renewable energy into local contexts. This
has resulted in PSIDS not fully attaining a self-defined energy identity (Michalena
and Hills 2018). The highly dependent nature of conditional targets is also a major
barrier for the implementation of NDCs (Senshaw and Kim 2018).

The information provided in their NDCs contains varying degrees of consistency,
comprehensiveness and feasibility. This paper focuses on the four countries in the
Melanesian region of the Pacific owing to its diversity in terms of culture, language,
environment, emissions, landmass and the limited capacity to develop, communicate
and report on successive NDCs (United Nations Development Programme (UNDP)
2016). The Melanesian group also boasts the highest population in the PSIDs region
(Fiji Bureau of Statistics 2015; Solomon Islands National Statistics Office 2009;
Vanuatu National Statistics Office 2016) and as such, the implications of the lack of
clarity, transparency and understanding (CTU) and communicating NDCs that are
not feasible will significantly affect a huge proportion of the population of PSIDS.

This study involved desktop research that was carried out between October 2018
and March 2019. The scope of this paper encompasses an overview of the NDCs
communicated by the PSIDS with a focus on 4 Melanesian countries namely Fiji,
Papua New Guinea, Solomon Islands and Vanuatu. The objective is to identify key
gaps and recommend key mitigation and adaptation intervention to include in NDC
enhancement. The paper raises the questions ‘are the currentNDCs communicated by
the fourMelanesian countries consistent, comprehensive and feasible?’ and ‘what can
be done to improve the information provided in these NDCs?’ In the context of this
paper, ‘consistent’ refers to a comparison of the information provided in the NDCs
submitted by the four countries (in the absence of agreed4 guidance on ‘reference’).
‘Comprehensive’ draws on the ‘information’ and considersmitigation and adaptation
options presented, while considering initial communications. ‘Feasible’ refers to the
feasibility of implementing proposed targets and adaptation and mitigation actions
against ‘conditional’ funds.

A Description of the (Intended) Nationally Determined
Contributions for Fiji, Papua New Guinea, Solomon Islands
and Vanuatu

The process taken by each country to develop and submit initial NDCs included
different levels of consultations at the national level and data collection and analysis.
Although guidelines for developing NDCs exist (South Pacific Environment Pro-
gramme 2015), national circumstances dictated the processes involved including the

4Commonly agreed under UNFCCC guidelines.
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level of information sharing and associated policies and guidelines. The initial avail-
ability of data was an issue as there were no established and stringent processes in
place to guide the collection and collation of data. All countries included components
of mitigation that included renewable energy options, all requiring high initial capi-
tal, the feasibility of which is heavily reliant on ‘conditional’ funds. Based on these
national circumstances, different levels of reporting and data sharing are evident in
the different NDCs. Mitigation and adaptation priorities identified at the national
level (Refer to Table 1) through national planning and budgetary processes provided
scaffolding for the development of NDCs. The section below is a descriptive sum-
mary highlighting national circumstances (and processes) as well as linkages with
proposed actions, inevitably including gaps arising from the NDCs.

Fiji

The different sections in the NDC communicated by Fiji include national circum-
stances, a specific section labelled NDC, Mitigation (electricity, energy efficiency
and transport), Adaptation, key challenges and proposed way forward. Information
provided under national circumstances include physical characteristics, population
and economy. This includes references to its national climate change policy of 2012,
the Mauritius Strategy 2005–2015, The Barbados Plan of Action 1994, the Samoa
Pathway and the UNFCCC’s Sustainable Energy for All (SE4All) global report. It
highlights the significant sectoral and institutional reforms focusing on improving
community livelihoods. Further references to national policies relating to agricul-
ture, land use, forestry, fisheries and water including the sustainable use of natu-
ral resources are made. It identifies climate change as one of the largest threats to
sustainable development and makes references to the damaging impacts of natural
hazards.

Information provided under the NDC section includes the mention of both condi-
tional (only with the availability of external funding) and unconditional (available in
country) means of emissions reductions and presents the energy sector as the focus
of the NDC. A target of 30% emissions reduction is presented, 10% of which is
proposed to be achieved by the implementation of the Green Growth Framework
(GGF) and 20% with external funding (should this be made available) amounting to
US$500 million. The period of defining actions is 10 years beginning in 2020 and
ends in 2030 with 2013 as the reference year. A table containing information on the
type and level of commitment, estimated quantified emissions impact, baseline and
coverage is provided highlighting the target for renewable energy share in electricity
generation to approach 100% by 2030 from approximately 60% during the baseline
year (2013). This will reduce the BAU emissions by 20%. A reduction in the cost
of imported fuels by the year 2030 is proposed simultaneously with a reduction in
dependence on imported fuel as a source of energy. The major assumption is that the
conditional funding will be obtained to finance mitigation options under the energy
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sector. Electricity and energy efficiency have been identified as low cost and achiev-
able considering the successes andmajor strides taken in the renewable energy sector
(with the exception of solar PV).

Reducing vulnerability and increasing resilience is the focus of adaptation and
rehabilitation plans that are being developed focus on building back better. The final
section of the NDC identifies key challenges that include the need for greater under-
standing of climate change impacts to improve development planning, strengthening
the role of local governments to build resilience, the need to build cyclone resistant
infrastructure, the need to ensure more robust development planning and budgetary
processes and the need to develop an integrated approach at the policy and oper-
ational levels. The importance of forging strong overarching partnerships is also
stressed along with proposed ways forward that have been allocated time frames
ranging from short to the medium and long term (Fiji Government 2015).

Papua New Guinea

The NDC communicated by Papua New Guinea is introduced with information on
national circumstances in the context of its national development goals. PNGs esti-
mated seven (7) million people are mostly employed in the informal sector with an
almost entirely sustainable, and fossil fuel free existence. The country’s Vision 2050
is a forty (40) year development plan strategy that is intended to shift socio eco-
nomic growth towards a sustainable development pathway, focusing on community
inclusivity in development planning, and capitalising on strengths like significant
human and natural resource capital. Other sections in the NDC include PNG’s mit-
igation contribution (including existing national GHG emissions and BAU projec-
tions of emissions), gases considered, expected trajectory, assumptions and methods
for establishing BAU emissions, Mitigation opportunities, electricity supply, energy
efficiency, transport and forestry. This is followed by a section on methodology and
assumptions and options for mitigation contributions for INDC. A section on adap-
tation is presented at the end concluding with Measuring, Reporting and Verification
(MRV) approach for mitigation actions and equity and ambition.

National emissions are estimated from previously submitted national communi-
cations including national development plans and third party reports. Emissions are
estimated to be 1.4Tonnes per person, per year (noting considerable5 uncertainty)
which are low by global standards CO2 and CH4 (for indigenous oil and gas pro-
duction) are the gases considered in this NDC. Changes in the mining, oil and gas
sectors make it difficult to project emissions but long term projections suggest that as
more opportunities for Liquefied Petroleum Gas (LPG) exports emerge, emissions
from this local resource will be significantly reduced (although uncertainties owing
to the unknown extent of economically viable gas and oil reserves still exist). The
limitations of mitigation options save for those in the energy sector is acknowledged

5Considerable’ is not clearly defined in the NDC document.
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as REDD+ initiatives are largely dependent of the success of implementation actions.
Shifting from non-renewable energy sources to renewable energy sources in the elec-
tricity sector has been identified as beneficial in the long term. It is implied that this
will be implemented simultaneously with energy efficiency initiatives as the move to
renewable energy will require such initiatives. The increasing preference for individ-
ual transportable has been identified as a limiting factor mitigation options. TheNDC
has considered the vast rainforest resources in PNG and presents options to reduce
emissions from deforestation and land degradation through increasing REDD+ ini-
tiatives. Forest inventories are ongoing and it is anticipated that date collected will
informmore accurate documentation on the potential emissions reductions that PNG
can achieve through REDD+ initiatives. The methodology that was used to calculate
emissions excluded emissions from shipping, aviation and burning of fossil fuels
as per IPCC guidelines. Drivers of domestic carbon emissions were identified and
an approximate was calculated for each emission activity. PNG has proposed to use
a net approach to calculate emissions from land use, land use change and forestry
(LULUCF) as per the IPCC’s 2006 guidelines. Emissions to obtain a BAU scenario
were based on current population and economic growth projections. PNG has pro-
posed a 2020–2030 timeframe to implement its aim of totally shifting to renewable
energy in the electricity sector conditional to availability and access to external funds.
There is also the acknowledgement that while energy efficiency initiatives will prove
beneficial in the long term, high capital requirements have prevented the shift in
the past. The need to improve human resource capabilities and data collection is
mentioned as a gap that needs to be addressed for proposed NDC targets to be met.
The challenge for the oil and gas sector in PNG is that it generates jobs that provide
income for many families and communities as well as a major income generator for
the government. Changes in emissions under this sector will only be possible if the
move is global and results in a no markets for hydrocarbons post 2050. It is proposed
that the introduction of trains and trams alongside higher energy efficient vehicles
may be the response needed to reduce emissions in this sector. PNG is yet to quantify
how much external funding is required for the electricity sector. However, it is antic-
ipated that the May 2015 enacted climate change act will contribute to facilitating
data collection and initiatives to achieve this. Tracking and monitoring progress on
contributions has been identified as another activity that will be implemented once
proper data collection processes have been set up. TheNDCclearly outlines that PNG
cannot be expected to engage in mitigation initiatives to significantly reduce emis-
sions, in the absence of international assistance. The adaptation section of the NDC
presents coastal flooding, inland flooding and droughts as the hazards that are most
prominent, with climate change exacerbating these and potentially introducing new
threats associated with climatic conditions. It is suggested that this is likely to result
in increased exposure to malaria in the highlands, changes in agricultural production
and negative impacts on coral reefs. Risk management has been prioritised in PNGs
adaptation strategies, hence the inclusion of adaptation in the NDCwas deemed vital.
Similar to mitigation, it is anticipated that external aid will be required to effectively
implement adaptation actions (Government of Papua New Guinea 2016).
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Solomon Islands

The Solomon Islands’ NDC is introduced with geographical features, a brief on the
climate and demographic characteristics as well as information on the economy and
major income generating avenues. A mitigation section containing information on
mitigation status and context as well as actions is presented followed by a section
on adaptation containing information on current and near term adaptation planning
and action, adaptation gaps, barriers and needs, financing needs for priority adap-
tation interventions addressing gaps in climate resilient programs and innovative
financing approaches. A means of implementation and equity section complete the
NDC. Information on Mitigation defining actions will be measured over five year
periods beginning 2020 and ending in 2030. The year of reference in 2015 with a
proposed conditional 27% reduction in GHG emissions by 2025 and 45% by 2030.
It is anticipated that access to international assistance will ensure a reduction in
emission of more than 50% by the year 20,150. The NDC covers fossil fuels (90%
of reported national inventory) and forest sequestration. The sector of focus is the
energy sector including power (for electricity) and transportation. Renewable energy
and energy efficiency options including hydro power and solar farms are the focus of
unconditional contributions (currently implemented by government). The successful
implementation of conditional mitigation actions require capacity building, technol-
ogy transfer and financial support in the form of grants and from various bilateral
programs, accessed in a timely manner.

Adaptation gaps, barriers and needs include institutional challenges, adaptation
knowledge sharing between stakeholders and capacity building. The translation of
climate science to local languages, cultural barriers to effectively implement aware-
ness and community capacity to carry out local level vulnerability assessments have
also been identified. The Solomon Islands is looking at a community based ‘whole of
island’ vulnerability, adaptation and management mapping approach that will attract
direct access to finance for community based resilience projects. There are plans in
place to strengthen institutional structures and build community capacity to achieve
this. There is also the proposal to establish a national climate change trust fund
supported by market based mechanisms. Solomon Islands is a small contributor to
GHG emissions and while the government has engaged in a number of initiatives
to progress the shift from non-renewable to renewable forms of energy, long term
sustainable development that is simultaneous with a reduction in GHG emissions
is dependent on the availability and access to external funding (Solomon Islands
Government 2016).

Vanuatu

The NDC communicated by Vanuatu includes national circumstances, mitigation
contributions, adaptation priorities and goals, fairness, equity and ambition and
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an annex. This NDC is specific to the energy sector with references to Vanuatu’s
Energy Roadmap and national communications. The transition from non-renewable
to renewable energy sources will require significant conditional external support to
meet targets proposed in Vanuatu’s Energy Roadmap as well as those presented by
Vanuatu’s renewable readiness Assessment by the International Renewable Energy
Agency (IRENA). Alignments with Vanuatu’s Priority Action Agenda andVanuatu’s
Rural Electrification Nationally Appropriate Mitigation Actions (NAMA) design
document are also presented. Mitigation initiatives associated with the generation of
power for electricity are targeted at 100% below BAU emissions and 30% for the
entire energy sector. Planned mitigation initiatives include doubling wind installed
capacity by 2025, installing grid connected solar PV by 2025, commissioning a first
stage geothermal plant by 2025 and substituting fossil fuels with coconut oil based
electricity. These proposals require substantial external funding, technology transfer,
institutional support and training. Additional planned interventions include REDD+
initiatives under the forestry sector. Data from utilities, customs department and
other development partners and CSOs was used to analyse sector emissions (with
acknowledgements of possible uncertainties).

Adaptation priorities (as identified by the NAPA process) include 11 thematic
areas which were refined to 5 thematic areas for the NDC (Refer to Table 1). Fur-
ther findings from the NAPA that are presented in the NDC include cross cutting
themes like awareness raising at all levels, capacity building (including institutional
capacity), technology transfer, research and development, promotion of appropriate
traditional knowledge, education and training, consideration of marine and terrestrial
biodiversity and mainstreaming climate change and disaster risk reduction. Refer-
ences to the National Climate Change and Disaster Risk Reduction policy (Vanuatu
Government 2016b) are also made in this regard. Information on fairness, equity and
ambition includes the anticipation of the bleak climate projections for Vanuatu, and
shift towards focusing on reducing vulnerabilities and risks and increasing resilience
and the acknowledgement that while Vanuatu’s emissions are miniscule, efforts are
being made to improve data collections methods for NDCs and invest in both mitiga-
tion and adaptation initiatives. Progress on the implementation of the NDC however,
is heavily reliant on external funding (Vanuatu Government 2016a).

Table 1 provides an overview of the information provided in national mitiga-
tion and adaptation policy frameworks and documents for Fiji, Papua New Guinea,
Solomon Islands and Vanuatu.

Table 2 contains a brief summary of mitigation and adaptation priorities provided
in the NDCs for Fiji, Papua New Guinea, Solomon Islands, and Vanuatu.

Clarity, Transparency and Understanding (CTU)

Article 3, paragraph 2, of the Paris Agreement calls on Parties submitting (I) NDCs
to do so “…in a manner that facilitates CTU…”. While this call can be traced back
to Article 2 of the Convention, the Cancun 2010 and Lima 2014 conferences, it is
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at the discretion of Parties to come up with the guidance on information that will
facilitate CTU.

A synthesis report of written submissions made after COP22 noted Parties’ views
on important linkages of the guidance for CTU with guidance on features and
accounting (1/CP.21) and other articles of the agreement (United Nations Frame-
work Convention on Climate Change 2015). Although it is not clear how specific
elements of the guidance will look, there is a consistent view among Party submis-
sions that CTU guidance will enable understanding of NDCs and its features (Moarif
2017). There are however earlier attempts at the sort of information that would facil-
itate CTU including target(s), timeframes, coverage, and details of baselines and
accounting assumptions for mitigation contributions (Hood et al. 2015). The four
countries studied and the Alliance of Small Island States (AOSIS) did not submit
views on this issue making it difficult to conclude individual country as well as the
regional negotiating block’s views.

While debates on guidance for CTU continues, it is perhaps important to relook
at the Decision 1/CP.21 and the successive decisions of the Ad Hoc Working Group
on the Paris Agreement (APA) (APA 1.7 Agenda Item 3 2018).

Decision 1/CP.21, paragraph 27, states:

……Parties communicating their nationally determined contributions, in order to facilitate
clarity, transparency and understanding, may include, as appropriate, inter alia, quantifi-
able information on the reference point (including, as appropriate, a base year), time frames
and/or periods for implementation, scope and coverage, planning processes, assumptions and
methodological approaches including those for estimating and accounting for anthropogenic
greenhouse gas emissions and, as appropriate, removals, and how the Party considers that
its nationally determined contribution is fair and ambitious, in the light of its national cir-
cumstances, and how it contributes towards achieving the objective of the Convention as set
out in its Article 2.

Drawing on the synthesis report and the various decisions of the COP after Paris,
it is still not clear how the final guidance on information for CTU will look. It is
however becoming clearer from the synthesis conducted by Moarif (2017) that there
is general agreement that features “refer to the characteristics of NDCs including
(but not limited to) nationally determined, representing a progression, reflecting
highest possible ambition and communicated every five years. The synthesis report
is important as it reflected Party views post Paris.

Taking all the above into consideration, and as a preliminary overview of the
NDCs of the four countries studied, all were nationally determined although a lot
of the NDCs for the PSIDS were rushed and therefore excluded significant sources
of emissions and emission reduction opportunities: see https://pacificclimatechange.
net/project/regional-pacific-ndc-hub (Regional Pacific NDC Hub 2018). Despite the
missing emission sources, the PSIDS are already showing great leadership in hav-
ing ambitious targets (see Table 2), especially when they contribute very little to
total global emissions. Countries may want to consider adding the missing emission
sources to their next NDCs as a means to reflect higher ambitions; important sectors
for consideration include the transport, land use and forestry. In terms of the time

https://pacificclimatechange.net/project/regional-pacific-ndc-hub
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frame for communication (every five years), all four countries have time frames of
2020–2030.

Are Current NDCs Consistent, Comprehensive
and Feasible?

A more comprehensive analysis of Information to facilitate CTU can only be made
when the guidance to facilitate CTU is agreed upon. Countries have, however,
communicated their first NDCs and are therefore required to achieve their targets.
Notwithstanding the guidance or the lack thereof, and in an attempt to inform the
development of successive communication of NDCs, consistency, comprehensive-
ness and feasibility are important considerations that will help CTU. This is par-
ticularly true for comparison between successive NDCs as well as global mon-
itoring and reporting on collective progress towards achieving the temperature
goal of the PA.

TheNDCs of the four countries show both consistencies and inconsistencies in the
type of information provided, the methodology used and the general structure. The
following sections present an overview of the NDCs for the four countries studied. It
is important to note that,without an agreed reference guidance, information contained
in the NDCs are compared with each other.

Mitigation

The mitigation sections show inconsistencies in both structure and content. Fiji,
Solomon Island and Vanuatu presented the information in tabular form while PNG
presented the information in plain text. In terms of content, the four countries
mitigation targets were mostly in the energy sector (Refer to Table 2).

The methods used to calculate emissions are presented in varying formats and
degrees of clarity although the IPCC Guidelines is primarily used. PNG and Vanu-
atu specifically mentioned using the 2006 and 1996 guidelines respectively. It is also
clear that countries mostly used secondary data, in many cases information contained
in reports prepared by development partners. While secondary data provides a good
source of information already at the disposal of countries, national capacities will
have to be further built and institutional arrangements strengthened to enable coun-
tries to continuously monitor the progress of implementation of NDCs. Continuous
monitoring will also ensure consistencies in data generation, tracking, analysis and
reporting for successive NDCs.

There is also a difference in the way countries report emissions and the units of
measurement. Vanuatu reports CO2 in kilowatt hour (kWh). Fiji communicated its
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target in Gigagrams (Gg) of CO2. Solomon Islands and PNG used tonnes of CO2

equivalent (tCO2e) and Metric tons of CO2 (Mt).
In light of the need to communicate successive NDCs that reflect an increase

in national efforts, all the current NDCs contain areas that countries consider
and/or intend to include to further increase ambitions. These include market-based
mechanisms, agriculture and land-use.

The synergies between the mitigation components of the NDCs and national
policies, plans and frameworks are clear. Although the synergies were not presented
as separate sections, they are embedded in different sections in the NDC documents.

Adaptation

All four countries have adaptation as a standalone component of their NDCs although
presented in different forms: Fiji, PNGandSI presented the information in paragraphs
while Vanuatu in tabular form.

Without any common guidance on how information on adaptation should be pre-
sented (United Nations Framework Convention on Climate Change 2014), the four
countries have all taken different approaches to presenting their adaptation priorities.
Similar to the mitigation components, it is clear that there are synergies between the
adaptation components of the NDCs and national climate change and development
instruments including National Adaptation Plan of Action (NAPA), National Com-
munications and National Climate Change Policies (or its equivalent) (see Tables 1
and 2).

In terms of adaptation priorities, Solomon Islands and Vanuatu provided informa-
tion on specific sectors (see Table 2) and costing estimates required to meet ‘some’
of the adaptation priorities identified in the NDCs. PNG, provided information on
the different types of hazards affecting the country and the need for financial, capac-
ity building and technical support for adaptation. Fiji placed more emphasis on the
required governing and institutional arrangements and identified the sectors forwhich
adaptation measures were already implemented.

Finance

All four countries have both conditional and unconditional components in their
NDCs. Given the special circumstances facing the countries, timely and full imple-
mentation of NDCs will not be possible without external support. Conditional
requirements were either presented as stand-alone sections or embedded in different
parts of the NDCs and differ in type including capacity building, technology transfer,
finance and technical support.

In terms of the unconditional support, Fiji, Solomon Islands and Vanuatu have
provided information on the national financial contributions that will help meet their
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Table 3 Table showing conditional finance for Fiji, Papua New Guinea (PNG), Solomon Islands
and Vanuatu

Country Cost estimate for mitigation
(conditional) in USD million

Cost estimate for adaptation
(conditional) in USD million

Fiji $500 Not Stated

Solomon Islands $170,700,000 $126,650,000

Vanuatu $180 $9.5 per year

PNG Not stated Not stated

Source NDC for Fiji, Solomon Islands (SI) & Vanuatu
Note For SI, the cost estimate was calculated from the total of specific projects planned

mitigation and adaptation targets. These mostly comprise of ongoing mitigation
projects. Although the unconditional contributions are labelled as “national contri-
butions”, a lot of the projects that were tagged under this category still rely on external
funding and technical support for their full implementation.

In terms of finances Fiji, Solomon Islands and Vanuatu presented the total values
in USD that will be needed to fully implement their NDCs (see Table 3). PNG
highlighted the need for external assistance without any mention of the monetary
value. Costing adaptation needs, although will be challenging considering future
uncertainties and long-term impacts, is crucial for national planning and budgetary
processes. For the four countries studied and any other Developing Country Party,
proper accounting of external support is also important to track the $100 billion by
2020 commitment and the principle of Common but Differentiated Responsibilities
and Respective Capabilities as set out in the Convention.

Drawing on the information provided in theNDCs, and considering thesewere ini-
tial communications from the four countries, it is certain that current NDCs are com-
prehensive when referenced against the commonly agreed elements echoed through
Party submissions as well as those already defined by various articles of the Con-
vention and the PA. Although there are varying degrees of inconsistencies in the
information communicated, it is assumed that communication of successive NDCs
will be further improved. The degree of consistency of NDCs can be clearly defined
once clear guidelines are agreed upon.

The feasibility of theNDCs are highly dependent on external support. It is apparent
that activities that are currently ongoing are from funds committed as part of climate
change programmes/projects. Capacity building, technology transfer, finance and
technical support is therefore needed for full implementation of NDCs.
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Recommendations to Improve Information Provided
in NDCs

The following are some recommendations, for the four NDCs, that countries may
want to consider as they communicate and enhance successive NDCs:

• Review and reflect on the process and time involved to develop and communicate
initial NDCs. Important lessons from the process will assist countries improve
successiveNDCs. This is particularly important for communicating ofNDCs every
5 years.

• Include important emission sectors that are missing in current NDCs, in successive
NDCs as a way to increase ambitions.

• Use the same units for reporting emission inventories and stocks for ease of mon-
itoring and accounting. Using the same units will also enable individual countries
to compare future NDCs with initial or baseline emission targets and levels of
resilience in terms of adaptation implementation.

• Identify capacity, technical, technological and funding support for full implemen-
tation of NDCs. For financial support, available sources of funding should be
identified and sourced to allow for timely implementation of NDCs.

• Develop national NDC implementation plans and strategies to guide NDC imple-
mentation. Such a plan should include all support (capacity, technical, technologi-
cal and funding support) needed for full implementation and achievement of NDC
targets.

• Consider other national alternative models of support that can assist with imple-
mentation of both conditional and unconditional components of NDCs. Green
bonds and trust funds are options worth considering.6

Although the above recommendations are listed as separate points, all of them are
interlinked and have far reaching implications on planning processes in individual
countries as well as global commitments.

Study Limitations

It is important to note that the lack of commonly agreed guidelines poses significant
limitations to conduct a thorough analysis of the type of information that should be
provided in the NDCs. Comparing the four NDCs against each other and some of
the requirements already spelt out in various Decisions under the UNFCCC may not
fully cover what is expected for CTU.

Issues such as consistency, comprehensiveness and feasibility are not terms used
in the Paris Agreement and Decision texts stemming from current negotiations sur-
rounding the guidelines. To minimise potential mixed interpretations of the terms,

6Fiji has set up a Green bond. See: 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
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this paper maintains the definitions as given in the introduction and further acknowl-
edges that the definitions used may not fully capture important considerations in the
wider discourse surrounding NDCs.

This study should nonetheless be seen as an initial critical attempt at looking at
the information already communicated in (I)NDCs of the four countries.

Conclusion

The PSIDS have shown great commitment and leadership in the fight against climate
change. The timely communication of INDCs and subsequent conversion into NDCs
is yet another testament to the commitment towards emission reductions and global
efforts to limit global temperatures to below 2 °C, and particularly 1.5 °C.

Fiji, PNG, Solomon Islands and Vanuatu are among the PSIDS who communi-
cated their NDCs. Article 4 of the PA calls for guidance to facilitate CTU. Parties
to the convention are, however, still negotiating specific elements of the guidance.
Without the agreed guidance, it is difficult to provide input on the sort of informa-
tion Parties are required to include in their NDCs. One thing that is certain is that
successive NDCs will have to be consistent, comprehensive and feasible in order to
ease other monitoring and reporting obligations at both the national and international
levels.

Drawing on the information in the initial (I)NDCs communicated by Fiji, PNG,
Solomon Islands and Vanuatu, it is certain that the NDCs are comprehensive in terms
of coverage of mitigation targets and adaptation needs, considering these were first
attempts at developing them.

This studynotedvaryingdegrees of inconsistencies across theNDCs.These incon-
sistencies range from the forms (tabular and non-tabular) and types of information
used to more technical issues such as the method used to calculate emissions and
inventories, conversion units for emission targets as well as support needed. Informa-
tion that are common across the four NDCs include separate sections for mitigation
targets and adaptation needs. There are also clear synergies between the NDCs and
other national policies and frameworks.

The feasibility of the four NDCs is dependent on conditional support. Without
external support, the countries will not be able to fully implement the NDCs. It is
however strongly recommended that countries also consider alternative options of
financing such as green bonds and trust funds to support NDC implementation.

Recommendations to further guide the implementation of current NDCs and
development of successive NDCs, although given, are only outlined for consider-
ation by the four countries. Although based on the information provided in the four
NDCs studied, the recommendation are relevant to all small island developing states,
including other PSIDS.
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This paper maintains the “Nationally Determined” nature of NDCs and empha-
sizes the discretion on Parties to own the process while keeping in mind the impor-
tance of having comprehensive, consistent and feasible NDCs that will help achieve
CTUs.
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Abstract Global concerns for Pacific Island Countries under a new climate regime
and increasing development challenges has prompted many external agencies to
intervene with climate change adaptation programs. Despite extensive funding and
efforts, many external interventions tend to overlook the importance of Indigenous
and local knowledge, and working in partnership with local people to co-produce
sustainable and effective adaptation strategies. In many Pacific countries, mangroves
deliver ecosystem goods and services that are essential to the livelihoods of local
people and can enhance resilience to climate change. This paper explores how iTaukei
(Indigenous Fijian) communities have sustainably managed mangrove ecosystems
over time, and how this knowledge and experiences can enable future ecosystem-
based adaptation options that are more sustainable and effective. Across six rural
villages inwesternVanuaLevu, a series of semi-structured household interviews (n=
41) were undertaken, coupledwith participant observation. The findings demonstrate
the importance of understanding, respecting and utilising Indigenous knowledge
for managing and protecting local ecosystems as part of communities’ response to
climate change adaptation.
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Introduction

Pacific Island Countries (PICs) have experienced significant environmental changes
throughout history from gradual variations over time to extreme weather events
(Nunn 2007; Salick and Ross 2009). Despite this, Pacific Islander people have long
demonstrated resiliencewhen it comes to copingwith these changes through their vast
local knowledge systems, and their context-specificmanagement of local ecosystems
(Bridges and McClatchey 2009; Lefale 2010; Chand et al. 2014; McNamara and
Prasad 2014). There is an expanding body of literature that draws on the value of local
and Indigenous knowledge in climate change adaptation, and its role in the broader
discipline of environmental management (Veitayaki 2002; Percival 2008; Williams
and Hardison 2013). Studies predict that the effects of climate change will increase
and even accelerate over time (IPCC 2014), adding pressure to the availability of
natural resources and the sustainability of Pacific livelihoods (Campbell and Barnett
2010). Given this challenge, innovative solutions that allow coastal communities in
PICs to respond and live with changed local conditions and environments are needed.

Current approaches to adaptation in the Pacific have been largely dominated
by top-down decision-making from a number of non-government organisations
(NGOs), international donors, and government agencies (Remling and Veitayaki
2016). Despite their efforts and extensive funding, many external interventions have
failed to address the long-term needs of Pacific Island communities and embed sus-
tainable livelihood solutions (Dean et al. 2017). Studies indicate that the limited
effectiveness and overall success of many projects is linked to a lack of appropriate
engagement, communication and cooperation between stakeholders and local com-
munities throughout both the development and implementation phases of projects
(Ireland 2012; Spires et al. 2014; McNaught et al. 2014). Many organisations tend
to underestimate the importance of not only appreciating and understanding local
knowledge towards environmental management, but also the value of building such
knowledge into local adaptation projects (Nunn 2009). These parties are often under
pressure to produce quick and visible short-term outcomes, hindering any desirable
long-term benefits for local communities (Remling and Veitayaki 2016). As a result,
Pacific Islanders voices are rarely heard when discussing adaptation options, mean-
ing that projects are usually shaped based on the interests and concerns of more
developed countries that fund them (Dreher and Voyer 2015).

In light of this, there has been a broader global movement to involve Indigenous
knowledge into climate change discourse and adaptation strategies. At the Indige-
nous Peoples’ Global Summit on Climate Change 2009, Indigenous representatives
from around the world expressed their deep concerns about the climate crisis, call-
ing for urgent collective action and offering their traditional knowledge, innovations
and practices relevant to climate change (Anchorage Declaration 2009). At the Con-
ference of Parties (COP17) 2011, the Indigenous peoples of Abya Yala demanded
that Indigenous knowledge be respected, protected and promoted during adaptation
and mitigation. In 2014, artist and activist Kathy Jetñil-Kijiner captured worldwide
attention with her moving opening statement at the UN Climate Summit. Through
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the power of poetry and storytelling, she called out world leaders for ignoring the
threat of climate change and urged them to take action so that people living in island
nations could not only survive, but to thrive (Jetñil-Kijiner 2017). Climate change
has brought the importance of Indigenous knowledge to the forefront due to its roots
in achieving sustainability and balance (Koya et al. 2018).

Ecosystem-based Adaptation (EbA) has recently emerged as an innovative
approach to climate change adaptation (Reid and Swiderska 2008; Roberts et al.
2012; Nobel et al. 2014), mainly due to its role in reducing coastal vulnerability
and enhancing ecosystem resilience (Sierra-Correa and Cantera Kintz 2015). EbA is
often referred to as “the use of biodiversity and ecosystem services as part of an over-
all adaptation strategy to help people adapt to the adverse effects of climate change”
(Sierra-Correa and Cantera Kintz 2015: 387). Building on this definition, Seddon
et al. (2016) defines ‘effective’ EbA as “an intervention which has restored, main-
tained or enhanced the capacity of ecosystems to produce services on which local
human communities depend for their wellbeing, adaptive capacity or resilience, and
which reduces vulnerability, and allows the ecosystem to withstand climate change
impacts and other stressors.” One of the key principles of EbA is the inclusion of
local, traditional and Indigenous knowledges. Yet, recent literature suggests that past
EbA projects often fail to adequately involve local communities and their knowledge
systems throughout key decision-making processes (Nalau et al. 2018b). This calls
formore research that explores the role of local and Indigenous knowledge systems in
enabling sustainable and effective EbA solutions, while recognising and respecting
the needs, views and rights of Indigenous peoples.

Study Aims

The aim of this study is to demonstrate how Indigenous ways of knowing and man-
aging ecosystems can contribute to future ecosystem-based adaptation. This will be
achieved through the following key objectives:

1. Explore how iTaukei communities use and value mangrove ecosystems;
2. Examine how these values inform the traditional management techniques used

by iTaukei communities to protect, conserve and restore mangrove ecosystems;
and

3. Discuss the implications of these findings for enabling sustainable and effective
ecosystem-based adaptation options in the Pacific.
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Literature Review

Mangroves in Fiji

In Fiji, mangroves are a vital ecosystem for coastal communities, providing an array
of ecological services that help sustain the lives of people (Veitayaki et al. 2017).
Fijianmangroves provide a habitat for a diverse range ofmarine life including unique
and rare flora and fauna species, and a critical breeding and nursing ground for crus-
taceans, molluscs, and fish (Spalding et al. 2010). Around 80% of Fiji’s population
are located in coastal communities and are at least partly reliant on marine resources
for subsistence (Techera and Troniak 2009). In addition to this, mangroves have
also been utilised for timber and non-timber products, medicines, dyes and other
resources used directly by Fijian people (Lal 2003). The natural barrier created by
mangroves is also crucial for protecting the coastline of Fiji from projected sea-level
rise, storm surges, coral damage and other impacts from climate change (Agrawala
et al. 2003; Veitayaki et al. 2017; Carranza Ortiz et al. 2018).

Even thoughmangroves have longbeendirectly utilised and are unarguably impor-
tant to the people of Fiji, they continue to be cleared for large-scale coastal develop-
ment and disturbed by associated human-induced impacts. These include the inter-
twining stressors of logging, overfishing, industrialisation, agriculture and pollution
(Gilman et al. 2016; Spalding et al. 2010; Bhattarai and Giri 2011). Climate change
also threatens the future status of Fijian mangroves communities, especially with ris-
ing sea levels and the increase of extreme weather events (Blankespoor et al. 2017).
Mangroves have evolved to cope with changes in salinity, soil, sediments and the
dynamics of the coastline and there may be no other group of plants that is able to
adapt to such extreme conditions (Kathiresan and Bingham 2001). Despite this, local
development and surrounding human activities may limit their adaptation abilities
(McLeod and Salm 2006; DasGupta and Shaw 2017).

The Role of Indigenous Knowledge in Environmental
Management

Despite the rich cultural diversity across the Pacific Islands region, there is a shared
holistic worldview of deep connectedness and inseparability between people and
nature (Voi 2000; Friedlander 2018; Koya et al. 2018). Teresia Teaiwa encapsulated
this with the following quote: “We sweat and cry salt water, so we know that the
Ocean is really in our blood” (Hau’ofa 1998: 392). Due to their intrinsic connections
with land and sea, many Pacific Islanders hold a wealth of knowledge on their local
ecosystems and how to manage them. Although they are beginning to struggle to
cope with the impacts of climate change, these coastal communities are not inher-
ently vulnerable (Hay 2013). In fact, they are traditionally known to demonstrate
strong adaptation skills when it comes to harsh environmental changes over time
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(McNamara and Prasad 2014; Taylor et al. 2016). It is the colonisation, globalisation
and development initiated by Western contact that has instigated significant social
and economic changes (Campbell 2009), marginalising Indigenous knowledges and
ways of being in the process (Veitayaki 2004; Koya et al. 2018). It wasn’t until the
early 1990s that non-scientific knowledge systems began to gain worldwide recog-
nition in international agreements and policy (UN 1992, 2012, 2017; IPCC 2014).
Since then, there has been a multitude of studies that have explored the role of local,
traditional and Indigenous knowledges as a critical resource tool in climate change
adaptation, and the broader field of environmental management.

In Tarawa, Kiribati, local communities demonstrated the ability to relay valuable
information about spawning migrations and identify changes in the behaviour and
abundance of important fish species as a result of human activities (Johannes and
Yeeting 2001). In a 2010 study, Lauer and Aswani (2010) found that local people in
the Solomon Islands were able to accurately detect long-term ecological changes in
seagrassmeadows. InFiji, previous studies havedemonstrated the ability of local peo-
ple to identify changes in local ecosystems and the species within them. For example,
a 2010 study undertaken onViti Levu andVanua Levu islands found that local people
were able to provide important information on the presence, behaviour and ecology
of shark species (Rasalato et al. 2010). Another study found that communities in both
Fiji and Vanuatu were able to develop effective coping strategies due to the passing
down of knowledge and experiences with cyclones (McNamara and Prasad 2014).
Owing to their local knowledge and ongoing interaction withmangroves, Fijians also
hold valuable insights on how these environments and their resources have changed
over time (Johnston 2014, 2015). Research that explores local Fijian knowledge of
mangrove ecosystems could therefore provide significant contributions to improv-
ing current mangrove management and their long-term sustainability under a new
climate regime.

Ecosystem-Based Adaptation to Climate Change

EbA has gained growing support as a more sustainable and cost-effective solution to
responding to climate change in contrast to ‘hard infrastructure’ adaptation options
such as sea walls, breakwaters and other forms of engineered coastal protection
which are often proposed by policy-makers (Munang et al. 2013; Iacob et al. 2014;
Reid and Shafiqul Alam 2016). According to Munang et al (2013), EbA offers a
robust and adaptive strategy for reaching climate change adaptation and mitigation
targets, as well as the opportunity to achieve local development goals. Although there
is uncertainty surrounding the adaptive capacity of ecosystems under future climate
conditions, they will be more resilient to climate change if they are kept in a healthy
condition in which negative human impacts are reduced (Munang et al. 2013; Reid
and ShafiqulAlam2016). Indigenous knowledge performs a key role in the long-term
success of EbA projects, as local and traditional communities can deliver valuable



110 J. Pearson et al.

information on the functioning of local ecosystems, the various services they provide
and how this has benefited local communities over time (Granek et al. 2010).

Some examples of EbA that have been implemented in the past include man-
grove restoration to help buffer against storm surges and sea-level rise, watershed
management to protect against droughts and floods, and the sustainable manage-
ment of fisheries and forests to ensure food security (Chong 2014). In the Mekong
Delta of Viet Nam, mangrove planting and rehabilitation involving local communi-
ties has taken place in order to increase local resilience to climate change (Schmitt
et al. 2013). Ongoing monitoring and assessment of the project has showed promis-
ing results by enhancing the protection function of the mangrove forest belt, while
also providing livelihoods for local people (Schmitt et al. 2013). Mangrove con-
servation and restoration has also become a particularly popular form of EbA in
the Pacific region as the ability of mangroves to withstand harsh environmen-
tal conditions makes them an obvious choice for EbA in vulnerable coastal areas
(DasGupta and Shaw 2017).

In Fiji, there have been multiple projects implemented by NGOs which take
an ecosystem-based approach to climate change adaptation. In conjunction with
the Global Environment Facility (GEF) and United Nations Environment Program
(UNEP), WWF established the ‘Building Mangrove Resilience Project’ in 2010
which included the implementation of multiple projects in Fiji including Verata; Tik-
ina Wai on Viti Levu and Kubulau on Vanua Levu (Heileman and Cabanban 2013).
The main aim of the project was to build the capacity of local resource managers
to assess the vulnerability of mangroves to climate change, and design adaptation
strategies through coastal planning and collaboration with local communities (Ram
2010). This was part of a broader project called “Coastal Resilience to Climate
Change” in which a series of pilot activities were implemented in Fiji, Tanzania
and Cameroon (Ellison 2012). Although there is a lack of outcome details on the
Fiji project specifically, WWF published the ‘Climate Change Vulnerability Assess-
ment and Adaptation Planning for Mangrove Systems’ which drew on the collective
experiences and lessons learnt from the pilot projects (Cook 2012; Ellison 2012).

‘Mangroves for Fiji’ is a privately owned ecosystem-based project involving the
large-scale replantation of mangroves in villages on Viti Levu and Vanua Levu,
Fiji. The project was initiated by Beqa Adventure Divers (BAD) in partnership with
Projects Abroad as a carbon offsetting program in which the businesses intend to
completely offset their emissions. BAD are sponsoring the replanting of 33 ha of
mangrove forests per year in cooperation with local communities, NGOs and gov-
ernment partners (BAD2015). InVanuaLevu,mangrove planting is overseen by local
planter, Napolioni Yauraki, in the Naibulu Villages in which the proceeds contribute
to the local church hall, and assistance with general family expenses (BAD 2015).
Although ‘Mangroves for Fiji’ demonstrates an example of an inclusive, ‘bottom-up’
approach to EbA, details on project outcomes have not been provided.

Despite its growing popularity in international climate policy, there is still a lack of
understanding of the barriers and limitations involved with EbA (Nalau et al. 2018a).
A series of challenges often arise as a result of conflicting interests between stakehold-
ers, poor governance, limited scientific data, and lack of political will (Granek et al.
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2010; Aswani et al. 2012; Leslie et al. 2015). Previous ecosystem-based approaches
tend to focus on protecting biodiversity and ecosystem functions, with a lack of con-
sideration for the priorities of local communities in Pacific Island countries (Aswani
et al. 2012). According to Wiener et al (2011), one of the major challenges with
ecosystem-based management is that cultural diversity among stakeholders is often
not assessed when integrating science management. To overcome this issue, projects
conducted in partnership with local communities are likely to be more effective
and sustainable than top-down approaches. This is especially the case in the Pacific
Island region where local people tend to hold stewardship over a substantial amount
of natural resources (Aswani et al. 2012).

In a recent reviewonEbA literature,Nalau et al (2018a) outlines a number of finan-
cial, institutional, social, cultural, physical, biological and knowledge constraints
highlighted from previous studies. One of the key constraints found was a lack of
monitoring and evaluation methodologies (Nalau et al. 2018a). Another common
problem has been the failure to effectively respect local and Indigenous knowledge
systems, and collaboratewith local people. According to Leslie et al. (2015), a promi-
nent strategy for ecosystem-based interventions in Fiji has been the initial collection
of biological and social data by scientists, followed by the presentation of results
to the community, and then finally, local knowledge comes into the equation after
implementation. Other studies show that researchers often want to ‘validate’ tradi-
tional knowledge before it is recognised to be as important as Western scientific
knowledge (Nalau et al. 2018a). This demonstrates that need for improved adapta-
tion responses that put local, traditional and Indigenous knowledge systems at the
forefront rather than considering them as an afterthought only when external parties
deem them useful.

Method and Study Site

Sampling Strategy

Purposive sampling was used as the key sampling method for semi-structured inter-
views during this research. Purposive sampling is a non-random measure used to
target certain individuals or groups that may have a unique, different or important
perspective on the research topic (Robinson 2014; Suen et al. 2014). Owing to the
nature of the study, the primary target was local people who visit mangroves and
use their resources on a regular basis as they were considered more likely to have
significant local knowledge of and experiences with mangroves. The ‘snowballing’
technique was also used after each interview by asking participants to recommend
acquaintances who might have the knowledge or experience for the study (Robinson
2014). This method has been used by similar studies in the past as an effective tool
for selecting local ‘experts’ on surrounding environments (Lauer and Aswani 2010;
de Oliveira Braga and Schiavetti 2013).
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Semi-structured Household Interviews

From October 2017 to December 2017, a total of 41 semi-structured household
interviews were held with key knowledge holders across all six village sites. Semi-
structured interviews are versatile and can produce in-depth insights (Creswell et al.
2003; Chen et al. 2016), offering the opportunity to improvise follow-up questions
(Kallio et al. 2016). In contrast to surveys, this method is also more culturally appro-
priate as storytelling through verbal communication or talanoa is a common practice
of information dissemination in Fiji. Talanoa is a concept prevalent in many Pacific
Island societies which involves a formal or informal conversation, or exchange of
ideas which is always carried out face-to-face (Vaioleti 2006). This method removes
the distance between researcher and participant, and aims to build respect, trust and
understanding and sharing (of stories, emotions, experiences) between those involved
(Halapua 2000). Interviews were held in either the participant’s house or commu-
nity hall, each taking approximately 30–45 min. With the consent of participants,
interviews were recorded so that they could be transcribed later and analysed. The
interview guide involved mostly open-ended questions that allowed participants to
tell their stories and elaborate on key issues as they saw fit (Bourke 2014).

