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ABSTRACT. Peripheral communities across the Pacific are progressively being recognized as priority areas for the implementation of
climate change adaptation strategies. A key step in planning and implementing effective adaptation actions is to identify what elements
are driving vulnerability and resilience. Building on existing vulnerability and resilience conceptual models, we developed and applied
a conceptual framework to identify drivers of vulnerability and resilience in social-ecological systems. By unifying the two concepts of
vulnerability and resilience into a single framework, it is possible to better capture drivers of coping, adaptive and transformative
capacities, and how they relate to specific climate hazards. The aim of the framework is to provide the conceptual basis from which the
two concepts can be applied in conjunction, rather than prescribing specific indicators. The proposed framework was applied using a
participatory action research approach to identify drivers of resilience and vulnerability in three coastal villages on a peripheral rural
island in Fiji. Results from the framework’s application show that these communities are currently contextualized within multiple layers
of vulnerability and resilience, driven by: dependency on external support to implement activities, lack of knowledge about novel
management actions for dealing with rapid environmental change, high levels of agency, increased access to support and services, high
levels of awareness about climate change impacts, disposition to implement change and learn, and capacity to mobilize community
resources and support. The development and application of the framework highlights aspects of vulnerability and resilience that have
been overlooked or undervalued in the past when designing and implementing strategies for climate change adaptation in small island
developing states (SIDS). The proposed framework has the potential to help overcome existing barriers in designing and implementing
successful adaptation strategies, optimizing their effectiveness and sustainability in ways that are aligned with the unique situations of
many SIDS.
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INTRODUCTION

Climate change is expected to amplify existing pressures on
human and environmental systems, hindering the capacity of
countries to achieve sustainable development goals (Kelman
2017). Because international attention continues to focus on
providing support to vulnerable countries such as small island
developing states (SIDS), there is increasing need to improve
climate change adaptation planning and implementation (Klock
and Nunn 2019, Nunn and McNamara 2019). The complexity of
human and environmental systems, coupled with uncertainties in
the direction and magnitude of climate change impacts, makes
climate change adaptation planning a challenging task (Wise et
al. 2014). In remote and rural communities, livelihoods are often
directly linked to and influenced by natural resources and
ecosystems, which rely greatly on endogenous capacities for

can be included effectively in the development and
implementation of climate change adaptation strategies.

Vulnerability and resilience as key concepts for climate
adaptation planning

A common departure point in the design of adaptation strategies
is to define and understand a system’s vulnerability (Johnson et
al. 2016). The main objective of vulnerability analysisis toidentify
how and to what degree potential climate-related risks can affect
a system (Preston et al. 2011). The way of understanding and
defining vulnerability influences how decision makers at all levels
respond to climate change, and which actions, communities,
sectors, and stakeholders should be prioritized (Preston et al.
2011). The concept of vulnerability is multifactorial because it
includes interactions with other elements such as exposure,

management and governance (Nunn and Kumar 2018).

Most management decisions made in complex systems result in
feedbacks and trade-offs among environmental, social, and
economic aspects of the systems (Papadimitriou et al. 2019).
Local communities in developing-country contexts are being
forced to increase their capacities to manage systems in ways that
allow them to achieve livelihood and development goals under
changing environmental baselines (Medina Hidalgo et al. 2020).
To respond to these challenges, it is critical to empower
communities with tools and knowledge to be able to apply a
systems-thinking approach that can facilitate decision-making
(Robinson 2019). Here, we explore the concepts of resilience and
vulnerability as useful frames to reorganize traditional
environmental knowledge and enhance local capacities so they

sensitivity, and adaptive capacity (IPCC 2007, 2014a). The
approach to understanding vulnerability in the latest (fifth)
Intergovernmental Panel on Climate Change (IPCC) assessment
report (ARS5) involved the introduction of a risk factor to this
conceptual model (IPCC 20144). In the ARS framework, the
concepts of sensitivity and adaptive capacity are integrated into
the vulnerability concept. Hence a system’s vulnerability is
determined by how susceptible a system is to particular climate
hazards, as well as the capacity of the system to adapt and cope
with the impacts and to implement change to avoid potential loss
and damage (IPCC 2014a).

In a review of the different approaches for understanding and
defining vulnerability, Joakim et al. (2015) propose that
vulnerability can be organized into four categories: (1) a
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threshold, (2) exposure to hazards, (3) a preexisting condition,
and (4) an outcome. In the climate change adaptation literature,
the two most commonly used approaches are vulnerability as a
preexisting condition and vulnerability as an outcome (O’Brien
et al. 2007, IPCC 2014a). The first approach refers to existing
socioeconomic conditions that reduce a system’s capacity to react
to a hazard and make the system more susceptible to impacts.
The second approach is defined as the residual adverse
consequences that persist after adaptation has taken place.

The concept of resilience was introduced to the environmental
sciences in 1973 to describe the capacity of an ecosystem to persist
inits original functioning structure despite perturbations (Holling
1973). The concept of resilience has evolved over time and is used
in different disciplines. A recent application of this concept has
been in the study of social-ecological systems (SESs) and their
responses to stressors such as climate change (Folke et al. 2010,
Tanner et al. 2015). Since the IPCC’s fourth assessment report,
the concept of resilience has become acknowledged as key to
understanding system responses to climate change (IPCC 2007).
The concept of resilience was introduced to the field of climate
change adaptation in an attempt to shift the focus from a system’s
capacity to deal with specific climate risks toward the assessment
of a system’s multiple responses to change, self-organization, and
transformation capacity (Adger et al. 2011). A review of the topic
identifies three typologies of resilience: static, adaptive, and
transformative (Davidson et al. 2016). The conceptualization we
use is aligned with the transformative resilience type, prominent
in studies focusing on SESs.

When studying SESs, resilience thinking approaches have been
used to determine the drivers of a system and its capacity to absorb
shocks and stressors while maintaining structure and
functionality (Walker et al. 2004). These characteristics define
how a system can cope, self-organize, learn, and adapt in scenarios
of change and uncertainty to attain desired outcomes and goals
(Walker et al. 2006). Strategies that increase a system’s resilience
can be implemented either beforehand (proactive adaptation and
transformational planning) or after the fact (response,
reorganization, and recovery; Shah et al. 2017). The concept of
resilience has evolved into one that seeks to involve the
understanding of complex system dynamics and how SESs can
thrive within scenarios of uncertainty and change (Folke 2016).
Three aspects of resilience are typically analysed in SESs:

1. Buffer or coping capacity: The capacity of a system to
recover from incremental and abrupt change by absorbing
shocks and finding a new stability domain that includes the
loss of some functions, structures, or identities (Speranza
2013).

2. Adaptability: The capacity to allow a system to shift between
basins of attraction and purposefully transition into new
stability domains. SESs can move from one basin of
attraction to another by leading the system across a
threshold to a new state in which system functions and
integrity are maintained (Walker et al. 2004, Darnhofer et
al. 2010).

3. Transformability: The capacity to bounce back better from
change, reconfiguring the system and being able to identify
new opportunities and development pathways (Bousquet et
al. 2016, Folke 2016).
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These three aspects of resilience are manifested across spatial and
temporal scales, depending on the magnitude and nature of the
changes and shocks that systems experience (Folke et al. 2016).
Determining what can or should be considered a “desirable state”
in a system and at what point a system must cope, adapt, or
transform is highly context specific (Clare et al. 2017). Defining
what is a desirable state for an SES cannot be objectively and
universally described because it involves social and cultural value
judgements about what is considered important to preserve (Shah
et al. 2017).

Our study builds on existing vulnerability and resilience
conceptual applications, including vulnerability assessments in
SESs, livelihood resilience assessments, and mixed vulnerability
and resilience frameworks (Maru et al. 2014, Joakim et al. 2015,
Quandt 2018, Thiault et al. 2018). We focus on the development
and application of a conceptual framework that could be adopted
within the context of peripheral communities in SIDS. We applied
the proposed conceptual model through a participatory process
in rural villages on an outer island in the Fiji archipelago to
identify drivers of vulnerability and resilience to climate hazards.

