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Adaptation to climate changein an interior Pacific | sland village: a case study of

Nawairuku, Ra, Fiji

Abstr act

We examine how people living in Nawairuku, an interior gdlan Ra, Fiji are experiencing and
responding to climate change in the context of recent sowag¢eological changes. An analysis of
data collected using semi-structured interviews with 27 houdeheVeals that household
adaptability- the competency or capacity to adapt to climatic stioutheir effects or impacts
depends on access to livelihood assets. All households have @csessl capital through familial
networks, which lessens the burden of extreme weather emants]y cyclones and flooding. The
households with access to tangible assets such as land andipimez and resources to utilize it,
together with intangible assets like motivation, labor, and kedgé are better positioned to adapt
their agricultural practices to changing climatic conditidhay other households. Households with
strong leader were also better positioned to adapt. We centtiat remoteness promotes self-

sufficiency and initiative, and livelihood assets influence hoddetaaptability.
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1. Introduction

The Pacific Islands Region (PIR) is widely regarded ‘dsaspot” for global climate change
(Farbotko and Lazrus, 2012). Biophysical changes including sea-kvations, coastal erosion,
ocean acidification and increasing water and surfadem@peratures have already been recorded and
are expected to continue, and accelerate, in the futlunes¢ et al., 2014). The risks of climate change
for the Pacific Islands are significant, challenging livelihob@slth and well-being, and food
security (Barnett and Campbell, 2010). It is recognized tisitgeeven the most aggressive
greenhouse mitigation strategies, current emissions commit ttietedome degree of change, with
effects requiring communities to undertake adaptations (IRE1@)2Adaptation is particularly
important in the PIR where climate change is alreadytiig the local environment and human
livelihoods.

To date, however, most climate change research in Biédd focused on measuring
biophysical changes, like sea-level rise, with less known aloeutliese changes translate to affect
the lives and livelihoods of people and their capacity to a@aper research has projected potential
future climate change impacts using climate models and futurei@még®narios (Carson et al.,
2016; Hanich et al., 2018). When the human system has beeaderedsn these studies it has usually
been included at the end of the study, with vulnerability medsas a residual of projected climate
change impacts minus assumed adaptations (Woodward et al., CB®8}te impact studiesave
improved our broad understanding of how people living in the Pthtnexperience and respond to
future climate change, but they do not explicitly address atiapt

The realization of the inevitability of climate change hamstited adaptation research,
which seeks to understand how human systems respond to climaté atithalr effects or impacts
to moderate harm and exploit beneficial opportunities (BerFamg et al., 201)L This research is
conducted at local community-scales and focuses on climatiglistiat are relevant and important
to people, beyond those identified by researchers or imimodels (e.g. temperature, precipitation,
sea-level), and adaptive responddss scholarship has developed several key insights, indicating
that climate change is being experienced in the contexhef social, economic, political, cultural

and environmental forces that affect communities (McCubbin 045 O’Brien et al. 2004);



adaptations are most effective when mainstreamed with exttvejopment, disaster preparedness
and resource management initiatives (Nurse et al., 2014n&whi2017)adaptation measures are
seldom undertaken in response to climate change alone (Reatc2010); current vulnerability is
influenced by the past (Brooks, 2011; Taylor, 2013); some adaaian become maladaptive in the
longer-term (Dilling et al. 2015; Fazey et al. 2011); ardtiee adaptations are more likely in
absence of government intervention (Tompkins and Adger, 2005). Démsgstedchievements,
however, our current understanding of human adaptation to elchange in the PIR is incomplete,
limited by a handful of case studies conducted with people livinglian or near-urban areas in the
coastal zone (e.g. Nolet, 2016; Sutherland et al. 2005). Less is latmuhthe experiences of people
living in geographically remote locations, particularly runaland areasHere, remoteness is defined
in terms of geography and access to mainstream health, iedyucaarkets, energy supply, and other
public and private services and characterized by poor infcdsre such as roads (Maru et al. 2014).
As a result, the dominant discourse on climate change adaptati@PIR has centered on the issue
of sea-level rise and coastal communitidss gap in understanding limits the efficacy of adaptation
efforts in the PIR and risks falsely characterizindsdiinders as the same despite diverse physical
and human geographies.

In this paper, we respond to this knowledge need and examine how fig¢ioglin
Nawairuku, an interior village in Ra, Fiji are expediry and responding to climate change in the
context of recent social and ecological changes. We build upstingxtlimate change impacts,
vulnerability and adaptation scholarship that identifies sct® livelihood assets as a key determinant
of adaptability and consider the roles of tangible and intdmgissets in adaptation (e.g. Ellis, 2000).
The following sections describe Nawairuku and outline the resegproach and methods used.
Next, the results are presented for current and futurenalditiey, including factors and processes
that influence adaptability, followed by a conclusiomnich opportunities to support adaptation are

discussed.