All participants interviewed in this study were iTaukei (Indigenous Fijian). As
shown in Table 1, the majority of participants (83%) were female and over 50 years
old. Traditionally, Fijian women are typically the ones to collect qari (mudcrabs)

Table 1 Socio-demographic information of interview participants

Village Bua Dalomo Denimanu Koroinasolo Navunievu Tiliva

Total population
size

324 140 175 248 223 75

No. of households 53 14 52 30 32 18

No. of participants 9 4 4 7 12 5

Gender

Female 8 3 4 6 9 4

Male 1 1 0 1 3 1

Age group

18–29 0 0 1 0 0 0

30–39 0 0 0 0 1 0

40–49 0 2 0 1 2 1

50–59 4 1 3 3 2 2

60–69 1 1 0 2 5 2

70–79 2 0 0 1 2 0

80+ 2 0 0 0 0 0
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and other resources from mangrove ecosystems, whereas men are usually respon-
sible for travelling further to sea by boat to go fishing in outer coral reef areas
(Ram-Bidesi 2015).

Participant Observation

Participant observationwas used throughout interviews as this is an importantmethod
for understanding participant behaviours and what influences them (Dahlke et al.
2015). While interviews focus on talking and listening to people, participant obser-
vation takes this a step further by “watching, sensing, feeling, and being present with
people” (Aagaard and Matthiesen 2015, p 41). Key notes were taken during inter-
views to document important observations and interactions between participants. In
addition to this, transect walks were undertaken with participants through mangrove
environments to enable a visual understanding of the location, abundance and diver-
sity of local mangrove communities. This helped to contextualise the interviews by
experiencing the mangrove environments personally and understanding which parts
of the mangroves were being utilised. Informal observations were also made during
fieldwork while staying in local villages to better understand local culture and how
participants maintain their livelihoods.

Data Analysis

After data collection, the results from the interviews were translated, transcribed and
analysed using the qualitative data research software, NVivo 11. NVivo has proven to
be an effective and appropriate software for organising and analysing interview data
in similar research projects (Gero et al. 2015; Magee et al. 2016). Thematic Content
Analysis within NVivo was used to analyse the interview results in a systematic
manner. This technique goes beyond just counting words or phrases within the data
by identifying recurrent themes (Guest et al. 2011: 3). Using NVivo, initial codes
were generated to organise interesting and relevant features of the data in a systematic
manner. Transcripts were classified under participant attributes such as age, gender
and village location. Queries were used to search for and identify any links between
different codes. Field notes were also incorporated into the analysis process to fill in
any missing gaps from the transcripts and ensure data triangulation.

Research Limitations

Due to the nature of the study, there was an uneven distribution of female and male
participants. The majority of the participants were women as they were considered



114 J. Pearson et al.

key knowledge holders by the community due to their traditional role in utilising
mangroves. This gender bias means we were unable to effectively compare male and
female responses equally. Thepositionof the researcher as a young,Australian female
from an outside country would have influenced the data collection and analysis to a
certain extent. With this position, comes the recognition that the researcher has their
ownpotential biases, ideas and interpretations of the data,whichmay impact the study
(Cohen et al. 2011). Although the positionality of the researcher cannot be removed
from the study, it is important to take a reflexive approach when undertaking ethical
research. The language barrier is another minor limitation of this study. Although
there was a local translator present for all interviews, there is always the risk that
some questions and responses will be misinterpreted.

Study Site

Fiji is situated in the Southwest Pacific Ocean and encompasses a total of 332 islands,
stretching over 18,270 km2. The 2017 census shows that the population of Fiji is
around 884,887 (FBoS 2018). Viti Levu (10,388 km2) and Vanua Levu (5587 km2)
are the two largest andmost developed islands. All six study sites were locatedwithin
theBuaprovince, oneofFiji’s fourteenprovinces, onwesternVanuaLevu Island.This
province covers an area of 1378 km2 and is home to an extensive mature mangrove
area (Nair 2004). The 2017 census indicated a population of 15,466 people living in
Bua Province (FBoS 2018). While the population of Bua province is mainly Fijian
iTaukei, there is a small proportion of Fijian-Indians as well; and the majority of the
population identify as Christian (Bakker 2014). Figure 1 illustrates the locations of
the villages of Bua, Dalomo, Koroinasolo, Navunievu, Tiliva and Denimanu located
on Yadua Island in the southwest corner.

Valuing Mangrove Ecosystems

This section outlines the ways in which iTaukei communities perceive the value of
mangroves and their ecosystem services. It is important to understand these values as
they usually underpin the reasoning for traditional resource management techniques.
Participants provided an extensive range of benefits they retrieved from mangroves
and associated resources, highlighting their role in sustaining iTaukei livelihoods.

Participants (n= 17) indicated that their community had utilised mangrove wood
for building products including house posts, bridges, and canoes. Mangrove wood
wasmore commonly used in past times to build the traditional Fijian ‘bure’ (thatched
house)which are not so commonly constructednow that alternative buildingmaterials
are available. When asked if the local mangrove uses had changed over time, the use
of the bure was the only major change observed by participants. Firewood (n = 31)
was also commonly cited as an important use of mangrove wood by local people
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Fig. 1 Map of study site: Bua, Dalomo, Denimanu, Koroinasolo, Navunievu and Tiliva villages,
Vanua Levu Island, Fiji

who commonly cook food with woodstoves at home, with some noting they would
only use the ‘old’ and ‘dying’ mangroves for wood instead of the new ones (n =
3). The majority of participants also mentioned the value of mangrove resources for
local subsistence (n = 33). Almost all participants received direct financial benefits
from mangrove ecosystems (n = 39), which was mainly attributed to the selling of
resources collected from mangroves including mudcrabs and fish.

Participants (n = 20) valued mangroves for their role in providing habitat for
marine organisms such asmudcrabs and fish species, with somementioning their role
as a nursery for these species to lay their eggs (n= 7). Participants also recognised the
role of mangroves in preventing soil or coastal erosion (n = 12), reducing pollution
from entering waterways (n = 1) and even oxygen production (n = 1). In addition
to their array of benefits and everyday uses for local people, some participants also
highlighted the role ofmangroves in protection against the impacts of climate change.
For instance, coastal protection was mentioned as a key benefit of mangroves (n =
12), in terms of protecting the coastline from extreme weather events and sea-level
rise. Of these participants, most were from Navunievu (n= 6) or Denimanu (n= 2),
both villages where houses are extremely close to the shoreline. It was clear that the
livelihoods of these two communities were being compromised by the encroaching
impacts of climate change. Two participants from Navunievu highlighted the role of
mangroves in protecting against sea-level rise in the following quotes:

We need to replant more mangroves. We are moving to another higher place because of the
waves. The waves come straight into the village. It is better for us to plant the mangroves to
stop the waves coming into the village.—P27
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We need to keep on replanting. During high tide, the water comes right up inside the village.
If you are here this afternoon, you will notice. During high tide this morning, the tide came
right up to the breadfruit tree. When there is heavy rainfall and high tide, the whole village
is flooded. The seawall is there but it is broken.—P37

Participants valued mangroves for medicinal purposes (n = 15) by extracting
liquid from the titi (mangrove seedling) to mix with water and various ingredients
which is commonly used to assist children with coughing or stomach aches. A sim-
ilar process is also used and applied to open cuts or sores in order to sooth pain and
prevent infection. One participant also claimed that visitingmangroves had a positive
influence on their mental health. Some participants (n= 5) indicated that they would
use smaller branches and roots from the mangroves, and tie them together to create
what they referred to as a ‘crab trap’ which was used to carry mudcrabs back home
once they had collected a sufficient number. Other uses included using branches
from mangroves to create baskets, toys, and even home décor (n = 3). ‘Mangrove
dye’ was mentioned as a common resource for painting, dyeing material, furniture
varnish, and even hair colouring (n = 17). This process involved boiling the bark
of the mangroves until it turns into red, black or brown-coloured dye (see Fig. 2).
Materials from mangrove wood are also commonly used for making salusalu (tradi-
tional garlands), which are worn by local people during ceremonies and other special
occasions (n = 6).

When asked to rate the importance of mangroves on a scale of 1 to 3 (1 = not
important at all, 2 = somewhat important and 3 = very important), all participants
chose ‘3’ indicating that mangroves were highly important to them. When asked to
compare this importance with other ecosystems such as coral reefs and forests, most

Fig. 2 Traditional Fijian artwork made with mangrove dye, Bua village
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participants responded with ‘they are all the same’ (n = 31). This is consistent with
the idea that Pacific Island peoples mostly feel that they are part of nature rather
than separate from it (Nunn et al. 2016). These perspectives on the value and impor-
tance of mangrove ecosystems inform the motivation behind iTaukei communities
to implement the management strategies discussed in the following section.

iTaukei Mangrove Management Strategies

Throughout Fiji, iTaukei people have customary ownership of wetland areas where
management needs to abide by traditional customs and meet the social, economic
and cultural needs of communities (Ellison 2009). In this traditional system, tribal
lands and coastal waters are interpreted by Indigenous Fijians as a single unit called
‘vanua’, which can also be divided into multiple sub-clans or ‘mataqali’ (Veitayaki
2002). Each vanua has a Chief who holds ownership and responsibility over the
land, water, resources and people within the vanua (Cooke et al. 2002). For iTaukei
people, the concept of vanua symbolises the interconnectivity of community and the
environment, inwhich nature is perceived as part of the self (Long 2017). This section
outlines the techniques and strategies used by participants to conserve, protect and
manage mangrove ecosystems at a community level. It was found that all villages
had some sort of traditional management techniques in place.

Protected Tabu Areas

The most common management technique that was mentioned in interviews was the
implementation of ‘tabu’ areas (n= 14) in Bua (n= 5), Dalomo (n= 1), Denimanu
(n = 2), Koroinasolo (n = 3) and Navunievu (n = 2) villages. These are essentially
protected areas traditionally used throughout Fiji to temporarily restrict the collection
of resources from a given area, usually with permission of the Ratu (village Chief).
The tabu can apply to a particular part of land or sea, or a specific species and in
some cases, is permanently reserved for chiefs only (Siwatibau 1984). The rules
and regulations around this management technique differed between villages but
there was a general consensus that this method had been successful in preserving
and restoring marine resources. It is common in Fiji for fishing grounds owners
to implement this technique for special occasions including weddings, births or
death-related ceremonies (Ravuvu 1983). For example, in Bua village, participants
indicated that it was tradition for a tabu to be put in place for mangrove or coral
reef areas every time someone in the village passed away. One participant from Bua
provides insight into this in the following passage:

It is our culture. It is a tradition. When someone dies in the village, we have a tabu for dogo
(mangroves) so we can go there for fishing and catch plenty of fish. For 100 days, we do a
tabu for the river and the mangrove – then after 100 days, we can do the fishing.—P8
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Another Bua participant corroborates this by saying ‘the river and the mangroves
cannot be touched during this time—it is a tradition” (P6). This emphasises the
cultural significance of adhering to traditions which involve managing mangroves
and associated resources for iTaukei communities. In Koroinasolo, a village meeting
was held to discuss a tabu strategy once concerns were raised about depleting marine
resources. From this meeting, it was decided that a 5-year tabu was put into place
which begins from the coral reefs and goes through to the mangroves (P20). One
participant retells the benefit of this management strategy:

It has been in place for a few years. Before, there was no bêche-de-mer (sea cucumber) just
around the seawall near the village. From the tabu, we realised the bêche-de-mer was coming
back. So there is a good reason for having the tabu. Even the fish are growing bigger now
after the tabu.—P20

In Denimanu village, local people had put in a type of rotating system around
their island for tabu areas. One participant explains this: “There is a tabu every 5
years for the fish, land, mangroves, everything! We rotate the tabu area (around the
island) every 5 years. It comes around.” This demonstrates the nuances in traditional
management techniques between villages, with each community taking their own
unique approach to the implementation of tabu areas. The villages did, however,
share a common understanding of the importance in collectively preserving resources
and allowing ecosystems to replenish over time through cultural traditions. This
mirrors previous studies that state Fijian customary livelihoods practice enables the
preservation of specific techniques and skills that are unique to a particular village
which have been passed down across generations (Derrick 1957; Seruvakula 2000;
Movolo et al. 2017).

Community Replanting of Mangroves

Itwas found that communitymangrove replantationwas a common formofmangrove
management in some villages (n = 12), with participants from Navunievu (n = 7),
Bua (n= 4), andKoroinasolo (n= 1) villages all indicating that they had successfully
planted mangroves at some point. Four of these participants said that they ‘used to’
replant mangroves, implying that replantation was not as common anymore. Two
participants from Navunievu village said they took part in the mangrove replanting,
but only when they were still at a young age (P26, P37). When asked about who
decided to replant themangroves, these participants said it was a community decision
and that only local people were involved. Another participant from Navunievu said
‘we used to plant mangroves to protect the village from the high tide’ as they pointed
to a healthy nearby mangrove community (P27). Another Navunievu participant said
they had recently planted over 40 mangroves but local children had uprooted them
(P30). Furthermore, they also said there had been discussion of a community plan to
plant more mangroves which was yet to be implemented (P30).

Participants from Bua indicated that they had planted mangroves to prevent soil
erosion occurring along the Bua River (n= 3), stating that mangroves ‘keep the soil
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Fig. 3 Bua River, Bua village, Vanua Levu Island

from washing away’ (P6). When asked about who taught them how to replant the
mangroves, one participant from Tiliva village said that their grandparents taught
them how to put the mangroves in the soil (P12). A participant from Bua village said
they learnt how to replant mangroves by watching people planting small mangroves
near the sea (P4).Another participant fromBua (P6) said ‘whenwe see the seeds of the
mangroves that bare out from the tree, we get those seeds and replant them’ indicating
that this knowledge stems from ongoing interactions and experiencewithmangroves.
The same participant also added that they used to replant mangroves in Tiliva village
but when the mangroves died, they began using stones to prevent soil erosion along
the river instead (P6). Figure 3 shows the combination of stones and mangroves
along the riverbanks of Bua River. Other participants indicated that they had been
struggling with replantation in Navunievu and Denimanu villages. Moreover, all
participants from Denimanu village expressed a strong desire for external assistance
with mangrove replantation (n = 4).

Knowledge Sharing

Another common management strategy mentioned by participants was the process
of knowledge transmission. In Fiji, traditional and Indigenous knowledge is typically
transferred both orally and through observations of cultural practices and regular day-
to-day activities (Ravuvu 1983, 1987; Seruvakula 2000). When asked about where
their knowledge on the use, value and importance of mangrove ecosystems had come
from, most participants said that this had been passed on by their parents (n = 17),
friends (n = 5) or grandparents (n = 2). The remaining participants said they had
learnt about mangroves through first-hand experience (n= 17). This process is vital
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for informing management strategies such as tabu areas. The shared knowledge on
the values of mangroves forms the basis of the traditional management techniques
designed to ensure they are maintained sustainably over time. When participants
were asked if they had passed on their knowledge to anyone else themselves, most
responded with ‘yes, they had’ or ‘yes, they will’ (n = 39). Moreover, some partici-
pants also specified that they had stressed the importance of mangroves through this
knowledge sharing, encouraging future generations to protect and take care of these
valuable ecosystems (n = 5).

Future Recommendations: A Way Forward
for Ecosystem-Based Adaptation

The internal management strategies outlined by iTaukei communities in this study
all align with the principles of EbA through the acts of restoring, conserving and
enhancing the capacity of mangrove ecosystems to provide services for local people.
Like many other Indigenous societies around the world, iTaukei communities have
been successfully employing these principles long before the term EbA emerged in
Western scientific literature (Veitayaki et al. 2018). This paper argues that future
EbA projects should be people-centred, building on local and Indigenous knowledge
systems that are relevant and appropriate for climate change adaptation. In contrast
to top-down approaches, scientific knowledge should be integrated to fill in any gaps,
along with financial assistance and additional resources where required. In light of
potential limitations and unsustainable practices, local and Indigenous knowledges
should be carefully evaluated, and blended with external knowledge when necessary
(Remling and Veitayaki 2016). Veitayaki et al. (2018) suggests that some Fijian
communities require training, awareness and support on specific modern challenges
including how to convince people to support appropriate marine resource use that
complements their customary system.

Initial consultation and ongoing collaboration with local communities through-
out EbA is essential for external parties to understand and appreciate the value of
these knowledge systems. It is necessary for all stakeholders involved to discuss and
develop project outcomes together to ensure that everyone is given the opportunity
to effectively communicate their needs, values and interests in the early stages of
decision-making. Conflicting perceptions between stakeholders can restrict the col-
laboration of knowledge sources so it is important to maintain regular interactions
with all parties involved (Wiener et al. 2011). When local people see that their val-
ues and ideas are being represented in a project, they are more likely to trust the
process, to support its implementation, and to sustain it (Espinosa-Romero et al.
2011), the latter being a hugely important issue in community uptake of external
interventions (Nunn 2009). This also allows local people to feel a sense of owner-
ship over projects, encouraging them to carry on with adaptation long after external
parties have intervened. ‘Lack of ownership’ has been a significant challenge for
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climate change adaptation in Pacific Island communities, which is mostly due to the
majority of adaptation plans being presented in English, and communicated through
inappropriate cultural contexts (Nunn 2009, 2013).

Moreover, an adaptive management approach should be taken to enable ongoing
monitoring and assessments of adaptation projects. Too often, external parties do
not maintain ongoing partnerships with local people or efficiently evaluate project
outcomes (Nalau et al. 2018a). Taking an adaptive management approach to EbA
allows for incremental adjustments to be made over time based on careful moni-
toring of key parameters used to measure the success of a given project (Susskind
et al. 2012). This is paramount for EbA that is sustainable and effective in the long-
term, ensuring that the needs, interests and values of local communities continue
to be addressed over time. Many documents do not offer explicit examples of how
EbA has been employed in the past, or detail any of the challenges involved (Nalau
et al. 2018a). It is recommended that project outcomes should be documented and
made available for policymakers, scientists, academics and other relevant stakehold-
ers to consider during the planning of ecosystem-based adaptation programs. This
will provide valuable insight into the success stories and lessons learnt of previous
projects, giving decision-makers a guideline on how to improve future approaches
to ecosystem-based adaptation.

Conclusion

As the impacts of climate change begin to take their toll on Pacific Island coun-
tries, sustainable and effective adaptation options that address the long-term needs
of coastal communities are urgently required. Past ecosystem-based approaches to
climate change adaptation have failed to adequately respect and appreciate Indige-
nous peoples and their knowledge, values and rights. It is crucial that Indigenous
and local communities are considered key decision makers in future interventions
to ensure that their knowledge, interests and rights are respected in the process.
Findings from this case study demonstrate that iTaukei communities possess valu-
able knowledge on the sustainable management of mangrove ecosystems, which has
been passed down by generations through oral transmission. This demonstrates that
Indigenous and traditional communities have been utilising the principles of EbA to
sustainably manage resources for countless generations. With this understanding in
mind, external parties should advocate for a balance of both Indigenous and scien-
tific knowledge in future ecosystem-based adaptation options so that people living
in island nations can not only survive, but thrive. The findings of this study can
be utilised by policymakers, academics, scientists, and relevant stakeholders in the
planning and development of EbA solutions, not only in Fiji, but in other island com-
munities that are also beginning to feel the impacts of climate change. If employed
correctly, EbA has the power to conserve ecosystems, and improve the livelihoods
of local people in a cost-effective and sustainable manner.
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Planned Relocation from the Impacts
of Climate Change in Small Island
Developing States: The Intersection
Between Adaptation and Loss
and Damage

Melanie Pill

Abstract An increasing number of people have to abandon their homes and
livelihoods due to the adverse impacts of climate change. Humanmobility has always
been part of people’s lives, however, some movements, especially planned reloca-
tion in the context of climate change, have become involuntary. Non-economic losses
occur and the question is whether the relocation of entire communities is still and
adaptation response or falls under the realm of loss and damage (L&D) from climate
change. This chapter explores the intersection between migration as an adaptation
response and L&D with a focus on small island developing states. It analyses when
human mobility can no longer be described as adaptation as non-economic losses
become too high. It shows that existing frameworks are inadequate to assess com-
munity relocation in the context of L&D and non-economic losses. The chapter
concludes that there is a spectrum leading from human mobility as an adaptation
response to forced migration as L&D. It develops a new framework to assess planned
relocation projects and provides concrete recommendations to reduce non-economic
losses.

Keywords Climate change · Loss and damage · Planned relocation · Adaptation ·
Small island developing states · Human mobility · Non-economic losses

Introduction

Throughout history, people have always moved for various reasons, mostly in search
for better livelihoods and living conditions but also due to armed conflict and perse-
cution. Over the last decades, there has been an increasingmovement of peoplewhich
is believed to be attributable to the adverse effects of climate change (Asian Develop-
ment Bank 2011; Nansen Initiative 2015; Platform of Disaster Displacement 2019).
It is challenging to determine how many people move because of climate change as
a single factor as it is more often than not a combination of many (Nansen Initiative
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2015; Campbell 2014). Often individuals themselves do not identify climate change
as their primary motive to leave, even though it is clearly associated with changes
in weather patterns. However, McLeman and Hunter (2010), for example, reviewed
several existing case studies that show movement of people due to changed envi-
ronmental circumstances. Although these case studies are not just related to Small
Island Developing States, they are equally valid. Examples include the dry-season
migration in the West African Sahel, hurricane-related population displacements in
the Caribbean basin, winter migration of ‘snowbirds’ to the US Sun-belt and drought
migration on the North American Great Plains in the 1930s. They showed that human
mobility could indeed be attributed to specific changes inweather patterns. In another
paper, McLeman and Smit (2006) developed a model that describes the relation of
migration and climatic changes. While many people choose to move on their own
volition in search for better living conditions (Campbell 2014), cases have started
to emerge where whole communities are at threat having their livelihoods inundated
by water; a growing trend in island states, particularly in the Pacific region. Planned
relocation is increasingly mentioned as a possible adaptation response to the adverse
impacts of climate change in literature, governments’ climate change strategies as
well as the United Nations Convention Framework on Climate Change (UNFCCC)
(Nichols 2019). In a case study on the Solomon Islands, Albert et al. (2018) describe
how families move due to rising sea levels without a government-led process. In
contrast, the Government of Fiji, for example, launched their planned relocation
guidelines in 2018 at the 24th meeting of the Conference of the Parties (COP) in
Katowice that intend to outline best practice in relocation projects (Government of
Fiji 2018).

Nations have also started adding humanmobility into existing policies and frame-
works, giving evidence for the importance of relocation of communities (UNFCCC
2018b). In Fiji, the government, in collaboration with the German Gesellschaft für
internationale Zusammenarbeit (GIZ), have already relocated or is in the process
of relocating entire communities as current settlements become uninhabitable due
to sea level rise (GIZ 2017). Existing cases, especially in the Pacific, have shown
the long and intense consultation process that is required even though communities
themselves approached the government to facilitate relocation. Charan et al. (2017)
report that many community members in the Pacific suffer from the move or are still
reluctant to relocate. Planned relocation due to the impacts of sea level rise is not
isolated to Pacific Islands. In the Caribbean, the Bahamas are considering the relo-
cation of communities away from the shoreline in the future if conditions worsen
(Thomas and Benjamin 2018). The relocation process is associated with personal
losses to individuals that are not easily replaceable, if at all, or not replicable in
the new living conditions (Serdeczny et al. 2016a). These so called non-economic
losses fall under the heading of loss and damage (L&D) from climate change impacts
under the UNFCCC (UNFCCC 2018a). If non-economic losses fall under L&D and
these are caused by planned relocation, then it requires re-thinking whether planned
relocation is in fact fully an adaptive response to new living circumstances. This
can be particularly questioned when considering that anthropogenic climate change
and its impacts is a result of the world’s largest emitters, whereas island states have
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contributed negligible emissions (Campbell and Barnett 2010). Therefore, planned
relocation as an adaptation response needs to be revisited if undertaken due to anthro-
pogenic climate change. This book chapter will examine whether planned relocation
can be labelled as an adaptation response or should be considered failed adaptation,
in which case it falls under L&D. In doing so, the evolution of the terms human
mobility and displacement in the reports by the Intergovernmental Panel on Climate
Change (IPCC) will be analysed. It further looks at how displacement is addressed
under the UNFCCC, in particular within Cancun Adaptation Framework and the
work plan of the Warsaw Mechanism of Loss and Damage (WIM). The chapter
includes an analysis of current identified non-economic losses that are associated
with planned relocation and proposes actions to reduce these losses. Existing frame-
works by Hino et al. (2017), Dow et al. (2013) and Boyd et al. (2017) are analysed
to evaluate whether they are appropriate to determine whether planned relocation is
an adaptive response or L&D. This chapter concludes that they are unsuitable for
the assessment and therefore, a new framework is developed which is described as
spectrum. Planned relocation cases can be placed on this spectrum and allow for
an assessment of the extent of L&D due to non-economic losses. Finally, counter
actions to reduce non-economic losses are proposed.

Data was triangulated from a variety of sources:

• Literature review on grey literature especially reports published by the UNFCCC,
the IPCC and the WIM to illustrate the evolution of the term “human mobility”

• Literature review to identify existing planned relocation cases that were a result
of impacts from climate change in island states

• Literature review on existing frameworks related to human mobility, adaptation
and L&D to illustrate their unsuitability for L&D and non-economic losses

• 43 semi-structured stakeholder interviews, conducted in the time between July
2018 and February 2019 with international negotiators for small island developing
states, NGOs and SIDS government representatives working on L&D.

Although this chapter will look at planned relocation as an adaptation response in
small island developing states with a focus on the Pacific region, findings are likely
to be applicable to all islands, island states or other communities being relocated.

Human Mobility

The concept of human mobility was for the first time mentioned and acknowledged
under the United Nations Convention Framework on Climate Change (UNFCCC) in
the Cancun Adaptation Framework (CAF) at the 16th session of the Conference of
the Parties in 2010. It wasmentioned in section II in paragraph 14(f) asmigration, dis-
placement and planned relocation (UNFCCC 2011). Although the acknowledgement
illustrated the importance and noteworthiness of the issue of displacement (Warner
2012), the language around it is weak and only “invites” Parties to undertake mea-
sures that “enhance displacement, migration and planned relocation”. The inclusion
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in the CAF also meant that displacement of any kind could be eligible for climate
finance for adaptation efforts (Serdeczny 2017). Interestingly, in 2012 at COP18 in
Doha, human mobility was then mentioned under L&D in decision 3/CP.18 under
paragraph a 7(vi). The paragraph acknowledges that “further work is needed on
enhancing the understanding of how “impacts of climate change are affecting pat-
terns of migration, displacement and human mobility” (UNFCCC 2013a). In 2013
the Warsaw International Mechanism was established which in its initial two-year
rolling work plan included displacement as action area 6: “Enhance the understand-
ing of and expertise on how the impacts of climate change are affecting patterns
of migration, displacement and human mobility; and the application of such under-
standing and expertise” (UNFCCC 2014). In the subsequent five-year rolling work
plan, human mobility is included in strategic work streamD: “Enhanced cooperation
and facilitation in relation to human mobility, including migration, displacement and
planned relocation”. The inclusion of human mobility in both, the provisions for
adaptation and the L&D work program shows the divide of where planned reloca-
tion belongs. Adger et al. (2007), not without caution, recognised planned relocation
as an adaptation response. However, with discussion progressing, planned reloca-
tion gradually finds its way under the very discourse of L&D. Projects of planned
relocation, however, are currently executed as adaptation efforts.

Literature defines human mobility with different characteristics such as spatial,
temporal, scale, planned or ad hoc and forced or voluntary. Table 1 provides a sum-
mary of the different types of relocation accompanied with a short description. All
of them can be a combination (Warner et al. 2013).

A common definition used for community relocation is by Campbell andWarrick
(2014), developed in their review for the 2014 United Nations conference on small
island developing states. Community relocation means “the forced permanent or
long-term movement of an entire community (or a significant part of it) from one
location to another”. Relocation can be positive when the structure and function of a
community is maintained but also be negative when the relocation to the new place
meant significant changes to the old way of living (Campbell and Warrick 2014). It
couldmean that physically themovewas successful, but social and cultural structures
were damaged. Relocation can be on a national or international level (Warner et al.
2013). In some cases, such as the Pacific, a third level of community relocation should
to be acknowledged due to the deep connection to land as well as customary land
ownership rights. Therefore, Gharbaoui and Blocher (2018) and Weir et al. (2017)
identify the relocation within a community’s own land as another possible scenario.

Human Mobility in the Context of Loss and Damage

Compared to adaptation and mitigation, formally, L&D has only relatively recently
entered the international climate change negotiations. The concept itself, however, is
not new. It precedes the establishment of the UNFCCC (Roberts and Huq 2015) and
wasmentioned throughout negotiations (UNFCCC 2013a, 2008, 2011). On behalf of
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Table 1 Different types of relocation

Characteristic Description

Spatial (local, regional internal or
external/international)

Meaning the movement within or outside
national boundaries

Temporal (permanent or temporary) Meaning the length of time that individuals
stay away from their usual homes. This may
be because homes have become inhabitable or
because they are unwilling to return

Scale (individuals, households, communities,
towns, cities, countries)

Meaning how many people are moving

Forced versus voluntary Meaning the extent to which the decision was
based on personal desire to move or
determined by external circumstances were
beyond control

Planned versus ad hoc Meaning whether the decision to move was
made and prepared for over a longer period or
had to be made in a hurry. Most of the time
these types of relocations refer to the
movement of a collective of individuals due to
the changes in the environment and
surroundings that make their current homes
uninhabitable, or movement due to extreme
weather events such as hurricanes

Author, adapted from Warner et al. (2013) and Martin et al. (2013)

the Alliance of Small Island Developing States (AOSIS), Pacific Islands have taken
the lead onfighting, for not only the inclusion and recognition of L&D in international
negotiation texts, but also advocating for a funding mechanism. A proposal in 1991
to the Intergovernmental Negotiating Committee (INC)1 suggested amechanism that
had an insurance component, a disaster risk component and a compensation compo-
nent for the adverse impacts of climate change, sea level rise in particular, to be paid
for by developed countries (AOSIS (Vanuatu) 1991). The proposal was not included
in the UNFCCC convention text (UNFCCC 1992). L&D did not emerge until 2007 at
COP 13 when L&Dwas for the first time included in the Bali Action Plan (UNFCCC
2008). AOSIS submitted a proposal for a L&D financial mechanism to the ad hoc
working group of long-term co-operative action (AWG-LCA), responsible for the
implementation of the Bali Action Plan (Roberts and Zakieldeen 2018). The submis-
sion suggested a multi-window mechanism with the inclusion of three components:
(a) insurance, (b) rehabilitation and compensation and (c) risk management (AOSIS
2008). In 2013 theWarsaw InternationalMechanismofLoss andDamage (WIM)was
established consisting of an Executive Committee (ExCom) and pursuant to decision
3/CP18, “enhance knowledge and understanding of comprehensive riskmanagement
approaches, strengthening dialogue, coordination, coherence and synergies among

1The Intergovernmental Negotiating Committee was formed to negotiate the United Nations
Framework Convention on Climate Change.
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Table 2 Overview of L&D
types

Loss and damage associated
with the impacts of climate
change

Example most relevant to the
Pacific

Sudden-onset or extreme
events

Tropical cyclones, storm
surges, floods

Slow-onset events Sea level rise, salinisation

Economic losses Infrastructure, tourism,
property agricultural
production

Non-economic losses Life, human mobility, cultural
heritage, territory

Adapted from UNFCCC (2018a)

relevant stakeholders and enhancing action and support, including finance, technol-
ogy and capacity-building” (UNFCCC 2013a). In its five-year rolling work plan of
the WIM work stream D is dedicated to human mobility, including migration, dis-
placement and planned relocation (UNFCCC 2017). As part of this work stream, the
ExCom formed the Taskforce on Displacement that developed recommendation for
integrated approaches to address displacement (UNFCCC 2018b).

In 2015 at COP21 in Paris and after a strong push from AOSIS, L&D received its
own article2 in the Paris Agreement formally recognising it under the Convention,
separate to adaptation. Although an official definition is not yet agreed upon, the
WIM ExCom has identified impact types of losses, damages and events. Table 2
gives a brief overview.

At COP 24 in Katowice, L&D received its own heading under the transparency
framework next to mitigation and adaptation pursuant to decision G. 115. This is
significant as from then onwards it is part of the global stocktake and countries are
able to report on past, present and potential future L&D (Serdeczny et al. 2018;
UNFCCC 2019a; UNFCCC 2019b).3

This brief historical overview has illustrated that, over the existence of the
UNFCCC, L&D has always been mentioned and recognised, even though not for-
mally as a separate concept to adaptation. The distinction of L&D from adaptation
is also confirmed by 43 stakeholder interviews that were conducted with experts on
L&D. Stakeholders included representatives of small island states government rep-
resentatives including the Caribbean and the Pacific, NGOs and multilateral organi-
sations all working on L&D. 19 out of 43 of respondents described L&D broadly as
“something that goes beyond adaptation” or “when you can’t adapt anymore, this is
when L&D occurs”. The remaining interviewees referred to L&D as “all impacts

2Article 8 of the Paris Agreement: “Parties recognize the importance of averting, minimizing and
addressing loss and damage associatedwith the adverse effects of climate change, including extreme
weather events and slow onset events, and the role of sustainable development in reducing the risk
of loss and damage”.
3For a detailed outline of the history of loss and damage see Roberts and Huq (2015).
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of climate change”, “disaster risk reduction”, “the loss of culture” or mentioned the
concept of “avert, minimize, address” as used as a term under the UNFCCC.

Human Mobility in the Context of Adaptation

For some, human mobility can in many circumstances be seen as a normal part of
life and in fact, Pacific islands in particular have patterns of high human mobility
(Birk and Rasmussen 2014; Farbotko and Lazrus 2012; Barnett and McMichael
2018). McAdam (2014) also describes human mobility as an adaptive response and
part of a “historical continuum” that is a core part of Pacific islanders’ history and a
legitimate solution to natural disasters and slow onset events. Humanmobility can be
beneficial when individuals are economically better off due to better living conditions
or employment that can be used to send home remittances (Birk and Rasmussen
2014). Adger et al. (2014) argue that when planned and adequately integrated within
adaptation policies, mobility can be effective, but also acknowledges that movements
can come at considerable costs to the individual. Collier (2013) supports this and
concludes that migrants incur psychological costs that are not easily compensated
by the benefits they enjoy from moving. Problems during the relocation process
stem from insufficient community consultation, especially with alreadymarginalised
groups such as women, limited guidance from the government andmissing follow-up
support (Connell and Coelho 2018).

Literature andgovernment reports showadaptation as a response to climate change
and L&D incurred from climate change impacts these concpets start to blur in the
context of humanmobility. This can be seen through the evolution of thewording used
in the IPCC reports. Planned relocation has never entirely been seen as an acceptable
adaptive response and is in the IPCC’s fourth assessment report already described
to have “enormous economic, cultural and human costs” as well as “unacceptable
impacts in terms of human rights and sustainability” (Adger et al. 2007).

Adaptation is meant to improve or at the very least, maintain current living condi-
tions and in doing so, change the environment around the individual. Planned reloca-
tion, however, forces the individual to adapt to the changing environment. This is also
supported in earlier works by Adger et al. (2005) who mention that managed retreat
is not entirely chosen out of free will, by neither the government, the individual nor
the community. They also argue that an adaptation response that does not have direct
benefits to the community has to be considered as unsuccessful.

The IPCC (2014) defines adaptation also as “the adjustment in natural or human
systems in response to actual or expected climatic stimuli or their effects”. However,
the part on how to adjust “human systems” is by far less clear than how to modify
the natural environment around the human system. The IPCC (2014) further men-
tions planned relocation as an adaptation strategy in various places but with caution
and reservation. In Chap. 12 under “Human Security” it is described as an adapta-
tion strategy that has the potential to reduce risk to climate change impacts and that
planned relocation can be “effective if undertaken in a sensitivemanner”. At the same
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time, however, they admit that scientific literature sees it as a failure to adapt. Another
indirect reference to human mobility can be found in Chap. 5.5.6 under the head-
ing “Constraints and Limits”. Chap. 14 lists possible adaptation options for social
systems and mentions labour migration as an important strategy, however, stresses
that migration and relocation do have implications for family relations, health, and
human security. The IPCC 1.5 Special Report SPM outlines that there are “limits to
adaptation and adaptive capacity for some human and natural systems”. It acknowl-
edges that constraints to adaptation exist and these are exacerbated by higher levels of
global warming. However, the report also states that migration and relocation might
be an adaptation option (Hoegh-Guldberg et al. 2018).

Research has also shown that migration is perceived by people as the least
favourable adaptation option. It is only considered as a last resort and in situ adap-
tation might be preferred (Nansen Initiative 2015). Barnett et al. (2015) draw an
important distinction that illustrates the divide of planned relocation as adaptation
response. They describe limits and barriers to adaptation in which barriers can be
overcome with “concerted effort”. Limits, however, occur when the response fails
“to protect what stakeholders value”. Further, barriers and limits to adaptation are
context-dependent and differ in spatial and temporal aspects. Dow et al. (2013) also
describe adaptation as an attempt “to keep risks to valued objectives at a tolerable
level”. To add to the controversy, Connell and Coelho (2018) describe planned relo-
cation as a complex process associated with social, environmental, legal and political
issues.

Humanmobility and displacement are increasingly included in countries’ national
policies and frameworks and for some small island states also in their National
Determined Contributions (NDC) (Thomas and Benjamin 2018; UNFCCC 2018b).
The Task Force on Displacement of the WIM, found that out of 37 countries and
territories that have national adaptation policies, plans or strategies in place, 81%refer
to human mobility. Similarly, out of 193 countries and territories having submitted
NDCs, 20% refer to humanmobility.4 The planned relocation guidelines of the Fijian
Government, for example, define community relocation as “the voluntary, planned
and coordinated movement of climate-displaced persons within (a State) to suitable
locations, away from risk-prone areas, where they can enjoy the full spectrum of
rights including housing, land and property rights and all other livelihood and related
rights” (Government of Fiji 2018).

Despite the inclusion of planned relocation in governmental adaptation policies,
planned relocation still has distinct characteristics from adaptation. This is demon-
strated by the fact that relocation, especially planned relocation, can be found in adap-
tation and L&D discussions in international negotiations. The inclusion of human
mobility as a separate workstream in the WIM work plan for L&D acknowledges
that planned relocation goes beyond the adaptation discourse and recognises that
there are irrecoverable losses to individuals.

4These figures do not make a distinction between small island developing states or other signatories
to the Convention.
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Non-economic Losses in the Context of Planned Relocation

Attributes of Non-economic Losses

Planned relocation is highly likely associated with non-economic losses. They have
certain characteristics and manifest themselves in different ways. Non-economic
losses are context-dependent, incommensurable and not easily, if at all, determined
or traded in a market. Serdeczny et al. (2016a, b) and Kirsch et al. (2001) explain
that these losses go unnoticed to an outsider who is not immersed in them. This
is a particular problem in the Pacific where the people are defined by their land
and vice versa (Weir et al. 2017). Non-economic losses also lack a common unit
of measurement and do not have a monetary value attached to them. Losses with
sentimental value are experienced and felt differently from individual to individual.
A single definition does not seem appropriate but rather a descriptive list of what they
are and could be. Therefore, in the context of planned relocation they would have to
be assessed on a case by case and possibly even on an individual-by-individual level.
This might sound impractical but critical to protect the well-being of the individual.
It is also recognised that women suffer disproportionally from non-economic losses
and climate change because of their already more vulnerable status in society which
is due to unequal distribution of tasks and carer responsibilities (Nansen Initiative
2015; Connell and Coelho 2018; Campbell et al. 2005).

Addressing Non-economic Losses in the Context of Planned
Relocation

Minimising non-economic losses is complicated, especially when they can differ for
each person. So far, there are no practical solutions explicitly developed that can help
address non-economic losses in planned relocation projects. Reports and literature
refer to “avert, minimise and address” non-economic losses but do not outline how
to “avert, minimize and address” even though it is now acknowledged that they will
certainly occur and fall under unavoidable damage L&D (Durand and Huq 2015).
Non-economic losses are also included in the five-year rolling work plan of theWIM
in strategic work stream B. Priority activity four in work stream B specifically asks
for collaborationwith theTask Force onDisplacement to assess non-economic losses
in the context of human mobility (UNFCCC 2017).

Scholars recognise the difficulty to address non-economic losses with economic
assessment tools or policies due to their very characteristics (Serdeczny et al
2016a; Serdeczny et al 2016b; Serdeczny 2017) but do not outline concrete actions.

Non-economic losses can be categorised into certain themes which are consoli-
dated in the first column in Table 3 based on existing literature. Column two assigns
a level of L&D before action to reduce non-economic losses is taken. Column three
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provides a counter action to reduce the non-economic loss and column four assesses
the residual L&D.

Where appropriate, a distinction between male and female has been made to
reflect the higher vulnerability status of girls and women. The non-economic loss
is assumed to be felt high or extremely high for every individual if no counter-
action is taken. The measures that are suggested in order to “avert, minimise or
address”5 non-economic losses as much as possible are listed. Also described are
the residual L&D after implementing counter-actions. None of the non-economic
losses are entirely avoided, an assumption that is also supported by Warner and van
der Geest (2013) especially in the context of human mobility. Again, a distinction
has been made between males and females in order to reflect a higher vulnerability
status for women to residual L&D.

Table 3 can be used as a tool to integrate methods in the planning and execution of
any community relocation project to reduce non-economic losses. At the same time,
the costs for each action can be factored into the project budget. The concrete actions
outlined in Table 3 can serve as a major guide to address strategic work stream B in
the five-year rolling work plan of the WIM which calls for factoring non-economic
losses into “the planning and elaboration ofmeasures to address L&Dassociatedwith
the adverse effects of climate change” (UNFCCC 2017). As non-economic losses
vary from individual to individual, it is crucial in the planning process to consult
with residents to identify and prioritise their needs rather than perceived needs from
aprojectmanager’s point of view.UsingTable 3 as a tool, allowsfirstly for assessment
of non-economic losses, secondly, outlines possible mitigation options and thirdly,
could be included in risk management plans. However, risks also need to be assessed
and mitigated for each individual project and residual losses might vary.

The New Loss and Damage Spectrum

The analysis of literature and stakeholder interviews as well as the different defini-
tions of L&D have shown that planned relocation is beyond an adaptation response.
Evenwithin theUNFCCC the concept of planned relocation blurs into adaptation and
L&D debates. On the one hand, the Task Force on Displacement reports that many
countries discuss planned relocation as a potential adaptation measure in national
policies and strategies as well as NDCs, but on the other, appears in the L&D work
plan of the WIM in conjunction with non-economic losses. The IPCC (2014), in its
definition for adaptation, assumes a certain degree of adaptive capacity from a “hu-
man system”which prevents planned relocation to be entirely attributed to L&D. The
choice of a community to move might be voluntary but only on the basis that there
is no real alternative as the altered environment does not allow to stay in the current

5Refers to wording used in UNFCCC texts to show the applicability of counter actions to the work
undertaken by the WIM ExCom.
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place with an acceptable level of risk. To some extent, certain residents might con-
sider planned relocation as an adaptive response, but others struggle with the change.
McNamara et al. (2018), support this notion and describe planned relocation due to
the adverse effects of climate change as being neither one nor the other. In fact, they
believe that such a distinction is unconstructive.

Different literature have looked at L&Dand humanmobility and developed frame-
works for their assessment. The most notable and relevant for this chapter are Hino
et al. (2017), Boyd et al. (2017) and Dow et al. (2013). In the following, these frame-
works are analysed to assess whether they are suitable to evaluate planned relocation
projects and associated non-economic losses in the context of adaptation and L&D.

The framework byHino et al. (2017) allows formeasuring the success of a planned
relocation project but does not look at the losses incurred by individuals. It therefore
is unsuitable to determine when planned relocation is no longer an adaptive response
or how much loss, may it be economic or non-economic, individuals have suffered.
Boyd et al. (2017) identify typologies of L&Dbased on stakeholder interviews. These
are placed on an axis. They describe howmuch these typologies go beyond adaptation
and mitigation. However, only the identified “existential perspective” includes the
mention of non-economic losses. In addition, the framework looks at L&D in its
entirety and not in the context of human mobility and planned relocation. Similarly,
Dow et al. (2013) develop an actor-centred risk-based approach. They describe limits
to adaptation based on tolerable and intolerable risks to the individuals affected.
An adaptation failure occurs therefore, when an individual cannot longer safeguard
what they value. This definition supports the assumption that planned relocation
goes beyond adaptation. However, the approach by Dow et al. (2013) also does not
allow for the assessment of non-economic losses and their aversion, minimization
or avoidance. As none of these frameworks is suitable to measure when a planned
relocation project hasmore characteristics of L&D than adaptation, a new framework
to undertake this assessment is required.