CONCEPTUAL FRAMEWORK: A MULTILAYERED
VULNERABILITY AND RESILIENCE CONCEPTUAL
MODEL FOR SOCIAL-ECOLOGICAL SYSTEMS

The vulnerability of remote subsistence-based communities in
SIDS is often attributed to their geographic and socioeconomic
characteristics (Barnett and Waters 2016). Nevertheless, these
communities often exhibit attributes associated with resilience
(Warrick et al. 2017). We define the coexistence of attributes of
vulnerability and resilience across time and space as multilayered
vulnerability and resilience. The framework development resulted
from a critical review of the literature on the advantages and
shortcomings of vulnerability and resilience frameworks. As a
common feature of this type of review, we used purposive, rather
than comprehensive, sampling of articles (Paré et al. 2015).

The review targeted scientific articles published in peer-reviewed
journals since 2010. The search was conducted using the SCOPUS
and Web of Science databases and the search terms:
“vulnerability”, “resilience”, “community”, “assess*”, and
“climate change”. Focus was placed on the use and evolution of
these concepts in the field of climate change adaptation research
and their operationalization in support of climate adaptation
planning in SESs. Emphasis was given to ways in which the
existing conceptual frameworks might be adapted to support
climate change adaptation decision-making in local contexts.
Articles were organized in both databases based on relevance, and
the search was stopped when there were no additional relevant
articles matching the research questions on the results page of the
search query. In total, 95 articles were screened and coded to
identify recommendations and pitfalls to avoid when applying
both concepts (vulnerability and resilience).

Vulnerability and resilience indices and indicators have become
key tools in operationalizing the concepts (Kerner and Thomas
2014, Cogswell et al. 2018), motivating researchers and
practitioners to develop a variety of methods that aim to identify
drivers that exacerbate or reduce vulnerability and resilience
(Thiault et al. 2018). Differences among indices are often
outcomes of the different ways in which researchers define the
concepts and determine the relationships among their key
components (Adger et al. 2004, Birkmann et al. 2015). One of the
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main criticisms of vulnerability and resilience indices is that they
simplify complex concepts by desegregating them into measurable
indicators (Hinkel 2011). An additional limitation identified in
existing indices is the use of prescriptive and normative indicators
that are selected based on “expert” opinion or indicators that have
been used and applied in the literature in diverse contexts as proxy
measures of vulnerability and resilience (Wilson and Wilson
2019). For example, indicators such as household income levels
or per-capita income are not necessarily strong indicators of
vulnerability and resilience in contexts that operate in a
subsistence-based economy thatis largely reliant on nonmonetary
services and exchange.

Defining the boundaries of a system is key to identifying drivers
of vulnerability and resilience and determining the scope of
analysis (Thiault et al. 2018). In cases where populations have
strong connections with the environment for income and
livelihoods, the social and ecological determinants of
vulnerability are closely linked (Marshall et al. 2013, IPCC 20145,
Metcalf et al. 2015). Analyzing social or ecological systems
separately ignores the complexity, feedback mechanisms, and
interactions among subsystems (Bodin 2017, Berrouetet al. 2018).
This aspect is often overlooked when characterizing vulnerability,
leading indices to be based primarily on quantitative
socioeconomic indicators that can be easily aggregated and
tracked over time (Berrouet et al. 2018). In an attempt to capture
the interactions and feedback loops between social and natural
systems, research on SESs has gained increased importance in the
literature since the 2000s (Bousquet et al. 2016). Here, we adhere
to a comprehensive definition of SES, which defines ecological
systems as ecosystems and natural resources linked to and affected
by social systems (Anderies et al. 2004). Social systems can be
understood as human communities and the way in which
knowledge, culture, economy, technology, and governance are
used to manage and distribute resources (Levinetal. 2013, Iniesta-
Arandia et al. 2014).

One of the most commonly studied relationships in SESs is the
capacity of ecological systems to provide ecosystem services
(Berrouet et al. 2018, Pearson et al. 2019). Understanding this
relationship allows the vulnerabilities of ecological and social
systems to be quantified through the assessment of losses and
gains in ecosystem services (Biggs et al. 2015). Numerous
analytical frameworks have been developed to assess social-
ecological vulnerabilities at different spatial scales and in different
contexts (Hay and Mimura 2013, Marshall et al. 2014, Birkmann
et al. 2015, Berrouet et al. 2018).

The present study is based on a new conceptual model that links
social and ecological vulnerability through the use and delivery
of ecosystem services (Fig. 1). The IPCC AR5 conceptual model
of risk links the vulnerabilities of social and ecological systems.
The magnitude and occurrence likelihood of climate-related
hazards generated by climate variability and likely future climate
change determines system exposure to such hazards. Both
ecological and social systems are exposed to hazards, and their
vulnerability is defined based on their capacity to adapt and how
sensitive they are to potential impacts. Certain hazards such as
extreme events can directly affect social subsystems (e.g., deaths
occurring during a tropical cyclone). Nevertheless, most impacts
deriving from slow-onset climate hazards create effect chains
linked by interactions between the subsystems.
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Fig. 1. Vulnerability of social-ecological systems, expressed by
delivery and use of ecosystem services between social and
ecological subsystems. Sources: Marshall et al. (2013), IPCC
(2014), Berrouet et al. (2018), Thiault et al. (2018).
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Applying the resilience concept in SES and environmental change
research, some researchers noted that stability domains might not
necessarily be desirable states for a system (Folke 2006, 2016,
Tanner et al. 2015). For example, an SES can be trapped in an
undesirable state such as poverty or marginality while still being
able to deal with and respond to change (Tanner et al. 2015). This
situation highlights the need to frame resilience and vulnerability
as dynamic attributes of a system that can be increased or reduced
to lead a system to a desirable state. Such desirable states cannot
be universally defined and require the inclusion of subjective
perspectives and values that stakeholders pursue in a system
(Clare et al. 2017). Additionally, management actions or
interventions aimed at building resilience or reducing
vulnerability should be framed as dynamic processes rather than
outcomes (Lei et al. 2014).

One of the most consistent points identified in the literature is the
lack of a single resilience or vulnerability tool applicable to all
contexts (Dixon and Stringer 2015, Douxchamps et al. 2017).
Consequently, the aim of the multilayered vulnerability and
resilience model for SESs presented here is to provide a framework
in which the concepts of vulnerability and resilience can be applied
together instead of an aggregated index-based tool with fixed
indicators. Some authors have described the relationship between
vulnerability and resilience as opposing concepts, in the sense that
increasing a system’s resilience would reduce its vulnerability and
vice versa (Haimes 2012). Another way of understanding both
concepts to view them as distinct, yet linked over time and space.
In the conceptual model, we adhere to an understanding of both
concepts as distinct and interconnected, as suggested by a number
authors (Miller et al. 2010, Joakim et al. 2015). This approach
recognizes that a system can simultaneously exhibit
characteristics of vulnerability and resilience, which may each
increase or diminish over time independently or in conjunction.

Levels of vulnerability and resilience are dynamic. They shift
based on the magnitude of hazards, changes in governance or
management, and the selection and implementation of different
adaptation strategies. Adaptation strategies could be designed
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Fig. 2. Conceptual model of multilayered vulnerability and resilience in social-ecological systems, based on the
Intergovernmental Panel on Climate Change fifth assessment report (IPCC 2014) risk model. Vulnerability and
resilience are linked through the adaptive capacity attribute. Drivers of vulnerability and resilience can be
modified to reduce risks or take advantage of new opportunities.
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manage drivers of vulnerability. By characterizing which elements
drive vulnerability and resilience when exposed to specific
hazards, it is possible to improve and better target the process of
climate change adaptation planning (Begum et al. 2014).
Although understanding vulnerability and resilience is not the
only requisite for effective adaptation planning, it is a key aspect
that allows decision-makers to understand how nonclimatic
pressures and existing social-ecological conditions might increase
risks and potential impacts under climate change (Joakim et al.
2015). Lack of understanding of a system’s resilience and
vulnerability can often lead to maladaptation or narrowly focused
adaptation strategies that deal only with direct effects of climate
hazards, missing opportunities for transformation (Adhikari and
Taylor 2012). Understanding the drivers of vulnerability and
resilience could facilitate the process of representing system
dynamics when attempting to model systems responses using
climate projections (Papadimitriou et al. 2019).