2. Nawairuku Village

Nawairuku is an interior village of approximately 320 peofjouseholds) (100%
iTauket) located in Ra Province, Viti Levu, Fiji, at an eléwa of 51 metres above sea level and
approximately 24 km away from the coast (1713852’S, 178°1251.66’E) (Fig. 1).Raprovinceis
positionedn the north-east quadrant of Viti Levu and is known as ondiof Fsalad bowls”,
because of the high production of root crops and yaqona (kavi {{avetta, 2017). Ra province
covers an area of 1340kmnd has two major towns, Rakiraki and Vaileka, and 88gés, of which
Nawairuku is one (Davetta, 2017).

Nawairuku is situated in a riverine valley surrounded by stergsted and cultivated hills (up
to 30 degrees in places which is classified as ‘very steep’ by the Department of Agriculture (2014)).
The land directly surrounding the village is traditionally owbgdhe paramount chief of the Tikina
(Nalawa¥, who does not reside in the village. Given that ownership datiteof the village is held
outside of Nawairuku, decision-making and ability to cultivadain areas is limited and complex,
restricting peoples’ autonomy and ability to plan ahead. The mataqalisof the village own land
approximately five kilometres away which was the initidlge site before several relocations to the
current site, established here around five generations ago.

All families rely on farming and small-scale animal huslgifidr subsistence and income.
Commonly harvested foods include root crops (casshala (taro), kumala (sweet potatayi (yam),
yagona (kava plant), fruits (niu (coconygina (banana), meleni (watermelpwm)di (plantain) uto
(breadfruit) moli (mandarin) papaya (pawpaw)), and vegetables (tomata (tomdtiaba
(cucumber)baigani (eggplanfpapukeni (pumpkin)bele (edible greensjlalo leaves, rokete
(chillies) and kaveti olo (Chinese cabbag€&assavadalo and banana are the main cash crops. In
recent years, cash crops have become a greater focuscoftagal production in the village as
people try to keep up with the increasing costs of changingyléssfdietary preferences,

technologies, etc.) and living expenses. Several middlemeicedne village by purchasing produce

! iTaukei = Indigenous Fijian people
3 Tikina = District consisting of 18 villages including Nawairuku
4 Matagali= A clan; subdivision of a tikinaprimary Indigenous land-owning unit



from villagers, which they transport by truck and sell aitlaeket in Rakiraki or Lautoka. While this
is the most convenient way to sell crops, villagers receivertesgy for their produce than if they
were to sell the crops at the market themselves whi@sisated by transportation costs, limiting
overall profits.

People in Nawairuku have strong Christian faith of vargiagominations including
Christian Mission Fellowship International, Methodist, and 8gv®ay Adventist churches. The
introduction of Christianity has changed traditional prastiand influences decision-making in the

village.

3. Methods
3.1 Research approach

The research employed a vulnerability approach described lyaSdiWandel (2006) and
consistent with McCubbin et al. (2015) and Pearce et al. (28&7@, vulnerability is conceptualized
as a function of exposure to biophysical changes, sensitivitg$e #xposures and adaptive capacity
to deal with exposure-sensitivities (Smit and Wandel, 200&®)tekm “adaptatioii refers to
adjustments in human systems in response to actual or exjgéotate stimuli or their effects or
impacts, that moderate harm or exploit beneficial opporasn{Smit and Wandel, 2006). The
vulnerability approach is applied in two stages: (1) idetitieyconditions, climatic and non-climatic,
to which the individuals in a community are currently exp@s®tisensitive, and to document the
adaptive strategies employed to deal with these conditiong2jandnsider possible future changes in
climatic conditions and the capacity of the community to attaptich changes. This approach shares
commonalities with the sustainable livelihoods literature andras upon this work to better
understand the underlying determinants of adaptability (Gutidtoeres et al. 2009).

The research was guided by consideration for conductingrotseith Indigenous peoples
described by Nabobo-Baba (2006; 2008) and Pearce et al. (200@patations for conducting
research in Fiji outlined by the Department of ImmignatfFiji Department of Immigration, 2017).
Early communication was first established in February 2017 by phore-nad with the Chairman

of the Village Development Committee, the turaga-ni-korlia@ye spokesperson), Office of the



Commissioner Western in Lautoka and Ra Provincial Coumaiittoduce the research idea. Then, on
invitation from the Ratu (chief), the researchers, togetliterwilage relatives, visited Nawairuku for
two days in April 2017 to conduct a sevuseand discuss the proposed research. Upon confirming
support for the research, the researchers returned to Aasindl prepared applications for a research
license and ethics approval. Approval for the research veantegl by the Fiji Department of
Immigration (#17497899) and study protocols were approved by the HResearch Ethics Boards

at the University of the Sunshine Coast (A/15/751) and UniversityedBouth Pacific.