Figure 1 illustrates this framework and describes it as a spectrum from L&D to
adaptation and vice versa. The spectrum can be applied to any planned relocation
project and assumes that with increasing non-economic losses as defined in Table 1,
associated L&D increases.

Starting from the top, non-economic losses increase the less community-focused
they are. This is in line with Hino’s (2017) assumption that the best possible outcome
for a planned relocation project is achieved when there is support from the govern-
ment and the willingness of the community to move. The more forced and without
consent the relocation is, the more severe and greater residents will feel losses. The
spectrum also assumes that if the project is undertaken within a short timeframe and
rushed, important belongings that could be saved might be overlooked during the
design phase of the project. Necessary infrastructure in the new location is not set
up to fulfil residents’ needs, which often disadvantages already marginalised and
vulnerable community members. To counteract a rushed move, Nichols (2019) sug-
gest a phased approach to relocation. Existing cases such as the relocation of the
village of Vunidogoloa in Fiji have shown that even a relocation planned long-ahead
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Fig. 1 Loss and damage and adaptation visualised as a spectrum for relocation projects

still results in difficulties and backlash from the community. The spectrum illus-
trates that barriers are even greater when no or insufficient consultation has taken
place (Piggott-McKellar et al. 2019). The importance of communication is also high-
lighted in the case of Vunidogoloa, as some residents were still reluctant to move
despite years of negotiating, consulting and the fact that the community voluntarily
approached the government to relocate the village (Charan et al. 2017). A major
barrier in the Pacific are landownership provisions and the connection to the land
that Pacific islanders feel. Therefore, relocation should take place within customary
land boundaries whenever possible to keep non-economic losses to a minimum. If
undertaken within customary or institutional land boundaries, additional negotiation
with neighboring landowners and potential conflict can be avoided.

The degree of L&D from planned relocation projects is gender-sensitive and
women are disproportionally impacted for various reasons. They are at higher risk
of experiencing L&D as well as suffering L&D to a greater extent than men (Nansen
Initiative 2015; IPCC 2014; Piggott-McKellar et al. 2019). This is because, firstly,
women bearmost, if not all, the caring responsibilities for children and elderly family
members (Campbell et al. 2005). Secondly, women are responsible for major har-
vest and food supply. Thirdly, they are mostly excluded frommajor decision-making
processes and not adequately represented in community discussions. Campbell et al.
(2005) conducted a focus group during the relocation of the village of Biausevu in
southernViti Levu in Fiji. Their study found that (a) paths to carry food supplies, chil-
dren and firewood were inadequate, (b) setting up shelter is prioritised over domestic
necessities such as cooking facilities and (c) at the beginning of the settlement stage,
sanitary infrastructure and electricity are in poor supply.
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Despite the aid that the L&D spectrum and the mitigation actions for non-
economic losses provide in evaluating planned relocation projects, the ultimate judge-
ment on where a relocation project is situated along the spectrum and what actions
are needed, is subjective. The assessment and requirements are context-dependent
and even differ between individuals. It is therefore challenging to determine when
relocation of an entire community can be deemed successful or not, a view also
supported by Nalau and Handmer (2018).

Regardless, to ensure that L&D to individual residents as well as the whole com-
munity are kept as minimal as possible, implementers should aim to place projects
to the left end of the spectrum by using the counter actions in Table 3.

Conclusion

This chapter looked at whether planned relocation in small island developing states is
an adaptation response or whether it should placed under the umbrella of L&D. The
analysis of existing literature, grey and academic, revealed divergent views. The spec-
trum developed in this chapter provides project planners with a guide as to howmuch
L&D from non-economic losses is incurred if no mitigation is undertaken. With cur-
rent climate change projections worsening, planned relocation is likely going to be an
increasingly accepted adaptation response. However, all types of movements—may
they be voluntary, involuntary, planned or in haste—have associated non-economic
losses. In any relocation project or program, it should be a priority to keep these non-
economic losses to aminimum. Using the counter actions as a tool kit to address each
non-economic loss category, allows planned relocation projects to be as much of an
adaptation response as possible. The spectrum and its counter actions are the first
usable “how to”-guide in order to avert, minimise and address non-economic losses
in the context of L&D. The framework and counter actions go beyond discussions
of the complexity of non-economic losses and the need to address them. The spec-
trum can be used by policy- and decision makers, the ExCom of the WIM as well as
implementers for planned relocation projects . In doing so, the spectrum’s suitability
can be tested and shortcomings in the counter actions identified. It is important to
recognise that counter actions will have to be individualised each project.

Further research is therefore required as to what people individually identify as
their non-economic losses. This research should be undertaken in the form of par-
ticipatory community-based fieldwork. Residents affected by planned relocation,
need to be consulted to reveal how they believe their non-economic losses should
be addressed. A simple compensation payment might neither be suitable, sufficient
nor appropriate. Compensation could be looked at in the form of livelihood or eco-
nomic improvements. However, in the context of L&D still requires research as it is
explicitly excluded in the decision text of the Paris Agreement. Therefore, careful
consideration needs to be given as to whether planned relocation projects should
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have a compensatory component. Considering planned relocation as L&D might
impede funding provisions for projects that originally were considered an adaptation
response.
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Rebecca Cunningham, Pierre Mukheibir, Brent Jacobs, Louise Boronyak
and Pelenise Alofa

Abstract Kiribati, a small-island developing state in the Pacific, experiences a range
of climate change impacts, including drought, sea-level rise, coastal erosion and salt-
water intrusion to freshwater lenses. These impacts negatively affect food security
and drinking water quality resulting in poor human health outcomes, particularly
child morbidity. Timely warning about changes to drinking water supplies could
reduce community health impacts but the existence and effectiveness of knowledge
networks for water quality are unclear. This paper describes an engagement process
with key stakeholders (government, community service organizations and commu-
nity members) to understand how information about the impacts of climate change
on potable water supplies was sought and shared using a social network analysis
approach. The information networks revealed were highly fragmented and timely
sharing of information was poor, which limits effective prophylactic intervention
that might reduce child mortality from preventable diseases and illnesses such as
diarrhoea. The main conclusion reached is that fragmented island geography and
traditional forms of oral information transmission may be important factors that
shape the formation and function of water knowledge networks in Kiribati. The
wider application of these findings to other Pacific Island contexts requires further
research to fully understand how knowledge flows could be optimized in the future.
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Introduction

Small island developing states (SIDS) are traditionally considered among the most
vulnerable to the impacts of climate change (Pelling and Uitto 2001; Kelman and
West 2009). However, as recent authors have suggested, climate change may not be
the most immediate issue that SIDS face (Kelman 2014) and framings of vulnera-
bility that fail to account for an island-centred view of the capacity to adapt may be
overly simplistic (Barnett and Waters 2016). Furthermore, while many islands are
similarly exposed because of their location in the tropics and sub tropics (Méheux
et al. 2006) and their high coast to land area ratios (Nurse et al. 2014), SIDS vary in
their sensitivity to climate impacts. In particular, Kiribati’s low elevation increases
its vulnerability to water shortages, because atolls, unlike volcanic islands, lack high
peaks that generate orographic rainfall (Houghton 1979; Campbell 2018).

Ecosystems that provide freshwater supplies of coral atolls, such as Kiribati
in the South Pacific, are among those most sensitive to disruption from extreme
weather events and sea level rise (Woodroffe 2008). In the absence of natural sur-
face resources, groundwater, as freshwater lenses, forms the basis of potable water
supplies for these islands. However, modelling suggests that annual salinization
of freshwater lenses from increased wave height and inundation alone will force
abandonment of these islands long before sea level rise renders them uninhabitable
(Storlazzi 2015). In addition, freshwater resources are already under threat from a
range of non-climatic stresses such as over-extraction, poor sanitation practices and
poor water governance, which will be amplified under a changing climate (White
1996, White et al. 2007, de Freitas et al. 2014). These factors combined impact
on water quality leading to poor human health including outbreaks of water-borne
diseases such as diarrhoea, eye and skin diseases (Singh et al. 2001) as well as
poor nutrition and reduced health outcomes (McMichael et al. 2003), which under-
mine community resilience (Storey and Hunter 2010). Moreover, children often
suffer disproportionally high rates of morbidity from poor water quality (Lawler
and Patel 2012).

Societies around the globe have beenworking together, building communities and
effective transactions for millennia (Mauss 1990 [1950]). The seminal work of Mar-
cel Mauss in small island states has been followed by numerous others from a variety
of fields including human geography andmarine resourcemanagement (Malm2008),
social relationships and the relationship between knowledge and language (Bennardo
2009), the exchange of art (Kirch 1988), and health information (Kuruppu and Liv-
erman 2011; Mavoa et al. 2012). Communities can be observed through both an
ethnographic lens (Brewer 2000) and through an organizational perspective; explor-
ing collaboration rather than exchange (Heckscher and Adler 2007). Collaborative
communities are developing around the world due to economic, technological and
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ideological shifts (Botsman and Rogers 2011). The collaborative consumption of
materials is not new, however in an era of collaborative consumption through infor-
mation systems (e.g., the internet), exchange through social capital remains mostly
intangible.

Network theory has long been used to understand a range of transactions between
individuals and communities (Mitchell 1969), including the transmission of knowl-
edge (Borgatti et al. 2013). Further, social network analysis is one method to under-
stand the transaction of knowledge through knowledge brokers (Borgatti et al. 2013).
Social network analysis has been used to improve communities of practice (Cross
et al. 2006), and to help understand and improve environmental management systems
such as fisheries (Ramierez-Sanches 2011). Information flow can move through a
system like an epidemic, both good (e.g., cascades of cooperation in Axelrod 2006
{1984}; Fowler and Christakis 2010) and bad (e.g., obesity in Christakis and Fowler
2007). Knowledge flow in networks is frequently facilitated by knowledge brokers
(Meyer 2010) and the topology and characteristics of knowledge brokers are becom-
ing better understood in a range of settings including climate adaptation (Cvitanovic
et al. 2017) and in improving health outcomes in the Pacific (Mavoa et al. 2012). Cur-
rently, information systems within the Pacific largely rely on oral traditions and the
‘lived experience’ (Finnegan and Orbell 1995). Through the lived experience crucial
tacit knowledge may be gained and retained; yet may also remain un-transmitted and
thus unknown beyond the individual, household or community. Often understanding
the process of uncovering tacit knowledge and trapped social capital requires a deep
understanding of place, and an ethnographic and participatory approach to unlock
and translate this knowledge (Brewer 2000; Johnson et al. 2003; Kothari et al. 2011).

Previous research on policy applications of social network analysis (SNA) for
climate adaptation has demonstrated that (Cunningham et al. 2014; Harman et al.
2016):

1. Information flow through communities is often fractured;
2. Effective knowledge-brokers enhance and expedite the flow of information

through social strata;
3. Visualization of information networks coupled to qualitative stakeholder anal-

ysis can reveal attributes of knowledge systems that are generally invisible to
institutional decision makers (government, NGOs).

To improve communication in a range of formal and informal settings (e.g., emer-
gency management, human health, and climate adaptation), an understanding of the
structure and function of information networks is essential. For small Pacific islands,
timely and effective knowledge sharing across community, NGO and government
networks enables effective policy implementation and rapid operational responses
with implications for community health, disaster response and loss of life. In addi-
tion, information flow is important both internally (within country) and externally
(e.g., external reporting to World Health Organization (WHO) and United Nations)
to the region, as effective information flowwill support development aid and disaster
relief, reporting and resource allocation.
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This paper therefore reports on the findings from a study on the sharing of infor-
mation (inter and intra flows) between government, Community BasedOrganisations
(CBO’s) and individuals on the outer islands of Kiribati. The study formed part of
a larger research project Supporting Community Adaptation to Water Shortages in
Kiribati. The overarching goal of the project was to enhance the adaptive capacity of
community based water management systems in the outer western islands of Kiri-
bati to ensure sufficient water for basic health and hygiene in a changing climate
(Mukheibir and Boronyak-Vaso 2016).

Approach

Empirical data for this study was collected during a workshop held in Kiribati in
September 2017. This workshop was one of a suite of workshops being a major
component of the UDSAID-funded project Supporting Community Adaptation to
Water Shortages inKiribati.Both the funder and previous projectwork influenced the
site of this project. Further information about the broader project is available in the
book chapter “Dynamic Adaptive Management Process—Supporting Community
Adaptation to Water Shortages in Kiribati” (Mukheibir and Boronyak-Vaso 2016).

A social network analysis (SNA) approach was undertaken in a one day work-
shop with 31 participants to uncover their understanding of how information flows
to and from various stakeholder groups. Workshop participants were drawn from
government (policy makers, including officials from the Ministries of Public-Works
and Utilities (MPWU); Health and Medical Services; Finance and Economic Devel-
opment and the Environment, and Agricultural Development), Community Service
Organisations (Kiribati Climate Action Network (KiriCAN), Live and Learn and the
Kiribati Red Cross) and members from local Village Water Committees (VWCs)
from North Tarawa (also called Buariki) and an outer island of Abaiang. Under-
standing of how information is shared within and between the various groups is of
relevance to the participants and policy makers to aid enhancements of information
flow, especially during both rapid and slow onset extreme climate events.

A range of workshop activities were designed to explore:

• The formal and informal processes by which community members receive
information related to climate change adaptation and water supply options;

• The understanding of various groups of the processes for making decisions about
planning and implementing water supply options;

• The linkages between formal and informal networks to better-target engagement
options and outcomes;

• The linkages between formal and informal networks leading to more transparent
and informed decision-making around climate change adaptation; and

• How policymakers can better engagewith communities to improve the acceptance
and uptake of climate adaption and water supply policies/programs/strategies.
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The workshop was run in English with translation into i-Kiribati. In total, 38
people participated in the workshop (15 Female, 23 Male) representing Government
(N = 10), Community Service Organisations (NGOs) (N = 11) and community
members from the Village Water Committees (N = 17) from Abaiang and North
Tarawa (Buariki). Unfortunately, due to timings of arrivals of some members, five
attendees did not complete the survey, as such 31 participants completed the social
network analysis (N = 31).

Method

A mixed methods approach was employed, using both quantitative and qualitative
techniques. The quantitative component used social network analysis (SNA) to map
social networks in the region related to ‘where participants access climate adaptation
information’ and ‘who they share their information with regarding local changes
in their landscape and water supplies’. SNA has been used in a range of instances
including mapping community knowledge networks for climate adaptation policy
(Harman et al. 2015a, b, 2016), participatory scenario planning (Krupa et al. 2018)
and identification of transformation change makers (Dowd et al. 2014) among others
(Borgatti et al. 2013). The researchers referred to information collected during pre-
vious project workshops to provide background data for the scenarios (Mukheibir
and Boronyak-Vaso 2016).

Three scenarios were used:

1. LowRainfall: Low or no rainfall results in dry or drought conditions with impacts
to water quality and quantity (e.g., water shortage)

2. Storm Surge: Full moon and high tide with a big storm leading to coastal
inundation possibly resulting in salty and contaminated water

3. Poor water quality: people getting sick from bad water causing health impacts.

Participants considered these scenarios in small groups made up of:

1. Non-Government Organisations (NGOs) and Community service organisations
(CSO’s) (Red Cross, Live and Learn, KiriCAN) (N = 7)

2. Government representatives—Senior managers and decision-makers from the
Ministry of Public-Works and Utilities (MPWU) responsible for delivering clean
water to the communities and staff from the Ministries of Health and Medi-
cal Services; Finance and Economic Development and Environment, Lands and
Agricultural Development (N = 9)

3. Village/community representatives, village water committee members (VWC)
from Abaiang (N = 7) and North Tarawa (Buariki) (N = 8).

There was a three step process to these activities. Firstly, participants individually
completed a survey for each scenario to provide input for the SNA (Fig. 5). Within
this survey participants were asked if they accessed and shared information in each of
the scenarios. If they did access/share information, they were asked to describe how
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they both share and/or receive this information (e.g., name of a person, a newspaper,
a notice board etc.). The results of the individual SNA questions regarding the knowl-
edge network allow researchers to create knowledge flow maps using quantitative
SNA. The outputs of the SNA are outlined in the results section below.

After the individuals completed the survey for each scenario, they mapped out
each scenario as a sectoral group (Figs. 6, 7 and 8 offer examples of group maps).
This element was the qualitative component. The scenario mapping undertaken by
sectoral groups allowed for the discussion to develop around the current successes
of communication, and opportunities for improvement.

Thirdly andfinally, in a plenary session the sectoralmapswere shared andpotential
next steps discussed (Figs. 6, 7 and 8). The discussion focused on where information
was sourced, how information was shared about these impacts on water, and if there
was a way to optimize the current information system.

Although this method within the SNA approach is considered best practice, par-
ticularly when data is collected directly from participants (Borgatti et al. 2013) there
is a limitation in that only those who attended the workshop completed the SNA sur-
vey, rather than the optimum completion rates wherein every node that is mentioned
in the network completes the SNA survey.

Results

The responses to the participant SNA surveys (N = 31| CSO = 7, Buariki = 8,
Gov = 9, Abaiang = 7) were used to create directional symmetric matrixes for the
three scenarios, thus creating 6 networks (Low Rainfall Get, Low Rainfall Share,
Storm Surge Get, Storm Surge Share, Poor Water Quality Get, Poor Water Qual-
ity Share). Every nomination from a participant became an individual node in the
network. For example, if a participant listed “radio” as an information source, “ra-
dio” would be a node within the network. As there are limited radio stations in
the region, it was possible to qualitatively estimate and aggregate all participant
answers of “radio”. In order to maintain anonymity of both the participant and the
information source and/or share point, each response was aggregated into a category
being Community (e.g., family member, neighbour, local meetings, local wise peo-
ple “Tani Bouru”), Local Civil Society (e.g., Church, School, work colleagues, Vil-
lage leaders), Government (Department of Health, OB, etc.), Health (Clinic, Doctor,
Nurse), High Tech Media (internet, facebook), Low tech media (Newspaper, Radio,
CB radio, telephone),CSO (other CSO events, or individuals), CSO International,
Observations (personal observations of weather or health symptoms), Office Bearers
(Council, Mayor, Village Water Committee, Policeman, Island leaders), and Water
(Water Technicians). To ensure the anonymity of the participants the respondents
were aggregated and grouped into Abaiang, Government, CSO and Buariki. Within
the analysis, Buariki self-nominated to be North Tarawa so is coded as NT in this
analysis.
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Figure 1 outlines the network nodes types and the number of each node type
per network. For example, during scenario 1 (Low Rainfall) participants reported
obtaining information from 12 discrete government sources, and shared with 2 gov-
ernment sources. Within scenario 2 (Storm Surge), participants reported obtaining
information from an equal number of sources including community, government and
low tech media. However, as Fig. 3 shows (storm scenario top), the low tech media
(Radio), received far more nominations than the government node (MET office).
Table 1 further demonstrates that participants had larger Access/Get networks in low

Table 1 Network centrality and whole network measures for each scenario

Measure Low rain
get

Low rain
share

Storm get Storm
share

Poor
water get

Poor
water
share

Average
degree

1.300 1.446 1.467 1.600 1.436 1.448

Indeg H-index 5 5 4 5 5 5

Deg
centralization

0.070 0.067 0.079 0.072 0.068 0.101

Out-Central 0.069 0.066 0.078 0.071 0.067 0.099

In-Central 0.187 0.362 0.354 0.383 0.218 0.260

Density 0.019 0.026 0.025 0.033 0.027 0.025

Components 70 56 60 50 55 58

Component
ratio

1 1 1 1 1 1

Connectedness 0.019 0.026 0.025 0.033 0.027 0.025

Fragmentation 0.981 0.974 0.975 0.967 0.973 0.975

Ave distance 1 1 1 1 1 1

SD distance 0 0 0 0 0 0

Diameter 1 1 1 1 1 1

Wiener index 91 81 88 80 79 84

Dependency
sum

0 0 0 0 0 0

Breadth 0.981 0.974 0.975 0.967 0.973 0.975

Compactness 0.019 0.026 0.025 0.033 0.027 0.025

Mutuals 0 0 0 0 0 0

Asymmetrics 0.038 0.053 0.050 0.065 0.053 0.051

Nulls 0.962 0.947 0.950 0.935 0.947 0.949

Arc
reciprocity

0 0 0 0 0 0

Dyad
reciprocity

0 0 0 0 0 0

Source Authors
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rain and storm surge scenarios (Low Rainfall Get N = 70/Share N = 56); Storm
Surge Get N = 60/Share = 50) whereas in the poor water quality scenario, partici-
pants reported to have larger access than share networks (Poor Water Quality Get N
= 55/Share N = 58).

The outputs from the SNA survey were quantitatively analyzed using UCinet and
Keyplayer; the visualizationsweremade usingNetdraw (Borgatti et al. 2002).Within
the visualizations, the layout is arranged so that nodes that are closer together are
more similar and those on the periphery are more isolated. Within Figs. 2, 3 and
4 the size of the node also demonstrates the number of nominations that node has
received; for example, the larger the node, the larger the number of participants that
have listed it as a source or share point of information (Fig. 1).

A visualisation map was made for each of the scenarios:

(1) Low rain—Participants reported that they get information from low technology
information sources and some formal government channels such as theMinistry
of Public Works. Both a VWC and a Government sector participant reported
to received information from local traditional holders of knowledge such as the
“Tani Borau”. All participants reported sharing information with their commu-
nity informally with some Government and NGO participants reported to use
high technology information streams (e.g., Facebook) to share information, and
there were Community warnings through the Radio and local village boards
(TTM boards).

(2) Storm surge—Participants reported that they get information from low tech-
nology information sources, such as radio (in particular those in VWCs) and
participants who were from CBOs and Government also sought information
from government sources (e.g., MET and Ministry of Health). All participants
reported to share primarily with community members informally, with some
government and NGOs noting to share information with Island leaders and
newspapers.

(3) Poor Water Quality—Participants from VWCs reported that they primarily
get information about water quality through symptoms, either as they or mem-
bers of their family became sick. Whereas, NGOs and Government participants
were receiving information from low tech information sources, as well as for-
mal channels such as clinics and water technicians. All participants reported to
share within their informal networks of family, friends, neighbours and church
members.

Table 1 outlines the network centralitymeasures for each network. These quantita-
tive measures show very low average degree numbers, that is, the average number of
nodes that each node is linked to. Furthermore, the density of the network remained
low in each scenario. Density is determined by calculating the number of ties divided
by the possible number of connections (Borgatti et al. 2002). Connectedness is also
very low in each network, with connectedness being the proportion of nodes that
can reach each other (Borgatti et al. 2002). For a full explanation of these measures,
please refer to Cunningham et al. (2017).
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Fig. 1 Numbers of nodes nominated per sector and scenario. Source Authors

Table 2 outlines the findings fromKeyplayerwherein the keyplayer diffusion algo-
rithm tries to find the 3 most highly connected nodes to connect with every other
node in the system. The “reach” nominates the percentage of the network connected
through these three “keyplayers” (the table is to be read along each row from left to
right) (Borgatti 2006). The reach of these key players for each network is low with
each scenario, with the exception of “Poor Water Share” reaching less than a third
of the network. Both Government and NGOs dominated the key players occupying
many of the prominent positions within the network. In the “StormGet” scenario, the
algorithm found three distinct combinations of keyplayers that could reach 24.6% of
the network. The low reach demonstrates the fractured nature of these networks.
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Table 2 Keyplayer findings for each network

Scenario Key players Reach (%)

Low rain get GOV 3 GOV4 NGO4 22.4

Low rain share NGO4 NGO5 NT3 24.5

Storm get GOV6 GOV8 NGO6 24.6

GOV6 NGO6 NT1 24.6

GOV6 NGO6 NT6 24.6

Storm share NGO4 NGO5 NGO6 27.7

Poor water get GOV4 NGO3 NGO5 25.0

Poor water share GOV4 NGO4 NT3 32.7

Source Authors

Discussion

An SNA approach to information sharing among participants about aspects of water
revealed knowledge networks associated with each scenario (LowRain, Storm Surge
andWaterQuality). Thefindings demonstrate that these networks varied considerably
between scenarios. In times of low rain and storm, participants reported to access
information more readily from formal sources (such as Government Department
of Meteorology) and share information informally (with family and friends). This
was encouraging as the formal sources should have the most accurate information
regarding the incidence of low rain and storm events which may impact water qual-
ity. However, within the water quality network, the majority of participants reported
the appearance of symptoms of illness as the trigger to know that their water source
was not of potable quality. Subsequently, participants then shared information about
the quality of the water with informal information sources. This finding is important
because it limits the capability of information exchange to initiate disease prevention
measures. Furthermore, it emphasizes the need for improved ground water well test-
ing and timely communication of the results as water quality is declining to reduce
the impact of water borne illness. Actions to improve this situation have commenced,
such as the convening ofVillageWater Committees and training forwater technicians
in regular well water testing. However, as demonstrated by the network visualizations
(Figs. 2, 3 and 4), the knowledge connections are not yet in place to ensure the flow
of information fromwater technicians through the VillageWater Committees back to
citizens. Establishment of this knowledge exchange represents an important oppor-
tunity for intervention to ensure that information regarding water quality is shared
quickly and effectively with relevant community members and health practitioners
across Kiribati.

The statistical measures each of these six networks indicated that theywere highly
fragmented with values of fragmentation higher than 0.95. This finding is reflected in
theKeyplayer output (Table 2),which shows that utilization for information exchange
of the three most highly connected nodes in each of the six networks, enables reach
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Fig. 2 Information networks for the low rainfall scenario showing get (top) and share networks
(bottom). Symbols are stakeholders: Abaiang ( ), government (�), NGO (♦), NT (�), NA (◯).
Colours are categories: Abaiang ( ), community ( ), government ( ), health ( ), high techmedia
( ), international NGO ( ), local civil society ( ), low tech media ( ), local NGO ( ), NT
( ), observation ( ), office bearers ( ), water ( ). Source Authors

to less than one third of the network actors. This demonstrates high levels of network
disconnectedness, and presents significant opportunity for network growth and inter-
vention to strengthen its interconnectedness and information flows. If the networks
were to becomemore closely connected then this would allow for improved informa-
tion to flow among the stakeholder types. Deliberate insertion into these networks of
trained knowledge brokers, to play a specific role in routine communication of water
quality information and illness prevention may better connect these networks with
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Fig. 3 Information networks for the storm scenario showing get (top) and share networks (bottom).
Symbols are stakeholders: Abaiang ( ), government (�), NGO (♦), NT (�), NA (◯). Colours are
categories: Abaiang ( ), community ( ), government ( ), health ( ), high tech media ( ),
international NGO ( ), local civil society ( ), low tech media ( ), local NGO ( ), NT ( ),
observation ( ), office bearers ( ), water ( ). Source Authors

associated improvements in health outcomes through timely intervention (Meyer
2010).

It was encouraging to see the Ministry of Public Works and Utility water techni-
cians (who are based on the outer islands) feature in many of these networks, albeit
mostly on the periphery of the network with often only one or two connections. They,
together with the locally based nurses, have a significant role in keeping the outer
island communities connected to government information sources, and vice versa,
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Fig. 4 Information networks for the poor water quality scenario showing get (top) and share
networks (bottom). Symbols are stakeholders: Abaiang ( ), government (�), NGO (♦), NT (�),
NA (◯). Colours are categories: Abaiang ( ), community ( ), government ( ), health ( ), high
tech media ( ), international NGO ( ), local civil society ( ), low tech media ( ), local NGO
( ), NT ( ), observation ( ), office bearers ( ), water ( ). Source Authors

by acting as amore centralised nodewith potentiallymany inter-connections. Recog-
nition of their role in information sharing will be key for improving the amount and
rate of information flow under a changing climate. Without this improvement, there
is little expectation that morbidity rates due to contaminated water will improve.

While the study revealed interesting and useful information on which to design
interventions to improve the knowledge transfer, there were some limitations and
areas for improvement. It is important to note that the region is geographically frag-
mented, Kiribati being made up of a series coral atolls, and there is an historical
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Fig. 5 SNA survey instrument. Source Authors

tradition of information being shared orally (Mauss 1990 [1950]). These factors
clearly continue to play a role in shaping the effectiveness of water quality knowl-
edge networks. However, our analysis was limited to survey responses from the
participants in the workshop process rather than from the whole information system
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Fig. 6 Information Flow scenario 1: low rainfall—NGO/CBOs. Source Authors

Fig. 7 Information flow scenario 2: Storm: Government. Source Authors

and, further, the layout of the survey limited participants’ responses to three connec-
tions in the network (Fig. 5). These factors suggest that the networks may have been
more extensive than our visualisations suggest. While the research presented in this
paper provides a snapshot of the information flows at the time of this study, further
research is required to better understand how knowledge flows could be optimized
in the region for the future (Figs. 6, 7 and 8).
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Fig. 8 Informationflowscenario 3:water quality health:VillageWaterCommittees.SourceAuthors

Conclusions

The variation of network structures between scenarios demonstrates the impor-
tance of formal and informal networks for both accessing and sharing water supply
information in Kiribati.

Networks derived from the project were not definitive, however there is sufficient
evidence that further enhancement of knowledge networks may deliver improved
health outcomes in Kiribati, and in doing so may have significant benefits to com-
munities (e.g., effective communication ofwater quality in reducing childmorbidity).
These options are relatively inexpensive within a developing country context as it is
investment in social capital.

The approach of SNA for revealing knowledge networks may be applied to alter-
nate settings within the Pacific region to benefit atoll communities. Finally there
are broader lessons regarding the influence of geography and culture on knowledge
networks both within the Pacific region and further afield.
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Climate Change and Peri-Urban
Household Food Security—Lessons
from West Taraka, Morobe Province,
Papua New Guinea

Zina Bird and Linda Yuen

Abstract Climate change has become amajor concern towards the stability of global
food production due to long and short-term climate related events. This paper will
incorporate climate data to build on the existing data on the status of household food
and nutrition security in one of Lae’s peri-urban settlement, West Taraka in Morobe
Province, Papua New Guinea. Two data sets were collected: household dietary pat-
terns and changes in food production, and socio-economic characteristics, using
stratified purposive sampling for selected fifty-eight (58) households in June 2016
through household survey and informal interviews (mixed method). Results show
no statistical relationships between socio-economic characteristics of the households
and their Household Dietary Diversity Score and Food Consumption Score. How-
ever, a significant inverse relationship at 95% probability exists between the numbers
of household members in school with the Household Food Consumption Score. This
study also found a significant positive relationship at 99% level probability between
household income and Food Consumption Score signaling that income was the main
determinant of household food and nutritional security.

Keywords Climate change · Food security · Household Food
Consumption Score · Household Dietary Diversity Score · Papua New Guinea ·
Agriculture · Urbanisation

Introduction: Global Context of Climate Change
and Agriculture

Climate change is a global phenomenon altering climate systems and having a wide
range of impacts on human and natural systems. However, climate-related risks for
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countries are unevenly distributed, with geographic location largely influencing the
direction and rate of climatic change (IPCC 2018; Niles et al. 2017).

In agriculture or food system, it is recognized that climate and weather play a
critical part towards food production and livelihoods (Niles et al. 2017). Various
food crops require different stages or variation in weather conditions (max and min
temperature, rainfall/precipitation) and physical conditions (soil characteristic) for
development, growth and yield. Because of the dependence on climate and the phys-
ical environment, it was stated by Rauff and Bello (2015), as temperature and carbon
dioxide (CO2) increases, it may affect the biological process of plants such as pho-
tosynthesis, growth, respiration, reproduction and the nutrient content in the soil.
Although increase in CO2 and temperature can be beneficial for photosynthesis, it
can also be harmful once the optimum range is exceeded and can reduce the amount
of water content through the process of transpiration hindering the pores of the plants
to open thus leading to a decline in yield or harvest (Rauff and Bello 2015).

For developing countries, including those of the Pacific islands region, that depend
on agricultural production for socio-economic stability, declining crop production
due to increase in temperature, change in precipitation pattern and introduction of new
pest and diseases may have widespread negative impacts on food quality and safety
(Niles et al. 2017). These biophysical factors also impacts the marine (aquaculture)
and forestry systems.

For vulnerable Pacific Island countries, the impact of climate variability and
extreme weather events such as flooding, drought, increase frequency of rain and
cyclone result in significant loss of agricultural production (FAO 2018). Although
farmers have developed and adopted potential methods to minimize climate related
risk, the challenges to cope with the changes will still not be eliminated (Taylor
et al. 2016). This increases the climate risk leading to increase in poverty in some
population as global warming continues to increase affecting food security. Limiting
warming to 1.5 °C can reduce the number of people exposed to poverty and climate
related risk by 2050 (IPCC 2018). Bogard et al. 2018 found relevant indicators to
measure the strength and limitations of agricultural production, analyzing the nutri-
tional yields, potential nutrient adequacy and Rao’s quadratic entropy by capturing
the ability of the production system that can nourish most people. These serve as
useful tools for prioritizing agriculture-focused decision-making and policy-making
in the public, private and civil society sectors.
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Geography and Climate of PNG

Papua New Guinea (PNG) is the largest of the Pacific small island developing states
(PSIDS) and comprises the eastern half of the island of New Guinea and about
700 islands between the equator and 12° S, and 140° E to 160° E, in a region
which is particularly prone to seismic activity. The population of 8.3 million is
dispersed throughout a total landmass of 463,000 km2, 74% of which is under forest
cover (UNDP 2018). PNG’s diverse terrestrial landscapes range from the montane
rainforests of the Western Highlands to the Trans-Fly savanna and grasslands and
from the mangrove swamps of the estuaries to the low-lying atolls. With over 800
distinct spoken languages, PNG is well known for being the most linguistically
and culturally diverse place in the world, mainly attributed to geographical barriers
hindering inter-tribal contact and interactions (Foley and Foley 1986).

Due to the proximity of PNG to the equator, there is little seasonal variation
in atmospheric temperature across PNG and any significant variation is driven by
changes in temperature of the sea surrounding the landmass. The southern regions
experience a distinct wet season from November to April and a dry season from
May to October. For example, Port Moresby receives an average annual rainfall
of 1190 mm, 78% of which falls during the wet season. In comparison, seasonal
rainfall variation is much weaker in the northern regions, where places like Kavieng
receives as much as 3150 mm rainfall annually—almost three times more than in
the southern regions. This is due to the northern region’s proximity to the Western
PacificWarm Pool, which produces consistent rainfall throughout the year (BoM and
CSIRO 2011). The montane rainforests of the Western Highlands receive an annual
average of 7000 mm of rainfall (World Climate Guide 2019), further reflecting the
uneven spatial distribution of rainfall across different regions of PNG.

The wide range in climatic conditions and physical landscapes have allowed PNG
to support some of the world’s most biologically diverse eco-regions. These condi-
tions are also conducive to enabling the people of PNG to grow a wide range of
food crops to meet their daily nutritional needs. Climate variables such as rainfall,
temperature (air and sea), soil moisture and sea level directly affect plants develop-
ment and yield. The increasing frequency and intensity of extreme climate events
like frost, tropical cyclone and drought under current anthropogenic climate change
is becoming a growing threat to crop production and food security (Wairiu et al.
2012; Weber 2014).

Although climate change is a global phenomenon, the impact in food security dif-
fers between regions. PNG is vulnerable to climatic extremes, such as frost, drought
and flooding, which could cause poor crop harvests and increase food insecurity,
poverty and disease (Bourke 2001).
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Subsistence Agriculture

Papua NewGuinea’s local economy is driven mainly by two sectors—(i) the mineral
and energy extension sector, accountable for national export earnings, and (ii) the
agriculture, forestry and fishery sector, mainly supporting the domestic subsistence
economy (Gwatirisa et al. 2017).

Globally, 800 million people practice urban agriculture for basic consumption
purposes (Game and Primus 2015; Lwasa et al. 2014). Similarly, for most PSIDS,
agriculture is one of the most important sectors contributing towards the livelihoods,
food security and gross domestic product (GDP) (Rosegrant et al. 2015; Taylor et al.
2016).

In PNG, the local agriculture sector supplies 83% of food energy and 76% of
protein towards the country’s nutritional needs (Bourke and Harwood 2009). It pro-
vides a safety net to rural and peri-urban communities in PNG, employing about
half of the labour force and contributing 15% towards GDP (ACIAR 2018). Most of
the rural population is involved in producing most of their own staple foods and are
also engaged in other forms of income earning activities to enable them to purchase
foods which they do not produce themselves. Therefore, PNG can be generally con-
sidered as being food secure. However, some studies done in various locations in
PNG (Bourke 2001; Bue 2013; Gwatirisa et al. 2017) have found that certain loca-
tions in the country are facing threats in household food and nutritional security. One
such setting is the informal or peri-urban settlements which surround major urban
centres of PNG. Vulnerable populations such as these have contributed to PNG’s
classification by FAO as a Low-Income Food-Deficit Country (LIFDC) (FAO 2015).
Although PNG, on a national scale, produces enough of its own food, it is still facing
malnutrition issues, exacerbated by social inequality and inadequate awareness on
nutritional security and crop resilience.

In most of the informal peri-urban settlements that exist on the outskirts of PNG’s
major urban centres, public infrastructure and income-generating opportunities are
often rudimentary, if available at all. The livelihoods of majority of the populations
in these communities are centred on low wage employment and the informal sector
(Umezaki and Ohtsuka 2003). With limited or no access to land for food gardening,
households are heavily dependent on fresh food purchased from the local produce
markets and store-bought processed food. The high cost of living in urban areas often
force low income-earners to compromise their children’s welfare and education in
order to acquire just the basic staple foods for the household.

Like most Melanesian countries, most (97%) of the land in PNG is under cus-
tomary ownership (AusAID 2008). The State owns 2.5% as public land while the
remaining 0.5% is freehold land which can be privately owned by individuals. The
development of customary land for commercial purposes is usuallymanaged through
Incorporated Land Groups (ILG), which in essence serves as a trust for individual
landowning groups.

At 13.1%, PNG currently has the lowest proportion of urban population among
PSIDS, however, this is projected to rise to 24% by 2050 (UN DESA 2018). Rapid



Climate Change and Peri-Urban Household Food Security … 175

urbanisation, compounded by the impacts of climate changewill make it increasingly
difficult for urban and peri-urban populationsmeet basic household nutritional needs.

There is currently limited information on the relationship between climate change
and household nutrition in PNG, particularly for informal settlements. This study
aims to understand the status of household food and nutritional security of the West
Taraka peri-urban settlement by profiling the selected socio-economic characteristics
of households, examining the household dietary patterns and analysing the relation-
ship between the two. The impact of climate change is also taken into consideration
for this benchmarkWest Taraka study, which will potentially be a useful contribution
to filling in the existing knowledge gap and to inform future policy-making processes
from the community level up to the national level.

The Study Site

This study focuses on a typical peri-urban settlement—West Taraka, situated on the
fringes of Lae City in the Morobe Province (Figs. 1 and 2).

The site was selected mainly for two reasons. Firstly, it is one of the project site of
the Agriculture Department of the PNG University of Technology (Unitech) which
conduct extension programmes to the community who farm the state agricultural
land. Secondly, the site is close to Unitech and allowed easy access for the researcher
to conduct the field survey.

West Taraka was initially established in 1974, on state residential land, by the
PNGNational Housing Commission (NHC) under theWest Taraka Housing Scheme
to provide low cost housing for civil servants, who later received the land titles.
However, soon after the allocation of titles, titleholders began to subdivide and lease
land to other people. Eventually, more people continued to move into the area and
started illegally occupying the land around the demarcated Housing zone, which
consists of a mixture of state reserved land, state agricultural land and customary
land. Since its establishment, urban migration into West Taraka, mainly by rural
migrants from the Highlands seeking employment opportunities in Lae City, has
resulted in population growth rates even exceeding that of the main Lae City (Tapulu
et al. 2014; Walsh 1987).

Although not officially categorised, West Taraka is generally considered a peri-
urban settlement because it is located in the transition area between the urban bound-
ary and the customary land.Urban agriculture is common practice for the community,
utilising whatever little space available in the backyard of their homes to grow food
for household consumption. Any excess produce is shared with neighbours and fam-
ily or taken to be sold at the roadside markets. Sometimes people in the community
are able to lease parcels of customary land from traditional landowners for a small fee
or through informal arrangements. In this way, some household inWest Taraka is able
to have access to more space for crop production, both for household consumption
and for selling at the local market.
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Fig. 1 Map of Papua New Guinea showing Lae City. Source http://www.justmaps.org/maps/
images/papua/lae-map1.gif

Lae’sNadzabAirport is the closest weather station to the site of this study. Rainfall
records show that Lae receives almost 4500 mm of rainfall annually (Fig. 3)—an
extraordinary amount which is distributed with only slight seasonal variation (PNG
National Weather Service 2019). While high annual rainfall may provide favourable
growing conditions for some crops, the increasing frequency of extreme rainfall
events leading to severe flooding and soil erosion is problematic to the consistency
of crop production.

Extreme climate events, such as tropical cyclone, flooding, drought and frost,
affect squatter settlements disproportionately (United Nations Population Fund

http://www.justmaps.org/maps/images/papua/lae-map1.gif
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Fig. 2 Map showing location of the study site—West Taraka settlement (Tarutia 2019)

Fig. 3 Monthly rainfall for Lae (Nadzab Airport Station) (PNG National Weather Service 2019)

2007). The rapid growth and unmanaged land use (including unauthorized land clear-
ance for backyard gardening) since the establishment ofWest Taraka were major fac-
tors which led to the disastrous September 1983 flooding event on the Bumbu River
where 8 people were killed and hundreds of houses located along the river banks
were destroyed (Atkins 2013). However, the scale of this disaster did not seem to
deter the community from resuming its home gardening practices in order to produce
food to meet household consumption needs.
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Method

Sampling

The 2-week field survey was conducted in June 2016. However because limited data
was collected on climate change impact on food productions, literature review was
used to relate how climate change influences the livelihoods of the West Taraka
community.

Two sampling methods were used to select the sample population. First, stratified
sampling was used to demarcate households based on the four land types found in
West Taraka:

(i) state reserve land;
(ii) state residential land;
(iii) state agricultural land, and
(iv) customary land.

Stratification by land type was selected to assess the impact of accessibility to
land for subsistence farming on household food consumption.

Research observation was also used during the survey, where the researcher
recorded personal observation on the living conditions and the classification of the
settlement. Peri-urban settlement was not a category in the 2011 PNG National Cen-
sus, however it is classified as such in this survey because of the location of the
settlement and its extension into other land areas.

Purposive sampling was then applied to select 4% (n = 60) of 1500 households
occupying West Taraka. While the sample size was initially 60 households, two of
the households became unavailable halfway through the survey. Introducing new
replacement households would increase the probability of bias created by the inac-
curacy of results since the respondents would inevitably have difficulty in recalling
food and drinks consumed in the prior week for the 24-h recall component. Thus,
the survey continued with a sample size of 58 households.

Assessment of Dietary Patterns—24-h Diet Recall

Dietary patterns are the “quantities, proportions, variety or combinations of differ-
ent foods and beverages in diets, and the frequency with which they are habitually
consumed” (Rodgers 2015). At the household level, it is the consistent consumption
of certain meal ingredients from different food groups by people living within the
same dwelling.

The 24-h diet recall method was used previously in Bue (2013) and Koczberski
et al. (2012) to capture the food security level in different regions in PNG. The
meal components (ingredients, source and meal number) are measured using two
proxy, HDDS and FCS, which were developed for non-nutritionist to assess the
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status of food security without using anthropometric measurements (the size, shape
and composition of the human body). These proxies have been found to be an efficient
application to measure household nutritional quality in studies in Belgium, Burkina
Faso, Mali, PNG and Bangladesh (Bue 2013; Savy et al. 2007; Torheim et al. 2004;
Thorne-Lyman et al. 2009; Vandevijvere et al. 2010) and was therefore adopted in
the survey.

(a) Household Dietary Diversity Score (HDDS)

The HDDS (scores ranging from 0 to 13) is the sum of food groups consumed within
the last 24-h (FAOandUSAID360 2016; Swindale andBilinsky 2006) and calculated
for the duration of the 14-day survey. Instead of 12 food groups, 13 food groups was
used. The 13 standard food groups (Bue 2013) used corresponds to specific meal
ingredient, meal source and total meal consumed.