The proposed multilayered conceptual model (Fig. 2) builds and
expands on the IPCC AR5 conceptualization of risk. The risk
conceptualization used in ARS contributes to the integration of
the research disciplines of climate change adaptation and disaster
risk reduction (Connelly et al. 2018) and has been highlighted as
key to improving the effectiveness of responses to current and
future climate risks (Begum et al. 2014). By applying the
framework systematically, it is possible to identify how
vulnerability and resilience attributes enhance or reduce risks to
specific climate hazards. Elements of vulnerability or resilience
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to different hazards can be complementary or opposing. For that
reason, when using the model, it is important to identify those
relationships for every hazard studied.

In our framework, we suggest that the concepts of vulnerability
and resilience should be applied as part of an assessment of risks
linked to specific hazards and how they affect SESs. Additionally,
defining the boundaries of a system and the scope of the analysis
facilitates a better understanding of the system’s configuration
and its relationship to the shocks that are being analyzed (also
referred to as “resilience of what to what?”; Carpenter et al. 2001).
In other words, the two concepts are used to determine current
and future risks by placing them within the probability of
occurrence of climate events or trends that lead to impacts
(hazards), and the presence of natural or socioeconomic assets in
places that could be affected (exposure).

As identified in similar frameworks, vulnerability and resilience
are linked through the adaptive capacity attribute in our model
(Gallopin 2006, Maru et al. 2014). By integrating the concept of
resilience into the ARS risk assessment model, it is possible to
expand the analysis beyond characterizing adaptive capacity to
include coping and transformative capacities of a system.
Through this approach, drivers of resilience can also be enhanced
to take advantage of new opportunities generated by climate
change, instead of only responding to hazards (Bousquet et al.
2016). An added value of integrating vulnerability and resilience
is that possibilities for proactive transformation can also be
explored (Folke et al. 2016). Adaptation strategies would
normally seek to reduce exposure, sensitivity, and vulnerability,
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and to increase adaptive capacity, coping capacity, or
transformative capacity, with the goal to reduce risk, allow the
system to absorb shocks, or lead the system through
transformation pathways (Lei et al. 2014). Each approach selected
should be based on existing barriers and limits to adaptation,
which are also linked to the desired outcomes and current or future
states of a system. Risk can also be reduced by additional risk
management measures outside of the climate adaptation domain,
such as risk transfer mechanisms, to deal with climate-related loss
and damage (Begum et al. 2014).

The aim of the model is to support decision-makers in identifying
layers of vulnerability and resilience that can be managed within
a system. We use the word “layers” to illustrate that the concepts
are not absolute or static attributes of a system, meaning that they
can be exhibited simultaneously and in differing degrees of
dominance. When applying the model, it is important to identify
which layer dominates in the current status of the system, and
which element of the system is to be managed to change attributes
in the desired direction. By characterizing the different elements
of the model, it is possible to identify entry points for adaptation
strategies and to identify potential trade-offs or synergies that can
result from managing different elements of the system or from
responding to multiple hazards.

Other authors have elaborated on the concepts of vulnerability
and resilience and the benefits in linking them to advance climate
adaptation planning (Gallopin 2006, Joakim et al. 2015). Our
model coincides with some key conceptual underpinnings such
as viewing resilience and vulnerability as distinct yet
interconnected concepts and linking both concepts through the
adaptive capacity attribute. However, there are several aspects
lacking in earlier models that we seek to advance. For example,
the framework developed by Cutter et al. (2008) is based on a set
of indicators of resilience but stops short of using the conceptual
framework as a way to empower communities to identify what
drives resilience and vulnerability in their particular contexts and
according to their own knowledge, values, and aspirations. This
usage is an element that has been identified as essential in the
context of climate change adaptation processes in SIDS (Piggott-
McKellar et al. 2020). In addition, the model proposed by Cutter
et al. (2008) does not include the need for an explicit definition
of levels of exposure and sensitivity, which are key determinants
of potential risks and impacts. Further, in the model suggested
by Maru et al. (2014), analysis is based on how both concepts
relate to a specific attribute of the system (remoteness), whereas
we base our analysis on how the two concepts modify a system’s
response to, and interactions with, climate hazards. In addition,
the Maru et al.’s (2014) model defines vulnerability as produced
by the contextual conditions of a system, instead of viewing
vulnerability as a modifier of risk, as proposed in the
conceptualization of vulnerability proposed in the IPCC ARS.

The literature review conducted for the development of our model
also identified several pitfalls to be avoided when attempting to
operationalize the concepts of vulnerability and resilience. For
our model to remain conceptually grounded, we provide a set of
recommendations that should be considered (as a minimum
requirement) when attempting to operationalize it.
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1. Framing the analysis within tangible development outcomes
and defining a clear purpose for the analysis.

2. Accounting for subjective perspectives of risk, thresholds,
and desired outcomes.

3. Capturing system interrelationships and complexities.
4. Identifying multiple shocks and stressors.

5. Defining what is understood as desirable and undesirable
states for a system.

6. Capturing interactions across time and scale.

7. Representing as accurately as possible the heterogeneity of
systems.

Such an approach will ensure that the model will be conceptually
accurate and that the way in which it is applied is consistent with
the principles that the concepts are intended to represent.
Focusing not only on the concepts but also on the processes used
to characterize different model components is an additional
element that adds value to existing models. Appendix 1 contains
adetailed description of the seven recommendations and concrete
examples of steps taken during data collection and analysis that
facilitated the integration of the seven recommendations in the
application presented here.

METHODS

For the applied component of the study, the conceptual model
was used to identify drivers of resilience and vulnerability in three
coastal iTaukei (Indigenous) villages on a peripheral island in Fiji,
named Ono. Ono Island is part of the Kadavu Province and is
inhabited by approximately 300 people (Fiji Bureau of Statistics
2018). The island is located 80 km south of Fiji’s capital city Suva
(Fig. 3). Data were collected from three coastal villages on Ono
(Narikoso, Vabea, and Waisomo), which have 31, 14, and 11
households, respectively. The choice of Ono Island and the three
(from six) villages was based on the following criteria: (1) the sites
are representative of the challenges faced by communities in
peripheral parts of the Fiji archipelago, (2) residents’ livelihoods
are directly (and largely) dependent on the use and management
of natural resources, and (3) there was explicit interest from the
community and village leaders to participate in the project. The
research was conducted using a participatory action research
approach (Loo 2014). Data collection included -culturally
appropriate methods such as falanoa, which means to hold a
dialogue process in an inclusive, respectful, and transparent
manner to discuss and find solutions to issues of importance to
the community (Farrelly and Nabobo-Baba 2014).

Researchers followed Fijian protocols, including isevusevu (the
presentation of yagona, Piper methysticum, to gain entrance to a
community) and itatau (proper departure from the village).
Consent to participate in the study was discussed with the village
headman and then individually with participants. Researchers
lived in the villages during the period of data collection, allowing
the establishment of trust relationships. Semistructured
interviews and focus group discussions (talanoa) were conducted
in English. Primary data were collected in June and July 2019.
When group discussions were organized, participants were
separated by gender to allow everyone to feel comfortable when
expressing their views or opinions.
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Fig. 3. Map of Viti Levu, Kadavu, and Ono islands, Fiji.
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A total of 20 adult members (11 females and 9 males) participated.
Participant recruitment was conducted using chain-referral
sampling. The inclusion criterion to participate in the study was
to have lived in the village for at least the past 20 years (i.e., since
1999). Interviews and group discussions were recorded and then
manually transcribed. Text was manually coded using NVivo
software. The coding process was done using a deductive
approach, following the structure of the conceptual model
components. A full description of the data collection protocol
and the guiding questions that were used to characterize the
different elements of the model is provided (Appendix 2).

RESULTS

The results obtained from applying our conceptual model are
structured in three sections: experienced and projected climate
hazards, interactions within the social-ecological systems, and
multilayered vulnerability and resilience in the studied villages.
During the first stage of engagement with research participants,
two development objectives were prioritized: securing sources of
livelihood and income, and sustaining households and current
ways of living in the villages in the face of increasing climate-
driven environmental changes. These two development objectives
were used to frame the analysis. The purpose of the model’s
application was to identify drivers of vulnerability and resilience
that could support future adaptation planning processes in the
study area. The time frame for the analysis was limited to climate
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hazards and impacts experienced by the research participants
between 1999 and 2019. Information about perceived changes was
cross-referenced with documented climate changes in the region
and extrapolated using available climate projections of key
climate variables for the year 2050.