3.2 Data collection

Data were collected over a 10-week period between Jun&uqust 2017 through semi-
structured interviews using open-ended questions with 30iparits from 27 households, focus
groups (n=2), participant observation, and analysis of seppedarcesA recent tertiary graduate
from Fiji National University (Diploma of Forestry Managenjemiginally from Nawairuku, Teresia
Salabogi, was employed as a local research pddnthe duration of the project and helped to
conduct the interviews. Key informant and snowball sampling tqaba were used to identify
interview participants starting with key informants (\ikehead person, local research assistant) who
then assisted in identifying a cross-section of the adult populatiNawairuku (Table)l(Patton,
2014). In particular, long-term residents of the community aeheho are particularly
knowledgeable about history of change were identifiygoically, people over the age of 55 years held
the most in-depth knowledg&o overcome bias of key informants and others guiding tlearels,
data were triangulated (individual interviews, focus groupdiciizant observation), and
interpretations of data were checkedHijan research partners.

Interviews were semi-structured with open-ended questiominimize researcher bias and
allow participants to openly discuss issues they felt to lgefiine concern (supplementary data).
Semi-structured interviews are a standard method of diiéztoon used in ethnographic research for

gathering information in an open-ended format and haswiekaty used in community-based

2 SevuseviF A traditional yagona presentation made when something is requested



research with Indigenous populations (Berg and Lune, 201 Rgeping with Pacific values and
research standards (Nabobo-Baba, 2008), semi-structured iwsemwere set up informally in a
location suitable for the participant, were conducted akada-styl& conversation, and were
conducted in the chosen language of the research partifipagiishor Fijian (Ra dialect)). The
interviews conducted in Fijian were translated duringnterview and transcripts were later verified
by the local research partner. Interviews were voluntadyirgerviewees had the option of remaining
anonymous or having their information attributed to them. Masicjg@ants (26 of 30) consented to
having their information attributed to them. Four people whated to remain anonymous have not
had their name attributed to the quotes presented inLikrivise, references to other people in
guotes has been consented accordingly. Participants alslechaption of having their interview
audio recorded. 30 interviews were audio recorded andttatescribed. After each interview,
transcripts were reviewed and verified by the interviewnteBhe interview quotations provided in
the text are from both audio recordings and hand-writtescdrants.

Two focus group talanoa sessions were conducted with communitipeng during the
research period. One had an agricultural focus (approx. 12ipantis) while the other focused on
factors that aid or constrain adaptation to changing consliapprox. 15 participants). Both focus
groups were conducted in Ra dialect and English in the commhalityas chosen by the participants
and were led by the researcher and local research zaf@oth sessions were audio recorded and
transcribed. Complementary data gathered from particigizs@rvation and secondary sources of

information were used to contextualize the information ftoeinterviews and focus groups.

3.3 Data Analysis

Data from the semi-structured interviews were analysigfimg the principles of latent
content analysis to identify recurring or common themesectk® the broad categories of the
vulnerability approach and the research questions (Berd@i@). Rather than analyzing interview

transcripts based on exact wording as is the case with marifésnt analysis, latent content

® Talanoa refers to a process in which two or more people talk évgethwhere one person tells a story
while the others listen (Nabobo-Baba, 2006).



analysis considers underlying themes or messages within theéemteonversation and participatory
observation (Berg, 2004). Focus group data were analysed simildr themes emerging from the
transcripts. Information collected about participants was wsgrbtip participants in broad categories
by gender, age, and livelihood activities. NVivo 11.4.0 softwareusad to organize interview data,

observations and field notes.

4. Results
4.1 Changing exposure-sensitivities

In Nawairuku, a combination of changing climatic conditions @mehging socio-economic
conditions manifest to affect lives and livelihoods. Table 2 preseigsof conditions identified by
participants, the frequency with which each was menticaddief description, and a sample quote
from participants. It is noteworthy that the village wagdiy impacted by Tropical Cyclone (TC)
Winston in February 2016 and endured a record-breaking flood thwiftg December. As such, it
is to be expected that participants frequently refaiwetese events during interviews and focus

groups.