HDDS is also used as an indicator to measure the economic stability of a house-
hold. The number of food groups consumed is an indicator of household’s purchasing
power to access various food groups for a quality diet and nutritional security, thus,
the higher the HDDS, the more money the household has to purchase different foods.

(b) Food Consumption Score (FCS)

FCS was calculated using the 24-h diet recall for the 14-day survey. Instead of using
the normal 7-day frequency, a 14-day food recall was conducted to observe the diet
trend for the households to establish if their diet is stable or fluctuating.

The FCS contains 9 food groups, however, 10 food groups were used for this
survey (Bue 2013) which combines two food groups in the HDDS according to
the given standard weight allocation based on its nutritional properties. The FCS
measures the frequency of food over a period of time (7 days). The frequency of
the food groups (per week) are multiplied by their given weights to calculate their
nutritional value to obtained the FCS. The FCS is then used to determine the threshold
of the households to indicate their level of food security. This proxy also allows the
researcher to observe which food groups are consumed at a daily basis, giving the
research an indication of the household’s main staple food. In order to calculate the
FCS, the formula used is: FCS = food groups × weight. Each of the food groups
(10) are multiplied with their own nutritional score to obtained the FCS.

People in West Taraka are engaged in a range of economic activities, including
formal employment in public or private sectors, industries and self-employment.
Household food consumption will inevitably be linked to household earnings, fre-
quency of income and amount of harvest from food gardens. Therefore comparing
the 14 days will give a good indicator of their diet pattern by analyzing the total
frequency of foods consumed each day over the duration of the survey.
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(i) FCS thresholds

The FCS threshold was calculated to determine the nutritional profile of the house-
holds. Under this method, the researcher has the flexibility to use their own back-
ground knowledge on the type of staple foods consumed in the site and the con-
sumption pattern to modify the FCS thresholds in order to produce the household
nutritional profiles (Swindale and Bilinsky 2006).

The first profile for West Taraka was calculated to be the FCS range of 23–
32, based on evidence that meals consisted mainly of cereal/tuber (rice and/or root
crops), banana with green leafy vegetables cooked in coconut milk or oil, and tinned
fish/meat and sugared tea. These are food groups consumed as the households’ main
staple. This finding agreedwith Bue (2013) andGwatirisa et al. (2017) who identified
similar dietary patterns. The consumption of food groups for 3 or more days was
considered as the main staple food to calculate the first threshold.

The second threshold of 32.5–40, consisted of all food groups in the first threshold,
with the addition of fresh fish/chicken/meat in the calculation. Finally, the third
threshold consisted of all 10 food groups, producing scores of over 40.

These thresholds are calculated based on the observed diet pattern during the
2-week survey.

Assessment of Socio-Economic Level

Eight household socio-economic characteristics were surveyed through interviews
in West Taraka. These are:

(1) Age of head of household;
(2) Highest education level of head of household;
(3) Current occupation of head of household;
(4) Household size;
(5) Number of dependents attending school;
(6) Number of household members employed in the formal sector;
(7) Number of household members employed in the informal sector; and
(8) Total household income per fortnight.

Households occupying informal settlements aroundmajor urban centres generally
have a lower level of engagement in the formal economy, a lower number of income
earners and generate lower combined household income (Barber 2003), which all
affect the ability to meet basic nutritional security. This assessment is used to deter-
mine whether there is a similar relationship between household socio-economic level
and dietary patterns in West Taraka.
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Data Analysis

Description analysismethodwasused to analyze thepercentage,mean, standarddevi-
ation, frequency and correlation coefficient test to explore the relationships between
basic data collected during the survey and interviews. The analysis involves the use
of Microsoft (MS) Excel and Statistical Package for the Social Sciences (SPSS).

Results and Discussion

Household Characteristic Profile

Eight socio-economic characteristics of the study site are presented in Table 1. It
was found that the mean age for household heads was 48 years. Over half of the
household heads are literate, 29% have reached secondary school, 23% completed
their tertiary levels while 31% have completed primary school to Grade 8 level.
Primary school completion is the most common education level attained in the rural
community in the highlands of PNG (Schmidt et al. 2019). The level of literacy also
corresponded with the engagement in wage employment by 59% of household heads
who are involved in some form of wage/salary employment. Although 17% of the
household heads are illiterate, only 12% are unemployed, either due to old age or
unable to find employment. However, some of the unemployed household head are
engaged in income generating activities such as farming on state agricultural land,
backyard gardening and operating roadside stalls selling buai (betel nut or Areca
nut), tobacco or cooked food. Majority of the households (86%) have at least one
dependent child in school. Some had over 4 children attending school.

According to field observation, differences in housing structures can be associated
with the household’s social status, similar to findings in Khan (2014). It was found
that 62% of households consisted of at least 5 members while 38% consisted 4 or
less members. While the average household size of 5 members in the study site,
corresponds with PNG’s national average, this is lower than the average size of
households in Lae District (6.8 members) (PNG National Statistical Office 2011).

From the analysis, it was found that having a large family in a low socio-economic
condition has largely negative impacts on the family’s well-being. The impacts are
exacerbated by limited land accessibility for gardening and other social constraints.
Kiran and Dhawan (2015) found that larger households tends to have a wider range
of expenses (such as school fees, stationeries, and other necessities) to cater to the
needs of non-working dependents. Therefore, income diversionwas a problem for the
households, particularly for low income earners with large family members, making
it difficult to accumulated savings.

The survey found that maximum income earned by the households fluctuated dur-
ing the two weeks especially for those involved in the informal sectors. The income
ranged from K45.00, for those involved in non-farming activities, to K7800.00, for
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Table 1 Household characteristic profile (n = 58)

Characteristic Range Measuring
unit

Category Frequency % Mean SD

Age of Hh
heads

25–80 Years 25–35 11 19 48 13

36–50 27 47

Above 50 20 35

Education
level of Hh
heads

0–13 Grades Illiterate 10 17 8 5

Primary
(3–8)

18 31

Secondary
(9–12)

17 29

Tertiary
(Above 12)

13 23

Occupation
of Hh heads

– Employment None 7 12 – –

Formal 34 59

Informal 17 29

Family size 2–10 Number of
members

Small
(Up to 4)

22 38 5 1

Medium
(5–7)

30 52

Large
(Above 7)

6 10

Dependents
in school

0–6 Number of
dependents

None 8 14 2 2

Up to 2 31 54

3–4 13 22

Above 4 6 10

Hh members
employed in
the formal
sector

0–4 Number of
members

None 29 50 – –

Employed 29 50

Hh members
employed in
the informal
sector

0–2 Number of
members

None 31 53 – –

Employed 27 47

Total Hh
fortnightly
income

45–7800 Kina Up to 500 22 38 1160 1460

501–1000 17 29

1001–1500 8 14

Above
1500

11 19



Climate Change and Peri-Urban Household Food Security … 183

households with small businesses. It was also noted that 1 member in 7 households
earned income for the whole family, this shows the economic constraints families
faced. This data confirms other findings like Barber (2003) that the higher the number
of household members working, the higher the combined household income, thus
determining the HDDS and FCS. However, the 38% of households that earn below
K500 has to improvise or prioritise spending, which often leads to sacrificing main
meals per day.

Change in Food Production

During the 2015 frost and drought event in the Highlands region, main staple crops
such as the sweet potato (kaukau), taro and yam took take up to ninemonths of growth
before reaching maturity, compared to the usual six months. Inadequate technology
in agricultural recovery after extreme climate events have resulted in food insecurity
remaining as a major concern in the country. The frost event was the worst to affect
the PNGHighlands region in 40 years and caused food severe food shortage for about
300,000 people (Cobon et al. 2016). International emergency response was activated
to distribute food supplies to meet the basic nutritional needs of the communities
affected (IOM 2016), illustrating the severity of the impacts of climate change and
extreme climate events on food security to the vulnerable communities.

As peri-urban settlements expanded, farming activities decline. Majority of the
foods consumed in PNG are locally produced, contributing to the high food security
in rural areas due to availability of land resources for food production (Bourke 2001;
Schmidt et al. 2019). However, it was reported that many villagers and settlements in
PNG still remain vulnerable to food shortage due to extreme drought (El Niño) and
severe frosting in the high altitudes (Kanua et al. 2016). Decline in crop production
also disrupts supply to various markets in PNG, including Lae Market Centre, and
may lead to temporary food shortage.

Agricultural productivity is sensitive to physical variables such as local weather
conditions, soil nutrient status, moisture level and temperature. PCCSP climate pro-
jections for PNG, indicate with very high confidence, that sea surface temperature,
atmospheric temperature, seasonal mean rainfall and annual rainfall are all likely to
continue increasing throughout the 21st century (BoM and CSIRO 2011). Increase
in temperature reduces the efficiency of photosynthesis, and as the long-term aver-
age local temperature increases beyond the upper threshold (25 °C) of the optimum
range, most tropical crops like sweet potato, taro, cassava, and yams are directly
affected (SPREP, n.d.). Survey respondents indicated that their food consumption
level either declined or remain unchanged during the year (2015–2016). There was
no incidence of increased household food consumption.

A total of 34 households (58.6%) who are involved in home gardening also expe-
rience a decline in production from both social and environmental impacts which
led to increased dependence on processed food. Table 2 represents a summary of
the respondents’ perceptions to explain the experienced decline in food production.
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Table 2 Household response on the impact on crop production

Social impact Environmental/climate change impact

Customary land
Hh has to ask for permission to cultivate in
their land and pay certain fees given by the
owners

Drought
Loss of crops, water/irrigation

Thief Rainfall
Flooding due to the location of the settlement
and poor drainage system

Agricultural land
Was assigned to certain person thus not all
have the accessibility

Frost
For Hh’s with farms in the interior part of
PNG

Labour force
Most Hh members are working either in the
formal or informal sector

Temperature
Increase in heat affecting the time spend in the
gardens

Hh heads
Hh heads (female) have limited support to
help out in the garden due to old age or
members are children

Overcrowding in the area

Majority of households attributed crop decline mainly to a range of social impacts,
with only a few highlighting the impacts of environmental changes. A recent study
on the impacts of the 2015 drought in PNG (Gwatirisa et al. 2017), found that
while many participants were unable to give a clear recollection of when the drought
started, they agreed that it would have a lasting effect on their livelihoods. It indicated
that while local farmers were able to identify the impacts on crops, they have little
adaptation mechanism to cope. In comparison, respondents in West Taraka mainly
attributed social factors rather than environmental and climate change on declining
crop production.

Household Dietary Diversity and Food Consumption Scores

HDDS

Analysis on meal characteristics (Table 3) indicate that majority of households only
consumed 2 meals (breakfast and dinner) on a daily basis, which reflects similar
patterns for oil palm farmers in Madang Province and West New Britain Province
(Bue 2013; Nahuet and Bue 2015).

Twomain factors that influence household diet were income and family size. This
indicates that the households reduced their meal spending to cater for the children’s
school fees.
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Analysis of the households’ meal sources (Fig. 4) found that 59% of foods were
bought from the store, 23% from the market, 14% from own garden, 3%were shared
among households and 1% from friend’s garden. This indicates that majority of
the households depended on processed foods which also confirms previous studies
(Bourke 2001; Gwatirisa et al. 2017; Koczberski et al. 2012; Nahuet 2014; Nahuet
andBue2015;Yamauchi et al. 2001). This shows thatwhile store-bought foodusually
makes up a larger portion of household food sources in urban centres, this trend is
becoming more common in the rural and peri-urban areas as well.

Majority of the households’ HDDS range from 1 to 8 food groups consumed and
a mean of 5 food groups consumed daily, which technically meets the daily food
consumption needs based on international guidelines (WHO 2003). However, the
foods most commonly consumed inWest Taraka are high in carbohydrate and low in
other nutritional value. There is insufficient consumption of high vitamin and protein
food groups, subjecting many households to the risk of malnutrition.

The average frequency of consumption of different food groups during a typical
week is presented in Table 4. It was found that rice was consumed most frequently in
West Taraka, with households consuming it 6 out of 7 days. In comparison, root crops
such as kaukau (sweet potato) was only consumed 3 times a week, banana twice a
week and cassava once a week. Tin fish (consumed 4 times a week) was substituted
as a protein cooked with noodles (3 days per week), green leafy vegetables (6 days)
cooked in coconut milk or oil (4 days per week).

Table 3 Number of meals consumed per day (n = 58)

Characteristic Range Measuring
unit

Category Frequency Percent Mean SD

Number of
meals per day

1–3 Meal 1 3 5 2 0.6

2 36 62

3 19 33

Fig. 4 Household meal sources for seven days
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Table 4 Average consumption of the specific foods and the collapsed food groups over a 7 day
period

Food Items Average consumption of specific
foods per week

Average consumption of collapsed
food groups per week

Banana 2

Kaukau 3

Cassava 1 7

Rice 6

Noodle 3

Tin fish 4

Tin meat 1 4

Pork 0

Beef 0

Chicken 1

Sausage 0 2

Fish 0

Lamb 0

Egg 0

Vegetables 6 6

Coconut milk 4 4

Condiments 4 4

Households in West Taraka are highly dependent on imported processed foods to
make up their daily nutritional requirements. Lowcost protein and fat substitutes such
as tinned fish/meat and coconut cream are often consumed instead of the fresh options
(Gwatirisa et al. 2017). 62% of households consume 4–6 food groups daily, 14%
consumed more than 6 groups while 24% had less than 3 food groups—are falling
below the basic daily food requirement leading to malnutrition. The trend of their
diet within the 14 days shows little to no change in their dietary pattern. Results from
this study supports studies done by Bourke (2001), Hodge et al. (1996), Yamauchi
et al. (2001), Nahuet (2014), Koczberski et al. (2012) and Bue (2013). These studies
all agreed that, due to limited access to gardening space, urban households tend to
purchase most of their fresh foods from the markets and main staples from stores.

FCS Threshold

Based on the analysis, we calculated the FCS according to the observation and data
collected for the 2weeks basedonwhich foodgroupswere consumedmore frequently
for 7 days. From the frequencies, we identified the main staple foods which we used
to calculate the threshold which was adjusted from the WFP guidelines.
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Although the FCS, which range from 23 to 61.5, did not present the household
caloric intake of micro and macro nutrients, it was used to measure the household
nutritional security or the nutritional profile. At the end of Week 1 of the survey
(Fig. 5), 60% of the households have high FCS and are nutritionally secure. The
26% of households on the borderline have either the potential to improve their diet
or are risk of diet declining leading to lack of nutritional security. The 14%who have
low FCS have a high risk of nutritional deficiency.

The analysis for Week 2 (Fig. 6) shows that there was only a slight difference in
the FCS. 62% of the households showed high dietary consumption, however these
are not the same households represented inWeek 1. Some of the households that were
on the borderline in Week 1 actually improved their nutritional intake and moved

Fig. 5 Household FCS threshold for week 1

Fig. 6 Household FCS threshold for week 2
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up from the medium threshold to the high threshold in Week 2. The reason was that
households not only dependon their incomebut also diversification of incomeearning
activities to provide food. The finding also supports Bue (2013) and Koczberski et al.
(2012) that fortnight and non-fortnight earnings and the fluctuation in oil palm price
influenced the dietary patterns of the oil palm smallholder households.

Correlation Test Between the Selected Socio-Economic
Characteristics of the Households and Their FCS and HDD

Previous studies have established a relationship between socio-economic character-
istics and household dietary patterns (Drewnowski and Darmon 2008; Giskes et al.
2007; Murakami et al. 2009; Mirmiran et al. 2002; Rezazadeh et al. 2010; Lenz et al.
2009). Therefore, the 8 selected household socio-economic characteristics were cor-
related against HDDS and FCS to evaluate the presence of any similar statistical
relationships. The results are presented in Table 5.

Out of the 8 household socio-economic characteristics, income showed the largest
positive correlation with FCS (0.361 at 0.01 probability), indicating that as income

Table 5 Correlation coefficient between the socio-economic characteristics of the households and
their FCS and HDDS (n = 58)

Socio-economic characteristics of the
households

Independent variable Correlation coefficient

Age of Hh heads FCS −0.051

HDDS −0.046

Education level of Hh heads FCS 0.19

HDDS 0.128

Occupation of Hh heads FCS 0.201

HDDS 0.053

Family size FCS −0.214

HDDS 0.023

Dependents in school FCS −0.281*

HDDS −0.124

Hh members employed in the formal sector FCS 0.063

HDD 0.063

Hh members employed in the informal sector FCS 0.085

HDDS −0.005

Total Hh fortnightly income FCS 0.361**

HDDS 0.112

*Significance at 0.05 level of probability
**Significance at 0.01 level of probability
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increases, householdswere able to consumemore food groups. The high income level
is linked to formal employment opportunities and other income-generating activities
that households are engaged in, thereby increasing purchasing power to access quality
foods such as fresh meats (chicken, meat, fish egg and dairy products). In addition,
households are able to consumemore than onemeal per day thus contributing to their
high FCS. This significance was also found in other countries (González et al. 2008;
Butt and Iram 2004; DeWalt 1983; Kirkpatrick and Tarasuk 2003) and in selected
locations in PNG (Bue 2013; Nahuet and Bue 2015; Koczberski et al. 2012; Shack
et al. 1990). The education level of household heads and their current occupation also
have a positive correlation with FCS (0.190 and 0.201, respectively), indicating the
ability of literate heads of household to engage in stable income-generating activities
to provide for their families.

In comparison, a negative correlation of −0.281 at 0.05 level of probability was
seen between the number of dependents who were in school and household FCS,
indicating that as the number of children in school increases, the lower the household
FCS. A similar inverse relationship was seen between the household size (−0.214)
and FCS. It is often more difficult for larger households to meet basic nutritional
needs due to the diversity of expenses incurred to cater for the needs of non-income
generating dependents such as school-aged children.

While this study did not separately evaluate the characteristics of mothers in the
household, studies in Mozambique (Sahn and Alderman 1997; Garrett and Ruel
1999; Burchi 2012) have found significant positive relationships between FCS and
themothers’ education level andknowledge inmeal preparation.This showsmothers’
awareness of the nutritional value of the meals they prepare that promotes nutritious
benefit for their families.

Overall, this study confirms studies done by Amaza et al. (2008), Mueller et al.
(2001), Drewnowski and Darmon 2008, Gwatirisa et al. (2017): Giskes et al. (2007),
Murakami et al. (2009),Mirmiran et al. (2002);Rezazadeh et al. (2010) andLenz et al.
(2009) that the socio-economic factors of the households influences the households’
dietary patterns, hence the household food and nutritional security.

Conclusion, Limitations and Recommendations

The population of the West Taraka peri-urban settlement has continued to grow as
urban migration continue to increase, resulting in unauthorized settlements on both
state and customary land. Few households are able to gain access to both customary
and state land for food gardening unless they can afford to pay for a formal lease.
This study was conducted to understand the status of household food and nutritional
security in peri-urban settlements by profiling eight selected socio-economic char-
acteristics, examining the household dietary patterns and analysing the relationship
between the two. The sample population was identified through stratification by the
four land types found within the study site and purposive sampling. Assessment of
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dietary patterns using the 24-h diet recall method from which two quantitative indi-
cators, i.e. HDDS and FCS, were calculated for the 2-week survey. Pearson’s cor-
relation analysis was used to examine the relationship between the socio-economic
characteristics and household food consumption.

The study found that 83% of the household heads are literate, corresponding with
the 88% engagement in some form of employment—59% in formal employment and
29% in the informal sector. Only 12% are unemployed and unable to generate any
form of income, due to old age or retirement. Despite this, other household members
are able to support the household in other ways, notably through crop gardening,
which is practiced by 58.6% of the households.

Most households consume only 2 meals daily—breakfast (before members leave
the house) and dinner (when all members return home). Most of the meal ingredients
are purchased either from the store (59%) or from the local fresh produce market
(23%), while 14% were obtained from their own gardens. The remaining 4% were
obtained through gifting and sharing of food, most commonly given by households
that have access to farming space to those who do not. The food consumption score
(FCS) for households in West Taraka ranged from 23 to 61.5, with 60% households
found to be nutritionally secured, 26%on the borderline, and 14%at risk of nutritional
insecurity.

Pearson’s correlation analysis shows that there is a significant positive relationship
between the FCS and income, indicating that income drives the consumption pattern
of a household. Education level of household heads and their current occupation
also have a positive correlation with FCS, indicating the ability of literate heads
of household to engage in stable income-generating activities to provide for their
families. While some households were faced severe economic constraints, they were
able to maintain a basic diet. In comparison, a significant inverse relationship was
found between FCS and the number of household members in school, indicating that
expense diversification compromised the consumption of quality diets.

Previous studies have also established linkages between household diet and agri-
culture andhighlighted the threat that climate changeposes on community livelihoods
(Cobon et al. 2016; Gwatirisa et al. 2017; IOM 2016). The 2015 drought and frost
event which affected large populations in the PNG Highlands regions illustrated the
threat of climate extremes to crop production and food security, particularly for vul-
nerable rural and peri-urban populations without adequate access to housing, land
resources, income-generating opportunities and basic awareness of nutritional diets
and climate change risks.

It may be necessary for people inWest Taraka to diversify their income-generating
activities in order to be able to meet their basic household nutritional needs. The
growing influence of urbanization and limitations in access to farming space has
resulted in transformation of the community’s dietary patterns to a more processed-
food diet. 90% of the local rural population in PNG derive their income from selling
fresh foods (Bourke and Harwood 2009). Both temperature and rainfall are pro-
jected to increase over the 21st century in PNG, bringing increased frequency of
extreme heat, extreme frost and severe rainfall events (BoM and CSIRO 2011). Crop
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production, both on a commercial and subsistence scale, have already been experi-
encing significant decline in PNG due to climate-related extreme events (IOM2016).
Rural and peri-urban communities will find it increasingly difficult to rely solely on
agriculture-based activities to generate a stable level of household income. House-
holds that rely on home gardening to meet their nutritional needs will face difficulty
in producing enough food due to the increasingly hazardous climatic conditions,
further jeopardising household food security.

Many PSIDS have shared development challenges and lessons learnt from country
is often applicable to another. The challenges associated with urban sprawl, com-
pounded with the pressures of complex land tenure systems and increasing threat of
climate change inevitably affects the long-term food security of local communities.
This research in PNG provides valuable lessons to guide other PSIDS in carrying
out similar studies to build community resilience again climate change impacts.

Limitations and Implications of the Study Site

As the first household nutritional security study to be conducted in West Taraka,
inferences and conclusions were drawn based on 58 households. The scope of this
study was limited by the amount of research funding, duration of study, availability
of households in the community, field assistance, challenges to personal safety at the
study site and lack of recent nutritional data to support the findings in the study site.

There is a clear lack of awareness in climate change and household food security
among theWest Taraka community. The researchers recommend the prioritisation of
awareness programmes for rural and peri-urban communities to empower people in
making informed decisions for their household nutritional security under the exac-
erbating threats of climate change on crop production. The findings also contribute
valuable information to the Ministry of Health’s efforts in making effective policies
to enhance national nutritional status for PNG.

The researchers recommend further studies to be conducted in the future to confirm
the current findings,with particular focus on the impacts of environmental and climate
change on food security and household diet. It would also be valuable to expand
the sample size and survey duration, if adequate time, community assistance and
financial resources are available. The enhanced study would contribute to filling the
knowledge gap in understanding the perspectives of PNG peri-urban communities
on the impacts of climate change on their livelihood, given the socio-economic and
environmental constraints they face.
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concept of ako (e.g. to study or educate), a model of climate change and resilience
in education was designed as part of this research to help Pacific schools with their
curricula. These results indicate how behavioural changes may shape Resilience,
thus placing them in a better position to achieve the UNFCCC, the SDGs, the Sendai
Framework and the Framework for Resilient Development in the Pacific (FRDP)
targets and objectives by 2030 and beyond.

Keywords Resilience · Climate change · Education · Pacific · Sustainability

Introduction

The Pacific is known to be the most at-risk region in the world to be affected by
climate change and disasters caused by natural hazards (IPCC 2014a, b; Nunn 2013;
Nunn et al. 2014; Singh et al. 2001; SPC and GIZ 2016; United Nation University
2016; United Nations University, Institute for Environment and Human Security
(UNU-EHS) and Universität Bonn 2013; WHO 2015). As a result, many climate
change programmes are preparing for these inevitable changes (Bell et al. 2011; EU
PacTVET Project 2017; EU PacTVET Project, SPC and USP 2016a, b; Luetz and
Havea 2018; Pacific Community et al. 2016; Pacific Community (SPC) 2014; Regmi
2015; UNESCO 2006; WHO 2015; Yamamoto and Esteban 2017). However, albeit
this climate change foray has been a significant lacuna, the fact that it will also raise
the level of awareness of the people in the Pacific, to be more self-consciousness,
sustainable and resilient in education (McIver et al. 2016; Pacific Community (SPC)
2015; Rochat 2003; SPREP 2017; Taylor et al. 2016), plays a critical role in the
building of resilient Pacific Islanders by 2030 and beyond.

From what is known in the Pacific, climate change education is already experi-
enced by children and young people in the primary and secondary schools and Tech-
nical Vocational Education and Training (TVET) sectors in Fiji, Kiribati, Samoa,
Tonga and Vanuatu through integration into the primary school syllabus, secondary
school basic science, geography, agricultural science and TVET education (Pacific
Community (SPC) 2011). Even other countries have done so, including in Europe
(Cefai et al. 2014), Asia (Luetz and Sultana 2019), and Africa (Boakye 2015; Chirwa
et al. 2014; Mokaya et al. 2016). Therefore, this work will generate fresh insight as
to why this integration-based course of study is vital for the region.

To begin with, this is in-line with the regional SPC/GIZ programme ‘Coping with
Climate Change in the Pacific Island Region’ (CCCPIR), which aims at integrat-
ing climate change into primary and secondary education and TVET through its
European Union Pacific Technical Vocational Education and Training in Sustain-
able Energy and Climate Change Adaptation (EU PacTVET) project (EU PacTVET
Project 2017; EU PacTVET Project et al. 2016a, b; Hemstock et al. 2018; SPC and
GIZ 2016). As a result, even though this integration of climate change into the Pacific
schools’ curricula is unquestioning and essential, to play an active role in bolstering
the next generation to come, to be more resilient by 2030 and beyond, there is a need
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to conceptualise thinking about Resilience (CCA&DRR) as a resolution rather than
focussing primarily on how many people will be affected by climate change.

Second, the Framework for Resilient Development in the Pacific (FRDP) 2017–
2030 (Pacific Community et al. 2016) goal 1 (e.g. to strengthen integrated adapta-
tion and risk reduction to enhance resilience to climate change and disasters), and
goal 2 (e.g. preparedness, response and recovery), both indicate calling to increase
awareness or program visibility, and most importantly an option for training and
education. All of these are significant in achieving the Pacific plan for a Climate
Change Education for Sustainable Development (CCESD), by 2030 and beyond.

Third, the qualifications at levels 1–4 were developed regionally by all 15 P-
ACP (Pacific African Caribbean Pacific) countries, which was facilitated by the Fiji
Higher Education Commission (FHEC), thus allowing the region to bridge the lower
level to the milestones for climate change or Resilience in higher education for the
future. More importantly, the EU PacTVET project was given endorsement from 15
P-ACP countries (Cook Islands, Federated States ofMicronesia (FSM), Fiji, Kiribati,
Nauru, Niue, Palau, PapuaNewGuinea, Republic ofMarshall Islands (RMI), Samoa,
Solomon Islands, Timor-Leste, Tonga, Tuvalu and Vanuatu), to proceed with the
development of these “regional qualifications” in Resilience, in the sense that it
incorporated country priority needs, whichwere identified through the national needs
and gaps analysis.

National stakeholders at the EU PacTVET InceptionMeeting were keen to ensure
opportunities for learning via formal qualifications available to all people affected
by climate change. This call for action is vital not only for the Pacific but other
cultures as well, so that the capacity building opportunities should be applicable
across the board from grassroots community members, through to technicians and
government andprivate sectormanagers. In this regard, vocational qualifications have
been constructed around a “competency” and “skillset” approach, so that people can
pick what competencies they need to “up-skill”, to improve their own capacity—
a menu of competencies and skill sets are available within the qualifications. The
national stakeholders were also keen to ensure that aspects of “resilience” (not just
climate change) were covered in the qualifications developed by the EU PacTVET
project.

In Europe, some aspects of resilience and environmental responsibility has already
been taught in schools, so it would be easier to integrate the concepts of climate
change and disasters caused by natural hazards to the current curriculum (Boniwell
et al. 2013; Cefai et al. 2014; Wosnitza et al. 2018). The Australia Pacific Training
Coalition (APCT) is also offering the same resilience-based course of study in Fiji,
PapuaNewGuinea, Samoa, Solomon Islands andVanuatu (APTC2018). Fortunately,
Vanuatu is the first country in the Pacific to have its cohort graduated with certificates
in resilience, which was supported by the EU PacTVET project. More significantly,
not until recently, the Pacific TAFE at the University of the South Pacific (USP)
has offered Resilience certificate levels 3 and 4 as part of its program to meet the
University’s targets and objectives for sustainable education (USP 2018) by 2030
and beyond. As a result, this study is also consistent with other research needs and
programs serving the same mission in the region, to have sustainable education.



200 P. H. Havea et al.

So, if this is the case, then this paper used Resilience in education rather than
climate change per se for the TVET because it is imperative, popular and disaster-
oriented. Adding to this information, its technical application and foundations for the
concept of ako1 (e.g. to educate people) about both climate change and hazardswould
appear to be necessary. The discovery of resilience was in the early 17th century. It
was derived from a Latin word resilire, which means ‘to rebound or recoil’. Since
then, the usage of resilience has emerged and recognised internationally and applied
in the following discipline:

(1) science (e.g. Woods 2015);
(2) ecology (e.g. ecological resilience);
(3) individual (e.g. resilience of individuals);
(4) community (e.g. community resilience);
(5) organisation (e.g. organisational resilience);
(6) economics (e.g. resilience of the economy);
(7) national level (e.g. national resilience);
(8) humanitarian (e.g. humanitarian resilience);
(9) security (e.g. resilience and security);
(10) vulnerability (e.g. resilience and vulnerability);
(11) risk (e.g. resilience and risk).

Now, resilience has also been applied to climate change (e.g. climate resilience) as
well (Barrow Cadbury Trust 2012; Flinders University 2018; Vernon 2004).

In the Pacific, resilience has now featured at the forefront of climate change
leadership and hazards management platform. It features not only in the FRDP for
the Pacific but most importantly, it has defined and built its development to fit the
concepts of resilient Pacific Islanders, as indicated by the SDGs (UNDP 2015) and
the Sendai Framework (Maini et al. 2017; United Nation Office for Disaster Risk
Reduction (UNISDR) 2015). As an integrated Climate Change Adaptation (CCA)
and Disaster Risk Management (DRM) framework for sustainable development in
education, FRDP defined resilience using the above state of affairs. As a result, it
describes “development processes and actions that address the risks and impacts of
disasters and climate changewhile progressing to stronger and resilient communities”
(Pacific Community et al. 2016, p 3).

This definition provided an opportunity to advance the understanding of the capac-
ity building in resilience or sustainable development in education because it is both
climate and disaster-oriented—personalising and professionalising the resilience

1In the context of the Pacific, ako means to teach (e.g. educator) or to study (e.g. leaner). It is a
two-way process of learning founded on reciprocity and student-based approach. The idea is that
when educating students in Fiji and the Pacific, the focus is not only academic, but also physically,
mentally, and spiritually. So, using this concept of ako as a guide, learners of climate change must
be holistically educated. Because climate change and disasters are affecting people lives at different
levels of society, therefore ako about climate change should not separate the learners from families,
Vanua (land), and religions.
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sectors in the Pacific Islands region (Hemstock et al. 2018). Using this modern
definition as a guide, integrating climate change and using resilience in education is
to be aligned with government development planned. To achieve this goal, Fiji will
be used as a case study for integrating climate change and the EU PacTVET project
for resilience in education. This integration of climate change into the school system
has been requested by the Government of Fiji via its Ministry of Education to the
GIZ office in Suva.

The basis is that since climate change is a cross-sectoral (e.g. crosscut between
economic, health, tourism, fishery, energy) area, it is much cheaper and convenient
to relate it and fill in gaps in the existing learning system (e.g. integrating it into
social science, agriculture and science subjects) rather than having it as a stand-
alone subject. Furthermore, by doing it in this way may also help the ministry to
forcibly prevent polarising issues from teacher turnover in the sense that it is cheaper
to prepare the current teachers and retain their jobs than to train new climate change
teachers and issue of resignation and/or relocation. Based on this analysis, using
the BEKA (benchmarking, evidencing, knowing, applying) framework as a guide, a
model was designed to illustrate how the integration of climate change in education
may be implemented for the primary and secondary education sector in Fiji and
TVET sector for Resilience education in the region.

Methods

Methodology

This study used a mixed method approach named exploratory design. For the quanti-
tative aspect of the study, obtaining information on CCE and ESDwas from teachers’
workshops, training and survey (Clark and Ivankova 2016; Curry and Nunez-Smith
2015; Havea et al. 2017; Nastasi et al. 2007; Parvaiz et al. 2016). For the qualitative
aspect of the study, data were deducted from project documents and in-depth inter-
views (Brady and O’Regan 2009; Creswell and Plano Clark 2011; Curry and Nunez-
Smith 2015; Parvaiz et al. 2016; Tanyanyiwa and Kanyepi 2015). This method relied
heavily on the qualitative aspect of the study (Clark and Ivankova 2016; Creswell
and Plano Clark 2011; Curry and Nunez-Smith 2015; Havea et al. 2017; Heyvaert
et al. 2017; Nastasi et al. 2007; Parvaiz et al. 2016; Tanyanyiwa and Kanyepi 2015).

Data Analytical Strategy

Information from the study was analyzed using Benchmarking, Evidencing, Know-
ing and Applying (BEKA) framework. The benchmark was used to assess the clarity
of integrating climate change into primary and secondary education curriculum and
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resilience in education as a stand-alone certificate level 1–4 in TVET. Evidencing
was used to assess the curriculum content and resources to map against the bench-
marks. Knowing and applying were then used for deeper mining to have a complete
understanding and to corroborate the evidence collected.

To achieve this goal, an exploratory design used desktop research (e.g. printed
documents), document analysis, surveying and in-depth interview to provide a more
thorough understanding as to how the integration of climate change by the Ministry
of Education in Fiji, SPC/GIZ from CCCPIR, EU PacTVET project and FHEC has
achieved. Once this information was gathered, the BEKA process was then used
to map the relevant data to the framework’s content. Information on the integration
of climate change was moved iteratively between code and text to derive themes
related to how climate change had been integrated into the school’s curriculum using
benchmarking, evidencing, knowing and applying content as a guide (Hall 2014).

Limitation of the Paper

Although the paper has reached its aim, there were some unavoidable limitations.
First, because there was no funding to support this work within a set time limit, this
research was conducted only on a small size of the population who was working for
the EU PacTEVT at SPC (Pacific Community). Therefore, to generalise the results
for all the Pacific Island Countries (PICs), the study would have benefitted from
involving more participants at different levels. Second, because the model developed
in this study was based on Fiji and the EU PacTVET project, it may not be applicable
beyond Fiji’s cultural context. Even so, research designer might adapt the model to
address respective issues in other countries.

Third, the data regarding the quantitative aspects of the study are limited. Because
of this, the authors also used the data from a research that was conducted in five
coastal communities inTongatapu Island:Kanokupolu, ‘Ahau,Tukutonga, Popua and
Manuka—to help address this topic. Another important limitation worth mentioning
is the issue regarding policy anticipation. Hence, the respective countries should
adjust or align their policy recommendations based on what they need. For example,
countries that prefer to have Resilience as a major topic of study for schools may
differ from those that prefer integration. As a result, policy development should be
implemented accordingly.
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Results

Integrating Climate Change Adaptation and Disaster Risk
Reduction—A Key for Education for Sustainable Development
in Tonga

Intriguingly, a study by Havea et al. (2018) on impacts of climate change on liveli-
hoods, health and well-being in five coastal communities in Tongatapu, Tonga:
Kanokupolu, ‘Ahau, Tukutonga, Popua and Manuka—found that of the 460 par-
ticipants, 97.8% (450) considered integrating climate change adaptation and disaster
risk reduction as a key for education for sustainable development in Tonga (Table 1).

Furthermore, when askedwhether this could be one of the solutions on the impacts
of climate change on people’s livelihoods, health and well-being in Tonga, one
participant responded, “yes” (Table 2), although many other solutions were also
recommended in the study.

Most importantly, this cosmological framing of integrating climate change into
the school’s curriculum in Tonga seems to be relevant for the concept of fulfilling
God’s scripture in the Bible, although it needs further research and development in
the context of Tonga. This state-of-the-art-idea is pertinent when considering Ton-
gan communities across the Pacific, in which a high percentage are Christians. Their
worldviews and cosmologies comprise a rich epistemological framework of human-
nature-spiritual relationships that are entwined with evangelical faiths and comprise

Table 1 Do you think it is a good idea that this research may be used as a benchmark to initiate
a course curriculum structure on climate change and its impacts for all young people in Tonga and
for our future generations to learn?

Frequency Percent

No 10 2.2

Yes 450 97.8

Total 460 100

Source Authors

Table 2 What are the best solutions to tackle the impacts of rising sea levels, extreme rainfalls,
flooding, cyclones, droughts, temperature rise and tsunami on livelihoods, health and well-being
amongst Tongans aged 15–75?

Frequency Percent

Climate change course structure curriculum, god scriptures fulfill 1 0.22

Total 460 100

Source Authors
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spirituality-based resilience. This approach is vital in crafting and/or hatching effec-
tive and efficient measures for spiritual resilience that would contribute significantly
to the building of a resilient Pacific Islanders by 2030 and beyond.

Adding to the above state of affairs, as Tonga was not part of this current study,
the fact that the people are also cognizant about educating their children and young
people as part of the solution to the problems is significant. By building the capacity
of all Pacific Islanders to be more resilient and sustainable in nature is both per-
tinent for their lives and also allows the message to reach out to the communities
at the household levels through their children who learn climate change adaptation
at schools and take the message home to their parents for implementation. This is
evident in what Fiji’s Ministry of Education is doing. As a result, whether climate
change is integrated and/or used as a separate subject of learning like Mathematics
or English, it puts the Pacific ahead of this adaptation curve.

Integrating Climate Change in Education

There are two models for merging and using climate change in education. The first
one is the model for primary and secondary schools in Fiji (Fig. 1).

EU PacTVET Resilience in Education

The second model is for TVET education in the region (Fig. 2).
This model was developed by the EU PacTVET project to deliver resilience qual-

ifications certificate levels 1–4 through eight streams: agriculture, coastal manage-
ment, energy and infrastructure, fishery, forestry, health, tourism and water resource
management (EU PacTVET Project et al. 2016a, b).

Discussion

The BEKA process consists of four components: benchmarking, evidencing, know-
ing and applying, and it has been used successfully to demonstrate how the integration
of climate change into the school curriculum in Fiji and having resilience in educa-
tion for TVET’s would benefit the children and young people of the Pacific both now
and in the future.
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KNOWING

APPLYING

Content analysis of
document by SPC & GIZ
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Interview teachers; chart 
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students, learners and
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student results

Test knowledge, understanding ability to 
apply, and mine results for understanding
and knowledge development

Fig. 1 Integration model for primary and secondary education in Fiji

Integration Climate Change in Education for Primary
and Secondary Schools

The integration of climate change and disaster riskmanagement topics into the school
curriculum were done by the SPC/GIZ CCCPIR programme to meet Fiji Education
for SustainableDevelopment (ESD) andClimate Change Education (CCE), andmost
importantly, the objectives of the FRDP framework. Fiji along with Kiribati, Samoa,
Tonga, and Vanuatu cast the first countries in the Pacific to pilot this programme of
integration targeting schools at the national level. The strategies that were used to
integrate climate change into the school curriculum comprised of four major steps:

Step 1—Integration of climate change into curricula
Step 2—National curriculum consultations
Step 3—Development of teaching materials
Step 4—Training of teachers.

There were several strategies used to integrate climate change into the school’s
curricula: curriculum mapping (CAS-TVET), curriculum scoping and sequence,
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BENCHMARKING

EVIDENCING

KNOWING

APPLYING

Content analysis of
documents by SPC, FHEC & 
relevant stakeholders

Confirmation by the EU-PacTVET 
Project from SPC 

Content analysis of documents 
used to enable curriculum, 
teaching and assessment 
materials

Check against the benchmark for clarity 
and visibility of objective, content, 
resource assessment mapping. Map and 
specify content to Resilience

Interview curriculum writers
and deliverers

Delve deeper mining for further 
information/ drill down; corroborate data 
such as the mechanics and processes of 
interpretation, feedback received, omission 
data

Interview teachers; chart 
assessment results; survey 
students, learners and
recipients of curriculum; analyse
student results

Test knowledge, understanding ability to 
apply, and mine results for understanding
and knowledge development

Fig. 2 Model for resilience in education for the region for the TVET

consultations and expert presentations, write-shops, and stock-take or collection of
CCA/DRM education awareness materials for Fiji and from the regional climate
change websites.

The study found the integration of climate change in education for primary and
secondary schools is more appropriate than developing a standing-alone climate
change subject for two reasons. First, it is more relevant to what teachers are doing
to strengthening the learning outcome of the unit subject by linking climate change
to these subjects (e.g. science and social science), so to prevent work overload.

Second, according to the Ministry of Education, integration of climate change is
cheaper and by doing so helps the school system to overcome staff turnover (e.g. from
teachers’ relocation to other schools, teaching other subjects and retirement), now
and in the future. More importantly, since the primary and the secondary education
in Fiji is now in the second phase such as monitoring and evaluation of their inte-
gration programme, it is recommended that other Pacific Islanders who have not yet
integrated climate change to their school curriculum can adapt Fiji’s climate change
education programme and perform a pilot study.
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Addressing climate change to the children at a young age is one way of improv-
ing the understanding of the Pacific citizenry, the dynamics and processes that would
help them build resilient Pacific Islanders now and in the future. As a Tongan concept
to value the education of the Tongan children indicated that the “reef of today is an
island of tomorrow” may mean to Tonga, but in the context of Fiji and the Pacific,
this framework could also apply to ESD and CCE. As a result, not only has the Gov-
ernment of Fiji contributed significantly to its national development and adaptation
plan, but it has appreciated all concerned from all parties and relevant stakeholders
into account.

Resilience in Education—EU PacTVET Project

The other model to be used by TVET institution in the region is the Resilience in
education that was developed by the EU PacTVET project. The EU PacTVET in
Sustainable Energy (SE) and Climate Change Adaptation (CCA) project is the third
component of a larger programme: Adapting to Climate Change and Sustainable
Energy (ACCSE). The European Union funded PacTVET project is a e6.2 million
project currently implemented by the Pacific Community (SPC) and the University
of the South Pacific (USP) (EU PacTVET Project et al. 2016a, b).

One of the goals of the EU PacTVET project that had been achieved recently is
the development of a model of resilience curriculum from certificate levels 1–4 to be
used by the participating Pacific African Caribbean Pacific (P-ACP) countries: Fiji,
Samoa, Tonga, Vanuatu, Papua New Guinea (PNG), Solomon Islands, Cook Islands,
Kiribati, Tuvalu, Federated States of Micronesia (FSM), Marshall Islands, Niue,
Nauru, and Timor Leste. This program of study is an accredited-competency based
curriculum that is universal (e.g. open andflexible),which can be delivered and taught
at eight streams: agriculture, coastal management, energy and infrastructure, fishery,
forestry, health, tourism and water resource management—at any institution as long
as they met the expected countries’ national qualification criteria of deliverables.

As this study is the first to undertake a curriculum analysis on climate change, it is
expected that this will be a benchmark to the milestone of developing a state-of-the-
art system of support to build a world-class and renowned institution for resilience,
owned and operated by PICs, as internationally recognised, vibrant, forward-thinking
and innovative as USP. As a result, it is significant that the Pacific countries must
continue with this sustainable model for capacity development to 2030 and beyond.
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Using the Concept of Ako to Understand Resilience
in Education

Using the concept of ako (e.g. to learn, study or educate) as a hallmark to understand
the learning of climate change and/or resilience in education, students at primary
and secondary schools and TVET can be able to learn climate change through a for-
mal learning environment using a mix of students and/or teachers-based pedagogical
approach. Because information and technology are very advanced in this era, this
paper proposes using VARK (video, aural, reading/writing and kinesthetic) model of
learning (Othman and Amiruddin 2010). In this approach, students are not only pre-
pared academically but also with a placement component whether classroom-based
or industrial-based assessment or visitation. All theoretical treatment and practical
placement will be climate change and hazards related (e.g. sea level rise, temperature
rise).