Experienced and projected climate hazards

Experienced climate hazards on Ono Island

The interviewed Ono Island residents identified five climate
hazards that have had significant effects on their livelihoods.
Participants were able to describe changes in climate hazards in
recent years and to recall details of the most severe extreme event
in living memory, Category 4 Tropical Cyclone Meli in 1979,
which caused massive environmental damage, loss of life, and loss
of infrastructure (Table 1). The research participants also
reported that persistent shoreline erosion and inundation had led
to the construction of several seawalls and river-bank walls
around the villages. At the time of research, Narikoso village was
already undergoing relocation due to sea-level rise (Green 2016,
Barnett and McMichael 2018). The decision to relocate was made
after several failed attempts to prevent coastal inundation using
seawalls.

Documented changes in climate variables and climate projections
A widespread limitation for understanding climate change
impacts in the Pacific relates to the geographic characteristics of
small islands, which are difficult to model using current climate
and biophysical models (Foley 2018). Compared to larger
landmasses, most Pacific islands are small and fragmented, and
the limitation in availability of historical climate data poses
additional challenges for downscaling Global Circulation Models
to a resolution that is relevant for the types of decision-making
processes in planning adaptation strategies at the local level
(Australian Bureau of Meteorology and CSIRO 2014).
Furthermore, not all climate models are suitable for representing
future climate in the region because they fail to simulate climate
features such as the South Pacific Convergence Zone or drivers
of climate variability such as El Nifio-Southern Oscillation
(ENSO), which are important influences on interannual climate
in this region (Irving et al. 2011, Grose et al. 2014).

The Pacific Islands region experiences large interannual and
decadal variations in sea level and rainfall, which affect coastal
ecosystems (Nurse et al. 2014). Changes in the tidal and
precipitation cycles are explained in part by ENSO events
(Australian Bureau of Meteorology and CSIRO 2014). Sea level
often drops to below-average levels during El Nifio events and
rises to above-average levels during La Nifla events by as much
as 20 to 30 cm (Becker et al. 2011). Besides affecting sea level,
ENSO events in the Pacific affect sea surface temperature and
precipitation variability (Becker et al. 2011). Some research
suggests that in a warmer world, extreme El Nifio events are
projected to double from one every 20 years to one every 10 years
(Cai et al. 2015). We summarized changes in observed trends of
key climate variables and climate change projections at the
country level (Table 2).

Interactions within the social-ecological system on Ono Island
We next identify the SES in the studied villages as well as
relationships between the use and delivery of ecosystem services.
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Table 1. Summary of observed changes in climate hazards and experienced impacts in Narikoso, Vabea, and Waisomo villages, Ono

Island, Fiji, based on information from interviews with residents.

Climate hazard Temporal

Local changes in frequency or intensity over the past 20

Local aspects of livelihoods and ecosystems most affected by the

context years hazard
Higher Slow onset ~ More days with higher temperatures; warmer days and  Loss of agricultural production; heat stress on animals and
temperatures nights humans, especially the elderly and newborns
Drought Slow onset  Extension of dry season; more intense drought in certain Loss of agricultural production; reduction of planting season
years
Tropical Transient Recollection of high intensity of cyclone Meli (1979); Loss of human life; loss of housing infrastructure; complete loss of
cyclones since then, no other cyclone has directly affected the agriculture production; loss of soil cover and soil fertility;
island. No perceived changes in intensity or frequency of destruction of reef ecosystems; other tropical storms and cyclones
cyclones that have not affected the island directly have caused loss in
transport connectivity
Sea-level rise Effectively  Increase in rate of sea-level rise and intensity of storm Saltwater intrusion; coastal flooding; beach erosion; housing
permanent  surges in the rainy season infrastructure damage
Extreme Sudden Increase in intensity of rainfall events; increase of Contamination of drinking water sources; inundation of houses;
rainfall events  onset frequency of high rainfall events in some years reduction in production of certain roots and tubers; higher
incidence of fungal and bacterial diseases in plants and humans;
loss of maritime transport connectivity; increased soil erosion and
runoff of sediments to the ocean
Social subsystem Ecological subsystem

People living on Ono Island maintain a semisubsistence economy
(Medina Hidalgo et al. 2020). The most significant sources of
cash income on the island are from small-scale agriculture, coastal
fisheries, and tourism. The commercialization of yagona or kava
(Piper methysticum) is currently the most important source of
agricultural income and a significant source of revenue for the
broader Kadavu province (Sofer 2007). Ono islanders are
connected to the mainisland of Viti Levu by a ferry that transports
passengers and goods from nearby Kavala to and from Suva once
a week. Electricity is supplied to the villages of Ono by diesel
generators and solar panels.

In recent years, these villages have experienced changes to
traditional livelihoods attributable to an increase in cashflow as
well as improved access to electricity, phone services, and
maritime transportation, which have increased connectivity to
and from the island. Increasing production and commercialization
of kava and tourism developments around the island have
changed livelihoods from primarily subsistence-based to a mixed,
more market-oriented model. Most households have at least one
member involved in fisheries, and all households have at least one
member who works in agriculture, producing occasional surpluses
for sale (Medina Hidalgo et al. 2020). Most households send to
market between 50% and 75% of their commercially viable
produce. Land and fisheries are managed communally, and
decisions about land use and fisheries are conducted using both
traditional and contemporary management strategies. There is
small local production of pigs and chickens, but most animal
protein consumed comes from coastal fisheries and imported
canned tuna. Crops grown on the island are predominantly roots,
tubers, and kava, the main commercial crop. Fruits and other
vegetables are produced in small quantities entirely for household
consumption. Governance and decision-making processes are
conducted using traditional methods such as talanoa and vanua
(interrelated social, ecological, and spiritual values). Farrelly
(2011) presents a detailed description of these methods and how
they influence governance in Fijian villages.

Ono Island is surrounded by the Great Astrolabe Reef and has
two marine protected areas: Ulunikoro Marine Conservation
Area and Great Astrolabe Lagoon Marine Protected Area. These
protected areas are key to maintaining fish stocks and allowing
Ono islanders to take advantage of the spillover of fish for sale
and domestic consumption. Kadavu province is known for its
highly fertile volcanic soils (Terry 1999). Freshwater streams
supply drinking water to the villages. Most of Ono island is
covered by rainforest and grassland, except for areas dedicated to
food gardens and pine plantations. Mangroves fringe parts of the
island but have mostly been cleared along the fronts of villages.

Ecosystem services use and delivery

Livelihoods on Ono Island are directly and indirectly linked to
natural resource use and delivery. Island ecosystems directly
supply their inhabitants with food, drinking water, materials for
construction, and production of handicrafts. The small-scale
tourism development within the area also relies on ecosystems
such as the Great Astrolabe Reef as a diving attraction. Various
ecosystem services were identified by members of the villages as
being provided by their environment, as well as drivers of change
in the provision of services (Fig. 4).

The identified drivers (Fig. 4) result from management decisions
and practices in the community. The mapped relationships are a
result of discussions with members of the community about
changes in the provision of ecosystem services and how these
changes affected the community. For example, one issue raised
was that the government had established a temporary ban on sea
cucumber (héche-de-mer) fisheries to help recover the population.
The ban affected families in the villages by reducing their sources
of income and forcing them to increase agricultural production
to compensate.

Multilayered vulnerability and resilience in the studied villages

We present the results of model application for sea-level rise only,
which is arguably the most important climate-linked driver of
long-term change in these coastal villages (Fig. 5). The levels (low,
medium, high) assigned to each attribute were derived from
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Table 2. Summary of observed and simulated changes in key climate variables for Fiji. Sources: Australian Bureau of Meteorology
and CSIRO (2014), Australian Government (2015), Fiji Meteorological Service et al. (2015).