4.1.1 Changing socio-economic conditions

Many socio-economic conditions were identified as factors;iwagether with climatic
stressors, are affecting lives and livelihoods in Nawairuku. 9¥38articipants (n=28) identified
rising living costs as a driving force of stress. Rising liviagtshave put financial pressure on
families in Nawairuku prompting people to find new, off-farmname source® meet demands. For
example, some people make handicrafts like mats and fapfl & the market, some families run
small canteens from their homes to make a wage, and othaatedo urban centres for work and
send remittances homRapid population growth and localized development has inatgasssure
on a limited natural resource baBer example, increased demands for food has led some people to

use agrochemicals directly in river system to stun fish amarpfor easier collection. Changes in



house building stykefrom traditional one-roomed thatched buresmodern timber and iron houses
has implications for comfortability and durability in thecé of extreme weather events. Traditional
bures could regulate ambient temperatures to suit theafapmate of Fiji, keeping houses cool
during hot weather and retaining heat during cooler weadWaaiern architecture @gsnot have these
features and some building materials like roofing iron ar@zara during cyclones.

The geographic isolation of the village from urban centrestseisusome challenges not
experienced by near-urban villages including, physical distaogemarkets, goods and services,
education and employment opportunities, and lack of rubbistctiolteservices. This restricted
access limits villagers' ability to partake in some livetid activities such as personally selling goods
at the markeor purchasing grocery items from the store, attending worksdvagh$raining, engaging

in wage employment while retaining family presence, andssieg basic health care services.

4.1.2 Changing climatic conditions

In many instances, existing climatic stressors have iffiiethgind become more common in
recent years. 90% of participants, (n=27) described chandwss timing and intensity of cyclones.
Notably, recent cyclones have inflicted greater damagef@structure and agricultural assets (land,
crops) than past cyclones. Older participants (>50 years) shata@éd¢bnt cyclones (e.g. TC Winston
(2016)), and the damage that they caused, were of a maghitadbdy had never experienced
before 70% of participants, (n=21) observed changes in the timingagbss. In Nawairuku, seasons
refer to the wet season, dry season, and cyclone seasonp@fiEpants (>50 yearslescribed that
in the pasteasons came at the “right time”; the time that they expected based on past experiences
Now, seasonal characteristieprecipitation temperature and humidity variation®ccur at any time
of year and are increasingly unpredictable. Participantdleéseeing too much rain in dry seasons
and vice versa. While some older people still rely onticadil knowledge to forecast weather, some
participants explained thétis knowledges becoming less reliable due to changing conditi@o

of participants (n=21) observed changes to local rivers. It oizsithat the river through the village

7 Bure = traditional Fijian house made of locally sourced natngaérials (wood, vines, leaves)



has changed course and is now shallower than it was 10+ yeansitigomplications for built
infrastructure, agricultural land and aquatic food sourtles structural integrity of riverbanks is
jeopardized by erosional processes and houses built ategotinglss are at risk. There are fewer fish
to eat and the water quality has declined posing haak$ito people who use the river to bath.

Approximately ten months after TC Winston (February 2016), Nakaendured a record-
breaking flood associated with a slow-moving tropical depres$iD04F), the first of the 20167
cyclone season (Fiji Ministry of Communications, 2016). Floodwaitees rapidly on 17 December
2016 at a time when the community was rebuilding homes and re-&sitadpliarmland. Flooding
caused widespread destruction; it damaged infrastructureaarggtrtation routes to the village, and
ruined cultivated land.

The freshwater system for the village has a limited capanit is sensitive to changes in
precipitation and extreme weather events. Water for tlagegiis sourced from a reservoir created by
a small concrete dam in an upper valley approximately 2.8dmthe village and accessible only by
horseback and foot. Water is piped to a central watemeakthe village before being distributed by
pipes to individual households. During dry periods, water supplyés ofit to the village due to
limited water in the communal village tank. In addition, seweeather events often cause structural
damage to the distribution system and there is limited ahilitstg, expertise, labor) to make
necessary repairs. This is a new stress because in the pastaberemaller population and less

demand on water supply, and more consistent rainfall.

4.2 Key Exposure-Sensitivities
This section describes the ways in which climatic stressermtarwoven with other socio-
economic stressors affecting people in Nawairuku. Key vubilitias can be organized as:

agricultural productivity, human health and well-being] bnilt infrastructure (Fig. 2).

4.2.1 Agricultural productivity
Agricultural productivity is measured as a ratio of agrimalt outputs to agricultural inputs.