Policy Implication: Resilience in Education for the Pacific
by Integration or Teaching

Based on the results of this study, this paper suggested the governments in the Pacific
to use this evidence to propose a policy to their own Ministry of Education depend-
ing on their situation. First, is to integrate climate change into their school curric-
ula. Second, is to teach climate change as a compulsory in schools. Nevertheless,
other options are that some schools could mix these two methods and employ them
concurrently.

This climate change policy is vital especially from a resilience point of view
because it is also a part of the National Adaptation Plan for Fiji. At the regional level,
this is where the EU-PacTVET came into support the 14 PICs. The Pacific schools
should consider this alternative paradigm as a state-of-the-art ESD for the region.

Conclusions

In conclusion, there are three major lessons learnt from this paper. First, Resilience
can be integrated into the current school curriculum using Fiji as a guide. Second,
Resilience should be made as a leading course of study for schools and TVET. For
primary and secondary education, they will be granted a certificate in resilience. For
the TVET, the award is a certificate level 1–4. Third, the twomodels developed under
this study should be used as a guide. Because of this, the model was designed to be
universal and open, so it should be flexible enough to solve issues of other cultures.

For other cultures, since the model presented in this paper is universal and can go
beyond Fiji, as a result, the TVET institutions in respective countries should architect
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their Resilience curriculum to their environment and context. For example, since
different countries experience issues surrounding climate change differently, it is
significant for the education sector (e.g. Curriculum Development Unit) to recognise
these and address them accordingly in their schools’ program of study.

The reason is that a five-year-old boywho has experienced climate change impacts
and adaptation in NewYork City would differ from the same five-year-old boywhose
livelihoods, health and well-being are affected in Suva, Fiji, or Nuku‘alofa, Tonga.
Therefore, it is imperative for children to be well-versed with what is affecting them
(e.g. climate change impacts) and how to overcome adversity (e.g. climate change
adaptation) if the plan is to build resilient and sustainable Pacific Islanders by 2030
and beyond.

For the future, further studies on evaluating resilience in education may include
but are not limited to:

(1) longitudinal studies on cost versus benefit;
(2) cost-benefit analyses;
(3) studies on the impact of Resilience courses of study on community-based

adaptation.
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Abstract Papua New Guinea’s (PNG) mainland consists of 33 million hectares of
forests. The third largest intact rainforest in the world, it contains about 7% of the
world’s species, 2/3 of which are unique to PNG. PNG’s ecosystems face multi-
ple and interdependent threats associated with economic development, population
growth and a changing climate. Academic and policy analysis on environmental
change in PNG is extensive, particularly associated with the minerals and energy
extraction sector. To counterbalance the negative impacts of this sector on affected
communities, much of the focus has been on devising compensation packages and
formal regulatory mechanisms to increase ‘landowner’ participation. Less attention
has been afforded to the development activities undertaken by communities (e.g.
development of new roads, expansion of settlements, land clearance from fires and
logging), which also impact on ecosystem services. PNG’s rural communities are
eager for more support to identify existing threats to supplement their own processes
for determining trade-offs of development particularly under a changing climate.
This paper describes the use, in facilitated workshops, of participatory techniques to
engage communities in managing ecosystem services and biodiversity conservation
to inform the development of community-led adaptive strategies.
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Introduction

Changes in ecosystems from human activities have accelerated over the past 50 years
(IPBES 2019;MillenniumEcosystemAssessment 2005). Climate change, landmod-
ification, habitat loss, pollution and over-harvesting of natural resources are causing
widespread degradation of ecosystems (IPBES2018;MillenniumEcosystemAssess-
ment 2005; Thomas et al. 2004; Foley et al. 2005). For PapuaNewGuinea (PNG) and
other Pacific nations, a major challenge is how to generate economic development
while preventing further environmental damage. With almost 40% of the PNG pop-
ulation living on less than US$1.25/day (UNDP PNG n.d.), opportunities to pursue
economic development and supporting infrastructure are highly sought-after. Many
communities across PNG however, have already experienced both positive and neg-
ative economic, social and environmental costs of large development projects. The
positive benefits for communities in PNG include employment, business spin-offs,
roads, hospitals and training, yet these benefits have largely been “off-set by a range of
economic, social, political, and environmental risks and costs” (Filer and Macintyre
2006, p. 217).

Ecosystem change and loss in PNGwill have global ramifications for biodiversity
because the PNG mainland contains 33 million hectares of forests representing the
largest rainforest in the Asia- Pacific region, and the 3rd largest intact rainforest in the
world. PNG is estimated to contain at least 7% of the world’s species; 2/3 of which
are unique to PNG (UNDP n.d.). A current population of approximately 7.5 million
could double by 2050 (UNDP n.d.), raising concerns about future land shortages and
the sustainability of current livelihood practices. The PNG economy is dominated
by two sectors: the agricultural, forestry and fishing sector and the minerals and
energy extraction sector (World Bank 2018). Both sectors are important sources
of economic development yet contribute to ecosystem degradation stemming from
over-exploitation of natural resources, unsustainable land use, habitat destruction,
pollution and poor environmental governance (UNDPn.d.). Additional to the impacts
of population growth and economic development, PNG is expected to experience
largely negative impacts of climate change.

A range of efforts to address the negative impacts of large-scale mineral and gas
developments has been made by the Government of PNG and extractives companies.
Examples include but are not limited to, the Development Forum established by the
Government of PNG to formulate benefit sharing agreements between landown-
ers and various levels of government (Filer 2008); landowner compensation (Filer
et al. 2000) and corporate social responsibility policies and programs driven by indi-
vidual companies (McKenna 2016). While these kinds of processes have resulted
in safer technologies and better stakeholder engagement with PNG communities
(Gilberthorpe and Banks 2012, p. 186), instances of environmental disaster (e.g. Ok
Tedi), human rights violations (e.g. Porgera) and community actions that interfere
with production (e.g. Ramu Nickel mine, Lihir gold mine) have continued to plague
the minerals and energy sector. As these cases involve large multinational corpo-
rations, there is a tendency for commentary on environmental change in PNG to
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focus on relationships between ‘affected communities’ and ‘external’ actors. Less
attention is afforded to the activities that communities themselves undertake, such
as the extension of roads to enable access to town markets, the establishment of
new buildings, and selective logging that can degrade local ecosystems on one hand,
and local reforestation efforts, establishment of community conservation reserves
and sustainable natural resource-based businesses on the other. These community
actions can also affect the availability of ecosystem services (ES) that are essential
to the maintenance of local livelihoods and wellbeing.

Climate Change in Papua New Guinea

Across the Asia–Pacific region climate change presents many challenges from the
inundation of low lying islands to the risk that droughts pose to food security (IPBES
2018; IPCC 2014). Climate change alters critical climate variables, such as rainfall
and temperature that can result in changes in natural climate variability and extreme
events, such as floods and drought. These changes directly influence the health and
function of ecosystems which in turn influence the supply of the goods and services
they provide. Therefore, effectively conserving ecosystems will depend on the abil-
ity to predict the risk of extreme climatic effects and to facilitate the capacity of
communities to cope or adapt (SEG 2007).

The Pacific Climate Change Science Program (PCCSP) identified 18 best fit
Global Climate Change models (GCM’s) to represent the climate of PNG (PCCSP
2011). These models were used to develop PNG climate projections to 2090 (Table 1
for a summary to 2055). Key features of projections for PNG are that: (1) temper-
atures will continue to increase; (2) incidence of very hot days will increase; (3)
rainfall patterns will change; (4) incidence of extreme rainfall days will increase;
and, (5) tropical cyclones will become less frequent but more intense (PCCSP 2011,
p. 6).

In addition, storms are expected to be less frequent but more intense with an
increase in average maximum wind speed and an increase in rainfall intensity.
Increased rainfall during storms could also heighten risk of soil erosion, nutrient
loss, landslides and floods. Extreme weather events have already affected communi-
ties from the highlands to the islands. In 2015, much of rural PNG suffered a severe
drought and repeated frosts in the Highlands (Bourke et al. 2016) and in 2017 alone,
2000 households across 30–35 coastal communities in PNG saw people relocated to
higher ground due to coastal erosion and flooding (Caritas 2017).

As carbon emissions continue to rise the risk of ocean warming and acidification
increases, which poses a major threat to coral reef ecosystems and food security in
PNG (IPBES 2018). Coral reefs are of critical cultural, ecological, and economic
importance across the Asia–Pacific region. They form an important buffer against
the impacts of storm surge for coastal communities and provide critical habitat for
marine species. Projections indicated that coral reef fisheries could decline by a
further 20% by 2050 (IPBES 2018; PCCSP 2011).
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Table 1 Future climate projectionsa for PNG

Current 2030 2055

Rainfall Annual rainfall is
highly variable
throughout PNG
depending on El
Nino and La Nina
events

Increase in average
annual rainfall and
seasonal rainfall

Increase in average
annual rainfall and
seasonal rainfall with
more extreme rainfall
events particularity in
the traditionally wet
seasons

Average annual
temperature

Minimum recorded
temperatures have
increased by 0.3 °C
per decade from
1940 to 2010, while
maximum
temperatures have
increased by 0.13 °C
per decade

Increase of between
0.4 and 1.2 °C
Increase in number
of hot days

Increase of between
1 and 2 °C
Further increase in
hot days

Sea level rise Increase of between
5 and 14 cm

Increase by between
9 and 30 cm

aBased on the IPCC medium emissions scenario A1B
Source PCCSP (2011)

Ecosystem Services

Ecosystem Services (ES) are the benefits people obtain from ecological systems or
ecosystems. Costanza and Daly (1992) presented the concept of natural capital to
describe ecosystem goods and services, later refined in the 2005Millennium Ecosys-
tem Assessment (MA) that grouped ecosystem services into four broad categories:
supporting; provisioning, regulating and cultural services (MA 2005). Supporting
services, include aspects such as nutrient cycling, soil formation and primary produc-
tion (MA2005). Provisioning services involve the production of renewable resources
for example, food, wood, and fresh water (MA 2005). Regulating services are those
that lessen environmental change such as climate regulation provided by forests or
water purification (MA 2005; Cardinale et al. 2012). Lastly, cultural services include
the aesthetic, spiritual, educational and recreational benefits from ecosystems (MA
2005). The interactions between the biotic and abiotic components of ecosystems
as well as ecological and evolutionary processes, create the stocks and flows that
underpin the ES (Mace et al. 2012). ES are critical for supporting human wellbeing
and livelihoods, and changes in these services affect human well-being.

The biological composition of ecosystems, measured as biodiversity, is a factor
regulating the ecosystem processes that underpin ES (Mace et al. 2012). The diversity
of genes, species, and ecological processes makes a vital contribution to ecosystem
services (Cardinale et al. 2012; Mace et al. 2012). Biodiversity can be defined as the
‘variability among living organisms from all sources including, inter alia, terrestrial,
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marine and other aquatic ecosystems and the ecological complexes of which they
are part; this includes diversity within species, between species and of ecosystems’
(UNEP 1992, p. 3). Due to the complexity of ecosystems, the interlinkages between
ecosystem services and biodiversity are not well understood (Nicholson et al. 2009).
Biodiversity contributes to ES in three key ways: firstly, through contributing to
ecosystem function and processes in terms of regulating and supporting services;
secondly, as a final consumable ecosystem service, e.g. wild medicines; and thirdly,
as a ‘good’ that has a direct value (Cardinale et al. 2012; Mace et al. 2012). Biodiver-
sity also has spiritual and cultural value, such as the appreciation of wildlife (Mace
et al. 2012; MA 2005). Economic development and climate change create new chal-
lenges for biodiversity conservation (Adams et al. 2004; Heller and Zavaleta 2009)
that require close engagement with communities to better understand place-based
impacts.

Participatory mapping is a technique frequently used to engage communities in
aspects of land use planning, including the location of ecosystem services using
geographical information systems or GIS (Brown and Fagerholm 2014; Martínez-
Harms and Balvanera 2012). However, reliance on technology for engagement with
Indigenous communities in developing-world settings can be problematical (Dyson
et al. 2007). The availability of satellite imagery through Google Earth presents an
opportunity for ‘lo-fi’ approaches to participatory mapping of ecosystem services
in difficult settings, such as the highlands of PNG, to allow exploration of changes
in land use patterns, the trade-offs inherent in land use change and identification of
areas for biodiversity conservation, among other uses (Liang et al. 2018).

This paper describes the use, in a series facilitated workshops, of participatory
techniques to engage communities in managing ecosystem services and biodiversity
conservation. The engagement process was designed to:

(1) identify locally important ecosystem services related to biodiversity;
(2) identify threats to biodiversity and to develop possible adaptation and preven-

tative management strategies;
(3) consider the relative values of local ecosystem services and how these services

may be affected by climate change and land use change such as, intensification
of agriculture, mining or expansion of roads; and

(4) identify positive solutions to address biodiversity loss and other changes to
ecosystems.

The workshops formed the major component of a broader USAID-funded project
to (1) aid communities to identify and develop community-led, rather than negotiated
or imposed, adaptive strategies, for a range of threats to ES at local scale; and, (2)
engage provincial government decisionmakers in supporting communities in climate
adaptation planning and action.
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Methods

Over 190 people participated in the project through community and government
workshops and qualitative interviews. Participants comprised residents, women and
church leaders, current and former councilmembers; teachers; and government repre-
sentatives from the provincial, district andward levels drawn from four PNG commu-
nities: Riwo (Madang Province); Ohu (Madang Province); Bundi District (Madang
Province); and Hogave (Eastern Highlands Province). These communities were cho-
sen because they effectively formed a transect from the coast (Riwo) through the
hinterland (Ohu) to the highlands (Bundi and Hogave), spanned a broad range of
climate and development issues faced by communities throughout PNG, and were
accessible by road from the provincial capital of Madang. Figure 1 shows a map of
the research sites in Madang and Eastern Highlands Provinces.

Project researchers conducted semi-structured interviews with 15 representatives
of the Madang and Eastern Highlands Provincial Governments. The representatives
were drawn from relevant divisions including: Forestry; Business; Economics; Agri-
culture and Livestock; Disaster; Planning andWorks, and Community Development.
The interviews provided a means to elicit information on plans for specific infras-
tructure developments such as roads, new mines or logging concessions. These data
were used to inform development scenarios to engage community members in a

Fig. 1 Map of research sites in Papua New Guinea. Red dots denote each of the four workshop
locations. Source Adapted from Mapbox
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series of four Climate Change Adaptation and Biodiversity Planning workshops.
The workshops consisted of six key activities:

(1) Storytelling: to create space for discussions around peoples’ experience with
change in their local environment (Iseke 2013). Storytelling activities, led by
community leaders (e.g. women’s leaders, religious leaders and village elders),
generated discussion on the lived experiences of environmental change such
loss of biodiversity and/or climate variability.

(2) Identification of local ecosystem service values: that are of importance both
individually and collectively (e.g. fish derived from a local river or building
materials from local forests). Participants situated, onto large (A1-sized)Google
Earth images of their village and its surrounds, icons that represented a range of
ecosystem services related to biodiversity to build a geo-spatial picture of local
ecosystem values.

(3) Discussion of climate impacts for the region: The facilitators presented both
the historical changes in temperature and rainfall for PNGaswell as climate pro-
jections. The participants were asked to indicate with ‘sticky dots’ the changes
in climate variables they were most concerned about (e.g. more intense storms,
changing rainfall, drought, increasing temperatures etc.) to aid in prioritising
subsequent discussion of climate impacts of concern.

(4) Visualizing the impacts of environmental change (impact mapping): This
activity involved mapping the impacts of a range of drivers of change (changes
in climate, society, and economic development) selected by consensus among
participants. The process used causal diagrams to depict the changes in local
systems (Jonassen and Ionas 2008).

(5) Identification of ecosystem service values at risk from climate change and
development: Participants used the local ES maps to identify which ecosystem
services, with a focus on biodiversity, may be at risk from a changing climate
and local economic development in the short and long-term.

(6) Plans for collective action: using a simple project planning template, partic-
ipants identified a range of practical actions at local scale to manage impacts
and capitalise on the benefits of social-ecological change for their communities.
The planning template called for participants to decide on a project name and
brief description, and identify steps to implementation, stakeholders involved
and resources needed.

The activities were detailed in a facilitator’s handbook for Engagement on Bio-
diversity Conservation and Climate Change Adaptation in Papua New Guinea
(Boronyak et al. 2018). The handbook aimed to guide individuals and organisations
through the process to extend the project’s reach beyond the target communities to a
wider audience in PNG and across the Pacific.

A significant amount of datawas generated across the four communityworkshops.
Wewill drawon selectedworkshopoutputs (ecosystem services and impactmapping)
to illustrate the most pertinent issues raised by the four focal communities.
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Results

The aerial images were a useful boundary object (Star and Griesemer 1989) that
focused the attention of participants on consideration of ecosystem services (ES).
Up to eight people at a time were actively engaged in situating icons on the maps
and included men, women and youth (Fig. 2). Facilitators were careful to ensure
that no single participant dominated the exercise. The activity also generated much
discussion in Tok Pisin and English, which led to revision of the map throughout the
process as consensus was reached on where specific ecosystem service icons should
be best located.

While the maps produced by the participants were ‘messy’ (e.g. Fig. 3), they
nevertheless documented their tacit knowledge of the region. The focuswas primarily
on locatingprovisioning ecosystemservices (i.e. agriculture, food andbushmaterials,
and fresh water supply). However, participants also located other types of services,
e.g. supporting services in areas of primary forest, regulating services along streams
where potable water was collected, and cultural services in areas of high recreational
amenity (e.g. for swimming) or of spiritual value (e.g. for collection of ceremonial
feathers).

Fig. 2 Community
workshop participants
engaged in ecosystem
services mapping. Source
Authors
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Fig. 3 A community ecosystem services map from Bundi workshop. Source Authors

From one of the workshop maps (the hinterland village of Ohu), we produced
a simplified layout of the village (Fig. 4) to demonstrate the utility of the mapping
process. The simplified map divides Ohu village into three zones of roughly equal
area. Firstly, a zone of food production, where the vegetation consists primarily of
early regrowth forest in varying stages of recovery interspersed with areas under
crop. Secondly, a zone of primary forest, which made up the village’s conservation
area and was the site of hunting, gathering, and collection of bush materials. This
zone encompassed the major water catchment in the area. Thirdly, an intermediate
zone, made up of mixed secondary forest and agriculture, the community’s two main
settlements (school, meeting houses etc.) and the main road.

Fig. 4 Simplified ecosystem services map from Ohu Village. Source Authors
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Discussion of theESmapwith participants during theworkshop identified concern
in the community about the need to intensify agricultural production to provide food
for a growing population. Intensification of agriculture led to shorter fallow periods
and, declining crop yields (particularly of kumara). The combination of the removal
of large trees and the sloping terrain has led to the erosion of top soil and land slippage,
and subsequent pressure for expanded crop production in the secondary forest zone.
Erosion along the road and its verge, which were subject to failure during extreme
rainfall events cutting the village off from produce markets, and the collection of
materials (bush rock and logs) to effect road repairs and maintenance, were seen as
increasingly damaging to the local environment. Finally, population growth required
construction of additional houses, which put pressure on land resources and supply
of bush materials.

It was clear from the four community workshops, that climate change is already
having significant effects on communities. Changes in rainfall and rising temper-
atures were considered to be the most important climate variables. For example,
residents of Ohu village reported experiencing changes in rainfall (e.g. more fre-
quent, high intensity events), which have damaged the road to Madang town. An
increase in the number of hot days is also limiting the number of hours that women
reported spending on working in the garden. Similarly, residents of Bundi District
were concerned about the potential for more hot days and changes in rainfall pat-
terns. In common with Ohu, heavy rain is damaging the already dangerous road into
Madang town. Residents of Hogave (Eastern Highlands) were overwhelmingly con-
cerned about the potential for wildfires resulting from changed rainfall patterns and
higher temperatures, particularly in the community forest conservation area. These
changes have flow on effects to food security, human health and ecosystem health
and function (see Table 2).

In addition to the impacts posed by climate change, community members shared
their views on the advantages and disadvantages of development projects on local
social-ecological systems. During the workshops, the facilitators presented a series
of development scenarios that were established through findings of the scopingwork-
shop and government interviews. These developments ranged in scale and intensity
from the impacts of mining in Bundi district (Fig. 5) to the maintenance of a road in
Ohu.

In a facilitated workshop exercise, participants worked through the impacts of
local developments drawing on their tacit knowledge to reveal the processes required
for making complex, development decisions with multiple trade-offs. For example,
Fig. 5 depicts both the direct and indirect impacts that nickel mining has on the
communities in Bundi and Sinopas as identified by the community participants. The
direct impacts are the initial effects that occur at the beginning of the chain as a result
of the development, while indirect impacts occur at the end of the chain as the positive
and negative affects escalate in scale and scope. The first set of negative impacts from
the mine include logging to make space for the mine and its infrastructure as well as
the water, air and noise pollution that come from the construction and operation of
the mine. Logging has flow on effects to forest ecosystems including loss of forest
dwelling animals from habitat decline, which has flow on effects to food security
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Table 2 Examples of concerns raised by communities in relation to increasing temperatures

Ohu village (hinterland) Riwo village (coastal)

Damage to food crops and low crop yields e.g.
betel nut; coconut etc.

Gardens affected by heat resulting in less food
and it’s too hot to work in the gardens with
low yields

Farmers need to work harder due to shortage
of incomes from low yields

People are hot and may become sick

Impacts to human health from water
shortages, poor water quality, increasing hot
days, and dust on the road

Increased intensity of storms with large waves
causing shoreline erosion and sea water to
wash into low lying coastal areas impacting
soils; well water may become salty, spiritual
places on the coast could be destroyed

More sick people at hospitals puts strain on
health system

Coral bleaching from sustained high
temperatures meaning less fish and less shells

Trees are dry and may burn in a fire Heat impacts livestock e.g. diseases

Fish and other aquatic species affected if river
levels are low

Trees and plants become water stressed, dry
out and more prone to bushfires

Increase in mosquitos and other vectors

Source Authors

Fig. 5 Example impact map depicting the impacts of mining on communities in the Bundi district.
Source Authors

(IPBES 2018). Furthermore, logging can lead to erosion of soils and the potential
for loss of soil fertility if top soil were to wash away during a rain event, which also
ultimately impacts food security. The operation of the mine has impacts on local
water quality from dust and also the chemical runoff from the mine tailings into the
local river, resulting in poor water quality, which has implications for ecosystem
services and human health and mortality.
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Participants also identified direct benefits of the mining development. These were
primarily in the form of potential for economic development from increased employ-
ment. The community termed this ‘surplusmoney’, which could have benefits if used
for improvements in infrastructure in the formof better road condition, andwhich aids
transportation and increases access to markets to sell produce; thereby, increasing
community wealth and improving local standards of living.

The final activity in the workshop process encouraged participants to develop
project plans, using a simple template that called for them to consider collective
action, at the scale of the village, to address impacts of concern from climate change
and development (Table 3). These projects addressed typically place-based, direct
environmental impacts but also, somewhat surprisingly, impacts of issues such as
population growth and migration indirectly linked to ecosystem change through the
need for economic development. For example, the coastal community of Riwo iden-
tified projects related to sea level rise (mangrove restoration and sea wall construc-
tion), the impacts of which were already being felt locally through coastal erosion. In
Ohu village, participants developed projects related to the intensification of cropping
(legume-tree mulching, composting) to address sweet potato yield decline. In Bundi
and Hogave regions, soil erosion and landslides from land clearing for agriculture
were addressed through reforestation projects, an issue of pressing concern to high-
lands communities. However, other projects sought to improve aspects of human
health (e.g. reducing malaria incidence), family planning, climate change education
and alternative livelihoods (commercial honey production).

Discussion

Our workshop process revealed the ways in which PNG communities are experienc-
ing threats to biodiversity that they associate with a changing climate and develop-
ment. The place-based nature of these threats was clear moving along a transect from
the coast (Riwo), where the effects of sea level rise were evident, through the hin-
terland (Ohu), where changes in rainfall are causing erosion and damaging the local
road, to the highlands (Bundi region and Hogave) where changed rainfall patterns
increase erosion and land slip fromclearing activities.Higher temperatures reportedly
affected the ability of women to work in gardens and increased the risk of bushfires in
the highlands. The ES mapping proved a useful mechanism to explore these threats
to biodiversity in greater detail while also maximizing community participation by
generating a rich dialogue among the participants about ecosystem service values,
potential threats and trade-offs (Martinez-Harms and Balanerva 2012).

While workshop participants were aware of climate change impacts, their literacy
about the science of climate change was relatively poor and is probably a reflection
of the level of education in PNG, particularly in regional areas (Le Fanu 2013).
Indigenous peoples have always adapted to environmental change and there are
differences in theways that climate change is interpreted locally (Jacka 2009, p. 198).
Participants generally demonstrated a desire to acquire a greater understanding, often
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Table 3 Community projects to address local ecosystem service change

Project name Description

Riwo (coastal village)

Community education—sea level rise Educate the community about the past,
present and future of sea level rise through a
poster aimed at young people

Seawall construction Build a seawall made of local materials (e.g.
sandbags; river fill)

Maintaining the environment in Riwo Local resource mapping to identify
reforestation areas and educate clan leaders
and youth about environmental issues

Bush restoration and connection Replanting, protection and connection of bush
areas

Mangrove restoration Restoring mangroves (which were there in the
past)

Family planning Address the issue of over population, shortage
of resources and associated social problems

Ohu (hinterland village)

Mulching and making compost Improve soil moisture in dry weather through
mulching and composting

Legume trees Planting legume trees to improve sweet potato
nutrition

Agro Forestry Project Tree planting with cash crops (e.g. cocoa,
vanilla, and livestock) that integrates with
forest conservation. It will be a sustainable
project that links communities and will help
the people

Bundi region (Sinopas—highland village)

Healthy Highlands concept Protect against malaria for a healthy
community. Decrease the breeding of
mosquitos through a community owned
project

Sinopas community health projects For healthy living, decrease health issues and
death caused by climate change

Reforestation project Protection from landslides and soil erosion

Hogave (Eastern Highlands village)

Reforestation project Replant in non-forested areas with native trees
to address landslide problems

Bushfire prevention Reduce and prevent bushfire- plant trees as a
fire break—yar, pine and kumurere

Oloma honey project—alternative income
project

Produce and supply honey to Goroka
supermarkets

Source Authors
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organising an impromptu question and answer session on climate science to close the
workshop event. They also discussed the need for simple educational materials (fact
sheets, posters) for schools and village decision makers on climate change science.
At later workshops we added additional material to the workshop process to convey
basic concepts of climate science to attendees.

Communities clearly understood the immediate affects, both positive and nega-
tive, of development as demonstrated in the impact mapping activities (Fig. 5), which
emphasised the inter-relationships between environmental change and social prob-
lems (e.g. food security and human health implications). However, while they could
describe the trade-offs, the desire for economic development from large scale nat-
ural resource extraction projects, with their promise of improved infrastructure (for
health, communications, education and transport) and potential to generate commu-
nity wealth, appeared to mostly outweigh the negative consequences for local envi-
ronments (e.g. O’Faircheallaigh and Corbett 2005). For some resources (particularly
coastal marine resources), there are frustrations about the scope of land ownership
and resource rights and how large-scale development activities might impact upon
local livelihoods and conservation efforts. Participants also expressed frustration at
the lack of alternatives to economic development projects that do not over-exploit
local natural resources or lead to ecosystem degradation (McShane et al. 2011).

It was clear from many of the impact diagrams and discussions throughout the
workshops that women and children were most disadvantaged by local environmen-
tal change and often failed to benefit from resource-extraction developments (Son-
theimer 1991). Female workshop participants were often most vocal about dimen-
sions of vulnerability (such as population growth, internal migration) and their links
to social issues (unemployment, alcoholism, domestic violence, petty crime and pros-
titution) that they viewed as likely to be heightened through ecosystem decline. Cur-
rently, the migration of highlanders to coastal centres seeking employment is viewed
as contributing to the loss of local ecosystem services (Numbasa and Koczberski
2012). For example, in the coastal village of Riwo, participants attributed land use
conflict and a lack of bush materials for construction of houses to local population
change.When coupled to sea level rise, which erodes the community’s land, a vicious
cyclemight result which heightens demand for unsustainable economic development
and over-extraction of natural resources.

Adaptation requires community buy-in and participation (Chapin et al. 2006). To
this end, conservation policies that foster learning and participation (Ramakrishnan
1998) and provide options that are culturally and economically appropriate, such
as those that honour traditional management systems and do not rely on expensive
technologies, are more likely to be embraced and implemented. However, to achieve
these goals communities require support from outside actors such as government and
NGOs (e.g. Van Aalst et al. 2008). In our workshops, communities identified a range
of local scale initiatives to address ecosystem decline in the form of simple project
plans (Table 3). While they expressed considerable enthusiasm to promote collec-
tive action, they nevertheless voiced concerns about a lack of resources (financial,
knowledge and equipment) to implement these plans that, if not addressed, would
likely result in little progress. As a final phase to our project, we brought together, in a
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workshop setting, members of each of the communities with representatives of their
respective governments, at provincial (i.e. Madang and Eastern Highlands), district
and ward levels. The aim of these workshops was to establish connections between
government and communities for exchange of information on the community’s need
for assistancewith adaptation and any resources thatmight be available through exist-
ing government programs. While we were able to match some projects to provincial
government programs in agriculture and reforestation, an important limitation noted
by government representatives was the absence of a functioning provincial office of
climate change. For example, in Madang Province while the government has estab-
lished a Climate Change Development Authority (EMTV 2016) it has no resources
and currently is actively supported only by the agriculture agency. Biodiversity con-
servation and climate change adaptation are seen as cross-cutting policy issues that
require cross-division policy and planning. Issues of governance, such as a lack of
funding or funding delays, leadership and administrative instability, and commu-
nication weaknesses to other layers of government were identified as obstacles to
effective action and must be resolved for successful adaptation to climate change
and biodiversity conservation in PNG.

Our project was limited in scale and timing to four communities in two provinces,
which reflects the difficulties inherent in attempting community engagement in the
PNG context. How experience of climate change and development may vary in other
locations throughout PNG is difficult to determine, although we tried to address this
by selecting communities along a transect from the coast to highlands. In addition,
participation in workshops was in part by self-selection and invitation from village
‘elders’. Although we sought to ensure a diverse range of ‘voices’ was heard (espe-
cially women) by translating material into Tok Pisin, it was inevitable that those
with a stronger command of English made the greatest contribution to the process.
Thismay have inadvertently excluded some communitymembers from participation.
Finally, we attempted to extend the life and reach of the project through the produc-
tion of a facilitator’s handbook (Boronyak et al. 2018) that could be used as a guide
for similar engagement processes throughout the Pacific. However, the continued use
of the handbook depends on the capacity of institutions (government and NGOs) to
use these techniques, which is beyond the scope of the project to influence.

Conclusion

Our engagement with four PNG communities on the effects of climate change and
development on local environmental change indicates that communities:

1. are generally aware that climate change is already affecting ecosystem services
and that changes will likely be exacerbated in the future;

2. understood many of the trade-offs implicit in development, but were often driven
by short-term needs (for ‘money’ or to accommodate a growing population) at
the expense of longer-term benefits of maintaining ecosystem services;
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3. recognised the need to address other dimensions of social vulnerability (popula-
tion growth, internal migration, employment, human health) and that these were
intrinsically linked to climate change and development; and,

4. required assistance, particularly from provincial and district governments, to
support local collective action on adaptation and ecosystem service conservation.

While recognising the difficulties, our experience is that focal PNG communi-
ties and provincial government representatives in Madang and Eastern Highlands
Provinces were nonetheless eager for more information on ways to respond to main-
tain the health of their land and wellbeing of current and future generations. Our
workshop process provided a way to rapidly gather information to assess commu-
nity exposure and vulnerability to the impacts of climate change and development
as well as the capacity to adapt to change. McClanahan et al. (2008) argue that
climate-informed conservation planning requires a site-specific understanding of
environmental susceptibility and societal capacity to cope and adapt.

This desire for local ecosystem conservation seems at odds with the side-lining
of smaller-scale, potentially more sustainable, developments pursued by provincial
governments in favour of large-scale resource extraction projects promoted nation-
ally. Observations of the agreements resource extractive companies negotiate around
access to land with the customary owners, suggest that land owners generally do not
demand stricter environmental controls (Macintyre and Foale 2004). Rather, they
demand more money. Based on this, Macintyre and Foale (2004) argue that the main
concern of communities is not necessarily the preservation of the environment per
se, but the lack of utilizable resources and amenity. While the information from these
PNG communities is place-based, there are likely parallels with other Pacific island
communities facing threats to their natural resource base from climate change and the
promise of wealth through development. Adaptation initiatives that can simultane-
ously address carbon sequestration, biodiversity conservation and human livelihoods,
at scale, remain the goal of sustainable development.
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Multi-level Governance of Climate
Change Adaptation: A Case Study
of Country-Wide Adaptation Projects
in Samoa

Anna McGinn and Anama Solofa

Abstract Countries across the Pacific region have experienced a surge in interna-
tionally funding for climate adaptation initiatives. In the Independent State of Samoa,
two major projects—funded by the Adaptation Fund and the World Bank Pilot Pro-
gram for ClimateResilience (PPCR)—have supported adaptation planning and activ-
ity implementation inmost villages across the country. These country-wide initiatives
range from conducting LiDAR studies and updating Community IntegratedManage-
ment (CIM) plans to installing rainwater catchment and storage tanks and reforesting
water catchment areas. These projects inherently present a multi-level governance
challenge because they are developed at the national level, are funded and moni-
tored at the international level, and ultimately implemented in communities. This
chapter explores the extent to which interactions across governance levels and scales
advance effective adaptation to climate change. Based on in-country interviews, site
observations, and observations of the Adaptation Fund’s terminal evaluation process,
this chapter presents evidence from these major adaptation initiatives in Samoa to
highlight where multi-level governance had been leveraged to enhance the gover-
nance of adaptation as well as areas of the projects where this has not occurred. It
further examines the trade-offs inherent in efforts to work across governance scales
and levels in conducting climate change adaptation.

Keywords Multi-level governance · Climate change adaptation · Samoa · Climate
finance

Introduction

Pacific Island countries are on the front lines of climate change impacts. At a 1.5 °C
temperature rise above pre-industrial levels, the Intergovernmental Panel on Climate
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Change (IPCC) projects that small islands will experience freshwater stress, coastal
flooding, negative impacts on marine ecosystems, and migration induced, at least
partially, by sea level rise (Hoegh-Guldberg et al. 2018). In fact, island states such
as Samoa are already experiencing some of these changes. In Samoa, since 1950,
annual maximum temperatures have increased by about 0.22 °C each decade (MNRE
2011). Sea level rise in Samoa, at 4 mm per year since 1993 (MNRE 2011), is
above the global average of 2.8–3.6 mm per year. Additional impacts include ocean
acidification which is particularly detrimental to corals, shifting rainfall patterns (i.e.,
less rain in the dry season and more rain during the rainy season), and more intense
tropical cyclones (MNRE 2011).

These external forces compel Pacific Island countries to place climate change at
the core of their national priorities and to advocate for swift and robust international
action to curb greenhouse gas emissions. Yet, many of the impacts listed above
must be addressed regardless of future greenhouse gas mitigation efforts because
livelihoods, healthy ecosystems, and assets are at stake. Adaptation efforts initiated
around the Pacific Islands region range from incremental steps to more transforma-
tional change. Some countries in the region have already started to develop relocation
strategies to prepare for worst case future climate scenarios. For example, Fiji has
initiated discussions on building relocation into their National Climate Change Pol-
icy, and Kiribati has already developed a “migration with dignity” policy (Yamamoto
and Esteban 2017, 146). Given that Pacific Island countries, and developing countries
more broadly, are largely not responsible for the cause of these impacts, funding for
adaptation is expected to come from high-emitting developed countries.

Significant international funding has been allocated to climate change projects,
especially mitigation projects, in developing countries for over 25 years. Donor enti-
ties include theWorld Bank, developed countries and their international development
agencies, the European Union, non-governmental organizations, UN programmes
and offices, and funding mechanisms under the United Nations Framework Conven-
tion on Climate Change (UNFCCC). According to the UNFCCC Standing Commit-
tee on Finance’s 2018 assessment of climate finance flows, from 2015–2016multilat-
eral climate funds—which include the Adaptation Fund and the Green Climate Fund
(GCF)—provided an average of US$1.9 billion for climate mitigation and adaptation
(UNFCCC 2018). By comparison, bilateral climate finance provided US$31.7 bil-
lion and multilateral development bank climate finance summed to US$24.4 billion.
All three categories continue to primarily fund mitigation with between 21 and 29%
of funds allocated to adaptation (UNFCCC 2018). This extensive funding apparatus,
coupled with the latest reports from the IPCC detailing the wide-reaching extent of
climate change impacts, suggest that international funding for climate mitigation and
adaptation projects in developing countries will continue to be a central feature of
international climate governance.

The projects stemming from these funding apparatuses inherently present a multi-
level governance challenge. In the case of climate change adaptation projects, they
are often developed by national level ministries or multilateral development orga-
nizations (i.e., UNDP, UNEP, World Bank, etc.). Project proposals are reviewed by
international panels and funding is distributed based on internationally determined
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rubrics and standards. Funding moves back to countries, usually to the national gov-
ernment, where it can be administered in a multitude of different ways. Ultimately,
project implementation happens at the community level where rainwater catchment
and storage systems are installed, or riparian buffers are planted along rivers.

It is well understood that all these levels of governance exist and function within
the overall system of climate adaptation (Hooghe and Marks 2001). This chapter
explores the extent to which interactions across governance levels and scales advance
effective climate change adaptation. Understanding these systems is critical, espe-
cially in the context of developing countries, because the involvement of so many
actors can potentially causemore harm than good if not facilitated effectively (Chaud-
hari andMishra 2016). To examine these systems, the chapter explores evidence from
an Adaptation Fund project and a World Bank Pilot Program for Climate Resilience
(PPCR) in Samoa.

The chapter first outlines a brief history ofmulti-level governance and describes its
value as a framework to understand implementation of climate adaptation projects.
Next, it suggests eight characteristics of multi-level governance that emerge from
the literature. Through an analysis of the Adaptation Fund and PPCR projects in
Samoa, the chapter then tests the extent to which these characteristics are apparent in
a governance system which inherently involved many different levels and scales of
governance. Finally, the chapter highlights the trade-offs embedded in this systems
approach to adaptation governance.

Background: The Multi-level Governance Framework

Rationale

Histories of international development and sustainable development show that
when projects are conducted exclusively by a top-down actor they usually fail
(Adams 2009). As a result, funders now seek projects that emphasize collabora-
tive, community-based, and stakeholder-driven approaches. But, writing this plan in
a proposal is vastly different from carrying it out effectively. Further, community-
based approaches face another set of challenges if the responsibility for these projects
move to the community level, but the resources for implementation and long-term
management do not (Elyachar 2005). Given that internationally-funded climate adap-
tation projects seem to be following in the footsteps of international and sustainable
development initiatives (i.e., funded by many of the same sources, following sim-
ilar monitoring and evaluation processes, and aligning proposals with the Sustain-
able Development Goals), avoiding these same pitfalls will be essential. This paper
explores how multi-level governance (MLG) is a useful framework to understand
the extent to which projects truly engage across the levels and scales of governance
versus evoking the above buzzwords—community-based and locally-driven—in a
more superficial form.
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In order to see howMLG can be used to understand internationally funded climate
adaptation projects, it is critical to understand the multiplicity of ways that MLG has
been conceived since the term emerged in the 1990s. At its root, MLG describes the
diffusion of power from a central government to other levels of governance. In this
way, governance roles would be shared from the local to the international levels—an
effort to correct for the failures of national, top-down approaches to development.
Yet, today it is largely recognized that there is a need for balance across levels of
governance after critiques of state interventions swung the pendulum away from
state responsibility, as with theWashington Consensus and neo-liberalization, which
moved power and responsibility away from the central government to themarkets. As
described by Steger and Roy, neo-liberalism is “a mode of governance that embraces
the idea of the self-regulating free market, with its associated values of competition
and self-interest, as amodel for effective and efficient government” (2010, 12). These
structures, embraced by the US and imposed on many developing countries, move
responsibility to other levels of government, but do not provide any resources or sup-
port for those levels of government to manage the services previously administered
by the central government (Elyachar 2005). This is chiefly because under neoliber-
alism, the state’s goals are the “deregulation of the economy, the liberalization of
trade and industry, and the privatization of state-owned enterprises,” so a central gov-
ernment would assume that decentralized services would be supported via market
mechanisms (Steger and Roy 2010, 14).

Today, scholars employMLG as an instrument which recognizes the faults of both
overly-centralized or overly market-based governance. Instead, contemporary MLG
provides a frame to describe “political decentralization within states” which refers
to distributing power to the supranational level, to the sub-national level, and out to
private entities (Hooghe andMarks 2001, 3). This formof governance, originally con-
ceived as a way to understand the governance of the European Union, was expected
to be more efficient and inclusive of all stakeholders. There are many derivatives
of MLG discussed in the literature as “multi-tiered governance; polycentric gover-
nance; multi-perspectival governance; functional, overlapping, competing jurisdic-
tions (FOCJ); fragmegration (or SOAs); and consortio and condominio” (Hooghe
andMarks 2001, 3). This idea ofMLGas a frame to understand governance structures
has been employed by scholars to study international environmental change (Janicke
2017). Drawing on Janicke (2017), this chapter uses MLG to study internationally
funded climate change adaptation projects.

We aim to test what aspects ofMLG are present in the Samoan adaptation projects
as well as aspects of the framework that are less applicable to this specific context.
Samoa is home to two country-wide adaptation projects, of which one is complete
and the other is in its final phase. TheGovernment of Samoa considers climate change
a national priority. Thus, the Samoa case provided an ideal location for preliminary
research to test this form of adaptation project analysis. Further, emerging trends
from the Samoa case, while not generalizable to all Adaptation Fund or World Bank
projects, may provide valuable takeaways to consider in future projects development
and implementation.
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We explore MLG within the context of the Cash et al. (2006) model of MLG
interactions. Cash et al. define scales “as the spatial, temporal, quantitative or ana-
lytical dimensions used to measure and study any phenomenon” (Gibson et al. 2000
in Cash et al. 2006, 2). Levels are seen as the “unit of analysis that are located at
different positions on a scale (Gibson et al. 2000 in Cash et al. 2006, 4). For exam-
ple, the jurisdictional scale includes the local, regional, national, and international
levels. Cash et al. (2006) provide a differentiation between cross- and multi- scale
and level interactions. Cross-scale indicates that there is actual interaction between
the scale, level, or both, while multi-scale simply implies that the different levels or
scales exist. Throughout this chapter, the term MLG is intended to encompass the
above definition. Using this understanding of existence and potential for interaction
between scales and levels, we explore the characteristics of MLG as defined in the
literature below.

Characteristics of MLG

Eight central characteristics of MLG are evident in the literature: (1) Devolution of
power to the supra- and sub-national levels; (2) inclusion of state and non-state actors;
(3) involvement of all scales; (4) nested levels of governance; (5) intentionality; (6)
equal power across levels; (7) fluidity; and (8) new policy solutions.

Devolution of power to the supra- and sub-national levels: MLG includes actors at
both the supra- and sub-national levels.However, it is not simply that these entities are
named in a proposal, but rather that power (i.e., resources, decision-making ability,
etc.) is devolved to them (Keskitalo 2010). This implies that the entities have access
to participation in the governance process (Stephenson 2013).

Inclusion of state and non-state actors: While governments may have a central role
in facilitatingMLG processes, non-state actors are also integrated in this framework.
Keskitalo (2010) adds that both private and public entities need to be engaged across
all the levels meaning that inclusion of multilateral development organizations is
not sufficient to consider non-state actors adequately integrated into the governance
process. Gumeta-Gómez et al. (2016) cite government agencies, communities, non-
governmental organizations, and the private sector as specific examples of stake-
holders in a MLG process. This makes the system necessarily complex with the
involvement of “a multitude of actors” (Brockhaus et al. 2012, 201).

Involvement of all scales: Cash et al. (2006) identifies seven scales that are necessary
to consider when studying human–environment interactions (see Fig. 2). The scales
are spatial (with levels being areas from global to a single landscape), temporal
(dealing with rates, durations, and frequencies), jurisdictional (governance levels
from international to national to provincial to localities), institutional (dealing with
rules that exist from international law to local norms), management (from strategies
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to plans to tasks), networks (dealing with links between people from ‘trans-society’
to family), and knowledge (defining truth from universal to contextual) (Cash et al.
2006, 3). To understand howMLG functions, it is important to explore the interaction
across all these scales and their levels which creates a complex matrix of actors,
institutions, and structures (Bulkeley and Betsill 2005; Hooghe and Marks 2001;
Keskitalo 2010).