Climate variable Observed changes, Fiji

Projected changesi Fiji

Surface temperature
1994

* Recorded average temperatures in Suva (capital city) have

increased at a rate of 0.15°C per decade

* Increase in maximum and minimum temperatures since

* Temperatures projected to increase between 0.8 and 2.0 °C by 2050
* Rise in annual mean temperature will be accompanied by rises in
temperature extremes, increasing the numbers of hot days and warm
nights

« Significant decreases in annual number of cool days and

cool nights

« Significant increases in annual number of warm nights
* Precipitation patterns show notable interannual variability

Precipitation
* Existing records for 1942-2011 do not show any

distinguishable trends of changes in annual or seasonal

rainfall

Sea level
which is above the global average of 2.8 to 3.6 mm/yr
Tropical cyclones
occur in October and May in El Nifio years

* Average of 28 cyclones/decade developed in or crossed

Fiji’s Exclusive Economic Zone during 1969-2010

« Satellite data indicate sea-level rise of 6 mm/yr since 1993,

* Affect Fiji between November and April; occasionally

* High uncertainty for projected changes in rainfall patterns,
particularly for mean annual rainfall

* Changes range in magnitude from —10% to +11% by 2050
* Wet season and extreme rain events expected to increase

* Drought times expected to decrease slightly

* Sea-level rise projected as 17-35 cm/yr by 2050

* Cyclone frequency expected to decrease by end of 21st century
* Cyclone intensity expected to increase (wind speed and rainfall
intensity)

+Projections (excluding cyclone frequency) are for the highest emissions scenario (RCP8.5) using the Sth and 95th percentile range of Coupled Model
Intercomparison Project Phase 5 (CMIP5) models, relative to 20-year average centered on 1995.

discussions among community members on how the different
attributes were affected by sea-level rise. Each category is further
described in Appendix 2. Results from each attribute were
obtained by discussing with the communities which elements had
driven vulnerability and resilience when responding to episodes
of coastal flooding.

Fig. 4. Relationships (red arrows) between use and delivery of
ecosystem services on Ono Island, Fiji. Ecosystem services and
links between nonclimatic pressures and changes in services
were identified by community members.

Services

;I_/

Regulating Services
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- Fresh water ~Erosion control

- Timber -Flood control
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Overfishing  —————— » | Bans on seafood species H
Mangrove degradation — » | Coastal inundation

Waste water being disposed in the ocean | p | Coral reef degradation

Non-climatic pressures
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In addition, three adaptation strategies were identified as being
implemented to reduce the effects of sea-level rise. Mangroves
were planted in areas along the fronts of bays (not directly in front
of villages); seawalls and river-bank walls were constructed in
each village; and Narikoso had begun a process of upslope
relocation. In implementing these strategies, elements were
identified as responsible for driving vulnerability and resilience.
These multiple layers of vulnerability and resilience are a product
of the implementation of management decisions and the
characterization of aspects influencing the different components

of the model. The degree of dominance of each layer was derived
from the communities’ perceptions of actions that had been key
in recovery after sea-flooding events and in planning for future
adaptations.

Dependence on external support to implement strategies:
vulnerability layer

The relocation at Narikoso began in 2011, when the village
formally requested government assistance to deal with coastal
flooding. This process meant having to wait for long periods of
time for decisions to be made and funds to flow, which led to
delays and uncertainty about how many households were being
financed to move to the new site, the safety and stability of the
new site, and when relocation of the entire village would be
achieved. At the time of data collection in 2019, only two houses
were being constructed at the new village site. Members of the
community, including village elders, expressed concern about the
delays and regretted that the process was conducted in a way that
made them entirely dependent on external funding. Although this
vulnerability layer was dominant in the past, communities
expressed the need to change the approach to reduce dependency
in the future.

Agency and capacity to access government support and services.
resilience layer

Community members from Vabea expressed confidence about
their ability to raise issues with government agencies and elicit
support. After recent flooding of the village by the river in its
northern part, the community notified government authorities
about the problem and received support to build a river-bank wall.
The wall was being constructed at the time of data collection.
Workers, machinery, and materials had been sent from Suva to
undertake the project, and members of the community were
involved in providing supplies and food to the workers, a change
from previous projects when the government only delivered
materials. The capacity to access external support and the agency
of village leaders was expressed as a driver of resilience that led
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Fig. 5. Drivers of vulnerability and resilience to sea-level rise identified on Ono Island, Fiji. Each
component of the model is characterized to identify the different layers of vulnerability and resilience
expressed in the systems in relation to sea-level rise.

Sea level rise

Glgh exposure for coastal

ecosystems and village seulemema

Sensitivity
High sensitivity of coconut trees and fruit and vegetables
to salinization and inundation . Medium sensitivity of
mangroves to changes in salinity and depth, frequency
and periods of inundation. High sensitivity of housing
infrastructure towater damage

Linked vulnerability of social ecological
systems

Vulnerability of social and ecological systems are linked
by the loss of mangrove ecosystems which reduce

Buffer Capacity

High buffer capacity within the community to recover
from episodes of coastal inundation. Households on

Marikoso

Valina areas further to coasts or river banks provide shelterand
Waisomo support to households affected by flooding .
Bulfer Capacity
Transformative Capacity

High levels of awareness about the need to
eventually relocate and willingness to move the
village sites to higher grounds. Awailability of
communally managed land.

Capacity

coastal protection. Loss of mangrove ecosystems to sea
level rise also affect fisheries productivity. Vulnerability
of coconut trees and other fruit and bles to
salinization, increases vulnerability of social systems by
reducing food supply.

Medium adaptive

surface.
level rise and the capacity to find favourable environmental conditions of inundation periods and
salinity. Low adaptive capacity of coconut trees and other fruit and vegetables to extended periods of
inundation and thresholds of salinization .

High adaptive capacity toimplement incremental adaptation strategies, such as construction of barriers
and replanting of mangroves .

Adaptive capacity
capacity of mangroves to retreat landward if sea level is rising relative to the
Movement of mangroves occurs when unobstructed and conditioned by pace of sea

to the implementation of an adaptation strategy. Nevertheless,
the recommendation to build a river-bank wall was made by the
government without a feasibility or impact assessment. So even
if communities have the capacity to mobilize resources, resulting
adaptation strategies could potentially lead to maladaptive
responses if adaptation strategies are not fully evaluated before
being implemented.

Lack of knowledge on how to implement strategies.: vulnerability
layer

For several decades, the Ono communities had constructed
seawalls and barriers to protect themselves from sea-level rise.
Materials are often sent from Suva, and the walls or barriers are
constructed by villagers without knowledge about their structural
requirements, a common situation in rural Pacific island contexts
(Nunn and Kumar 2018, Kléck and Nunn 2019). The walls and
temporary barriers give the community a sense of safety that
incentivizes the continuation of coastal-fringe living without
foregrounding the short-term protection the barriers provide.
This situation is an example of how interactions across scales
affect vulnerability and resilience. Although it is unrealistic to
expect local villagers to possess the engineering knowledge needed
to be able to design and construct optimal seawalls, the limited
capacity of the national government to oversee the execution of
these strategies in remote areas means that the structures are
invariably built without proper planning and supervision.
Furthermore, after the barriers deteriorate, the houses built near
the seawalls experience increased exposure. Ultimately, the
government’s promotion of this adaptation strategy does not
match local capacity, resulting in the dominance of a vulnerability
layer.

Awareness and disposition to implement change and learn.
resilience layer

Interviews with members of the community found considerable
awareness about the impacts of climate change on ecosystems and

livelihoods. Although most strategies implemented to cope with
changes in climate hazards have been incremental, there was a
high level of community awareness about the need to implement
more substantial, even transformative, strategies. As with
Narikoso, for Vabea and Waisomo, it was clear that the
communities would eventually need to relocate their villages and
adjoining lowland farms to avoid unacceptable risks to their
houses and food production. Learning from the way in which
relocation has occurred in Narikoso, village elders in Vabea and
Waisomo decreed that new married couples should not build their
houses close to the coast. This decree will lead to a gradual and
autonomously driven shift of the village from its currently
exposed coastal location to less-exposed locations upslope, which
has occurred elsewhere in Fiji (Nunn and Kumar 2019). The
learning and awareness-raising process occurred through a
reflection on the relocation process carried out in Narikoso. Prior
to that experience, the position of local communities was a passive
one that relied mainly on whatever solutions were recommended
to them by external stakeholders such as the government and
donors. In this case, the learning process is leading communities
to reduce exposure progressively, as new houses are being built
further from the coast.