Traditionally in Nawairuku, people grew root crops, fraitel vegetables for subsistence and did not

1C



sell any produce. It was considered tabu (taboo) to sell rops @nd the forefathers never engaged in
this practie. Today, however, people are intensifying agriculturatipction and selling root crops to
middlemenand, periodically, directly to customers at the Rakirakilsantoka markets. Some older
participants claim this new practice of selling root crops ic#use of decreased tuber sizes and
reduced overall productivity due to traditional protocolsnif selling root crops) being ignored
Cassava, dalo, banana and vudi are the most common cashOtiregs.oot crops, fruits and
vegetables are grown primarily for subsistence and small velaneesold.

Agricultural productivityis exposed and sensitive to extreme weather evemsging
seasonal patterns, and new farming practices such as the caaissicn and intensification of
agriculture and increased use of agrochemiddle move towards agricultural intensification and
commercialisation was pushed by the desire to increase yodielsd a rising population, increase
sales to meet rising living costs, and an overall decreaaadrproductivity. Increased intensity of
extreme weather events has damaged agricultural langgtheyosion of nutrient-rich soil, and
destruction of crops. Most recently, TC Winston, a categaycbne, caused immense damage to
agricultural land when it passed over Nawairuku on tifec®@ebruary 2016Winds approaching
300km/hr, heavy rainfall and flash flooding (NASA, 2016) caudsaiocal damage to agricultural
land, including triggering landslides and waterlogging, which dgstronost crops. Participants
reported losing whole harvests of datassavaand vudi, and the expected income they would have
earned by selling the produce. Similarly, during the Dece2b&6 flood, some villagers lost plots of
land that were simply washed away by floodwaters. Thedgrtibist soils near the river are an
attractive location to plant short-term crops such as meladidalo; however, plots located there and
near village drainage systems are especially sensitiveddirfig.

Slope stability and landslides are also an issue of cofmevillagers. The first reported
landslide occurred in 2004 and there is no memory of landshidée iarea prior to that event. In
recent years, intensive forest clearing has occurred onaesssurrounding the village site through
the process of agricultural intensification and commesatbn discussed above, reducing the
stability of the slopes. During TC Winston, landslides vieggered by heavy rainfall which

saturated the relatively loose soils and prompted weaknesspm&hbility. Agricultural plots were
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completely lost following landslide events and fertile soiswaipped from the hillside. Areas that
had never flooded before were inundated and some crops werawasheby floodwaters or
damaged by rainfall-triggered landslides. Damaged roatlsefurestricted access to markets and
services. The flood destroyed the bridge on Nasau Road that cres¥eaihibuka River to access
the village from the east, forcing villagers to use small boatsass or to take the inland alternative
route, which is three hours longer, to Rakiraki.

Participants reported shifting seasonal patterns (raitdéatiperature, and humidity) disrupting
growing seasons and, in most cases, reducing agricultural pragyuatid related income. Short-term
crop failures have been observed in response to unseasofal damaging new crop shoots or
waterlogging soils causing root rot. Participants have observeandetry seasons becoming less
distinct, recalling that in the past seasons were separatheyndould predict wet and dry periods at
given times of year. As a result, farmers are increasiongingd confidence in their planting schedules
and expected yields.

They have the months for the seasemnst and dry. Before, when the seasons come, it doesn’t

affect the crops. But now, the changes of the weather, it changesphespecially the size of

the crop. (Male participant, Sanaila Vakaravia 67 years,2Diy)

The use of agrochemicals has intensified in responsege #ind other changes affecting
agriculture with possible consequences for human headthoager-term soil productivityillagers
are unsure of the long-term impacts of agrochemical use butragtshort-term solutioto declining
yields rising living costs, and declining labor force as young migmate to urban centres

| usechemicals for the weeds because we can’t do weeding on 1 or 2 acres because it’s a lot of

land. We want to use plenty lands like that so we have to use tincale Or if you want to

earn the big money you use the chemicals to help the farm. @slaieipant, Masake

Baisagale, 51 years, July 2017)

4.2.2 Health and well-being
Health and well-being in Nawairuku have been affecteldbly rapid and gradual climatic

changes. Extreme weather events such as cyclones and floodsedtesl in increased incidences of
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illness, injury and mental health concerns; gradual changbsasuaiodiversity loss, prolonged dry
periods, and extreme heat have contributed to declines in Vaddklity.

There were several instances of illness and injury in Nawaiduring TC Winston and
recent flood events. Following TC Winston, one woman fel aitd was bedridden for a week with
boils rising on her skin due to unhygienic conditiohfeing constantly wet from cleaning, poor
nutritional intake, and lack of clean drinking water. $bkeved the main reason people got sick was
because of damaged water pipes and the related inabilitgéssaclean water for drinking and
bathing Others suffered cuts from roofing iron that was torn from housjrgdh winds. Flood
events negatively affected people's health due to a geartalean drinking water and exhaustion
from extensive clean-up efforts.