Nested levels of governance: Drawing fromOstrom’s (2012) polycentric governance,
the idea of nested governance is that the levels of governance need simultaneous
independence and interdependence (Cole 2011; Keskitalo 2010). While dependence
creates linkages between entities, any level can also produce independent policy and
decisions which are based on the outcome of interactions across the levels. Stephen-
sondescribes this as “amutual dependency through the intertwining of policy-making
activities” (2013, 817). This concept of the nature of interactions between levels and
across scales is central to the functioning of a MLG system.

Intentionality: Cole (2011) emphasizes that these MLG systems and the interac-
tions, nested or otherwise, that characterize the system do not happen by accident.
Rather, they are an intentional strategy to “determine the appropriate division of
responsibility and authority between governance institutions and organizations at
global, national, state, and local levels” (Cole 2011, 2). Interesting, in the case of
internationally funded adaptation projects, multiple levels of governance are always
involved in an adaptation project. This makes intentionality paramount because oth-
erwise the involvement of so many actors can be more of a burden than a support
system (Chaudhari and Mishra 2016). So, the extent to which MLG is strategically
embraced in order to facilitate adaptation may dictate certain elements of success in
the project.

Equal power across levels: Stephenson (2013) suggests that a part of this inten-
tional effort to foster effective MLG is creating an environment where the levels
of governance interact on equal footing. He states, “MLG implies engagement and
influence—no level of activity being superior to the other” (Stephenson 2013, 817).
Similarly, Cash et al. (2006) highlights that knowledge should be co-produced in
MLG systems. This may be one of the most challenging characteristics of MLG in
the context of internationally funded climate adaptation because it envisions that a
community has the same power as the national government or the funding entity.
Understanding how power structures are reinforced, renegotiated, or redesigned as
a result of a MLG process is central to this study.

Fluidity: All the characteristics listed above are evolving—not static. This fluidity
in the MLG system is central to how Bulkeley and Betsill (2005) and Hooghe and
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Marks (2001) describeMLG. It is supposed to be a system that is adaptive and formed
by the sum of its parts.

New policy solutions: In terms of outcomes of a MLG system, Cash et al. (2006)
argue that MLG should facilitate the generation of new policy solutions that were
not accessible prior to the effective usage of MLG. These solutions incorporate, and
build on, co-production of knowledge and continuous negotiation across levels and
scales.

Applying MLG to Internationally Funded Climate Adaptation
Projects in Developing Countries

From the broadest perspective, MLG translates well to the study of climate change
governance because while climate change is a global phenomenon, the international
scale is not always the most appropriate place to address the challenge (Adger 2001).
Evaluating the characteristics of MLG can be particularly instructive when thinking
about internationally funded climate adaptation projects taking place in developing
countries because not only the concept of climate change, but the projects themselves
are constantly maneuvering across and between governance levels and scales.

MLG in the developing country context can be complicated by a number of factors.
First, effective institutions are needed for MLG to function, yet countries taking
on climate adaption measures do not necessarily have those institutions in place.
Second, scholars argue that MLG of climate change adaptation will only work if it is
consistent with broader development objectives. Chaudhari and Mishra suggest that
in the case of linking watershed development and climate change adaptation in India,
“for multi-level governance, to be efficient for bringing in the climate adaptation,
coordinating and integrating climate and non-climate strategies across jurisdictions
and sectors would be essential. Without these, the multiplicity of actors, scales and
levels might bemore of a hindrance rather than of any assistance” (2016, 326). Adger
et al. (2003) echo Chaudhari and Mishra (2016) by suggesting that climate change
adaptation in the developing country context will not work at any level if it is not done
in tandem with general sustainable development objectives. The third complicating
factor, as Adger et al. (2003) describe, is that developing countries are often working
with limited options often because of financial resource constraints. Finally, MLG of
adaptation in developing countries often involves funding from international sources
(e.g., UNFCCC, World Bank, and other development agencies) which changes the
players involved with governance and who dictates the adaptation needs (Adger
et al. 2003). Adaptation implementation faces a different set of challenges in the
developing country context, and it critical to understand how MLG functions in this
space given the magnitude and scope of funding mobilized at the international level
to support adaptation in developing countries.
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Research Methodology

This project uses a case study methodology to study climate change adaptation
projects in Samoa (Creswell 2013; Yin 2014). The case study included a literature
review, a review of project documents, and fieldwork in Samoa. We conducted the
fieldwork in Samoa in July 2018.

During our 2.5 weeks of fieldwork, we conducted semi-structured interviews with
seven key informants which ranged from 45 min to 3 h in length. The interviews are
referred to in the chapter as interviews 1–6 and include the date conducted (one
interview included two interviewees, referred to as A and B). We also spent two days
observing the terminal evaluation of the Adaptation Fund project. This included trav-
eling around the entire island of Savai’i visiting adaptation projects funded by the
AdaptationFundwith threeMinistry ofNaturalResources andEnvironment (MNRE)
officials, one United Nations Development Programme (UNDP) staff member, and
the international independent consultant conducting the evaluation. During this pro-
cess, we observed interviews between the consultant and community stakeholders,
informal conversations between the consultant and the other staff on the trip, and we
learned all of their observations of the Adaptation Fund projects we visited. Separate
from the terminal evaluation, we also visited Adaptation Fund and PPCR funded
activities on Upolu.

We analyzed the transcribed interviews, field notes, and project documents using
discourse analysis (Gee 2004). Applied broadly, discourse analysis explores the use
of language in a set of texts with the understanding that all language is both from a
specific context and situated in a larger framework of socially constructed conven-
tions (Abrams 1999). Gee suggests that critical discourse analysis views language as
a way of communicating social practices which “always have implications for inher-
ently political things like status, solidarity…and power” (Gee in Rogers 2004, 33).
In this context, we were reading for descriptions of when, how, and to what extent
the national government distributed power to other levels; the difference, if any, in
perspective on the projects from stakeholder approaching the projects from different
levels and scales; and the processes and outcomes that interviewees suggested were
both effective and ineffective.

The discourse analysis was conducted using the qualitative data analysis software
NVivo by QSR International. Through a process of inductive and then deductive
coding, we categorized how elements of the projects interacted across scales and
levels as well as their alignment with the characteristics of MLG to identify where
MLG occurred, to some extent, as well as where it did not happen effectively.

The study’s main limitation is the fieldwork duration. The chapter presents first-
hand observations of a snapshot in time rather than observations starting at the begin-
ning of the project process and following through to post-implementation project
management. Thus, the chapter relies on interviewee’s accounts of the entire pro-
cess. Time constrains also meant that we did not have sufficient opportunity to build
relationship with village leaders and community members to accurately capture their
perceptions of the project process. Thus, this article draws on a small set of observed
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interviewees between communitymembers and the international consultant.An addi-
tional limitation is that, while general lessons may be drawn to inform adaptation
across the Pacific region, the case study focuses specifically on the Samoan context.
Generalizations out to the regional level should be done with careful consideration
of countries’ specific history, culture, economy, and geography.

The Case Study

Case Study Introduction: Climate Change Adaptation Projects
in Samoa

The Independent State of Samoa is a Small Island Developing State (SID) located
in the Pacific Islands region (Fig. 1). Samoa is composed of ten islands, of which
four are inhabited. The two main islands are Upolu, where the country’s capital Apia
is located, and Savai’i. As of 2017, the population of Samoa was just over 196,000
people. About the same number of Samoans that live in country, live abroad, and the
economy is dominated by remittances (Meleisea et al. 2012). Given Samoa’s long
history and rich culture, the country is often referred to as the ‘Cradle of Polynesia.’

From the 1830s to 1962, Germany, and then New Zealand held administrative
authority in Samoa. During the last decade of this period, New Zealand initiated
work with the United Nations and Samoan leaders to craft a path to independence
which was achieved in 1962. Thus, Samoa became the first politically indepen-
dent island state in the Pacific Island region (Meleisea et al. 2012). Since gaining
independence, the Government of Samoa has faced significant challenges, including
balancing traditional norms and rules with that ofWestern institutional structures that

Fig. 1 Map of the independent state of Samoa
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had been put in place prior to independence; broad pressures of globalization; and
most recently the impacts of climate change (Macpherson and Macpherson 2009).

In the world of international climate change policy and planning, Samoa, and
other Pacific island countries, are on the front lines—both in terms of facing climate
change impacts, and in conveying the gravity of this challenge to the international
community. The region is also at the forefront of climate change adaptation and
are some of the main drivers behind obtaining climate change adaptation financing
from the international community. Samoa has made climate change central to their
overall development agenda and a broad national priority. This is seen through their
focus on climate throughout the 2016–2020 Strategy for the Development of Samoa
(SDS), their position as a founding member of the United Nations Group of Friends
on Climate and Security, and their ambitious greenhouse gas mitigation goals laid
out in their Nationally Determined Contribution (NDC) under the Paris Agreement.
Because Samoa sees addressing climate change as central to their country’s devel-
opment and security, it seems fair to expect that the country would have the most
motivation to effectively address the issue. Thus, a country like Samoa, that is ahead
of the curve on thinking about climate change, represents a useful case to explore
the extent to which stakeholders leverage MLG to facilitate adaptation. Further, the
synergies and barriers that emerge from Samoa’s experience implementing interna-
tionally funded adaptation projects could serve as a tool for monitoring adaptation
project effectiveness more broadly.

This case study explores two of the most recent internationally-funded adapta-
tion projects implemented in Samoa. The initiatives are considered sister projects
designed to complement each other—carrying out the same set of activities in differ-
ent parts of the country and sharing data throughout the duration of the projects. The
first project falls under the Adaptation Fund which is a funding mechanism designed
and overseen by parties to the UNFCCC. The Adaptation Fund project, Enhancing
Resilience of Samoa’s Coastal Communities to Climate Change, was proposed by the
Samoan national government to the Adaptation Fund, and approved by the Adapta-
tion Fund Board in December 2011 as a US$8.7 million project. It started in January
2013, and officially concluded mid-2018. The Samoa Ministry of Natural Resources
and Environment (MNRE) served as the executing entity for the project, and the
implementing entity was UNDP. The sister project is part of the World Bank’s Pilot
Program for Climate Resilience (PPCR) initiative which provided US$14.6 million
for the project, Enhancing the Climate Resilience of Coastal Resources and Com-
munities. The project was approved in 2013 and is set to close in June 2020. The
Ministry of Finance (MOF) is responsible for the project.

Both projects have three main components: Adaptation planning, community
grants, and major infrastructure projects. First, each project was responsible for
working with a set of villages to update their Coastal Infrastructure Management
(CIM) plans which were originally drafted between 2002 and 2005. During this
process of planning and consulting with village leaders, the implementers updated
the plan name to the Community IntegratedManagement (CIM) plans to reflect their
new ‘ridge-to-reef’ approach to adaptation planning. The idea is that activities on
the island have impact on the coastal ecosystem, and vice versa, so the focus of the
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management plans needs to broadly consider island-wide implications for the coast.
The PPCR project additionally funded LiDARmapping of Upolu and Savai’i for use
in both projects CIM planning processes.

The secondpart of the projectswere community grants. Thesegrants, administered
through the national government’s Civil Society Support Program (CSSP), aimed to
provide up to 50,000Tala (~US$18,900) per grant to villages to implement adaptation
projects in line with their CIM plans. Of the 45 Adaptation Fund supported CSSP
projects, some of the major areas of work included 23 projects to install rainwater
harvesting and storage systems; nine projects carried out some form of construction
including retrofitting schools to serve as evacuation shelters and building revetment
walls; and, three focused on mangrove rehabilitation and planting.

The final element of the projects was larger infrastructure activities including
building bridges to replace river fords, and tar sealing (i.e., paving) inland access
roads for storm evacuation and to encourage inland relocation of coastal villages.

Case Study Results

Building on the description by Cash et al. (2006) of the scales that are necessary to
consider when studying human–environment interactions, we examine these adap-
tation projects in Samoa to identify examples where a series of scales and levels
work effectively together and exhibit some of the eight characteristics of MLG (i.e.,
functioning MLG), and contrast that with where the levels and scales do not seem to
interact despite evidence pointing to the value these interactions add. Figure 2 shows
the Samoa case overlaid on the scales and levels identified by Cash et al. (2006) to
display the multitude of factors, actors, institutions, and structures involved in this
governance and implementation process.

The sections below describe the followingAdaptation Fund and PPCRproject ele-
ments: (1) programmatic and pragmatic approach; (2) management of safeguards;
(3) resources available to project implementers; (4) project timelines; and, (5) stake-
holder participation in decision-making and project implementation. While the sec-
tions outlined above may seem to provide disparate examples, they are selected
to display the diversity of ways that MLG could be integrated into international
donor-funded adaptation projects.

Programmatic and Pragmatic Approach

Technical and relevant government ministries in Samoa have substantial experience
in seeking and accessing development funding assistance. Evidence of international
development aid is visible on the twomain islands, from schools’ signs labeled ‘built
by the Chinese government’ and park benches sponsored by ‘The People of Japan,’
to trash stands with signage from the Global Environment Facility.
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Interviewees remarked that the need to transition from a project-based approach—
the dominant paradigm used by most of the above entities—to a programmatic and
pragmatic approach to managing international funding became apparent during the
development of the Community Integrated Management (CIM) plan process (Inter-
view 6A and 6B, 9 July 2018). Adaptation Fund and PPCR implementing agen-
cies saw the revised CIM plan process as an opportunity to increase the cohesive-
ness of the country’s adaptation efforts by more effectively designing connections
across scales and levels, demonstrating the intentionality characteristic of MLG.
Interviewees also highlighted that a well-developed programmatic and pragmatic
approach to adaptation could serve as a model for other Pacific island countries
dealing with similar influxes of funds for climate adaptation and mitigation with
convergent implementation objectives (Interview 4, 12 July 2018).

The PPCR project is housed within the Samoa Ministry of Finance (MOF). This
placement has been key to developing the programmatic and pragmatic approach
because MOF houses financial records for all government ministries and agencies
within the Government of Samoa. Thus, they can identify areas of work within
ministries and agencies that are unfunded and related to adaptation and can then
direct PPCR funding to fill those gaps. Rather than develop new projects that may
or may not align with agencies’ long-term strategies, the funding supports on-going
work that may not be implemented because of a lack of resources. For example,
“SWA, [Samoa Water Authority], is already getting funding from the EU, but there
are gaps in the funding that they need to source from other finance, so PPCR can
fill those gaps. In that way, you have partner projects working together” (Interview
2 18 July 2018, also reflected in Interview 4, 12 July 2018). The same interviewee
explained,

A lot of what we are doing now with the large projects, it is aligned to government work
plans, so what we did was collect the information on government priorities with districts,
we cross checked with what districts identified in the community, so we come across, oh
they need this road and it is identified here [in the government work plan], so it was already
planned, but there was no funding, so this is one way to fund it. (Interview 2 18 July 2018,
also reflected in Interview 4, 12 July 2018)

Going forward, another interviewee stated, “any money coming in, any proposal that
goes out, we see it from this national planning level” (Interview 6B, 9 July 2018).

The implementing agencies of these adaptation projects see the programmatic and
pragmatic approach as valuable because it may increase the likelihood that the activ-
ities carried out in these discrete projects will be sustained once the project funding
ends. Interviewees noted heightened cross-ministry buy-in over the course of project
implementation. For example, in the past, representatives from the Land Transporta-
tion Authority (LTA) and the Ministry of Works, Transportation, and Infrastructure
(WTI) departments would not attend climate related meetings, but this has changed
because they now feel ownership of projects that incorporate climate considerations
(Interview 6B, 9 July 2018).

The approach is also beneficial in that it facilitates injection of additional funding
resources into existing funding gaps to bolster implementation of activities that have
already been approved, rather than creating new projects. One example of existing
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projects waiting for funding is improving inland roads.While these roads are in exist-
ing plans largely to facilitate improved economic conditions for inland plantations,
they can also serve as evacuation routes. Thus, the project falls under the prevue of the
adaptation funding. The expectation is that the ministries and agencies will maintain
the activities over the long term because they had already been incorporated into their
workplans before the Adaptation Fund and PPCR projects were developed. Here, we
see that through the process of working across scales and levels, the implementing
agencies generated new policy solutions that were not operationalized in this context
before the initiation of this MLG process.

Interviewees indicated that this programmatic and pragmatic approach is already
influencing change in that it has increased collaboration between government min-
istries on project implementation—one of the measures of effective MLG. There are
interactions between the jurisdictional scale and institutional scale with efforts by
the different government ministries influencing operational rules and norms around
mainstreaming adaptation in their work areas. Finally, this example displays inter-
actions between the jurisdictional scale and the management scale where the local-
to-national level stakeholders move from only thinking in terms of ad hoc projects,
to thinking about projects as a part of a higher-level strategy. A weaker aspect of the
introduction of the programmatic and pragmatic approach is that, while local and
international stakeholders did have some involvement in shaping this new approach,
the national government played a central role. Thus, we see the involvement across
the jurisdictional scale, but not at equal weight.

Embedded in this example of efforts to leverage MLG to support adaptation are
trade-offs. Given that projects have finite resources and time, only certain areas of
MLG are utilized, often at the expense of others. In this case, the national government
heavily engaged its line ministries across the national level which created a sort of
horizontal nested structure, but not a vertical one. This is particularly important in
countries like Samoawhere the local village and chiefly/social system structures play
an important role in how initiatives are taken up and sustained.

Safeguards

Safeguards are a tool to identify and manage externalities of adaptation projects that
could end up causing more harm than good to the people, ecosystem, or culture
impacted by the project. Both the World Bank and the Adaptation Fund have safe-
guard policies which are supposed to guide project planning and implementation.
Safeguards are an interesting challenge of MLG because the funding organizations
provide broad expectations for the project, and the country implementers must inter-
pret and apply the expectations to the projects. This challenge requireswork across the
jurisdictional scale, aswell as interactions between the jurisdictional and institutional
scales. It is also mediated by types of knowledge.

Inconsistencies between the World Bank and the Adaptation Fund project safe-
guards caused disagreement over how certain parts of projects were conducted. This
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suggests that, in practice, refinement of safeguards is necessary for them to function
effectively across jurisdictional levels. This tension is captured by one interviewee
working closely on the PPCR project,

Safeguards and gender were put in [the project plan] and the environment and social crite-
ria, those were developed under the PPCR, but were used by both projects. The PPCR also
required the villages to go through the development consent process. That is like the govern-
ment safeguards, so that is very important, but before not a lot of projects were going through
this process. So, I think all the key players now understand the importance, because also, the
Adaptation Fund through UNDP, they do not really emphasize the importance of safeguards
unlike the World Bank, and that is a key difference because in Samoa, in a lot of projects,
safeguards are the issues. And the reason why some partners insist on their procedures is
because they see a gap in the national [procedure]. (Interview 3, 18 July 2018)

Interviewees put forward that Samoa is working to integrate the World Bank’s safe-
guards into government procedures regardless of the funding source. This example of
nested governance levels shows that the national level has observed and experienced
a process developed at the supra-national level and sees a path to borrow that process
to improve their governance procedures. Further, from theWorld Bank level, they are
implementing a new approach to align safeguards with country priorities. An inter-
viewee said that in a recent workshop, the World Bank presented a new framework
which will prioritize “find[ing] a common approach with the government before,
and agree on that approach, before [the project] gets implemented” (Interview 1, 20
July 2018). Again, a demonstration of how the levels have nested to improve overall
governance.

However, this example again raises the question of power across the levels. While
the national level appears to be reclaiming power over this process by adopting the
World Bank safeguards on their own terms, the involvement of the sub-national level
is variable. In some instances, the safeguard process did work to support the local
level, from the perspective of the interviewees. For example, for all roads tar sealed
by the government, the World Bank required the government to compensate people
living on, or farming, land immediately adjacent to the roadwork, regardless of who
actually owned the land. This certainly provided more protection for people than
they would have received if the World Bank was not involved. However, the funds
to pay these costs cannot come out of the project budget, they must come out of
the government budget which causes the safeguards to be a strain on government
resources. While interviewees reported that the government followed through on
these payments, it is worth noting that there is less incentive to do so when the funds
must be additional to the international funding allocated in the project. This is an
instance where the different levels of rules and norms along the institutional scale
can create barriers to following the safeguards.

In another case, a project under the Adaptation Fund built a revetment wall along
a river which caused more flooding instead of preventing it. The wall was devel-
oped in its present location because of requests from the village leaders against the
recommendation of engineers. This represents a lack of communication across the
knowledge scale—perhapswithmore discussion the village leaders’ experienced and
contextual knowledge could have been integrated with the analysis of the geography
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to come up with an output that would have worked. This points to a need to increase
the involvement of all scales in this aspect of the projects. Additionally, the level
to which these issues are reported back up to the international jurisdictional level is
not clear. If safeguard issues are underreported, it gives a different perception on the
effectiveness of safeguards as you move across the jurisdictional levels, which does
not foster nested levels of governance.

Resources

Three types of interconnected resources were highlighted by interviewees: opera-
tional costs, staff, and institutional memory. We observe a juxtaposition between the
influx of funding from the international level, and the expectation by the international
level of additional resources at the national and local jurisdictional levels that may
or may not exist. In the case of the PPCR project, one interviewee explained that
the World Bank provides the funds for the project, but not the operational costs. The
expectation is that the country shows its commitment to the project through support-
ing these operational costs which range from work computers to the payments for
using land to improve roads as discussed in the safeguards section.

This raised a particular challenge in Samoa because the CIM plans required that
ministry officials and consultants travel to every village in the country. But, to pay
visits to villages means that they must practice “the cultural protocol which is very
expensive. And those are not funded by the projects” (Interview 3, 18 July 2018).
The interviewee suggested that the number of village consultations correlated with
the funding that the government ministries could put forward to pay for the gifts
and activities integral to the cultural protocol. This represents a blockage between
the jurisdictional levels and the institutional levels where universal rules generated
at the international level do not allow countries to use funding for what can be
a critical part of the project process. This primary blockage also creates secondary
issues like unequal power across levels because the national and the local had limited
interactions given logical barriers.

One of the most popular lines among the consultants and ministry officials inter-
viewed was that, in their one job, they wear about twelve different ‘hats.’ There are
simply a limited number of qualified and/or experienced staff in the relevant agencies,
and resources are also limited. Thus, staff working directly on climate adaptation are
required to serve in a multitude of other capacities. This impacts the effectiveness
of MLG because it is hard to be intentional about integrating new approaches and
coordination when staff are already overworked. One interviewee explained,

I can’t think about replication. So, it is nothing to do with the capacity of our people to be
able to do it. It has to do with the fact that it is overwhelming. You have a hat on and say you
have twelve [hats] already, then you are asked to do this pragmatic approach because we are
looking at replicating. (Interview 6B, 9 July 2018)
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This same interviewee underscored the imperative of the pragmatic approach, but
simply cautioned that implementation is challenging with limited personnel.

An interlinked challenge is that of institutional memory. Not only are the staff
hard to find, but in the case of the Adaptation Fund project, they were transient. At
the time of the project’s terminal evaluation, only one ministry official who started
with the project when the original Adaptation Fund proposal was drafted, was still
on the team. An observer of the project noted that it is hard to effectively facilitate
work across the jurisdictional levels—not to mention build higher-level strategy
(management scale), work across types of knowledge, and align timescales—when
staff are constantly changing (Interview 5, 18 July 2018). The observer continued
by noting that this is a frequent challenge in internationally-funded climate projects
across the board. Not only is institutional memory missing within projects, but it is
often almost non-existent across large projects especially when they involve different
sectoral partners. Thus, these resource barriers to effective MLG might be more
broadly applicable across climate projects.

Aligning Timelines

The implementing agencies did not effectively use MGL to manage the different
project timetables for the Adaptation Fund and the PPCR, respectively. This chal-
lenge traverses the management, temporal, jurisdictional and institutional scales.
According to several interviewees, the ministries decided to link up the Adaptation
Fund project and the PPCR project once they were both approved. The initial chal-
lenge this created was that the PPCR project was approved later and thus had more
administrative matters to address before beginning implementation. Those imple-
menting PPCR also noted that the World Bank requires more administrative report-
ing throughout the duration of the project. Conversely, the Adaptation Fund provided
those implementing the Adaptation Fund project with the flexibility to change deci-
sions during implementation without prior approval from the Fund. Given these
different processes, the Adaptation Fund implementation was put on hold while the
PPCR carried out its preparatory phase. This highlights that there was, from the
start, intentionality to connect the projects linking up many different stakeholders
and structures across scales. However, this connectivity became a problem when the
Adaptation Fund Secretariat, according to interviewees, contacted the implementers
to say that if they did not start implementation, theywould lose the funding. So, while
the in-country teams were working to align the workplan across the many different
scales, this was prevented by international institutions’ temporal expectations.

This announcement caused the Adaptation Fund project team to uncouple the
sister projects, which removed the explicit alignment of the temporal and manage-
ment scales. Hence, the project timelines were disconnected, and so, to some degree,
were the project strategies. One observer of the Adaptation Fund project noted that
this is, in their opinion, one of the most remarkable aspects of the project—that
such rapid directional change was possible (Interview 5, 18 July 2018). While the
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separation process may have been impressive, it also resulted in some substantial
challenges. Most importantly, since the Adaptation Fund still wanted to conduct the
CIM planning in line with the PPCR, they started the implementation step with the
infrastructure projects based off the 2002–2005 CIM plans, and then updated the
plans after the projects were at least partially carried out. In the case of the CSSP
projects for the Adaptation Fund, all the villages in Savai’i also ended up applying
for projects without an updated CIM plan on which to base their project proposals.
The Adaptation Fund implementers said that, while it was not ideal, they had no
choice if they wanted the CIM planning to be effective countrywide and finish by
the Adaptation Fund’s deadline, even with a granted extension. Observations sug-
gest that the implementation was also rushed which may connect closely with the
safeguard challenges discussed above. Thus, the clash of the temporal scale with
the institutional and jurisdictional scales significantly impacted the efficacy of the
project process.

Stakeholder Participation in the Decision-Making Process

It is well documented in the literature that top-down development projects continu-
ously fail to give critical stakeholders a seat at the table (Adams 2009). The Adap-
tation Fund was charged with shifting this paradigm by being a Fund that would be
responsive to the voices of the ‘vulnerable’ people it was set up to serve. In terms of
MLG, thismeans that theAdaptation Fund is structured formovement of power to the
supra-national and sub-national levels. In Samoa’s project proposal to the Adaptation
Fund, the national government laid out their plan to engage local non-governmental
organizations (NGOs) in the planning and implementation process. Namely, NGOs
would be brought on board to work with communities to develop, apply for, and
implement their CSSP projects. However, due to the shortened timeline and lack of
resources for the NGO trainings, the NGOs were not involved in the project in favor
of ministry staff putting on another hat to advice the villages. This exemplifies how
limited time and resources snowball into a stakeholder’s exclusion from the project
which leads to forgoing a key characteristic of effective MLG which is the inclusion
of both state and non-state actors. It should be noted that NGOs were engaged with
the PPCR project in a limited capacity.

Observations suggest that the Adaptation Fund and PPCR planning and imple-
mentation was dominated by the national level ministries. The projects seem to have
done an exemplary job engagingministries across the government to support different
elements of the project including housing and implementing many elements of both
the Adaptation Fund project and the PPCR project. As one interviewee explained,
“So apart from the community consultations, we also did site assessments with the
technical experts that were on the team. So, we had an ecosystem specialist, a civil
engineer, a spatial risk planner, a geomorphologist, and plus the representatives from
implementing entities like LTA, SWA, MWTI, MNRE, and the Ministry of Women”
(Interview 2, 18 July 2018). Village leaders had direct opportunities to run projects
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through the CSSP portion of the programs which proved to be a useful way to create
ongoing conversation between the government ministries and the villages beyond the
CIM plan consultations. However, the villages did not receive full autonomy over the
project namely because they were not given the grant in money and the discretion on
how to spend it; rather, they were provided the physical materials only. According
to Stephenson (2013), in an effective MLG arrangement “no level of activity [is]
superior to the other.” The case in Samoa reflects a clear imbalance.

Discussion

Characteristics of MLG

This chapter sets out to test the extent towhich eight characteristics of effectiveMLG,
as described in the literature, are evident as stakeholders maneuver across levels
and scales to implement internationally-funded climate change adaptation projects
in Samoa. This is of particular interest because, in cases of international funding
flowing to national governments who implement projects at the local level, multiple
levels of governance are inherent in the project governance process. However, the
extent to which stakeholders recognize and actively work to facilitate MLG is not
predetermined and may play an important role in how effectively these forms of
adaptation are managed.

The eight characteristics of MLG are evident in this case study to varied degrees.
In a broad sense, there was an intentional effort by the Adaptation Fund and PPCR
implementers to work within the MLG framework baked into the projects. Similarly,
the implementers embraced the fluid nature of MLG especially in managing the
different project timelines.

Despite the inherent multi-jurisdictional level interactions built into an
internationally-funded adaptation project, the national government holds much of
the control over both the Adaptation Fund and PPCR projects. The national gov-
ernment did work closely with supra-national entities such as the World Bank, the
Adaptation Fund, and the UNDP. Especially in the case of the World Bank, the
national government gave power to these organizations to vet each step of the project
process including small logistical changes. Power was shared with the local level to
a lesser extent. Villages were consulted as a part of the CIM planning process and
had the opportunity to apply for and implement CSSP projects. However, both these
aspects of the projects were closely overseen by the national government at every
step. The interviewees summarize that the ministries saw the villages as dependent
on them for support, but the ministries did not feel a mutual sense of dependency on
the villages. Thismutual dependency, which leads tomore flattened power structures,
is a tenant of Stephenson’s (2013) understanding of MLG. This example highlights
that the characteristic of equal power across levels did not manifest in these projects.
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Returning to Keskitalo’s (2010) understanding of MLG, both private and public
entities are supposed to be involved at every level. At the international to national
levels, we do see a mix of interactions between the World Bank, the UNDP, the
Adaptation Fund, and the government ministries. However, as highlighted by the
discussion of stakeholders engaged in the projects, there is less collaboration between
state and non-state actors in-country. Further integrating Samoan civil society, in the
form of NGOs and village leadership groups, into the project process could enhance
their engagement with this characteristic of MLG.

In terms of engaging across all scales, the introduction of the programmatic and
pragmatic approach is an example where the project does work acrossmultiple scales
(i.e., jurisdictional, temporal, institutional, and management). Yet, the approach does
not necessarily integrate levels across the knowledge scale. Given village members
and leaders’ deep, contextual knowledge of the islands, this is a critical scale to
include in the Samoan context. Thus, while we do observe continuous efforts to
work across scales, it is apparent that resource and time constraints moderate the
ability to do so.

Cash et al. (2006) suggests that, when effective, MLG should create opportunities
for new policy solutions that were not possible before the levels and scales started
working both interdependently and independently (Cole 2011). In Samoa, the intro-
duction of the pragmatic and programmatic approach represents the most significant
structural change inspired by these projects. Moving away from the approach that
deals with all internationally-funded projects in a vacuum towards one that integrates
the use of international funds with existing ministry projects and priorities will likely
have a long-term impact on Samoa’s approach to international development finance.
Further, two of the implementers also explained that they were encouraging commu-
nities to use the new CIM plans to hold their elected officials accountable. Villages
should request that their elected officials use the plan to form their policy positions in
the Legislative Assembly. They explained that this could be one of the most effective
paths to ensure long term usage of the CIM plans. If the CIM plans become a tool
for villages to increase climate resilience through legislative actions this would rep-
resent another policy solution born out of the MLG process. Thus, while there were
barriers to leveraging MLG for effective adaptation, we still see substantial policy
impact coming out of these two sister projects.

Conclusion

MLG, polycentric governance, and nested governance have been discussed in the
literature for over 25 years (Stephenson 2013). Yet, this case shows that despite the
attention, implementation of MLG is challenging and there is no clear playbook for
how to do it well. In Samoa, we see that the obstacles to carry out effective MLG
are generated at various levels and scales with no particular actor or area serving as
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the central source of the issues. Interviewees suggested that, over the course of the
projects, they were increasingly aware of the value of working across the levels and
scales.

However, the analysis also suggests that evenwhen project implementers embrace
MLG, not all characteristics of MLG are apparent in each element of the project nor
does each element of the project include cross-level and scale interactions. This illu-
minates the spectrum and quantities of trade-offs embedded in this systems approach
to project management and governance. In fact, it brings into questions when, if ever,
MLG aligned with all of the characteristics is possible. In the case of Samoa, deci-
sions to work across all jurisdictional levels were constantly modified by access to
resources and time. Thus, project implementers had to decide when to engage with
the sub-national level entities rather than having amore nested governance approach.
Since there are somany variables embedded in this systems approach, they cannot all
be maximized at the same time. This chapter finds that effective MLG also requires
an awareness of these diverse trade-offs throughout the governance process.

As Pacific island countries continue to apply for and receive international fund-
ing for climate adaptation, embracing MLG and understanding the trade-offs woven
into the system can be informative in both the planning and project implementation
phases. At the same time, it is critical that project funders place value in the charac-
teristics of effective MLG and aim to support them through institutional policies and
procedures. In particular, ministries responsible for writing project proposals ought
to work with key stakeholders to build interactions between levels and scales into
project proposals to set the project on a trajectory to be inclusive, strategic, and in-
line with broader sustainable development goals. For example, providing funding for
cultural protocols in the grants could enablemore sustainable relationships between a
national government and communities. At the implementation phase, project imple-
menters need sufficient time to build relationships across scales and levels in order
to see the programmatic and pragmatic approach to fruition. These are critical points
for project funders to embrace.

Tracking future adaptation projects in Samoa to see how they build on or diverge
from the project efforts described in this chapter as well as revisiting the Adaptation
Fund and PPCR project elements in future years would be instructive to understand
the extent to which MLG actually influenced the long-term sustainability of the
projects. Further, an analysis of climate adaptation projects in other Pacific island
countries, similar to the work throughout this book, will increase our understanding
of the tools that are essential for effective climate adaptation in the Pacific context—
essential knowledge for a region on the front lines of climate change impacts.
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The Impact of Connectivity
on Information Channel Use in Tonga
During Cyclone Gita: Challenges
and Opportunities for Disaster Risk
Reduction in Island Peripheries

Aideen Foley

Abstract In island contexts, geographic characteristics such as remoteness and
boundedness can substantially impact the capacity for connection, and how peo-
ple experience the state of being connected, i.e. connectivity. Varying degrees of
connectivity may, in turn, affect how island communities prepare for and respond
to the impacts of climate change, including extreme weather risks. Tropical cyclone
warnings are a pertinent example; vital information must reach citizens in isolated
peripheral locations, where both telecommunications infrastructure and cultural con-
texts may differ from the island core, leading to differences in how people access
information. Drawing primarily on the case of Tonga, whichwas affected by Cyclone
Gita in 2018, this paper explores these core-periphery patterns relating to how infor-
mation channels are engaged with when facing extreme weather risks. Census data
and cyclone impact data are used to assess spatial patterns in the extent ofmaterial and
non-material connectivities based on communications, economic and linguistic vari-
ables, and to explore the impact of connectivity on the processes of risk reduction and
natural hazard response, through dissemination of hazard information. Low-value
clusters, i.e. coldspots, in receipt of warnings via ‘modern’ information channels
(internet and SMS) are identified on ‘Eua, while hotspots are identified in western
Tongatapu. These hotspots and coldspots do not appear to be linked to the accessi-
bility of internet and mobile phones, but do overlap with hotspots and coldspots in
linguistic and economic variables, illustrating the potential for non-material differ-
ences in socio-cultural context to influence how information channels are engaged
with. The implications of these results, including challenges and opportunities for
disaster risk dissemination in island peripheries, are also discussed.
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Introduction

Small Island Developing States (SIDS) face profound physical impacts from climate
change (e.g. sea level rise, land loss, extreme weather), which in turn have social and
cultural impacts (Adger et al. 2011, 2013; Graham et al. 2013) on island peoples. Of
the climate-related hazards facing SIDS, tropical cyclones are a key concern, with
considerable risk of both human and economic cost; For example, in 2015, Cyclone
Pam left 11 dead and 75,000 people homeless (Nishijima et al. 2015), with the cost
of recovery over a 4-year period estimated as 43.3% of GDP (Dornan and Newton
Cain 2015).

There has been an increase in recent decades in the number and proportion of
category 4 and 5 tropical cyclones, particularly in the North Pacific, Indian, and
Southwest Pacific Oceans (Webster et al. 2005), alongside an increasing trend in
tropical cyclone destructiveness (Emanuel 2005). Given the limitations of the his-
torical record, it is uncertain whether these observed changes are beyond the range
of natural variability (Knutson et al. 2010). Modelling studies, however, have shown
that observed poleward shifts in tropical cyclone exposure are likely to continue
under representative concentration pathway (RCP) 8.5 (Kossin et al. 2016). There is
also the prospect of so-called ‘grey swan’ tropical cyclones, which are storms that,
based on historical data alone, would be considered to be of unusual magnitude, or
occurring in unexpected geographic regions, but which can be anticipated based on
an understanding of storm physics and paleotempestology (Lin and Emanuel 2016).

The geography of many SIDS factors in their vulnerability and responses to this
and other hazards. Their land boundedness places significant tracts of the popula-
tion at risk from cyclone-induced storm surges, which can have lasting impacts on
communities (Martin et al. 2018). The scope for evacuation away from the coast
is often limited, given the smallness of most SIDS and the logistical challenges of
mass off-island evacuation (Shultz et al. 2018). Research suggests that the burden
of disaster on Pacific islands, especially, is underestimated due to deficiencies in the
quantitative data available (Noy 2016; Edmonds and Noy 2018).

Yet, vulnerability is increasingly recognised as a social construct (Jackson et al.
2017). Recent scholarship in disaster risk reduction has highlighted the need for
holistic approaches to understanding vulnerability and managing risk, recognising
the role of context and nuance (Kelman 2018). Within, as well as between, islands,
diverse environmental and social contexts contribute to vulnerability and resilience.
In Dominica, Barclay et al. (2019) highlight the role of historic social, economic,
and political processes in determining where people and assets are located today, and
thus, who andwhat is at most risk during a natural disaster.Warrick et al. (2017) finds
that that in addition to access to resources, values or belief systems are of particular
importance in shaping adaptive capacity in the Pacific region. For example, Brown
et al. (2018) report that being affected by Cyclone Evan increases future expecta-
tions of disaster risk for Indo-Fijians but not iTaukei, surmising that the “collectivist”
social structure of iTaukei may help to absorb such shocks. Disaster risk reduction
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is therefore an arena in which environmental and social factors dynamically inter-
act to shape outcomes, with characteristics such as land boundedness, comparative
smallness and isolation presenting further challenges but also opportunities in small
island settings.

However, relational approaches are increasingly recognising islands as spaces of
interconnection (Chandler and Pugh 2018; Grydehøj and Casagrande 2019), and the
implications of this for climate change action and disaster risk reduction demand con-
sideration. The characteristics of islandness such as smallness, isolation and fragmen-
tation can be conceptualised as advantages, with potential to be harnessed as assets
with appropriate policy interventions (Deidda 2016). However, it is vital to under-
stand the intersections between connectivity and the processes of island resilience,
to support sustainable adaptation and reduce risks of maladaptation.

Connectivity, defined here as the capacity for connection, and how people experi-
ence the state of being connected, manifests at different spatial scales and in different
forms, both material (e.g. roads, ferries, power and telecommunications infrastruc-
ture, etc.) and non-material (e.g. familial and cultural links, governance structures,
etc.). Climate change has the potential to disrupt these connectivities, e.g. coastal air-
ports at risk fromsea level rise (Monioudi et al. 2018).Other key contemporary trends,
such as migration, technological change and exposure to global knowledge, also
have the potential to both enhance and break down such connectivities. For example,
migration from peripheral to core communities can improve access to financial and
social capital, which can foster greater adaptive capacity (Birk andRasmussen 2014).
However, migration can also challenge a community’s sense of identity and lead to
a loss of culture (Connell 2016), which may include traditional/local adaptation that
has sustained island communities for centuries.

Varying degrees of connectivity may, in turn, affect how island communities pre-
pare for and respond to extremeweather risks. Pre-cyclonewarnings provide a salient
example. Vital information must reach citizens in isolated peripheral locations, but
here, geography presents more than simply logistical challenges. The core–periphery
relation, positioning rural/outer island communities as geographically, economically
and politicallymarginal (e.g. Nunn andKumar 2017; Overton 1994; Sofer 1988)may
manifest in not only variable infrastructure and service provision but also, persis-
tence of traditional livelihoods and practices in remote areas (Connell 2010; Nunn
et al. 2014; Sofer 2018). Thus, material differences in the extent of communica-
tion networks alongside non-material differences in socio-cultural context, may both
engender different preferences around how information channels are used and how
warnings are acted upon.

There has been some focus on associations between demographic or socio-
economic factors and information channel preferences, but little has focused specifi-
cally on islands and core-periphery communities. In the context of hurricanewarnings
in the USA, research indicates that demographic characteristics are associated with
different preferences around information channels, with minority residents favour-
ing community or local government information sources (DeYoung et al. 2016). In
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an Australian study, older people tended to prefer ‘traditional’ communicative tech-
nologies like radio and landline telephone to newer technologies such as apps, while
culturally and linguistically diverse participants favoured in-person communication
(Howard et al. 2017).

There has been some study of the information channel preferences of urban Pacific
islanders in relation to tropical cyclones (Magee et al. 2016), and the scholarship on
island experiences of tsunamis also highlights the relative effectiveness of different
information channels (Perry 2007) alongside the vital role that traditional knowledge
capital continues to play in mediating natural hazards in remote island locations
(McAdoo et al. 2006, 2009; Hall et al. 2017). Yet, within-island state patterns in
information channel penetration have received little attention.

Using Tonga as a case study, this research interrogates the assumptions inherent
in the core-periphery paradigm by assessing the extent to which rural/outer island
communities exhibit different behaviours around information channels, and the rel-
ative importance of different aspects of connectivity in explaining those patterns. It
discusses the potential for interaction between ‘islandness’, characterised by small-
ness, boundedness, isolation and fragmentation (Fernandes and Pinho 2017), and
disaster risk communication behaviours, which is of increasing importance in light
of climate change. Key questions to be investigated are:

(1) Are there differences in the patterns of information channel usage (radio,
television, SMS, internet, word of mouth, etc.) between core and peripheral
areas?

(2) Can any differences be explained by either patterns in the use of communication
technology, or patterns in indicators acting as proxies for traditional practices?

Case Study Context: Tonga and Cyclone Gita

This paper focuses on the islands of Tongatapu and ‘Eua in Tonga. Tongatapu is the
main island of the Kingdom of Tonga. It is the country’s most populous island with
just over 74,600 people in 2016. In contrast, ‘Eua reported a population of 4945 in the
2016 census. Yet, even in Tongatapu, there is considerable variation in population
density between villages, with the greatest concentration of people in the capital,
Nuku‘alofa, which comprises the districts of Kolomotu‘a and Kolofo‘ou (Fig. 1).

Traditionally, agriculture and fishing are the main sources of livelihood (Nunn
and Waddell 1992; Brown Pulu 2013). Traditional practices are of importance, e.g.
in the healthcare system (McGrath 1999), where social relationships are deeply con-
nected to cultural conceptualisations of health (Capstick et al. 2009). While English
and Tongan are both official languages, secondary and post-secondary education
is largely in English, and radio and television programmes are mainly in English
(Otsuka 2007). Despite this, there are many villages where a large proportion of
households speak only Tongan at home, according to census data (Fig. 5).
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Fig. 1 Population density of Tongatapu and ‘Eua islands

Tongatapu and ‘Eua were the two Tongan islands most severely impacted by
Cyclone Gita in 2018. Gita was near peak intensity (Category 4 on the five-point
Saffir-Simpson scale) as the storm approached Tongatapu (Fig. 2).

Almost 80% of the population of Tonga were directly impacted by the cyclone,
with total damage estimated at T$356.1 million (US$164.1 million) (Global Facility
for Disaster Reduction and Recovery 2018)

Data and Methods

Data used in this study is obtained from the2016Population andHousingCensus1 and
the 2018 Gita Impact Assessment Survey,2 both produced by the Tonga Department
of Statistics.

The mode by which households were warned is not an exclusive variable. I.e.
Some households received warnings via multiple information channels, but data
relating to the use of single versus multiple channels was not available.