Mobilization of community resources and support: resilience
layer

Individuals identified the strength of community and family
networks as key elements in helping them to cope with hazards.
Families would help each other when flooding events occurred or
when other climate-linked impacts unevenly affected livelihoods.
This help included providing temporary housing for affected
families, assisting when repairs were needed after inundation, and
clearing debris after flooding events. Communal support
networks have been identified in many Pacific island contexts as
an example of culturally grounded resilience (Nalau et al. 2018,
Walshe et al. 2018). Although this driver of resilience has been a
positive influence in increasing buffer capacity, it is likely that
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under more consistent and increasing events of coastal flooding,
this type of support might not be sufficient. Consequently, more
transformative and adaptive capacities need to be promoted to
avoid trapping the system into an undesirable state that leads to
constant loss of capital.

DISCUSSION

In the application of our model to Narikoso, Vabea, and
Waisomo, it became evident that communities regard their
optimal future as the ability to continue living on the island and
to have the means to sustain their livelihoods using local
ecosystems and resources. Community members often referred to
life on the island as being better than life in the capital city, Suva
(or in “town” more broadly), because they had abundant
resources that could be accessed for “free”, meaning that they did
not need cash to cover basic necessities. This situation is contrary
to the often-expressed view that remote islands (and peripheral
or marginal communities) are resource poor and undesirable
places to live, an assumption challenged for remote communities
in Fiji and elsewhere (Maru et al. 2014, Nunn et al. 2014,
Korovulavula et al. 2020). Although participants acknowledged
a decline in some ecosystem services (particularly fisheries and
agricultural productivity) and increased impacts of climate
hazards, they did not perceive these issues as being of sufficient
concern to force them to leave the island.

An additional insight gained in the model’s application was that
most autonomous adaptation strategies used to date focused on
increasing coping capacities. The process of discussing the
different elements of the conceptual model with community
members allowed for an additional process of learning and
reflection. This process was evident when discussing the
relocation in Narikoso and the realization by the other two villages
that the long-term solution to the issues of coastal inundation
would likely require them to relocate their villages upslope and
inland. The development and application of the conceptual model
highlighted several components of vulnerability and resilience
that have been overlooked or undervalued when designing and
implementing strategies for climate change adaptation in SIDS.
One example is the need to empower local communities to
implement adaptation strategies using endogenous capacities. By
simultaneously identifying drivers of resilience and vulnerability,
it is possible to move away from the narrative that SIDS are
inherently vulnerable to risks posed by climate change and are
completely dependent on assistance. Researchers and
practitioners often prescribe supposedly universal and
standardized indicators of resilience and vulnerability in their
studies of SIDS. In contrast, we propose that the process used to
apply the model is as important as the model itself. Instead of
assuming a priori knowledge of what drives resilience and
vulnerability, the model is used as a tool to extract this knowledge
from the systems analyzed so that elements identified are as
relevant and context specific as possible.

There have been several efforts to assess vulnerability and
resilience in Fiji at different scales (Gravelle and Mimura 2008,
Chandra and Gaganis 2016, Government of Fiji et al. 2017), yet
most studies have been either too general to provide guidance for
specific adaptation strategies or too tailored to the needs of
individual projects or initiatives. We suggest that our model can
be used as an initial diagnostic tool to support adaptation
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decision-making in a variety of community contexts. As donors
and government agencies develop new climate adaptation
initiatives requiring community-level interventions, it is
important that the views and priorities of local communities are
effectively incorporated at the outset (McNamara et al. 2020).
This involvement is particularly relevant in overcoming barriers
in the design and implementation of community and ecosystem-
based adaptation approaches. As noted, in developing the model,
we extracted seven recommendations from the literature on
aspects that need to be considered when operationalizing the
concepts. Appendix 1 provides examples of how these
recommendations were accounted for in the model’s application.
Further, although the model primarily achieves qualitative data,
it can also guide the development of monitoring systems using
quantitative data. Information from the model can support
modeling studies on changes in resource use, effectiveness of
adaptation strategies, and implementation barriers, as well as
monitor drivers of vulnerability and resilience over time.

In settings with organized and structured governance systems that
are culturally grounded, as is the case in rural Fiji, it is crucial to
engage and empower local stakeholders in processes to develop
climate change adaptation strategies. A critical aspect of the
conceptual model is the potential to adapt it with the participation
of stakeholders in ways that are compatible with traditional
knowledge, world views, and cultural and social structures used
for the coconstruction of knowledge and governance in Pacific
islands and SIDS contexts (McMillen et al. 2017, Nunn et al.
2017, Weir et al. 2017, Mackay et al. 2019, Robinson 2019). The
proposed model can be applied in island communities to
characterize systems, i.e., not just identifying risks and
vulnerabilities but also illuminating culturally anchored adaptive,
coping, and transformative capacities that can be used to take
advantage of opportunities. By linking both concepts to the IPCC
ARS5 risk model, we emphasize how the concepts can inform the
development of comprehensive strategies that can use both
climate change adaptation and disaster risk reduction
approaches. Here, we presented only results of the analysis for
sea-level rise to demonstrate how the model can be applied. When
using the model as a planning support tool in different contexts,
it is important to quantify risks to different hazards and how they
interact with each other to define more comprehensive priorities
and responses.

Future increases in climate-linked risks, added to nonclimatic
pressures (e.g., increasing population density) on resources, might
force communities to implement more radical transformations to
sustain desired states and development aspirations. In addition,
some adaptation strategies (e.g., seawall construction) may
enhance coping capacities initially but increase vulnerability in
the longer term. This example highlights how the prioritization
and implementation of adaptation strategies sometimes create
multiple layers of vulnerability and resilience that need to be
managed over time as new changes in pressures and shocks unfold
and are encountered. In contexts in which credible and accessible
scientific information is lacking, it becomes extremely important
to focus also on colearning approaches, which include the use of
local and traditional knowledge together with available scientific
information (Cvitanovic et al. 2016, Granderson 2017, Foley
2018). A colearning approach was achieved here by cross-
referencing observed changes in climate hazards as recalled by


https://www.ecologyandsociety.org/vol26/iss1/art26/

participants with documented observations in climate variables.
Country-level projections of changes in climate were also part of
discussions with research participants about the likely magnitude
of potential future changes to the systems.

CONCLUSION

We presented a conceptual model intended to facilitate
operationalization of the concepts of vulnerability and resilience
at a community level in a peripheral island context. Our
conceptual model was applied in three coastal villages of an outer
island in the Fiji archipelago using a participatory process. We
identified drivers of multilayered vulnerability and resilience in
the studied sites. By relating the model to specific climate hazards
(focused on sea-level rise) and development objectives, it was
possible to identify elements suited for use in the design and
implementation of climate change adaptation strategies. Our
study highlights the benefits of characterizing drivers and
elements of resilience and vulnerability in support of climate
adaptation planning processes prior to designing and
implementing associated interventions (Joakim et al. 2015).
Furthermore, by linking the vulnerability and resilience concepts,
it is possible to highlight strategies to improve and use existing
adaptive capacity to manage specific climate risks and take
advantage of new opportunities generated by climate change.

The participating communities had incrementally implemented
adaptation strategies that have led to changes in vulnerability and
resilience over time. For these systems to undertake successful
transformational change in the future, it is important to identify
transformational capacities and understand which elements had
increased resilience and which had reduced vulnerability in the
past to guide the design of future initiatives and investments
(Fazey et al. 2016). Because remote communities in the Pacific
islands continue to experience rapid environmental change, there
is a growing need to support local management and governance
systems so that the communities can achieve positive and long-
lasting transformations. Our model has the potential to help
overcome existing barriers to designing and implementing
successful adaptation strategies, optimizing their effectiveness
and sustainability in ways that are aligned with the unique
situation of many SIDS (Klock and Fink 2019). This outcome
can be achieved by engaging local communities in the process and
privileging local knowledge and governance in ways that allow
them to complement current climate adaptation science and
knowledge.

Responses to this article can be read online at:
https://www.ecologvandsociety.org/issues/responses.

php/12197
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Appendix 1

This appendix expands on the description of seven recommendations that were
identified from a comprehensive literature review, and which need to be considered when
applying vulnerability and resilience frameworks. This review was conducted using scientific
databases to identify peer-reviewed publications in the past 10 years focused on the
operationalization of the concepts of vulnerability and resilience, with an emphasis on their use
to support climate change adaptation planning in social-ecological systems (SES).