I got sick. Just fell sick, exhausted. Just had to stay home againdtrer week. And | had all
this, this is from Winston, all these black marks. They are jusll sores like a boil all under
my breast. That was after cleaning up, the week after Windtsh from cleaning up and due
to unhygienic and being wet and because our lives were changed. And thesiroe we were
washing and not eating properly and being wet. And the water wasptheere down but
lucky the creeks and the streams were floning so we were usindRbatale participant,
Kalara Veramu, 40 years, August 2017)

Recent cyclone and flood events also inflicted an emotamdimental toll on villager§he
shortageof fresh and non-perishable food following TC Winston and flooatswuéfected people’s
health and well-being by reducing access to nutritious foatlsaunsing food-stresklouseholds
depended on each other to ration and share existing food sdpplies month before food aid
arrived following TC WinstonAn elderly man suffered a stroke the day after the flood updingis
his house and seeing the severe damage throughout. He pasgéu lshag 2017 several months
after his first stroke. His daughter explains how it happened:

He just came, came from that door, the one that you entered hthjokt saw everything all
over the place and he lied straight dawiihat's where they start, one side, something like a

stroke, all the left side of his body gets like shocKéd:’s when his sickness startdde just
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goes down slowly and liegbwn... They saidt was the first stage ofsroke (Female
participant, 30 years, July 2017)

Cumulative changes in the river have resulted in an ovesallitoproductivity with negative
implications for food security. The river is a vital sour€éood and water and even minute physical
changes affect the lives of villagers. Several aquatic arsipgies were recorded to be living, or
once having lived, in the river flowing through Nawairukcluding maleya (tilapia), freshwater eel
and prawn. Participants noted the absence or lower abunddigte (maleya), prawns and eels as
well as the reduced size of remaining stock. One particgpqoiained that ten years ago one could
catch fish the size of a forearm but now the biggest fisarawend the size of an adult hand.
Similarly, ten years ago it was possible to lift large stdnem the river edge and uncovigienty’ of
prawns but now it is uncommon to see any prawns at all.

Before, it was very deep and plepfyies here but it’s getting dry now... Nowadays it’s very hard.
People go to the big river now. You can’t get the big ones in this river now. Now only small ones.

(Female participant, Viniana Salabogi, 52 years, July 2017)

4.2.3 Built infrastructure

Built infrastructure in Nawairuku, including houses, commudivellings, water and power
distribution systems, roads and bridges are exposed and sewsitidanes and floods throughout
Fiji. The traditional one-roomed, thatched roof, earth floor buweeagl its ability to withstand the
elements of extreme weather events such as high velocity widdeawy rainfall (Fujieda and
Kobayashi, 2013). The move towards Western housing styles, howeveheseeplacement of
traditional bures with contemporary houses constructed frortymetnoduced materials (iron roofing
and walls, treated pine framing timber) in the lattéf diathe 20" century (Fujieda and Kobayashi,
2013). In Nawairuku, this transition saw the complete loss ofsbamd with it, the comfortable,
climate-suitable design thatawmore resilient to extreme weather events. One particgiamed how
his “iron roof was torn away like pageduring TC Winston (M, 58 years). Modern building
materials, like roofing iron, can become lethal hazardeeysare blown around, potentially causing

serious harm or death.
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It was really dangerous during the cyclone. You see the iron raaf fisom this side, hitting
another house, just flying around. They peel of the roof. This happenedMaleparticipant,
Epeli Raisevu, 58 years, July 2017)

Most houses (sixty-two) sustained damage during TC Winston thagigrdScant enough to
be eligible for government funds for rebuilding. The Fiji Governinoéfered vouchers of varying
values to purchase construction materials. 42 housesfudiredestroyed”, 9 houses sustainéfll
roof damage” and 11 houses sustairtgdrtial roof damage”. These homeowners received FID$7000,
FJD$3000 and FID$1500, respectivalisis dataset was obtained from records kept by the turaga-ni-
koro (village headman) who reqied the damage to authorities for recovery compensation.
Landslides on the cultivated slopes surrounding the village alssddamage to school
infrastructure including theeadmaster’s quarters and boarding dormitory.

Many residents were in the final stages of rebuilding theirdsafier TC Winston when
floodwaters ravaged the village in December 2016. While doeliaters caused no structural
damage to houses, the clean-up effort was considerableslafymud up to two feet thick carpeted
the inside of houses, smothering whitegoods, kitchen tools, wovenbedting, clothes, and other
household belongings. Flooding compromized the integrity of the lveuek and erosion threatens 16

houses.