1TONGA CENSUS 2016 DATA: Tonga Department of Statistics, 2016 Population and Housing
Census. Data available at: http://tonga.popgis.spc.int/#c=home.
2GITA IMPACT ASSESSMENT: Tonga Department of Statistics, 2018 Gita Impact Assessment
Survey. Data available at: http://tonga.popgis.spc.int/#c=home.

http://tonga.popgis.spc.int/#c%3dhome
http://tonga.popgis.spc.int/#c%3dhome
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Fig. 2 Track and intensity of Gita, according to the Saffir–Simpson scale (Data: NOAA, Data
available at: https://ftp.emc.ncep.noaa.gov/wd20vxt/hwrf-init/decks/bsh092018.dat)
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A selection of variables corresponding to communications, economic activity
and linguistic preferences are also utilised. Proportions of the population with access
to mobile phones and internet are analysed to assess whether greater access to such
technologies results in higher proportions of households receiving warnings by these
means. The proportion of the population employed in traditional livelihoods (agricul-
ture, fishing and forestry) is used as a proxy to identify areas which may be operating
in more traditional contexts. The possible impact of linguistic characteristics on
interaction with different warning information channels is explored also (Table 1).

The Getis-Ord Gi* statistic is used to identify high or low-value clusters in the
spatial data (Getis and Ord 1992). A statistically significant positive/negative z-
score is returned when the local sum for a feature and its neighbours (defined as
features sharing a boundary) is very different to the expected local sum, based on
all features. Statistically significant positive/negative z-scores indicate clustering
of high/low values (hot/cold spots). As spatial dependency can artificially inflate
statistical significant in local pattern analysis, a false discovery rate correction is
applied. Statistically significant p-values are ranked from smallest to largest, and the
weakest significant p-values are omitted, with the number of values to be discounted
based on the false positive estimate.

Table 1 Data utilised in this study

Country Dataset Variables Level

Tonga Cyclone Gita Impact Assessment Households warned
– Radio—Proportion of total yes
– Television—Proportion of total
yes

– SMS—Proportion of total yes
– Internet—Proportion of total yes
– Word of mouth—Proportion of
total yes

– Other- Proportion of total yes

Village

Tonga Census 2016 Communications
– Own a working mobile
phone—Proportion of total
yes—(10+)

– Access internet—Proportion of
total yes—(10+)

Economic
– Main industry—Proportion of
total agriculture, forestry and
fishing—(15+ act. pop.)

Linguistic
– Speaking Tongan at
home—Proportion of total yes,
only this language—(5+)

– Difficulty reading
English—Proportion of total no
difficulty—(5+)

Village
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For each variable, the analysis is performed on the value as a proportion of the
population, rather than on the total number of positive responses for that variable. It
would naturally be expected that the number of households warned via each mode
of communication, for example, would be higher in villages where there are more
households; by analysing a rate, this relationship is controlled for.

The method can be replicated and applied in other island contexts where similar
data is available, to explore similar questions of core-periphery relationships.

Results

Several notable hotspots and coldspots in information channels via which warnings
were received at household level. Low-value clusters, i.e. coldspots, in ‘modern’
information channels (internet and SMS) are observed on ‘Eua. Conversely, hotspots
in these information channels are identified in western Tongatapu. A hotspot for tele-
vision warnings is also observed here. Several more isolated, but highly significant,
word-of-mouth warning hotspots are observable in western Tongatapu. Radio is by
far the most successful information channel in terms of reaching households. As val-
ues are almost universally high, no hotspots are identified, although a single village
was flagged as a radio warning coldspot.

While access to mobile phones is not universal, access is evenly distributed across
both islands (i.e. no hotspots or coldspots). SMSwarning hotspots have considerable
overlaps with the ‘Only Tongan spoken at home’ coldspot. To express this another
way, there appear to be higher proportions of households receiving these types of
warnings in villageswhere higher proportions of people speak an additional language
in the home. Internet warning hotspots also have considerable overlaps with the
‘Only Tongan spoken at home’ coldspot. There is also an internet warning hotspot
corresponding to the only internet access hotspot, Kolofu’ou.

‘Eua represents a coldspot of SMSwarning activity and, to a lesser extent, internet
warnings. It is not a coldspot in terms of mobile phone or internet access, suggesting
that access to information and communication technology is not a barrier. It is also
a hotspot for the variable ‘no difficulty reading in English’, suggesting that capacity
to engage with web-based English language information sources is high. The island
is also a hotspot in terms of traditional livelihoods (agriculture, fishing, forestry).

Hotspot analysiswas also carried out to determine if therewas a greater percentage
of tourists and visitors present in villages corresponding to the ‘Only Tongan spoken
at home’ coldspot, as this would have implications for the nature of tropical cyclone
warnings, but no hotspots were identified (not shown) (Figs. 3, 4 and 5).
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Fig. 3 Percentage of households warned via each information channel (left) and hotspot analysis
results for that information channel (right)
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Fig. 3 (continued)
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Fig. 4 Percentage of population with access to mobile phones and internet (left) and hotspot
analysis results for these variables (right)

Discussion

Radio is by far the most successful information channel in terms of reach. Radio
Tonga One is a key partner in Tonga’s tropical cyclone warning system, due to
the maximum coverage it provides, although on ‘Eua the reach by radio is limited
(I. Tora, Pacific Environmental Journalists Network, personal communication, 26
March 2019). However, there are limits to the kinds of information that radio, and
particularlymainstreammedia outlets can provide. Informationmay not alwaysmeet
the needs of rural and peripheral communities (Singh and Naidu 2018). Community
radio can fill this gap, but given that half of all community radio stations in the South
Pacific islands are faith-based (Austin 2014), it is also necessary to consider how
this cultural context might influence messaging about natural hazards, in order to
implement culturally-grounded adaptive practice (Chester 2005; Nunn et al. 2016).

Radio offers nomeans of integrating visual data such asmaps, whichmay improve
understanding of disaster messaging (Liu et al. 2017). Furthermore, lessons from the
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(right)
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fields of volcanic hazard suggest that peoples can struggle to orientate themselves
using traditional plan view maps, but that this improves when using aerial pho-
tographs (Haynes et al. 2007). Mobile phones have considerable potential, then, to
provide localised evacuation guidance, which would greatly benefit visitors to an
island as well as locals (Rahman et al. 2012).

In Pacific countries, use of mobile phones is on the rise, and consequently, they
are increasingly incorporated into disaster risk communication (Noske-Turner et al.
2014). The content of these brief messages matters, as there is evidence from the
US that people find mobile alerts and tweets uninformative and impersonal (Bean
et al. 2016). Analysis of experiences in Vanuata during Cyclone Pam demonstrated
the effectiveness of SMS warning, with this information channel largely replacing
radio (Handmer and Iveson 2017). Given the emerging role of mobile and internet
technology, the limited role these technologies appear to play in the dissemination of
cyclone warning information in Tonga, particularly in rural areas, is a trend worthy
of further investigation.

Information and communication technologies also allow people to take a more
active, participatory role in sharing information (Oxendine and Waters 2014; Harris
et al. 2016); before and during CycloneWinston in Fiji, social media played a role in
both disseminating information and documenting the unfolding situation (Finau et al.
2018). Understanding community preferences for accessing information may help to
foster contextually appropriate, community-centric warning systems that optimally
use media channels (Baudoin et al. 2016).

The overlap of the ‘internet warning’ hotspot and the ‘Only Tongan spoken at
home’ coldspot suggest that linguistic preferences may play a role in engagement
with different information channels. TV, radio and SMS messages are transmitted
in both Tongan and English (I. Tora, personal communication, 26 March 2019).
However, several relevant pages on the Tonga Meteorological Service website, such
as the Tropical Cyclone Outlook, and the Natural Disaster Information, are available
only in English. Tropical Cyclone Advisories are made available in both English
and Tongan, but must be navigate to via the main webpage, which is in English.
Yet, the ‘internet warning’ coldspot on ‘Eua overlaps with a ‘No difficulty reading
English’ hotspot, further suggesting that if there is a link between engagement with
certain information channels and linguistic characteristics, it is driven by linguistic
preferences, rather than abilities.

Conclusions

This paper has explored the impact of connectivity on dissemination of information
about disaster risk in Tonga, with two key conclusions. Firstly, this research identifies
notable core-periphery patterns in how communities were warned about Cyclone
Gita. Coldspots in ‘modern’ information channels (internet and SMS) are observed
on ‘Eua, in contrast with hotspots in internet, SMS and televisionwarnings inwestern
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Tongatapu. Secondly, linguistic preferences and traditional context, rather than access
to ICT, appear to play a role in explaining these patterns.

The empirical-analytical approach taken in this paper identifies compelling pat-
terns in the available data. However, there are several limitations that must be kept
in mind. Firstly, the unit of analysis is villages and conclusions must be interpreted
within this context. Inferences cannot be made about the relationship between infor-
mation channel use, linguistic preferences and traditional context at the individual
level. Secondly, as this study uses secondary data, there are certain dimensions of
connectivity that cannot be examined as the datasets do not contain relevant variables
(e.g. relating to access to transport).

Additional community-based participatory research is needed in order to under-
stand the drivers underlying the spatial patterns identified in a comprehensive and
holistic way. Furthermore, while the data analysed here focused on how households
were warned about Cyclone Gita, the question of how households acted upon that
information is also of vital importance. Here, too, cultural context may contribute to
different behaviours in communities operating within traditional contexts. As disas-
ter response is a social process (Drabek 1999), further research is needed into how
‘islandness’ impacts the understanding people make of warnings, and the actions
they take as a result.

This paper illustrates the value of data-driven, statistical approaches in generating
insights into island practices around DRR and climate resilience, which can then
be used in formulating additional, context-specific research questions and hypothe-
ses. The approach used in this paper can be applied in other island contexts where
similar data is available, which may help to identify common issues across island
communities, as well as transferable practices for fostering climate resilience.
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Climate Change in Tonga: Risk
Perception and Behavioral Adaptation

David N. Sattler, Uili Lousi, James M. Graham, Viliami Latu,
James Johnson and Siosaia Langitoto Helu

Abstract This chapter develops a model of climate change risk perception and
behavioral intention to take action to prevent climate change in the Kingdom of
Tonga. The project was conducted in the wake of Cyclone Gita, one of the strongest
cyclones to strike Tonga in recorded history. Climate change may have increased the
strength of Cyclone Gita. We examined how resource loss as a result of the storm,
coping, community norms, value orientation, and posttraumatic stress influence cli-
mate change risk perception and behavioral intention to prevent climate change. The
project was guided by climate change models we developed after Cyclone Winston
made landfall in Fiji. The participants were 230 people (49% men, 51% women)
in communities in Tonga (age: M = 42, SD = 15.5). They completed assessment
instruments measuring resource loss as a result of the cyclone, coping, commu-
nity norms regarding climate change, personal values, posttraumatic stress, climate
change risk perceptions, behavioral intention to prevent climate change, and demo-
graphics. Two models with similar paths predicated climate change risk perceptions
and behavioral intention to prevent climate change. In one path, loss of resources
as a result of Cyclone Gita was associated with coping, and coping was associated
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with climate change risk perceptions. In a second path, loss of resources as a result
of Cyclone Gita was associated with posttraumatic stress, and posttraumatic stress
was associated with posttraumatic growth. An additional analysis examined personal
values and community norms. In one path, personal values were directly associated
with behavioral intention to take action to prevent climate change. In a second path,
coping mediated resource loss as a result of Cyclone Gita, community norms, and
personal values. The findings extend our climate change model developed in Fiji and
support and extend van der Linden’s (J Environ Psychol 41:112–124, 2015) climate
change risk perception model. We discuss implications of the model for climate
change education campaigns.

Keywords Climate change · Risk perception · Behavioral adaptation ·
Posttraumatic growth · Tonga · Cyclone Gita · South Pacific · Climate change
model

Introduction

Climate change is altering environmental conditions in the Kingdom of Tonga and
other small island developing states in the Pacific Ocean. Oceans retain much of the
heat reflected back to Earth, and warming ocean temperatures cause water to expand,
which raises sea level. Some small island states, especially those on atoll islands,
may need to relocate as a result of land loss due to the increase in sea level (Nurse
et al. 2014). Ocean acidification increases with warming waters and threatens marine
ecosystems, including coral reefs and marine fisheries (Laffoley and Baxter 2016).
Warm ocean water also provides the fuel for cyclones, and in recent years, warmer
waters have increased the magnitude of cyclones. As the strength of these storms
surpasses the current classification system, the need for a new category 6 cyclone is
being considered (Masters 2019). Stronger storms have significantly greater poten-
tial to threaten lives, create extensive property damage, and damage food crops
(National Oceanic and Atmospheric Administration 2013; Pacific Climate Change
Science Program 2016). Air temperature is increasing and precipitation patterns are
becoming more unpredictable. Small island developing states contribute less than
1% of greenhouse gas emissions into the atmosphere, yet they experience a dispro-
portionate degree of negative consequences as a result of climate change (United
Nations Development Programme 2017).

In Tonga, air temperature has increased 0.10 °C in the capital of Nuku‘Alofa
during each of the past seven decades, and rainfall has decreased. Sea level has risen
by 6 mm in Tonga, or nearly double the global average, in the past 25 years. At the
September 2018 meeting of the United Nations, King Tupou VI of the Kingdom
of Tonga underscored the challenges: “Climate change continues to pose significant
security threats to us as island States,” and he stressed “the devastating impacts of
climate change on our marine environment” (United Nations News 2018).
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Tonga is an archipelago located 500 miles southeast of the Fiji Islands and has
a population of approximately 108,000 persons. Nearly three-quarters live on the
main island of Tongatapu, and about one-quarter live on 35 other islands. The World
Risk Report ranks Tonga as the second most vulnerable country in the world to
natural disasters (AllianceDevelopmentWorks 2013). Stronger cyclones as a result of
climate change and increasing sea level pose real risk to life and property, agriculture,
and individual and societal functioning. A review of the PsycINFO database shows
no published studies examining any aspect of disaster preparedness and response or
climate change risk perceptions and adaptation conducted in Tonga. There is great
need for research examining climate change adaptation and response in Tonga and
other small island developing states (Petzold and Magnan 2019).

This chapter presents a study that is among the first in Tonga and the Pacific
to assess climate change risk perceptions and intention to modify behaviors that
contribute to climate change. We were especially interested in examining climate
change risk perceptions andbehavioral intention in thewakeCycloneGita, a powerful
cyclone whose strength was likely associated with climate change. On February 12,
2018, Cyclone Gita made landfall in Tonga with sustained wind speeds of 230 and
280 km/h gusts. It ranks as one of the strongest cyclones to strike the country in
recorded history (George and Sidhu 2018; Tapaleao and Dunlop 2018). Cyclone
Gita affected nearly 70% of all persons in Tonga, destroyed more than 800 homes,
and damaged approximately 4000 homes and infrastructure such as electric power
lines and crops. Damage estimates wereUS$164million. There have been significant
discussions concerning the role of climate change in strengthening Cyclone Gita and
other storms in the Pacific Ocean (Australia Department of Foreign Affairs and Trade
2018; Pearlman and Krol 2018).

A Climate Change Risk Perception and Behavioral
Adaptation Model

This study was guided by a climate change risk perception and behavioral adaption
model we developed in the wake of CycloneWinston in the Fiji Islands (Sattler et al.
2018a, b). Cyclone Winston was the strongest storm in recorded history to make
landfall in Fiji, and climate change may have contributed to increasing its size and
strength (Earth Observatory 2016). The model considers how experiences during the
cyclone as well as knowledge of and social norms about climate change influence
risk perceptions and adaption. In particular, the model examines loss of resources;
psychological reactions such as posttraumatic stress, coping, social support, and
posttraumatic growth; knowledge about climate change; social norms concerning
climate change; values; and demographic variables (e.g., age, gender, and education
level). A brief discussion of each of these variables is presented below. For a more
thorough discussion of these variables, see Sattler (2017) and Sattler et al. (2018a).

Resource loss and posttraumatic stress. According to conservation of resources
stress theory, the threat of resource loss or loss of resources as a result of a cyclone
or natural disaster can create psychological distress (e.g., depression, anxiety) and
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posttraumatic stress (Hobfoll 2012). The theory identifies four types of resources that
may be at risk: object (e.g., home, possessions), condition (e.g., employment), energy
(e.g., time for adequate sleep), and personal characteristic (e.g., sense of optimism;
Hobfoll 2012). Posttraumatic stress can occur in response to life threat, and symptoms
include intrusive thoughts about the event, difficult sleeping as a result of nightmares,
severe anxiety, and flashbacks about the incident (National Center for PTSD 2017).
Threat of loss or actual loss of resources is associated with psychological distress
(Sattler 2017).

Coping and posttraumatic growth. People may cope with stress experienced as a
result of a disaster by using a variety of methods, including confronting the situation
directly to resolve it, disengaging from the situation, focusing on emotions, and
receiving assistance from others. As people cope with the situation and rebuild their
lives, they may reflect on their life priorities and what gives their life meaning. They
may becomemore aware of the importance of developing a disaster plan with actions
to take to prepare for a disaster, the importance of neighbors helping neighbors, and
ways of coping with adversity. As they rebuild their lives and experience resource
gains, they may have increased appreciation for support provided by others, feel a
stronger sense of community, and reflect on the value of community and assistance
provided to others. As a result, they may experience posttraumatic growth (Calhoun
and Tedeschi 2001; Sattler and Smith, 2020).

Norms and values. According to van der Linden’s (2015) climate change risk per-
ception model, personal experience with climate change, community norms, and
values influence the degree of risk people may perceive as a result of climate change.
Personal experience concerns how experience with climate change has affected the
individual and his or her emotional reactions.Community norms involve expectations
of others behavior, including actions toward the environment that are associated with
climate change. Biospheric values involve an awareness of the environment, egoistic
values center on individual outcomes, and socio-altruistic values consider the needs
of other people (van der Linden 2015).

Developing themodel after CycloneWinston in Fiji. After CycloneWinston created
extensive damage in Fiji, people living in coastal villages completed a questionnaire
that assessed each variable in the model. They were without basic resources (food,
water) formany days andwere living in tents or damaged homes formanyweeks after
the storm. We used structural equation modeling to develop the model. The results
showed three pathways to behavioral intention to take action to prevent climate
change. In one path, resource loss as a result of the cyclone and education level were
each independently associated with posttraumatic growth, and posttraumatic growth
mediated their relationship with behavioral intention. In a second path, community
norms concerning climate change mediated the relationship between resource loss
and behavioral intention. In a third path, risk perceptions mediated the relationship
between community norms, knowledge about climate change, and affect (Sattler
et al. 2018a).
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Present Study

The present study extends Sattler et al. (2018a) by developing a climate change
risk perception and behavioral adaptation model in Tonga in the wake of Cyclone
Gita. It includes the same variables as our Cyclone Winston study in Fiji. Our first
research question was “Will the climate change behavioral model developed in Fiji
replicate in Tonga?” The second question was “If the model does not replicate, what
variables will contribute to climate change risk perception and to behavioral adaption
for climate change in Tonga?” Because the study was exploratory, we did not have
specific hypotheses.

Method

Participants and Procedure

Eight weeks after Cyclone Gita made landfall, we administered an anonymous ques-
tionnaire to persons living in coastal communities inTonga.Theparticipantswere 230
persons (49%men, 51%women; age:M = 42, SD= 15.5, range: 18–89 years).More
than one-third (36%) had less than a secondary school education, about one-third
(34%) completed secondary school, and about one-third (30%) had some college or
a college degree. The median distance they lived from the coast was less than 1 km.

The study was approved by the Human Participants Research Committee atWest-
ern Washington University and followed the American Psychological Association
ethical guidelines. We recruited two college students in Tonga to serve as research
assistants, and trained them in research ethics and questionnaire administration. We
identified neighborhoods that experienced damage as a result of Cyclone Gita, and
individuals in these neighborhoods completed the questionnaires in their homes.
Participation was voluntary and no inducements were offered. Almost all individu-
als asked to participate did so; the response rate was 94%. It took about 25 min to
complete the survey.

Assessment Instruments

We translated the questionnaire from English to Tongan. To do so, we used a version
of the committee approach as discussed by Matsumoto and van de Vijver (2011)
and van de Vijver and Leung (1997). We have successfully used this approach in
numerous countries, including Thailand, Indonesia, and El Salvador (e.g., Sattler
et al. 2014, 2018b). The fourth author translated the items and the research assistants
reviewed the translation and provided feedback. The participants were asked about
the readability of the survey, and they reported it was easy to understand.
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A cover letter on the questionnaire packet contained informed consent infor-
mation. The assessment instruments were presented in the following order on the
questionnaire (see Table 1 for the means, standard deviations, and Cronbach’s alpha
reliabilities for each assessment instrument).

Climate change risk perceptions and affect (5 items). We adapted van der Linden’s
(2015) items to assess level of concern and expectations about experiencing negative
consequences as a result of climate change. An example of an item is “In your
judgment, how likely is it that climate change will have very harmful, long-term
impacts on our society?” We summed the items to create a risk perception score.
Higher scores reflect stronger perceived risk as a result of climate change.

We also included two items fromvan der Linden (2015) to assess affect concerning
climate change. An example is “Overall, do you feel that climate change is not
favorable?” Higher scores indicate higher negative affect toward climate change.
Participants used a 5-point scale (1 = not at all to 5 = very much) to indicate their
answers.

Community norms concerning climate change (7 items). We used van der Linden’s
(2015) items to assess community norms concerning climate change. An example is
“Most people I care about are doing their bit to help slowclimate change.”Participants
used a 5-point scale (1= not at all to 5= verymuch) to indicate their answers. Higher
scores indicate more support for actions to reduce climate change. We summed the
items.

Personal value orientations (12 items). We used van der Linden’s (2015) items to
assess biospheric, socio-altruistic, and egoistic values. Participants used a 6-point
scale (1 = very much opposed to 6 = very important) to indicate how well each
item matched their personal values. An example is “Protecting the environment and
preserving nature.” Higher scores indicate more personal importance.

Posttraumatic growth (21 items). We used Calhoun and Tedeschi’s (2001) Post-
traumatic Growth Inventory to assess degree of growth. An example is “Greater
appreciation for the value of my own life.” Participants used a 7-point scale (1 =
great decrease to 4= no change to 7= great increase). Higher scores indicate greater
degree of posttraumatic growth. We summed the items.

Behavioral intention to prevent climate change (12 items). We used items devel-
oped by the first and fifth authors to assess willingness to take action regarding
climate change (Sattler et al. 2018a). The items include actions that may reduce or
prevent climate change and were derived, in part, from actions discussed by Stern
(2010), such as household behaviors and sustainable practices. An example is “Use
less energy at home to help stop climate change.” Participants used a 5-point scale
(1 = not at all to 5 = very much). Higher scores indicate greater willingness to take
action. We summed the items.
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Demographics. Participants reported their gender, age, and level of education.
Participants checked their choices or wrote in a number to indicate their answers.

Results

Model Building Data Analytic Plan and Procedures

Table 1 presents descriptive statistics and correlations among the variables.
To develop a path model to examine predictors of climate change risk perception

and behavioral intention, we split the entire sample in half to create an exploratory
sample (N = 116) and a confirmatory sample (N = 114). We then created a path
model with the exploratory sample and assessed its generalizability with the con-
firmatory sample. This approach allowed us to confirm that the initial results with
the exploratory sample were not solely the result of sampling error. This approach
replicated ourmodel buildingmethod to examine climate change risk perceptions fol-
lowingCycloneWinston in Fiji (Sattler et al. 2018a).We performed the path analyses
with maximum likelihood estimates using Amos version 24 (Arbuckle 2016).

We used object loss and personal characteristic/condition loss as congeneric indi-
cators of loss, a latent variable. We averaged responses to the 20 posttraumatic stress
items to create a single variable. We used the coping and social support variables as
congeneric indicators of a latent coping variable. We averaged responses to the 21
posttraumatic growth items to create a single variable. Finally, we averaged responses
to the seven risk assessment items to create a single climate change risk assessment
variable. We allowed these five primary variables to correlate with one another and
tested model fit using the exploratory sample. Table 2 shows that all fit indices of the
measurement model indicated excellent fit. Because the measurement model allows
all variables to correlate with one another, it represents the best possible fit for any
subsequent structural models.

Table 2 Model fit statistics for structural regression models predicting climate change risk
perception with loss, posttraumatic stress, coping, and posttraumatic growth

Sample Model X2 df p SRMR CFI RMSEA

Exploratory (N =
116)

Measurement 15.54 13 0.28 0.038 0.993 0.041

Structural (Fig. 1) 20.27 18 0.32 0.044 0.994 0.033

Confirmatory (N
= 114)

Structural (Fig. 1) 36.24 19 0.01 0.060 0.035 0.095

Note SRMR—Standardized Root Mean Residual, CFI—Comparative Fit Index, RMSEA—Root
Mean Square Error of Approximation
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Climate Change Risk Perceptions

To examine climate change risk perceptions, we re-specified the measurement model
into a structural regression model and converted correlations between variables into
regression paths and added error terms to endogenous variables. We used loss to
predict posttraumatic stress; loss and posttraumatic stress to predict coping; loss,
posttraumatic stress and coping to predict posttraumatic growth; and all four other
variables to predict climate change risk perception. Because this model allowed
all variables to relate to one another, its fit indices were identical to those for the
exploratory sample measurement model shown in Table 2.

To simplify the model, we examined each of the estimates from the structural
regression model and removed the path with the lowest critical ratio. We then tested
the fit of the resulting model and compared it to the fit of the measurement model.
We continued this process until the change in fit indicated an ill-fitting model. We
removed the following paths in order: posttraumatic stress to coping, posttraumatic
growth to climate change risk perception, loss to posttraumatic growth, loss to climate
change risk perception, and posttraumatic stress to climate change risk perception.
At that point, the removal of the next path (coping to posttraumatic growth) would
have resulted in a deterioration of fit. Figure 1 shows the resulting path diagram for
the exploratory sample structural regression model, and Table 2 shows the fit indices.
As shown in Table 2, the fit of the final structural model was excellent, and it was
not statistically different from the measurement model, �X2 (5) = 4.73. p = 0.449.

We then tested the fit of the model shown in Fig. 1 with the data from the confir-
matory sample. Figure 1 shows the path coefficients and Table 2 shows the resulting
fit indices. As seen here, the fit was generally acceptable, but not as strong as in the
initial exploratory sample. The Chi-Square was statistically significant, but the other
fit indices indicated a good, but not excellent fit.

The resulting model shown in Fig. 1 indicates that the effect of loss on posttrau-
matic growth wasmediated by two variables. First, the effect of loss on posttraumatic
growth was mediated by posttraumatic stress symptoms. Individuals experiencing
greater levels of loss were more likely to experience posttraumatic stress symptoms,
which in turn was associated with higher levels of posttraumatic growth. Second, the
effect of loss on posttraumatic growth was mediated by coping. Individuals experi-
encing greater levels of loss were more likely to engage in coping behaviors, which
in turn was associated with higher levels of posttraumatic growth. It is noteworthy
that the experience of posttraumatic stress was not related to coping behaviors; this
stands in contrast to the model from Sattler et al. (2018a), where the effect of loss
on posttraumatic growth was both direct and mediated through posttraumatic stress
and coping.

The results shown in Fig. 1 also indicate that posttraumatic growth was not associ-
ated with climate change risk perception. Thus, in the current sample, re-evaluation
of life priorities associated with posttraumatic growth did not result in increased
evaluation of climate change risk.
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Fig. 1 Path diagram of the structural regression model predicting climate change risk perception.
Path coefficients are from the exploratory/confirmatory samples. The squared multiple correlations
in brackets are from the exploratory/confirmatory samples

Figure 1 shows that the effect of loss on climate change risk perceptions wasmedi-
ated by coping. The more loss participants experienced, the more coping behaviors
they displayed, which is in turn related to increased risk perceptions. Thus, it seems
that the more coping resources an individual was required to use in the face of loss,
the more risky they judged the impact of climate change.

Climate Change Behavioral Intention

The perception that climate change creates substantial risks does not always result in
intention to take action to prevent climate change. To test how the variables predict
climate change behavioral intention, we tested the same model shown in Fig. 1
and replaced the climate change risk perception variable with the climate change
behavioral intention variable. We first tested the model using the exploratory sample.
The resulting fit indices, shown in Table 3, indicated marginal fit. While the Chi-
Square was statistically significant (indicating poor fit), it was only just so, and the
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Table 3 Model fit statistics for structural regression models predicting climate change behavioral
intention with loss, posttraumatic stress, coping, and posttraumatic growth

Sample Model X2 df p SRMR CFI RMSEA

Exploratory (N =
116)

Without PTG to
BI

31.20 18 0.03 0.055 0.966 0.080

With PTG to BI 19.99 17 0.28 0.04 0.992 0.039

Confirmatory (N
= 114)

With PTG to BI 28.91 17 0.05 0.056 0.957 0.079

Without PTG to
BI

30.51 18 0.03 0.058 0.955 0.078

Note SRMR—Standardized Root Mean Residual, CFI—Comparative Fit Index, RMSEA—Root
Mean Square Error of Approximation, PTG—Posttraumatic Growth, BI—Behavioral Intention

CFI indicated excellent fit and the SRMR and RMSEA both indicated acceptable fit.
The modification indices suggested that adding a path from posttraumatic growth to
behavioral intention would improve the model fit. Doing so resulted in the fit indices
shown in Table 3, all of which indicate good to excellent fit.

Next, we tested the model with the confirmatory sample. The resulting fit indices,
shown in Table 3, were generally good; though the Chi-Square was statistically sig-
nificant (indicating poor fit), it was only just so, the CFI indicated excellent fit and the
SRMR and RMSEA both indicated acceptable fit. In the confirmatory sample, the
path from posttraumatic growth to behavioral intention was not statistically signifi-
cantly different from zero; as such, we tried removing that path and re-running the
model with the confirmatory sample. The fit, shown in Table 3, was not meaningfully
impacted by the removal of the path (�X2 (1) = 1.60. p = 0.205), suggesting weak
support for the effect of posttraumatic growth on behavioral intention.

Figure 2 shows the resulting model, with path coefficients from the exploratory
and confirmatory samples. As seen here, the results are virtually identical to those
using climate change risk perception. The experience of loss was associated with
increased use of coping behaviors, which in turn was associated with increased
behavioral intention to take action to prevent climate change. The effect of loss on
posttraumatic growth was mediated by posttraumatic stress and coping.

Support for the path from posttraumatic growth to behavioral intention was less
consistent. While its inclusion in the exploratory sample changed the fit of the model
from good to excellent, its exclusion from the confirmatory sample did not have an
appreciable effect on model fit. When present, it was a negative path, suggesting that
higher levels of posttraumatic growth was associated with fewer behavioral intention
to act against climate change. Because of the lack of clear support for this path, we
did not include it in further analyses.
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Fig. 2 Path diagram of the structural regression model predicting climate change behavioral inten-
tions. Path coefficients are from the exploratory/confirmatory samples. The squared multiple cor-
relations in brackets are from the exploratory/confirmatory samples. The path from post-traumatic
growth to climate change behavioral intentions could be omitted in the confirmatory sample without
affecting the overall fit of the model

Community Norms and Personal Values

The previous analyses indicated that coping fully mediated the effect of loss on
behavioral intention. In the final set of analyses, we assessed if the addition of the
community norms and personal values variables from van der Linden’s (2015) cli-
mate change risk perception model might act as predictors of behavioral intention.
We created a structural regression model, using the loss latent variable, the commu-
nity norms measured variable, and personal values variable as correlated exogenous
predictors. We allowed these three variables to predict the latent coping variable. All
four of the preceding variables were then allowed to predict behavioral intention.

We tested this model using the exploratory sample. Table 4 shows the resulting fit
indices. The results were mixed. Though the Chi-Square was statistically significant
(indicating poor fit), it was only just so; theCFI and SRMR indicated excellent fit, and
the RMSEA indicated poor fit. The modification indices suggested that fit might be
improved by allowing the error terms for object loss and social support to correlate.
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Table 4 Model fit statistics for structural regression models predicting climate change behavioral
intention with norms, values, loss, and coping

Sample Model X2 df p SRMR CFI RMSEA

Exploratory (N = 116) Initial 27.719 14 0.037 0.049 0.967 0.082

(Fig. 3) 14.728 9 0.099 0.042 0.979 0.074

Confirmatory (N = 114) (Fig. 3) 16.036 9 0.066 0.043 0.972 0.083

Note SRMR—Standardized Root Mean Residual, CFI—Comparative Fit Index, RMSEA—Root
Mean Square Error of Approximation

Thiswould suggest that thosewho experienced themost loss of property and personal
possessionswere themost likely tomake use of social support, presumably indicating
a use of community relationships to cope with property loss. The critical ratios also
suggested that both the path from community norms to behavioral intention and the
correlation between loss and personal values could be removed. Table 4 shows the fit
indices for this model with the exploratory sample, which were all good to excellent.

We tested the final model with the confirmatory sample. Table 4 shows the fit
indices, whichwere all good to excellent, with the exception of the RMSEA. Because
the RMSEA was only just outside the cut-off for acceptable fit, we deemed this final
model acceptable.

Figure 3 presents the path coefficients for the final model for the exploratory and
confirmatorymodels. Personal values had a direct effect on behavioral intention, with
personal values more in line with biospheric and altruistic beliefs, and less in line
with egoistic beliefs being related to more behavioral intention to act against climate
change. Community norms did not directly predict behavioral intention; rather, the
effect of community norms on behavioral intention was mediated by coping. Those
reporting being from communities with norms supporting climate change action
were more likely to use social support and problem focused coping, which was
in turn related to a reported increased likelihood of taking action against climate
change. Thus, while personal values both directly and indirectly (through coping)
affect behavioral intention, community norms relate to behavioral intention through
coping.

Discussion

This study is among the first, if not the first, to develop amodel of climate change risk
perception and behavioral adaptation in Tonga and the Pacific. The findings show
the relationships among resource loss, distress, coping, posttraumatic growth, com-
munity norms, and personal values with climate change risk perceptions and climate
change behavioral adaptation. Two models with similar paths predicated climate
change risk perceptions (Fig. 1) and behavioral intention to prevent climate change
(Fig. 2). In one path, loss of resources as a result of Cyclone Gita was associated with
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Fig. 3 Path diagram of the structural regression model predicting climate change behav-
ioral intentions with community norms and personal values. Path coefficients are from the
exploratory/confirmatory samples. The squared multiple correlations in brackets are from the
exploratory/confirmatory samples. For the sake of clarity, we omitted the correlations between
personal values and community norms, community norms and loss, and the error terms for object
loss and social support

coping, and coping was associated with climate change risk perceptions. In a second
path, loss of resources as a result of Cyclone Gita was associated with posttraumatic
stress, and posttraumatic stress was associated with posttraumatic growth.

An additional analysis examined the role of personal values and community norms
in predicting behavioral intention to take action to prevent climate change. In one
path, personal values were directly associatedwith behavioral intention to take action
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to prevent climate change. In a second path, coping mediated resource loss as a
result of Cyclone Gita, community norms, and personal values (Fig. 3). Participants
reporting stronger community norms supporting climate change action and stronger
personal value orientation were more likely to report higher levels of coping, which
thenwas associatedwith behavioral intention to take action to prevent climate change.
These findings support, in part, Roeser et al.’s (2012) model identifying factors
that influence climate change behavior. These factors include beliefs and concern
for climate change, self-efficacy, distress, perceived risk, feelings of responsibility,
and adaptive behavior. The findings also support research showing the connection
between disaster experience with climate change related events and climate change
risk perceptions (Sattler et al. 2018a; Viscusi and Zeckhauser 2015).

The finding that personal value orientation was directly associated with behav-
ioral intention to take action to prevent climate change supports and extends van
der Linden (2015), and supports and extends our climate change models developed
in Fiji. The personal value orientation variable in the present study included both
biospheric values (concern about Earth’s natural environment) and social-altruistic
values (concern about the well-being of others). Unlike van der Linden, we included
both values in one variable given the strong correlation between them. van der Lin-
den found that biospheric values were directly associated with climate change risk
perceptions, and the present study further found that these values are also directly
associated with behavioral intention to take action to prevent climate change.

van der Linden suggests that broad value orientations may reflect the culture in
which one lives and one’s view the world. In Tonga, these personal value orientations
might be based, in part, on a strong sense of community, shared identity, sense of
shared history and future, traditional environmental knowledge, reliance on locally
produced food items, and understanding of vulnerability to natural disasters and
impending environmental threats as a result of climate change (cf. Barnett andWaters
2016; Thaman et al. 2014). Future research could examine in detail experiences that
contribute to and support the development of these personal value orientations.

We also found that copingmediated the relationship between personal value orien-
tation, community norms, and resource loss with behavioral intention to take action
to prevent climate change. The coping variable includes problem focused coping and
social support. Because Cyclone Gita threatened lives, livelihoods, and property, this
finding may reflect the experience of living through Cyclone Gita and heightened
awareness of the need to take action to reduce threats to life and property brought
on by climate change. It also may reflect increased awareness as a result of stead-
fast educational efforts about climate change before and after Cyclone Gita made
landfall. The Tonga Ministry of Meteorology, Energy, Information, Disaster Man-
agement, Environment, Climate Change and Communications and schools in Tonga
provided educational information and lesson plans to raise awareness about factors
that contribute to climate change, threats to Tonga and other Pacific island nations,
and actions to take to minimize or prevent climate change.

The Kingdom of Tonga has developed strategies to reduce emissions that con-
tribute to climate change and to increase resilience to threats associated with cli-
mate change. Tonga ratified the Paris Agreement and actively participates in United
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Nations efforts to address climate change (Department of Climate Change 2019).
These campaigns emphasize the importance of the community working together
and the contributions each individual can make. Media reports in newspapers and
television programming regularly inform citizens about these efforts, and conversa-
tions among community members may reinforce this information. The connection
between personal values and community norms with behavioral intention to take
action to prevent climate change may clarify, in part, the lack of association with
posttraumatic growth with behavioral intention (cf. Lindell and Perry 2012). Future
research could examine how educational activities about climate change can acti-
vate coping behaviors to confront climate change threats and reduce contributions to
climate change.

The finding that resource loss predicted posttraumatic stress supports prior
research, conservation of resources stress theory, and our climate change model
(Hobfoll 2012; Sattler 2017; Sattler et al. 2018a). The finding that posttraumatic
stress is associated with posttraumatic growth is consistent with prior research. As
a result of life threat and resource loss, it is common for people to reflect on what
gives their life meaning. This process may be a form a coping with the traumatic
event (Sattler and Smith, 2020).

Regional characteristics may explain, in part, similarities and differences among
climate change risk perception and behavioral adaption models we developed in
Tonga and Fiji. For example, Fiji has a larger economy and a population almost nine
times as large as Tonga. The highest point on Tongatapu, the main island in Tonga,
is 213’, whereas the highest point on Vita Levu, the main island in Fiji, is 3645’.
People living in coastal villages on Tongatapu and the other islands may have fewer
options to evacuate to higher areas in order to escape storm surge or to relocate as a
result of sea level rise. The degree of damage caused by a disaster associated with
climate change and aid provided by disaster agencies may vary by location (Sattler
et al. 2002). Future research might examine how geography, economy, population
size, and the threats associated with climate change influence behavioral intention
to take action to prevent climate change.

The study has a few limitations. The sample is not a pure random sample. The
findings may not generalize to all persons in Tonga who experienced the cyclone.
Interrater reliability is not known.

Conclusion

This study is among the first to develop amodel of climate change risk perception and
behavioral adaptation in Tonga, a small island developing state. The findings under-
score the multidimensional nature of climate change risk perception and behavioral
adaption, and the role of experiential, cognitive, affective, and socio-cultural fac-
tors, and community norms. The findings also illustrate how exposure to a disaster
whose strength is associated with climate change can influence climate change risk
perceptions and behavioral adaptation. Future research exploring other variables that
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contribute to climate change risk perception is warranted. It may be particularly use-
ful to examine how cultural variables influence risk perception and willingness to
modify behaviors to mitigate climate change.

Given the role of community norms and personal values in the climate change
risk perception and behavioral adaptation model, an implication of the findings is
that educational campaigns should consider developing ways to highlight them. In
particular, campaignsmight emphasize descriptive and injunctive community norms.
Descriptive norms indicate what others in the community are currently doing (e.g., to
mitigate climate change), and injunctive norms indicate what community members
should do (e.g., to mitigate climate change; Cialdini 2003). People are more likely
to comply with information when they see others are concerned and when there is
an expectation that people in the community are engaged in behaviors that mitigate
climate change. In addition, campaigns should develop ways to present information
in vivid ways that appeal to emotions (Roeser 2012; Sattler et al. 2014, 2018a).

A person’s understanding about prior experiences, or mental representation, influ-
ences how the individual perceives, understands, and interprets new information and
events. A mental representation of an event is vivid when the event is easy to remem-
ber and has emotional impact. Vivid information is likely to have more influence
over judgments and decision-making, in part, because it is easier to remember than
abstract or statistical information (Fiske and Taylor 1991). An information campaign
might vividly describe the threats climate change poses to small island developing
states, present personal stories of people who experience loss and the actions they
are taking to minimize climate change, and present captivating imagery. The finding
that resource loss played a critical role underscores the importance of clearly pre-
senting the adverse consequences of climate change in an education campaign. This
is especially important for people who have little to no experience with, or who are
not aware of, the way in which climate change is negatively impacting ecosystems
that they and others depend on for survival.

In order to increase their effectiveness, information campaigns could also be
designed to present information in a manner that matches socio-cultural value ori-
entations. For example, prescriptive messages suggesting actions to mitigate cli-
mate change might present one way for individuals with biospheric values, another
for those with social-altruistic values, and a third for those with egoistic values.
Whereas the recommended behaviors in each message might be the same, the argu-
ments would differ depending on the value orientation that is targeted (Sattler and
Kerr 1991). These campaigns also should consider barriers that might prevent people
from taking action, and design specific remedies to overcome the barriers. Future
research should develop and assess the effectiveness of various approaches to educate
the public about climate change.
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Islands: A Review of Faith-Engaged
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Science without religion is lame, religion without science is
blind.
(Attributed to Albert Einstein)

Abstract The Pacific Islands region is highlighted in the literature as one of the
most vulnerable geographic areas in the world, with a high priority for adaptation to
climate change. In consequence, many interventions have been proposed and imple-
mented over the years that approach environmental sustainability and adaptation to
climate change in the Pacific from a predominantly scientific and technocratic world-
view perspective, in which climate change is seen as a science-informed issue, rather
than a faith-informed issue. Overwhelmingly, adaptation initiatives are scientifically
justified and externally conceived, funded and implemented. Regrettably, most inter-
ventions intended to reduce exposure to environmental risk and to enable effective
and sustainable adaptation to climate change in the Pacific Islands region have failed
to acknowledge influences on decision-making of spirituality and connectedness to
Nature. In the light of the almost total Christianization of Pacific Islands within the
past century, such intervention failures are surprising. The situation cannot continue
because every day the need for adaptation to climate change that is effective and
sustainable is growing. Given that in the Pacific Islands region decision makers are
likely to be influenced more by tradition and local precedent than by science, makes
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the purposive exploration of faith-engaged approaches to climate change adapta-
tion a fertile and promising undertaking. This paper extends previous research by
means of a literary review of pertinent challenges and opportunities. The synthesised
lessons are useful for both policy and practice serving the cause of climate change
adaptation in Pacific island communities. A better understanding of the science-
spirituality nexus in the Pacific will also improve the effectiveness and sustainability
of adaptation responses to climate-driven environmental change.

Keywords Pacific islands · Christianisation · Science-spirituality nexus · Climate
change · Adaptation · Consilience · Literary review

Science and Faith in the Pacific

The nexus between climate science and religion has garnered attention over the
years as a fertile area of scholarly interest (Bergmann and Gerten 2010; Gerten and
Bergmann 2012; Jenkins et al. 2018). There are good reasons for this. Roberts (2012)
notes the link between Evangelicals in the United States and their influence on the
politics of the Republican Party (pp. 107–131). His treatise has been synthesised by
Veldman (2013) as follows: “evangelical climate skepticism drives skepticism in the
United States’ Republican party, rather than the influence working in the opposite
direction, from conservative political spheres to religious ones” (p. 178). Following
this argument, faith persuasion exerts significant influence on environmental concern,
which works its way from belief to action, rather than from action to belief (Roberts
2012). A similar point has been repeatedly highlighted in correlational analyses (e.g.,
Morrison et al. 2013; Hagevi 2014; Arbuckle and Konisky 2015). While the findings
of the studies are nuanced, there seems to be a common denominator that “attitudes to
climate change and climate change policy differ across religious groups” (Morrison
et al. 2013, p. 13).