We use the STARLITE framework (Booth 2006) to report the approach and
characteristics of the review conducted.

Element Explanation

S = Sampling Strategy Purposive sampling identified for climate
change adaptation applications in SES.
Studies were sorted by relevance and
sampling was conducted until no more
relevant articles appeared in a search results

page.

T = Type of studies Studies included were reviews, case studies
and conceptual papers.

A = Approaches Hand search for relevance to the topic and
research questions.

R = Range of years Ten years (2009 to 2019).

L = Limits Only documents available in full-text online
and in English were considered.

I = Inclusion and exclusions Inclusion of articles was limited to studies in

which the concepts were used in support of
climate adaptation planning, the studies
referred to SES the application was relevant
to planning processes at the local or
community scales.

T =Terms used Terms used were “vulnerability” AND
“resilience” AND “community”, “assess*”
AND “climate change”

E = Electronic sources Databases used to conduct the search were
SCOPUS and Web of Science.

The following 7 recommendations summarize the results of the review and point to the
ways in which the recommendations were utilised in the case study.



1 Frame the analysis to tangible development outcomes and define a purpose

Vulnerability and resilience should be referred to as a qualities that allow or hinder the
achievement of one or multiple development outcomes (Frode et al. 2013). Initiatives aimed at
increasing a system’s resilience or reducing vulnerability will be conducive to the achievement
of development goals, while dealing with climate change (Castells-Quintana et al. 2018). For
example, a development outcome could be the achievement of food and nutritional security or
increasing household incomes. Since not all adaptation strategies will be conducive to
achieving multiple goals, it is important to analyse potential trade-offs (Donner and Webber
2014, Johnson et al. 2016, Hsu et al. 2017). Resilience is the capacity that allows the system to
achieve the development outcome under likely shocks or pressures, while vulnerability drivers
could reduce the capacity of the system to achieve the same outcome. In the application of the
conceptual model it is important that a development outcome is clearly identified and
communicated. This means identifying if the model is being used to define a baseline, as part
of a monitoring and evaluation system, or as part of an adaptation planning process.

1.1 How was this recommendation applied in the study?

In the application of the conceptual framework two development objectives were
identified through focus group discussions with the communities: (i) securing sources of
livelihood and income and (ii) being able to sustain households and current way of living in
the villages in the face of the manifest climate-driven environmental changes. These objectives
were prioritized by participants as the two main driving forces that concerned them in their
plans for the development of their villages. This means that in the study vulnerability and
resilience are not framed as the outcomes of interventions, but as attributes that can be modified
to allow the systems to achieve those two development goals under shocks and pressures. The
purpose of the study was twofold, from a research perspective, the study aimed to test and
improve the conceptual framework and from a practical perspective the aim was to assess
adaptation planning processes in the villages by reflecting on the management and adaptation
decisions carried out, and how they have amplified or diminished resilience and vulnerability
drivers.

2 Integrate subjective perspectives

Perceptions of shocks, desirable states and thresholds are all relative to subjective
values, hence these should be understood and integrated into the analysis (Béné et al. 2016,
Clare et al. 2017). Subjective perspectives can be gathered through participatory methods
designed for the collection of qualitative data in a way that is culturally appropriate and
accepted. This allows for vulnerability and resilience drivers to be context specific and to
capture what stakeholders value as being at risk and needs to be preserved.

2.1 How was this recommendation applied in the study?

The way in which questions were asked in the study and the community engagement
methods used (such as Talanoa) allowed for researchers to give priority to the subjective
perspectives of the participants. Instead of developing pre-conceived ideas of what drives
vulnerability and resilience in those settings and trying to measure it, the framework was used
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to gather those perspectives and discuss them with community members. This also allowed
participants to define limits of the system themselves (e.g. the reluctance of relocating
communities outside the island), and to understand what communities value and what their
aspirations are.

3 Promote systemic analysis and represent complex relationships

The application of the model should catalyse a better understanding of system dynamics
and address the complex relationships between attributes, assets and processes within the
system being analysed (Darnhofer et al. 2010, Resilience Alliance 2010, Liu 2014). This is a
key aspect when applying the model in the context of SES. Research processes would benefit
from integrating multiple disciplines, as assessing only social or environmental aspects of the
system will likely misrepresent risk and potential impacts (Metcalf et al. 2015, Quinlan et al.
2016).

3.1 How was this recommendation applied in the study?

In the application of the conceptual framework researchers engaged in transect walks
and participated in daily activities of life in the villages, such as fishing, farming and village
celebrations. This research approach provided a better understanding of the way in which
communities interact with the environment and the definition of ecosystem services use, and
delivery and how they are affected by different management decisions. This is something that
can then be further developed by establishing local monitoring systems to assess the status of
key ecosystems such as mangroves and reefs.

4 Specify shocks and stressors

The purpose of the model is to support climate adaptation planning processes; therefore,
climate hazards and shocks should be explicitly identified (Wolf et al. 2013, Liu 2014, Weis et
al. 2016). Through this process is possible to answer the question “resilience and vulnerability
to what?” implying shocks need to be defined and quantified. It is also important to determine
the magnitude and direction of changes in key climatic variables and if the analysis is being
conducted under current climate variability conditions or including future climate change
projections (Jurgilevich et al. 2017). This reinforces the need for detailed and specific impact
models and information to strengthen the understanding of how specific shocks could impact
the systems being analysed. Clearly defining and identifying shocks and stressors will
contribute to determine how climate change might change the magnitude of shocks and how
that could shift tipping points and vulnerability and resilience attributes.

4.1 How was this recommendation applied in the study?

In the study, shocks and stressors were defined both by community members and by reviewing
available literature on downscaled projections of changes in climate attributes. When
discussing drivers of vulnerability and resilience the discussions were focused on how those
related to the identified climate hazards. Additional non-climatic stressors were also included
in the discussion, such as difficulties associated with market access and changes in fisheries
regulations that affected the systems. Consequently, the different elements of the model were



discussed in the context of each hazard and interactions between climate and non-climatic
shocks.

5 Define desirable and undesirable states

A system can return to an undesirable state of stability after a shock, hence it is
important to establish what is desirable or not for each system (Shah et al. 2017). This decision
needs to be through participatory processes, allowing the perspectives of stakeholders to be
captured (Clare et al. 2017). It is also important to determine what can be acceptable levels of
residual risk that cannot be covered by planned adaptation strategies (Kelman et al. 2015).

5.1 How was this recommendation applied in the study?

The recommendation to define desirable and undesirable states was included when
discussing community members’ goals for the villages, and how they envisioned their
communities should develop. This topic was particularly relevant when discussing community
relocation. Participants expressed the willingness to relocate within the island but were more
reluctant to options of relocation outside their traditional lands and clan ties. This finding
suggests that there are some residual risks that need to be managed, even after communities
relocate to the interior of the island.

6 Capture interaction across time and scales:

Resilience and vulnerability can be expressed at different scales (individual, household
or community for example) (Johnson et al. 2016, Otto et al. 2017). Therefore, when applying
the model, it should be acknowledged in a transparent way for which scales the results of the
assessment are valid and relevant. To achieve this aim, the boundaries of the system that is
being analysed need to be defined. However, it is relevant to recognize when changes outside
the system being studied could have an impact on resilience and vulnerability drivers (Thiault
etal. 2018). Drivers of vulnerability and resilience are also dynamic and will change over time.
Assessments need to be able to acknowledge changes in time and be transparent about the
moments in time the data is collected and what they can represent or not (Bousquet et al. 2016).
Some information might only be relevant for specific timeframes. It must be understood that
as conditions change due to internal and external pressures in a system, the assessed resilience
and vulnerability will also change.

6.1 How was this recommendation applied in the study?

Because of the limitation in downscaled climate projections, the study was limited to
discuss general scenarios where existing hazards could increase. For example, that sea level
rise continues to exacerbate coastal erosion and coastal flooding. When discussing climate
hazards, the study was limited to information recalled by participants on changes in climate
hazards in the past 10 years. The cyclone that occurred in 1979 was the only event that
participants referred to that was outside of the 10-year period, probably because of the
devastating effect it had on the island. The study has also limited its conclusions and
recommendations to the 3 villages that were included in the study. While it is suggested that
the model can be applied and adapted to similar settings, the recommendations are limited to



the communities in which the study was conducted and are not aimed to be generalized to all
remote island settings in the Pacific. In the study we also discuss cross-scale interactions of
villages receiving support from national level governments and donors and regulation at the
national level that affects governance of resources at the local levels.