5. Current adaptive strategies

The peoplef Nawairuku have a long history of coping with change; howevet, pa
adaptation strategies are decreasing in effectiveness funlaen of reasons including weather
patterns becoming less predictable and the intensification refnextweather eventSome of their
response strategies are tangible in a practical and mbissease whereas one (religious belief) is of
a more intangible meta-physical nature with the validity autcomes difficult to measure
empirically.

The Naiwaruku villagers are all Christians of one denominaticanother. Interviews
revealed that belief in the Bible and Divine providence &ctof influencing attitudes towards

dealing with changes in climate and socio-economic conditionde\¥ia Bible was seen by some as
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the authority for the inevitability of change, attitudes infed by Christian beliefs can be interpreted
as supportive of, or, a barrier to, adaptation activity. Sozoelp were comfortable praying for
bountiful harvests, for good weather, for cyclones to missitlage and for flood waters to subside
but also to take tangible action such as planting fruit treesmdroouses and installing bracing on
houses to help them withstand strong winds (Table 3). Such mapleoth approaches as equally
valid even if they attributed success more to Divine intér@enSome villagers, however, preferred
to rely exclusively on Divine Providence to save them fromrtipacts of climate change rather than
take any action. This echoes some of the findings from resdaesthere in Fiji (Lata and Nunn,
2012) and Tuvalu (Mortreux and Barnett, 2009).

Christian values no doubt also play a role in justifying aimdareing village support
networks and communal action, including in respect of adatiolimate and other change. But
religion may also undermine cooperative inclinations when sroalimunities become divided by

loyalties to different Christian denominations.

5.1 Agricultural productivity

Maintaining a sustainable agricultural production system ikdfeo food security in
Nawairuku and includes planning ahead and new innovations ifnglaAtsustainable agricultural
system is essential to ensure long-term viability and prodtyctifiavailable land to enhance food
security and associated incomes. In terms of planning aheadpsopie are planting more fruit trees
around their houses to provide food and shelter in the fudunewly developed planting program
initiated during workshops by the Ministry of Agricultyumecludes practices su@sintercropping,
crop-rotation, drainage, timing of operations and sfatiand use (Table 3). Villagers have also
relocated agricultural plots from flood-prone areas to thepsdtopes of the surrounding hills. This
has reduced the exposure of agricultural land to flooding but bagedrnew problems through

landslides, which have already damaged roads and buildirdysesuited in the loss of arable land
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5.2 Health and well-being

Familial relationships and sharing networks are key sourcadagitive capacity to cope with
and recover from cyclone and flood events. Fellow villagers andikhin Fiji provide material
assistance and help in the form of food, shelter and labaifected families while expatriate kin
(military personnel, professional rugby players) tend to send mdheyvillage supports elderly
residents and once a person can no longer physically tendrtéatineithemselves, direct and indirect
relatives provide food and give assistance for home mainterafar@nal sharing networks facilitate
the sharing of equipment such as fishing nets, with the borroagnglpart of the catch with the
lender. Participants are also using new ways to earn incomedbrising living costs and have
savings to buffer themselves against agricultural losses atattmage to infrastructure from natural
hazards. These include: crop diversification, capturing tmgtket prices for off-season crops,
engaging in off-farm activities (sale of handicrafts), runddan migration to obtain paid work in

urban centres, and holding community fundraising events.

5.3 Built infrastructure

A key lesson learnt following the extensive damage and destruotionst of the houses in
Nawairuku during TC Winston was the inability of buildingsiithstand the force of a Category 5
cyclone. In response to this, government and non-governmental origan{d&&0)-led carpentry
workshops have been held in the village focusing on enhancinghtgrpkills to build more resilient
structures. Village carpenters now consider the direction @é tnands ad position houses to
minimize exposure to strong winds during cyclon®ile increasing people’s knowledge of building
technigues is a positive step, participants noted that dueatwefal constraints, adequate materials
could not be purchased to operationalize learnt skilladtition to new building techniques, some

houses have been relocated outside of the flood-plain to rdtkicexposure to flooding.