The findings offer insights into denominational and geographical influences in
respect of the science-faith nexus. Analysing the United States context, Arbuckle
and Konisky (2015) conclude that “individuals in religious traditions that are more
prone to teach biblical literalism are less likely to express high degrees of concern
about the environment … Thus, for many, religiosity tends to move people even
further away from stronger environmental attitudes” (p. 1260). For the Australian
context, regression, factor and latent class analyses conducted by Morrison et al.
(2013) suggest that “Christian Literalists (30.2%) are … more likely to have a much
higher percentage of people located in theDoubtful andDismissive segments than the
sample overall (20.6%)” (p. 7). Finally, Hagevi (2014) investigated “environmental
opinion in 22 countries in and near Europe” (p. 91) and concluded that “[t]he public
opinion in countries dominated by Catholic and Eastern Orthodox culture tends to
show a high level of environmental concern. The public opinion in predominantly
Protestant countries shows lower levels of environmental concern” (Hagevi 2014,
p. 105).
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Notwithstanding some rather striking similarities in the findings of the three stud-
ies, all three investigations distance themselves to different degrees from the absolute
human ‘dominionist’ hypothesis propagated by White (1967) who cautioned that
“Christianity is the most anthropocentric religion the world has seen” (p. 1205) and
that humans “shall continue to have a worsening ecologic crisis until we reject the
Christian axiom that nature has no reason for existence save to serve man” (p. 1207).

In summary, there is a clear sense in correlational analyses that religiosity drives
environmental action (or inaction), rather than vice versa. This synthesis holds impor-
tant implications, given that religious ‘worldview’ effectively underpins howperspec-
tives on nature, the world and the universe are formed, framed and propagated as
being factually sound. One needs only to remember the virulent opposition Nicolaus
Copernicus faced from the religious establishment of his day when he formulated
and ‘framed’ a view of the world that placed the sun rather than the earth at the
centre of the universe. The example of the famous Renaissance-era astronomer aptly
reflects the fact that science can face formidable opposition when it challenges the
established status quo and runs counter to entrenched religious worldviews (Clarke
and Wilson 2011).

The example ofCopernicus resonateswithNisbet’s (2009)work on the ubiquity of
‘framing’—whether done implicitly or explicitly, intentionally, tacitly or intuitively.
He posits: “There is no such thing as unframed information…Frames are interpretive
storylines that set a specific train of thought in motion, communicating why an issue
might be a problem, who or what might be responsible for it, and what should be
done about it” (p. 15). Furthermore, according to Kearns (2012), “frames provide a
shorthand for believers, citizens, journalists, policymakers and others who count on
the reader or listener making associations that can be left unsaid” (p. 141). According
to Nisbet (2009),

Framing… is not synonymous with placing a false spin on an issue, although some experts,
advocates, journalists, and policymakers certainly spin evidence and facts. Rather, in an
attempt to remain true to what is conventionally known about an issue, as a communication
necessity, framing can be used to pare down information, giving greater weight to certain
considerations and elements over others. (p. 16)

Tracing the beginning of research on ‘framing’ to the anthropologistGoffman (1974),
Nisbet (2009) summarises early work in this area as “helping individuals negotiate
meaning through the lens of existing cultural beliefs and worldviews” (p. 16). Goff-
man’s work is reminiscent of the ‘Cultural Iceberg’ model, popularised around the
same time by Hall (1976). It shows that visible human behaviour (surface culture)
tends to be forcefully underpinned by invisible core values, worldviews and reli-
gious beliefs that may be concurrently imperceptible and intransigent (deep culture).
Expressed in simple language, the small and visible part of the iceberg (above the
waterline) reflects the ‘What’, while the larger invisible part (below the surface)
conceals the ‘Why’ (Hall 1976).

Nisbet (2009) also refers to the Nobel Prize-winning research conducted by Kah-
neman and Tversky in the 1970s to reiterate the important point that “perception is
reference dependent” (Kahneman 2003, p. 1454). In other words, it is impossible to
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Fig. 1 Epistemological Paradigms: Natural Sciences and Social Sciences. Source Adapted from
Luetz et al. (2020, p. 3); cf. Punch (2014), Bryman (2016), Boyes and Stanisstreet (2012), Kelly
and Barker (2016), Sapolsky (2017)

arrive anywhere from nowhere. This principle is well-understood by social scientists
who have stressed for years the importance of local context for meaning-making.
This is most clearly underscored by way of the epistemological paradigm of “con-
structivism” (advocated by the social sciences), which stands in marked contrast to
the paradigm of “positivism” (advocated by the natural/physical sciences) (Punch
2014; Bryman 2016). The differences between these epistemological approaches
to ‘truth-seeking’ have been explored in the context of behaviour change for sus-
tainability (Luetz et al. 2020) (Fig. 1) and are also deeply ingrained in disciplinary
approaches to research and knowledge creation (Chen and Luetz 2020).

Accordingly, social scientists are inherently uncomfortable with the epistemol-
ogy of positivism (as espoused by the natural/physical sciences), which is premised
on objective ‘truth’ existing independently in the world, waiting to be deductively
‘verified’ by impartial and detached scientists through hypothesis-testing. In con-
trast, social scientists prefer the epistemologies of interpretivism and/or construc-
tivism, which are based on the premise that ‘truth’ about social issues is subjectively
‘constructed’ by people and may be described qualitatively by locally immersed
researchers through a process of inductive theory-generation (Punch 2014; Bryman
2016; Luetz et al. 2020). The disagreements between the two opposing paradig-
matic schools of thought have on occasion been fierce, and Punch (2014) has even
used the term “paradigm wars” (p. 15) to characterise the struggle for paradigmatic
predominance.

The discussion about ‘framing’ holds important implications for the Pacific
Islands region, which the literature highlights as one of the most vulnerable geo-
graphic regions in the world, with a high priority for adaptation to climate change
(Barnett and Campbell 2010; Nunn 2007, 2009, 2013; Nunn and Kumar 2018; Luetz
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andHavea 2018). According toNisbet (2009), thematter of ‘messaging’ or ‘framing’
is pivotal:

If individuals are given an ambiguous or uncertain situation to consider, the different ways
in which a message is presented or framed—apart from the content itself—can result in very
different responses, depending on the terminology used to describe the problem or the visual
context provided in themessage. For manymembers of the public, climate change is likely to
be the ultimate ambiguous situation given its complexity and perceived uncertainty. (p. 16)

A closer look at the South Pacific Islands region reveals that climate change has been
overwhelmingly presented and ‘framed’ as a science-informed issue requiring tech-
nocratic solutions that tend to ignore local worldviews. The conventional assumption
appears to be that “science should set the agenda and that religiousworldviews should
shift in order to incorporate its narratives” (Veldman 2013, p. 172). This extends to
issues of governance; “issues of state policy are foregrounded when analysing cli-
mate change and migration… how the various Christian institutions and their repre-
sentatives influence the policies espoused by the respective governments is seldom
made explicit” (Kempf 2012: 236–237). This has proven problematic and woefully
inadequate in parts of the world that do not subscribe to technocratic views of the
world:

Given the massive, worldwide problems that are to be expected under climate and environ-
mental change and the fact that a large part of the world’s population is not (yet) subject to the
technocratic worldview, it is imperative to complement the existing technological and eco-
nomical oriented problem solutions with alternative perspectives—narratives that integrate
the entanglement of humans and their environment. (Bergmann and Gerten 2010, p. 5)

Discounting or ignoring localworldviewperspectives in the Pacific Islands region has
given rise to a plethora of ineffective and unsustainable adaptation responses (Fazey
et al. 2011; Mackay et al. 2018; Piggott-McKellar et al. 2019). The importance of
accommodating local worldview perspectives is also highlighted by Fegan (2013)
who reports that in Kiribati issues of sea-level rise and climate change adaptation
are additionally “compounded by the refusal of many islanders to believe that there
is a sea level problem. Many of them, devout Christians, believe that God will raise
the islands a little higher, then higher, so that they, and their descendants, will live in
peace” (p. 188).

Importantly, adaptation interventions in the Pacific Island region have beenmostly
externally designed, funded and implemented, thus uncritically privileging a scien-
tific and technocraticworldview that contrasts sharplywith that ofmost Pacific Island
people. A pertinent example of technocratic environmental adaptation is offered by
Fegan (2013):

The Tuvalu government is profoundly concerned about global warming and rising sea levels,
which threaten to submerge the entire country. Even without sea level rises, the islands are
extremely vulnerable to destructive wave action. For instance, the construction of a World
War II airfield on the Islands of Funafuti involved the building of piers, infilling beach areas,
and excavating deepwater access channels. These humanly made alterations in the 1940s
changed local wave patterns, so much so that much less sand now accumulates to form and
replenish beaches. Hungry waves now devour and erode the shore even faster than before.
(p. 184)



298 J. M. Luetz and P. D. Nunn

The literature abounds with similar examples of adaptation responses where techno-
cratic worldview-inspired human alterations of the natural environment have failed
miserably (Belmar et al. 2016; Nunn and McNamara 2019). Relatedly and impor-
tantly, “[m]ost interventions intended to reduce exposure to environmental risk and
to enable effective and sustainable adaptation to climate change in the Pacific Islands
region have failed to acknowledge influences on decision making of spirituality and
connectedness to Nature” (Nunn et al. 2016, p. 1). This has had an overall debilitating
effect on activating effective and sustainable adaptation responses in the region.

In the light of the almost total Christianisation of Pacific Islands within the past
century, such intervention failures are surprising. The situation cannot continue
because every day the need for adaptation to climate change that is effective and
sustainable is growing (Hinkel et al. 2018; Nerem et al. 2018; World Meteorological
Organization 2019). Given that in the Pacific Islands region “decisionmakers are
likely to be influenced more by tradition and local precedent than science” (Nunn
et al. 2016, p. 2), makes the purposive exploration of opportunities for faith-engaged
approaches to climate change a fertile and long-overdue undertaking.

This paper extends previous research bymeans of a review of pertinent challenges
and arising opportunities. The literature review scoped and analysed all available
literature that fell within the purview of its focus on climate change adaptation in the
Pacific Island region. The study highlights critical gaps which would benefit from
more scholarly attention. Experiences and lessons synthesised in this paper will be
useful for both policy and practice serving the cause of climate change adaptation in
Pacific Island communities. A better understanding of the science-spirituality nexus
in the Pacific will also enable more effective and sustainable adaptation responses.

This paper is organised as follows: Sect. 2 reports the historical context of theSouth
Pacific Island region. Section 3 offers an analysis of selected literature and research.
The synthesis offered in Sect. 4 concludes with a call for more consilience in areas
of adaptation policy development and research. Section 5 sketches opportunities for
future research.

Historical Context and Why It Matters

The first people to settle oceanic-island groups in the western Pacific Ocean did so
more than three millennia ago (Carson et al. 2013; Hung et al. 2011) since which
time most have been continuously occupied. During this lengthy period, being on
comparative small (resource-constrained) and remote landmasses, people evolved
ways of living that were well aligned with these island environments, something that
explains their unbroken occupation of most (Nunn 2007; McNeill 1994). It is worth
noting that terms like ‘adaptation’ and ‘mitigation’, recently introduced to the Pacific
Islands as novel concepts intended to address the future, are in fact ancient concepts
in Pacific island societies.

In the long period before European contact, which becamewidespread in the early
19th century, much adaptation was material. This ranged from water-conservatory
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measures like agricultural terracing on high islands and lined-pit agriculture on atolls
(Shah et al. 2018; Prasad 2016; McMillen et al. 2014; Thaman 2008) to measures
for ensuring sustainable supplies of seafood that involved culturally-grounded dec-
laration (taboo) of marine-protected areas (Johannes 2002). But adaptation was also
non-material or spiritual, premised on an understanding of the natural world and the
ways in which its human inhabitants might influence it. Inevitably, far less is known
about this type of adaptation in the Pacific, not least because of the transformation of
island societies that followed European arrival and themassive impacts of introduced
diseases that set the stage for the rapid uptake of Christianity by indigenous peoples
(Campbell 2011).

Spiritual adaptation and understanding of Pacific Island peoples found expression
in ‘arts’ including the stone carvings of Polynesia (including Easter Islandmoai) and
the widespread stone arrangements including stone altars (marae) and shrines (Lipo
et al. 2013; Schifko 2011;Walter et al. 2004). Rituals and traditions characterizemost
Pacific Island cultures today although their original meanings are often obscure and
contested; a good example is Fijian firewalking (Pigliasco 2010).

It is important to understand that, irrespective of how such defining characteristics
of Pacific Island societies may have evolved since European arrival in the region,
they represent the contemporary legacy of people’s (non-western) belief systems that
had developed to allow sustainable interactions with island environments. It seems
that these belief systems had two major goals—first to ensure a continuous supply
of food and water, second to ensure that people survived cataclysmic events like
volcanic eruptions and earthquakes.

With respect to the first, there is evidence that Pacific islanders evolved ways
of optimising food and water supply, even in the face of prolonged environmental
adversity. These ways including methods of food preservation, of water conserva-
tion, and of the planting of surpluses (Shah et al. 2018; McNamara and Prasad 2014;
Aalbersberg et al. 1988), all contextualized within communal frameworks that prag-
matically discouraged individual enterprise that might deprive majorities (McMillen
et al. 2017). The cultural practice of offering the ‘first fruits’ at the start of the harvest
to titulary gods (or their earthbound representatives) to thank them for their benev-
olence is common in the Pacific. Rituals associated with harvesting and planting
had a similar purpose; some magic-inducing rituals for breadfruit cultivation have
been described recently (Labouisse 2016). Key to much such practice in the Pacific
is the concept of mana, which “derives from the direct, transpersonal experience
of psychic energy … interpreted in cultural traditions as associated with efficacy,
healing, transmission of status” and others (Laughlin 2018, p. 410). As elsewhere,
the exposition of mana and other culturally-grounded wisdom was often aided by
the ritual consumption of psychoactive substances like kava (Piper methysticum) and
betel nut (Areca catechu) (Fitzpatrick 2018).

WhenEuropean/globalizedways of thinking, spearheaded byChristianity, arrived
in the Pacific Islands region, theymorphedwith indigenous spiritual practices inways
that sometimes appear almost invisible today (Kempf 2017). Yet by interrogating
Pacific Islanders value systems, it is possible to identify traits that are uncommon
in global (Christian) practice yet ubiquitous in the Pacific (Nunn et al. 2016). These
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include a sense of oneness with Nature, the belief in a God who is actively engaged
in maintaining human wellbeing, even a God whose promise to Noah is a reason for
denying threats from climate change (Fair 2018; Mortreux and Barnett 2009).

Many external interventions for climate change adaptation by Pacific Island com-
munities over the past few decades have failed to be either effective or sustain-
able. There are a number of reasons for this but two of the most common are (a)
the sidelining of traditional (community-owned) knowledge about climate-driven
environmental changes, and (b) the exclusive portrayal of climate change and its
solutions as secular and science-informed, both attributes that conflict with most
community members’ values in the Pacific (see above). An increased acknowledge-
ment of indigenous worldviews in adaptive solutions is likely to improve the uptake
and sustainability of adaptation solutions (Klöck and Nunn 2019; Granderson 2017).

Discussion: Epistemologies, Vernacular
and Insider-Outsider Perspectives

The critical analysis digested in this section features selected perspectives which
these authors deem pertinent for this discourse. These emerged naturally from the
review of relevant literature on the topic at hand and include issues of meaning-
making, the significance (albeit oft-neglected acknowledgment) of local vernacular
and insider-outsider perspectives of ‘framing’ climate change adaptation issues in
the Pacific, and an overview of selected benefits associated with accommodating
different complementary epistemologies (Granderson 2017; Rudiak-Gould 2014).

As this literature review has made clear, propagating scientific and technocratic
responses to climate change, while ignoring local sociocultural contexts, has signif-
icantly hampered the uptake of meaningful and sustainable adaptation measures in
the Pacific Island region. According to Fair (2018), the “rejection of religious per-
spectives appears to emerge from both a misunderstanding (and secular rejection)
of religious thought and a desire to enforce the boundaries between the religious
and the scientific.” (p. 5) As previously alluded to in Sect. 1, the seemingly rigid
dichotomy between epistemological paradigms hampers (rather than aides) con-
silience (Fig. 1). Attempts at creating consilience by integrating the sciences and the
humanities (Slingerland and Collard 2012) have been vehemently opposed by epis-
temological puritanists as an “illicit melange of elements best left separate” (Kempf
2017, p. 23). Regrettably, rather than engaging with kastom, spiritually-mindedness
and local sociocultural worldviews, scientific narratives have tended to narrowly con-
strue these as barriers (to be overcome), rather than as conduits (to be leveraged). In
consequence, there is a kind of perception that extant climate change maladaptation
has “to be rectified by an increase in scientific information and a rejection of religious
knowledge” (Fair 2018, p. 5; cf. Paton and Fairbairn-Dunlop 2010). Furthermore,
invocations to solicit and engage local worldview perspectives in the Pacific Islands
region are carelessly dismissed and “delegitimised by reference to climate science,
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as the latter is treated as unquestionably epistemologically superior” (Fair 2018,
pp. 5–6). With reference to Kempf (2017), Fair (2018) synthesises the existence
of “epistemological hierarchisation, which places religious knowledge on the very
bottom tier” (p. 6), essentially on par with “Christian-inspired deviation, ignorance,
passivity and maladaptivity” (Kempf 2017, p. 30).

This overall state of affairs has not served the Pacific Islands region well in terms
of activating effective and sustainable climate change adaptation responses. Rather,
evidence-based research in the region quite clearly indicates that

the failure of external interventions for climate-change adaptation in Pacific Island communi-
ties is the wholly secular nature of their messages. Among spiritually engaged communities,
these secular messages can be met with indifference or even hostility if they clash with the
community’s spiritual agenda. (Nunn 2017, para 12; cf. Nunn et al. 2016)

In synthesis, propagating the rigid dichotomy between the sciences and humanities
is both unfounded, unfortunate and overall unhelpful. In contrast, it seems far more
promising and pragmatic to “hold various knowledges (Christian, kastom and scien-
tific) in balance, exploring their convergence, connections and tensions” (Fair 2018,
p. 7). Using an approach she terms tufala save (lit. “double knowledge”), Fair (2018)
offers the following example of the description of a rainbowby aNi-Vanuatu research
participant to illustrate how religious and scientific knowledge may concurrently be
held in balance:

Oh well that’s like kind of climate change, ‘cause you know the rainbow came out, that’s
a promise, but and then scientists say it’s ‘cause of the water or something … creating
a spectrum. It’s good to have two beliefs. Both of them are right. (Ruth, youth climate
advocate). (Fair 2018, p. 7)

As discussed in Sect. 1, employing context-specific ‘framing’ of climate change
messaging is pivotal. Relatedly, Hulme (2017a) makes the point that religious con-
victions constitute a potent stimulus or motivational force for engagement on climate
change:

Different regions and diverse groups of stakeholders understand the threat of climate change
according to particular and often distinct frames of reference. These religious narratives
and rituals shape the nature and credibility of different knowledge claims about climate—
what is happening and why—as well as shaping individual and communal ethical and social
behaviors. Religious faith communities therefore offer ‘thick’ accounts of moral reasoning
for acting in the world, in response to climate change as much as in response to other social
and ecological challenges. Such an approach sits in contrast to secular calls for mitigation
and adaptation that rely upon ‘thin’ global values: widely shared, but culturally non-specific,
moral criteria. (p. 245)

Fair (2018) suggests that “[t]his need for ‘thick’ moral accounts rather than thin
evocations of global values seems particularly pressing in the Pacific” (p. 4). Relat-
edly and importantly, she synthesises that spiritually-shaped local worldviews may
be engaged as “a motivational force not mirrored by economics or science” (p. 4).
Hence there is an argument that rather than constituting a barrier, religion might
alternatively be leveraged as a “cultural resource” (Hulme 2017b, p. 15) because
“the most influential messages are those that engage with people’s spiritual beliefs”
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(Nunn 2017, para 14; cf. Nunn et al. 2016). As noted in Sect. 1, religiosity drives
environmental action (or inaction), “rather than the influence working in the opposite
direction” (Veldman 2013, p. 178; cf. Roberts 2012; Morrison et al. 2013; Hagevi
2014; Arbuckle and Konisky 2015; Nelson and Luetz 2019). This synthesis holds
important implications, given that religious ‘worldview’ effectively underpins how
perspectives on nature, theworld and the universe are formed, framed and propagated
as being factually sound. Stated differently, climate change adaptation efforts will
not eventually succeed ‘in spite of’ the deep-seated influence of spiritually-shaped
worldview in the Pacific Island region, but rather ‘because of it’ and ‘on the back of
it’. Exploring pertinent opportunities is therefore long overdue.

An example of expressly engaging spiritual worldview persuasion is offered in
Luetz et al. (2018). Intentionally employing the biblically cautious language of “Cre-
ation Care” andmaking it explicit that their treatise “addresses itself to self-professed
‘Christians’” (p. 52), the authors stress the epistemological imperative of conserv-
ing Nature from the vantage point of a Christian worldview orientation. Stating
their premise that according to Scripture the world was created ‘by’ God,1 belongs
‘to’ God2 and speaks ‘of’ God,3 for Believers there would thus arise an important
implicational corollary to also protect, conserve and care for the Earth on that basis:

Expressed in simple language, if God can be known through creation, then creation has
inherent worth in and of itself—apart from utilitarian value to humans. And importantly, if
God can be ‘known’ through what He has made, then ‘creation care’ is an epistemological
priority of the highest order. Following this argument, epistemologically speaking, God
becomes progressively less ‘knowable’ fromwhatHe has created as the defacing and careless
destruction of His creation continues…Or inversely, the knowledge of God can be preserved
through the conservation of His creation. (Luetz et al. 2018, pp. 59, 69)

Leveraging Christian epistemology in this manner therefore holds the promise that
adherents to the Faith may be activated to ‘care for the Earth’ and engage in ‘climate
change mitigation and adaptation’ on the basis of hermeneutics rather than merely
on the basis of science or economics. Therefore, tapping into faith convictions holds
significant promise as an under-appreciated factor for influencing human behaviour
change based on social norms (Boyes and Stanisstreet 2012; Luetz et al. 2018, 2020;
Buxton et al. 2020). Hulme (2017b) notes that “climate policies need to tap into
intrinsic, deeply-held values and motives if cultural innovation and change are to be
lasting and effective” (p. 15). Finally, Nunn et al. (2016) highlight ‘local ownership’
of climate change adaptation initiatives as an important success factor:

A major barrier identified to effective sustainable adaptation to climate change in the Pacific
Islands region is the ‘lack of ownership’ that Pacific Island nations have of the climate-change

1“In the beginning God created the heavens and the earth.” (Genesis 1:1; Holy Bible, NIV).
2“The earth is the Lord’s, and everything in it, the world, and all who live in it.” (Psalm 24:1; Holy
Bible, NIV).
3“The heavens declare the glory of God; the skies proclaim the work of his hands.” (Pslam 19:1;
Holy Bible, NIV). “For since the creation of the world God’s invisible qualities—his eternal power
and divine nature—have been clearly seen, being understood from what has been made, so that
people are without excuse.” (Romans 1:20; Holy Bible, NIV).
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issue, given that almost all adaptation initiatives have been funded by external (donor) money
and have been applied using English (rather than preferred vernaculars) and in unfamiliar
cultural contexts. (Nunn et al. 2016, p. 15; cf. Nunn 2009, 2013)

In the literature the need to employ locally meaningful vernacular is noted in relation
to discourses on so-called ‘climate refugees’ where the conceptual language and
terminology used almost always bespeaks ‘outsider’ rather than ‘insider’ perspec-
tives (Luetz and Merson 2019). Pilot research on climate change related migration
in Bougainville has concluded that “local contexts, dialects and expressions (e.g.,
“Turangu”) have much to contribute terminologically with respect to more appro-
priately informing the definitional and conceptual constructs of policy and research
discourses” (Luetz and Havea 2018, p. 23). According to Luetz and Merson (2019,
p. 6),

Inclusivity in coining conceptualizations has already made advances in discourses about
disability, and there is the hope that “inclusion” may be similarly normalized in the climate
migration domain: “The ‘nothing about us, without us’ (Charlton 2000) cry within the
disability discourse, calling for representation in a bureaucratic system of oppression and
disempowerment, is hauntingly relevant”. (Luetz et al. 2019, p. 120)

During field research on atolls in Bougainville on the preferred self-descriptions
of migrating islander communities there was a tacit sense that locally resident
respondents seemingly resisted externally conceived labels and instead referred to
themselves using concepts based on their local vernacular. Respondents overwhelm-
ingly rejected the representations “refugees” (79%) and “exiles” (68%) in reference
to migration from atolls off the coast of Bougainville and instead preferred local
terms from Tok Pisin (100%) that they suggested during semi-structured interview-
ing. Counter-proposed terminological suggestions included tripman (male)/tripmeri
(female), Turangu, and Mekim wokabout, whose meanings are discussed in Luetz
and Havea (2018, pp. 14–15). Given the ubiquitous global media portrayals of the
Tulun Atoll islanders as “climate refugees” illustrates the stark difference that exist
between insider-outsider perspectives in relation to human migration-as-adaptation
to climate change (Luetz 2019a, b). At the same time, “religious environmentalism
on the whole is a very interfaith movement. Concern for a shared planet home seems
to enable the overcoming of religious differences.” (Kearns 2012, p. 135).

In summary, locally meaningful representations can spawn and sustain locally
owned and comprehended community responses to climate change. While “belittle-
ment of religious thought seems to mirror wider sentiments in the literature” (Fair
2018, p. 5), there is a compelling sense that “[h]igh levels of spirituality and connect-
edness toNature explain the impotence of secularmessagingwhile the high degree of
concern about climate change identifies opportunities for intervention” (Nunn et al.
2016, p. 15).

As this discourse has shown, science and technocracy have overwhelmingly
conceptualised religion in the Pacific Island region as a barrier (to be overcome),
rather than as a conduit (to be leveraged) for meaningful engagement on climate
change adaptation. Importantly, such ‘epistemological puritanism’ has enshrined
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and entrenched a kind of rigid apartheid (Fig. 1) between the paradigmatic perspec-
tives of the natural/physical and social sciences (or between science and faith). This
unfortunate state of affairs has limited the local uptake of climate change messaging
and has persisted despite evidence-based research suggesting that

in the Pacific Islands, the most influential messages are those that engage with people’s
spiritual beliefs, and themost influential communication channels are often those that involve
religious leaders…Church leaders can heavily influence practical discussions at every level
of the community. That makes them an important potential target for agencies aiming to
make a real difference in how Pacific Islanders cope with climate change. (Nunn 2017, paras
14, 18; cf. Nunn et al. 2016)

Given the multiplicity and diversity of perspectives in the Pacific Islands region
it is high time to ensure that religious knowledge is now also given a seat at the
climate change adaptation table, as is slowly becoming the case elsewhere (Havea
et al. 2018; Schuman et al. 2018; Schaefer 2017). According to Fair (2018), this
holds the promise that resultant perspectives, discourses and initiatives will be more
harmonious, holistic, respectful, inclusive and heterogenous but overall, effective
and sustainable:

None of these narratives are the right one: none should be treated as an exclusive vehicle for
future climate communication. But the diversity of courses of action they demonstrate sug-
gests the richness and heterogeneity of religious responses to climate change and the potential
for fruitful connections between religious and scientific knowledges. They demonstrate the
potential for more-than-scientific yet not anti-scientific responses to climate change, which
are locally meaningful and morally compelling. (Fair 2018, p. 11)

In synthesis, effective and sustainable climate change adaptation approaches will
have the best chance of success whenever they are holistic (both-and) rather than
dichotomistic (either-or) (Fig. 2). Towards this end it remains an important priority for
climate change adaptation in thePacific Island region to continue building consilience
in local communities through a heightened emphasis on science-faith integration
(Slingerland and Collard 2012; Oakes 2019; Austin 2014; Thornton et al. 2012).

Concluding Synthesis: Creating Consilience

Given that in the Pacific Islands region “decisionmakers are likely to be influenced
more by tradition and local precedent than science” (Nunn et al. 2016, p. 2), makes
the purposive exploration of opportunities for faith-engaged approaches to climate
change a fertile and long-overdue undertaking. Towards this end this literature review
scoped and analysed literature that fell within the purview of its focus on climate
change adaptation in the Pacific Island region. The analysis reveals that climate
change is overwhelmingly presented and ‘framed’ as a science-informed issue requir-
ing technocratic solutions that tend to completely ignore local worldviews. Regret-
tably, rather than engaging with kastom, spiritually-mindedness and local socio-
cultural worldviews, scientific narratives narrowly construe these as barriers (to be
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Fig. 2 Creating consilience: science-faith integration. Source Adapted from Luetz et al. (2020,
p. 12)

overcome), rather than as conduits (to be leveraged) for locally meaningful adapta-
tion to climate-driven environmental change. In consequence, such ‘epistemological
puritanism’ has enshrined and entrenched a kind of rigid apartheid between the
paradigmatic perspectives of the natural/physical and social sciences, or between
science and faith (Fig. 1). The resultant state of affairs has not served the Pacific
Islands region well in terms of activating effective and sustainable climate change
adaptation responses. This study concludes that climate change adaptation initiatives
in Oceania will have a better chance of being effective and sustainable if they are
scientifically sound, spiritually attuned, contextually compelling and locally owned
and meaningful. The study recommends fostering consilience through propagating
locally sensitive science-faith integration (Fig. 2). Finally, the study identifies and
conceptualises opportunities for future research (Sect. 5).

Opportunities for Future Research

This literary review acknowledges opportunities for future research as follows.
First, the surveyed literature highlights a number of knowledge gaps which would

benefit from more scholarly attention. Hagevi (2014) notes that “[i]n the future, it
is essential to conduct more comparative research regarding the elusive relation-
ship between religiosity and environmental opinion” (p. 105). Furthermore, there
is a sense that the literature would benefit from analyses “between insider and out-
sider accounts” (Veldman 2013, p. 173). Moreover, according to Nisbet (2009),
“[a]dditional research using in-depth interviews, focus groups, and sophisticated
survey and experimental techniques needs to further explore, identify, and test these
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frames across audiences … If major policy change is to be achieved, new meanings
and messengers for climate change are needed” (p. 22).

Second, in response to these and other research and knowledge gaps, these authors
consider this conceptual treatise as a springboard for future research that may explore
how consilience may be comprehended and implemented in practice. As such, they
are currently soliciting contributions for an interdisciplinary peer reviewed edited
book, which expressly explores the science-spirituality nexus in the Pacific Islands
region and thereby aims to make a critical contribution to sustainable climate change
adaptation in Oceania. In addition to case studies, literary analyses, field projects
and empirical research, the volume deliberates faith-engaged approaches through
the prism of:

• Context: Past, present and future prospects
• Theory: Concepts, narratives and theoretical frameworks
• Practice: Empirical research and praxis-informed case examples
• Doctrine: Scriptural contributions and perspectives
• Engagement: Enlisting religious stakeholders and constituencies.

Comprising peer reviewedworks by scholars, professionals and practitioners from
across Oceania, the forthcoming book intends to close a critical gap in the literature
and thereby envisages making a ground-breaking contribution to holistic climate
change adaptation in the Pacific Island region that is scientifically sound, spiritually
attuned, locally meaningful and contextually compelling. Prospective contributors
who wish to explore participating as chapter authors are encouraged to promptly
make contact with these authors. The full call for papers is available at yale.edu.4

and Mary Rokonadravu/Fiji.5
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Climate Change and the Pacific Region:
Some Future Trends

Walter Leal Filho

Abstract This chapter briefly outlines some future trends on climate change in the
Pacific region, and suggests some areas where action is needed in order to better
prepare the region for the many challenges posed by a changing climate change.
In particular, it suggests the creation of a “Marshall Plan for Pacific Small Island
Countries”, whichmay offer a long term basis upon which climate change adaptation
and resilience efforts may be performed.

Keywords Climate change · Pacific-extreme events · Health-resilience

Introduction

Island nations as a whole, and small island countries in particular, are vulnerable to
climate change due to a combination of factors (Nurse et al. 2014). The small islands
spread over the Pacific region are no exception, and are known to be especially
vulnerable to climate change also as a result of their wide geographical spread, and
their remoteness. The impacts of climate change to island nations are manifold and
include areas as varied as:

• Human Systems
• Island Settlements and Tourism
• Human Health
• Relocation and Migration
• Economic development.

(Nurse et al. 2014).
The 5th Assessment Report produced by the Intergovernmental Panel on Climate

Change (IPCC) in 2014, which looked at climate change on islands under a set of
perspectives, outlined the fact that island nations also suffer from trends related to
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sea level rise, and various issues whose causes are often not directly related to them
(IPCC 2014).

The subsequent parts of this paper handle threemain aspects. First, it describes the
problems encountered when implementing climate policies in the region. Secondly,
it outlines some future trends and areas of action where attention is due, so as to
put small island nations in a better position to address the many challenges climate
change poses to them. Finally, it provides some conclusions, where the need for
integrated approaches is reiterated.

Some Problems in the Implementation of Climate Change
Policies

If one considers the fact that Pacific island countries contribute very little to green-
house gas emissions, but are among the ones to suffer most from the impacts of
climate change (Leal Filho 2017), it becomes clear that this disparity needs to be
addressed. The consequences of extreme weather events for instance, whose fre-
quency in the region is likely to increase (IPCC 2007, 2014), coupled with the rising
sea levels (IPCC 2018), are significant. Apart from damages to properties, they
endanger the livelihoods of many communities. In addition, erratic rainfall patterns,
frequent flooding, or periods of droughts lead to hardships and human suffering.
Moreover, damages to local ecosystems as a result of global warming may also have
a “knock on” effect on economic activities such as tourism which, in the Pacific
region, similarly to what happens in other parts of the world (Maynard et al. 2019)
may be negatively affected by the depletion of coral reefs.

There have been substantial progresses in the Pacific region in respect of address-
ing climate change. For instance, the process of preparation of the National Adapta-
tion Plans (NAPAs), has given a sense of direction, as to where adaptation initiatives
should head to. However, some problems still make it difficult to achieve long-term
improvements. Some of these problems are outlined in Fig. 1.

Addressing these problems and their ramifications such as, for instance, migration
(Campbell and Warrick 2014) in an effective way, by also learning from the lessons
(and mistakes) from the past, needs to become one of the regional priorities. Without
due attention being paid to them, there is a risk of wasting value financial and human
resources in efforts, whose benefits are limited to the short term.

Some Future Trends

Pacific island nations are among the ones most engaged on efforts to tackle global
warming as awhole, and towards addressing the impacts of climate change in particu-
lar. As signatories of the UN Framework Convention on Climate Change (UNFCCC)
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Fig. 1 Some problems hindering the implementation of climate change policies on Pacific islands

on the one hand, and to the Paris Agreement on the other, they have reiterated, time
after time, how important addressing climate change is important to them.

The challenges outlined on this paper makes progress difficult. Bearing this in
mind, some future trends which should be taken into account are:

1. Re-focusing international aid

Whereas global efforts to reduce emissions as part of a global climate mitigation pro-
gramme are important, it should not be overlooked that formany communities, action
is needed immediately. In this context, international aid should also be re-focused,
with a view to holistically supporting adaptation strategies and frameworks. This
means, in practice, that traditional development aid, usually implemented by means
of a specific project funded by one single donor, “integrated funding programmes”
are needed, where a programme lasting 5–10 years is supported, instead of a project
lasting 1–3 years, as it is largely the case today.

And bearing in mind the nature of the problems faced by small Pacific islands
as a result of climate change, it is suggested that a “Marshall Plan for Pacific Small
Island Countries” be set-up, with aid targeted at key areas such as:

i. Infra-structure projects to reduce vulnerability of buildings and facilities
ii. Better insurance systems to safeguard incomes due to losses deriving from

extreme events
iii. Increased education and capacity building provision in new, innovative areas and

the services sector, so as to reduce reliance on subsistence farming or fisheries
iv. Optimisation of sectors such as tourism, so as to reduce its ecological footprint,

at the same time preparing the sector for the transformation processes imposed
by a changing climate.

Table 1 describes the main features of the proposed plan and the focus of the
integrated efforts as part of it. Many countries at the moment suffer from the fact
that continuous resource mobilization for concrete initiatives is rather difficult. The
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Table 1 Main elements of the Marshall Plan for Pacific Small Island countries

Item Relevance

Preparation and agreement for a regional
construction and reconstruction plan in the
aftermath of extreme events

No systematic procedures to date

Use of a common database which lists the
vulnerabilities of Pacific Small Island nations

Different vulnerabilities are not well
documented, leading to duplications

Systematic procedures for issue of permits
(e.g. road building, tourism infra-structure)

Currently, ad hoc measures lack consistency
and often, lasting quality

Standardised procedures for building reliable
flood defences

Flood defences currently with different
degrees of efficacy, with many inefficient ones
widely deployed

A strategy for modernisation and optimisation
of the use of harbours

More efficient harbours facilitate the transport
of people, good and services and are more
resilient to extreme events

proposed plan can help to address this problem, since it aims to offer clear targets
and indicators, which may facilitate the decision-making process by donors. It is
suggested that a sum to be agreed be centrally administered, and bemade available by
means of integratedmulti-year plans. Interested countries would apply for such funds
on a competitive basis, under criteria to be agreed (e.g. contribution to vulnerability
reduction, support to economic activities, indicators of increased resilience).

It is suggested that the democratically elected national governments of the region
discuss and agree on the elements for the “Marshall Plan for Pacific Small Island
Countries”, so as to ensure it considers all relevant contexts and needs.

2. A greater focus on resilience

Themany areas of vulnerability onPacific island nationsmakes it difficult to prioritise
or concentrate actions in one single area of action. However, an overall focus on
resilience-building may help to channel efforts—and funding- in achieving tangible
benefits. Figure 2 outlines some areas which should be considered, so as to make
resilience-building efforts more robust.

Among the various areas of action, there is a particularly acute need to foster
capacity to implement climate change resilience. It is not only about the develop-
ment and implementation of policies; rather it is about the need to meet information
and training needs related to the identification and implementation of strategies and
practical initiatives towards the prevention, and management of the impacts of envi-
ronmental risks and hazards. Here, the Pacific region is unfortunately lagging behind,
since there are not many training provisions at the local level on island nations. This
need should be immediately addressed, since improved capacity is a key component
of sustainable adaptation strategies.

3. Reducing vulnerabilities

It is widely known that it is important to identify and pursue the means to protect
people, communities and ecosystems from the impacts of climate change. In order
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Fig. 2 Some relevant areas
to increase the robustness of
resilience-building efforts

to yield the expected benefits, this needs to be done in an integrated way. Therefore,
initiatives which aim at reducing vulnerabilities need at the same time to consider the
nexus people-environment. The “chronic” vulnerability of Pacific Island nations to
climate change, especially to inundation and flooding (ADB 2012), also shows very
clearly where the key areas for action are. Since a substantial part of their population
resides near coastal areas- most of the populations live within 2 km of the shoreline-
which are particularly susceptible to the effects of climate change (Mimura 1999,
2007), it is clear that coastal areas ought to be high on the vulnerability reduction
list.

4. Greater access to climate services

Pacific island nations may substantially benefit from greater access to climate
services. This may include the access to meteorological data such as:

(a) temperature
(b) rainfall
(c) wind
(d) soil moisture

and on water conditions (river and ocean), with which graphics, maps and risk
assessmentsmay be produced. Climate servicesmay also deploy non-meteorological
data. These can be helpful in areas as varied as agricultural production, assessing
health trends, evaluating the safety of human settlement in high-risk areas, road and
infrastructure maps for the delivery of goods (WMO 2019), and many other uses.

A matter of central relevance when discussing climate services and their useful-
ness to small island nations, is the fact that the information collected needs to be
customized with a view to meeting the specific information needs of different users,
settings and communities.
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5. Addressing health risks and impacts

Although public attention and media coverage tends to focus on damages to ecosys-
tems and to property, one important area of impact of climate change is often
overlooked: in human health. Among factors related to heat distress and droughts,
increases in temperaturemay also promote the spread of vector-borne diseases. These
diseases are especially carried by vectors including mosquitos, ticks and fleas (WHO
2018)

In this context, it is necessary to undertake more research and execute practical
projects, where health issues are considered. Box 1 describes a project led by the
Research and Transfer Centre “Sustainable Development and Climate Change Man-
agement” from the Hamburg University of Applied Sciences where an investigation
on the prevalence of the Zika virus in Fiji, under a climate change context, was
performed.

Box 1 The BMBF Project “Climate Change and Prevalence Study of ZIKA
Virus Diseases in Fiji”
Climate change represents one of the biggest global health threats of the 21st
century. Recent research shows that the global temperature rise, changes in pre-
cipitation patterns and an increase of extreme weather events may influence
the global distribution of tropical infectious diseases, such as mosquito-borne
disease, and may further extend transmission seasons in endemic areas, like
the Pacific region. Emerging diseases, such as ZIKV disease, have successfully
expanded to geographical areas where only DENV epidemics used to occur,
including the Fiji Islands. Although recent findings could only confirm low-
level transmission of ZIKV in Fiji during 2013–2017, with highest numbers
in 2016, as global temperature rises there is the risk of ZIKV re-emergence
of greater extent. The project aims to understand the association between
variations in seasonal epidemic size of mosquito-borne diseases (DENV and
ZIKV), and environmental conditions in Fiji. The findings of this research may
serve as a keystone to evaluate the temporal and spatial vulnerability posed by
Aedes-borne diseases in the main island of Fiji.

Health efforts related to climate change should be based on three mail pillars:

i. preserving biodiversity and ecosystem services since their very presence and
the functions they fulfil and usually to the advantage to the physical and human
environment;

ii. equal consideration to the social aspects of climate change such as sanitation,
shelter, nutrition and mental health since they may affect people at different
levels;

iii. reducing the health risks and likelihood of damages to human well being from
disasters and climate-related hazards.
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Furthermore, there is a perceived need to undertake research and hence increase
the knowledge basis on the links between extreme weather events and climate-
sensitive diseases. The list of such diseases is long, and includes malaria, dengue,
cholera, filariasis, leptospirosis, schistosomiasis, and ciguatera fish poisoning, whose
occurrence is on the rise (WHO 2018).

Conclusions

This paper has tried to summarise some of the main issues raised on this Handbook,
and outlined some areas where action is necessary. In the long term and in order to
succeed, efforts to increase climate resilience among Pacific island nations should
be implemented by means of partnerships, at three main levels:

(a) Macro: this means between international agencies on the one hand, and national
governments on the other, orienting funding and technical support to priority
areas, and with a long-term dimension in mind, as opposed to focusing on
achievements in a couple of years, since these are seldom sustainable.

(b) Meso: this level is characterised by the interactions between national and
regional authorities. At the meso-level, national governments consult with the
authorities and administration at the regional level (e.g. provincial or district
governments) and agree on the measures needed to address climate change and
its impacts in a certain region.

(c) Micro: this is oneof the levelswhichmattermost, if one considers the fact that the
nature of climate change—caused by greenhouse gas emissions—is global and
that its impacts are local. It is therefore vital that local communities are engaged
and ideally involved in co-production efforts to undertake projects aimed at
tackling the local consequences of climate change. In particular, support to re-
building and construction of additional infra-structure, needs a strong support
basis, at the micro level.

The “Marshall Plan for Pacific Island Countries” proposed here, may act as an
enabler to efforts to foster long lasting climate change adaptation, acting under
a coherent and consistent framework, which may reduce redundancies and avoid
duplications.

It is a fact that the Pacific region needs to copewithmore frequent extremeweather
events, with erratic rainfall patterns, flooding, droughts and that it regularly needs to
cope with natural disasters. It is also a fact that it needs to prepare itself for the long-
term impacts of sea level rises.Against this background, the “Marshall Plan for Pacific
Island Countries”may offer international agencies, donors and national governments
alike with a sound basis, upon which adaptation efforts may be implemented. It may
also provide a framework against which progress can be measured, which is not the
case at present.
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Climate change also needs to be seen as an opportunity to Pacific island nations:
an opportunity for new investments, with innovative concepts which bear inmind cli-
mate change on the one hand, but which alsomay lead to improvements in the quality
of infra-structure and in the quality of lives on the other. It is also an opportunity to
seeks ways to diversify economies, to make them less oriented to economic activities
which may suffer from climate event, and towards other income and revenue streams
which are less vulnerable to extreme events the region suffers.

If duly integrated and if performed under a coherent framework, Pacific island
nations may be able to reduce their vulnerability and increase their resilience to
climate change, and at the same time reduce the scope and the many problems which
it currently faces, as a result of a changing climate.
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