7 Capture heterogeneity:

Even households or communities with similar levels of exposure to shocks can express
different levels of vulnerability and resilience (Baptiste and Kinlocke 2016, Weis et al. 2016).
While the application of the model will imply different levels of aggregation of information,
particularly when the model is applied at larger scales, a careful balance should be applied to
ensure that the model is not being used to make broad generalizations of communities or
populations.

7.1 How was this recommendation applied in the study?

In line with the previous recommendation, the study was used to characterize drivers of
vulnerability and resilience in three neighbouring villages. While there might be some intra-
village heterogeneities that could modify drivers of vulnerability and resilience ( for example
household level networks with other households outside of the villages exchanging goods and
services), this was outside of the scope of the study and the results presented are to be
interpreted only in the context of the studied villages.
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Appendix 2

This appendix presents the detailed protocol used to collect data in the communities.
Additionally, it highlights which sections of the protocol informed the different components of
the conceptual model.

Protocol for data collection

Aim of the study
The aims of the study are to use participatory research methods to identify:

1. Drivers of vulnerability and resilience to climate hazards, perceived by local
stakeholders in subsistence farming communities in remote island settings.

2. How current adaptations implemented in those systems are modifying
vulnerability and resilience.

Data collection tools to be utilized

e Gendered focus groups: following culturally appropriate protocols, focus group
discussions will be separated by gender to allow participants from both genders to
express their opinions openly and freely.

e Transect walks: these will be conducted around the villages, farms and terrestrial and
marine environments used by the local communities to support their livelihoods.

e Semi-structured interviews: these interviews will be conducted with key informants in
the communities such as the village headmen, village nurses, teachers and community
members in leadership roles such as women and youth groups and church groups.

e Participant observation: researchers will immerse themselves in village life and
participate in community activities, allowing for researchers to observe how community
members manage their resources and interact with natural resources and ecosystems.

Steps for the application of each one of the data collection tools
Prior and informed consent to participate in the research

Before any data collection is carried out, researchers will seek permission from the chief
and/or village headman and explain to him/her the nature of our project and how it can benefit
the community. This will be done at the moment of the presentation of kava in the community
hall. Researchers will ask them if they have any instructions for us to follow or
recommendations on how to appropriately approach members of the community for the
interviews and organizing focus groups. Permission will also be obtained to record
conversations and take photographs.

We will be conducting semi-structured interviews and focus groups with members of the
community and households. These focused discussions are aimed to gain insights to reflect on
the different elements of the conceptual framework in the following areas:

e Define the boundaries of the system and identify hazards, by providing responses to the
questions resilience and vulnerability of what to what?



¢ ldentify main socio-economic and environmental issues and interaction with ecosystem
services provision to link social and ecological vulnerability.

e Use local knowledge and perspectives to identify livelihood strategies that enhance
resilience and autonomous adaptation strategies.

For the focused discussions we will have butcher paper with the questions written in
English and Fijian. We will write the main ideas in colour cards and use them to keep track of
the discussions. At the end of the discussion, we will allow for community members to look at
the main ideas collected in the butcher paper and ask them if they think those are the most
important points or if we have missed anything. It is important to conclude the focus group by
thanking everyone for their time and asking if they have any questions for us.

Highlighted in green we have identified the elements from the conceptual framework that
are informed by each section of the data collection.

Questions to guide semi-structured interviews and focus groups
Section 1: Experienced climate hazards

1. Considering the past ten years, which have been climate hazards that have impacted the
community the most?

Classify them by:

Sudden onset (example storms)

Slow onset (example droughts)

Transient (example weather extremes)
Effectively permanent (example sea level rise)

1.1 How often in the occurrence of this hazard?

1.2 When does this hazard usually occurs?

1.3 How has the hazard most affected your livelihood and the local environment?

1.4 Overall what is the level of impact of that climate hazard to your livelihood, measured
as low, medium or high?

Explain the rating system to participants, before asking them to complete the table.

Low= activities or ecosystems were disrupted momentarily but did not sustain damage
that required interventions or repair.

Medium= activities or ecosystems were disrupted for a significant amount of time and
required interventions to repair or continue.

High= activities or ecosystems were permanently or severely disrupted, and
interventions were required to re-build or restore functions.

Example on how to structure output from questions



Climate Type of Frequency Season or Aspects of Level of
Hazard hazard time of the livelihoods impact in
year when it | and livelihoods
occurs ecosystems | (low,
most medium,
affected by | high)
the hazard
Storms Sudden Every year Rainy season | Roads flood, | High
onset (between stopping
April and products to
July) reach
market,
crops die,
animals die,
can’t go
fishing)

2. Which climate hazards have posed the biggest challenge for agriculture production and
or the environment?
Classify by crop, resource use and type of impact
Link to previous questions about hazards
Post field work: Corroborate and triangulate with records from Bureau of Meteorology and
or Ministry of Agriculture

3. Discuss with communities results available on which of the climate hazards are
expected to pose a significant higher threat in the future based on available climate
change projections. Identify people’s perception of this future risk.

This information is used to characterize the hazards, exposure and sensitivity in the conceptual
framework.

Section 2: Livelihoods
What are the main sources of livelihood in the community?

Have livelihoods changed in the past recent years? If yes, explain
What are the main assets you count with to support your livelihoods? Classify according to:

Human Capital
Social Capital
Natural Capital
Physical Capital
Financial Capital

Information collected in this section is used to characterize adaptive capacity of the system and
define the boundaries of the system.

Section 3: Agricultural systems
What types of crops/ animals do you produce?

Which crops/ animals are for household consumption and which ones are for selling?



What are the main agricultural practices you use in your farm?
What are the biggest production challenges you encounter in your farm?
Who is involved in the production of crops/raising animals?

In the past years have you changed the farming techniques you use, if so, what motivated the
change?

In the past years have you changed the crops/animals you produce if so, what motivated the
change?

Information collected in this section is used to characterize adaptive capacity of the system and
define the boundaries of the system.

Section 4: Fisheries
Which species of fish you get and what are your methods of fishing?

Who is involved in fishing?
Which fishing products are for household consumption and which ones for selling?
Have you had to change fishing techniques and or fishing spots in the past years?

Information collected in this section is used to characterize adaptive capacity of the system and
define the boundaries of the system.

Section 5: Ecosystem services

What are the main direct and indirect uses of natural resources in the village for the different
livelihoods and stakeholders?

Which drivers or factors appear to influence the provision of ecosystem services? Describe
for every type of ecosystem service linked to the livelihoods identified in the community.
Classify according to:

Provisioning services
Regulating services
Cultural services
Supporting services

Information collected in this section is used to characterize linked vulnerability feedbacks
between social and ecological sub-systems.

Section 6: Vulnerability drivers
Describe per climate hazard identified in section 1

When a hazard occurs what elements you think are making you more susceptible to the
hazard?

Currently what is your capacity to respond to the hazard? In terms of assets, agency and
capacity to mobilize those assets.

Information collected in this section is used to characterize vulnerability

Section 7: Resilience drivers
Describe per climate Hazard



Cope: In the past when a hazard has occurred what has allowed you to recover, even if this
meant you were worse than before, but you managed to sustain your household?

Adapt: In the past when a hazard has occurred what has allowed you to adapt and change
your management practices to reduce impact from the hazard or to prepare for future
hazards?

Transform: In the past when a hazard has occurred what has allowed you to bounce back
better and transform your livelihood or what have you done to prepare for the future?

Information collected in this section is used to characterize resilience

Section 8: Autonomous adaptation strategies
Which strategies have you implemented to prepare or anticipate to a specific hazard?

Which strategies have you implemented to recover from a hazard?

Which strategies you consider would be effective against specific hazards, but you haven’t
implemented?

What is stopping you from implementing such strategies?

Information collected in this section is used to understand autonomous adaptations and how
they have modified vulnerability and resilience

Section 9: Development goals and community aspirations
What goals are a priority for the community to achieve?

What aspects of the community would you like to see improved or maintained?

Information collected in this section is used to understand autonomous adaptations and how
they relate to the communities’ goals and aspirations.
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