6. Determinants of adaptability
Participants identified several actions that could be takeperationalize their livelihood

resources to enhance their capacity to cope with cumernfuéure climate exposures.
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Economic capital: accessing financial resources enables peoplesodin alternative
solutions if, and when, existing or past methods of practiteHai example, families who farm
sloped areas susceptible to landsdidre hesitant to relocate due to the potential logscoime
because of the increased amioof work required to prepare new plots and likely decreased
productivity. Without the resources to move elsewhere, peoplince to cultivate the steep slopes
and continue to put theissets and people’s well-being at risk. Furthermore, a lack of financial
resources has prevented some people from rebuilding their hortieaster-resilient standards
despite their desire to do.damited access to finances was perceived to be a majoetbt
implementing desired adaptation strateghdgpresent, the village often waits for a donor NGO to
provide funds to implement actiari8Vhen they come, ik positive what they bring to the village... I
think money is the major cause of things not happening in the vill&yeup talanoa participant,
August 2017).

Physical capitalownership or access to vehicles, farming equipment and lokestthances
the abilityof individuals and households to adapt to change. Private vehielasvary sought-after
commodity for households but owning one is unimaginable for many péople the costs involved
to purchase, operate and maintain a vehicle. At thedfrtige research, two households owned
carrier§. These families can deliver agricultural goods to maskéd preferred middlemen and
secure highr sale prices. Owners of horses and bullocks are advantadeing access to local
transportation, and the ability to power manual farming eqeip (ploughs and tillers). Farmers
travel by horseback to access plots that are locateddufrtoaway from the village up steep terrain.
Bullock pairs are a highly desired asset and most commortdyfaséand preparation (pulling
ploughs, tills and spike harrows) and for transportation of heamgtruction items such as felled logs
and other materials (corrugated iron sheets, timber slapsioximately 10 working bullock pairs
were in use during the research period which were conditizincrease the ease and speed of

farming.

8 Carrier = 3-tonne or 1-tonne truck with a tarpaulin-covergttvack used for passenger and cargo
transport around Fiji
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Natural capital (land, forests, water, biodiversitie ability to draw upon and utilize land,
water and biodiversity resources expands the coping range toitlealimate stresses. Some
participants have implemented strategies to increase tiseime by growing specific crops in their
respective off seasons. The position of Naiwairuku offeroogrgehical advantage as densely
forested and higdr-altitude land and riverbanks have moist soils that can be osedtivate wet-
season crops even through the dry season but the topography sésupoballenge3 he land
surrounding the village is steep (greater than 30 degrees in saces)plwhich limits its agricultural
use, and if cultivated, is prone to landslides. The uneveibdison of land between mataqali results
in some families being more advantaged than others. Oneduadiwvith very limited land is
fortunate to be in position to pay for leased land thatritehis immediate family cultivate for
subsistence and income.

Social capital (networks and connectedness): the traditionah Fijay of life benefits all
people in times of stress as burdens are shared and indipidaalires eased. The custom of kerekere
in Fiji is whena relative or neighbor requests something that is needed, ighighingly given with
no expectation of repayment. This custom is currently pradticBawairuku and is frequently used
when households run low on finances or household items (e.g.dlifusr when farming equipment
is required (wheelbarrow, bullock pair, etc.). Individuaks ot left to struggle alone. Instead, the
community supports and assists in times of need, knowing the acigsocal in the future if
circumstances change.

Human capital (dayourself attitude)some people of Nawairuku have adoptédait
yourself attitude, partially due to the limited trust in governmesteays and the physical
isolation and distance from external sources of suppbgre are strong leaders in Nawairuku,
both within and outside chiefly lineages, including many who anawxperiences obtained
outside of the village, notably the military and international sport. Some of these ledusdsa
level of influence over other people in the village and eadihg them towards sustainable
adaptation (e.g. developing planting programs, agroforesthniques People have learnt that
assistance from the government and NGOs takes a lot of timeegotation, and can result in

maladaptive outcomes, prompting self-sufficiency and initiative
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We can’t just sit down like this and wait for the government or the NGOs to come and do the
work. We have to stand up and take action in order to prevemtelichange. (Group talanoa
participant, August 2017)

Still, there are some who expressed their reluctance to ddapkample, by refusing to
relocate away from flood-prone areas nearby the river despéatesjty suffering damage to
property from floods.

He still wants to build his house here even though it is in the red Hensants to stay here
because of the access of water. Here he has the tap herésagabit to get the water. That side
they still don’t have the water pipes coming up to them so it is very difficult. (Male participant,
Jone Sokiveta, 51 years, August 2018)

Political capitalFiji’s limited institutional capacity inhibits the implementation of adaptive
policies and was frequently identified as a constrainiotpfdo adaptatn effectivenessAmong the
interview participants and wider village community thers waerceived disconnect between the
village, Provincial Council and Fiji Government. Village-level regts that arise from village
meetings must be submitted in written form to the Ra Prali@ouncil (PC) who then pass them on
to relevant bodies. This process is slow and stifled by polaits grassroots issues struggle to reach
the top levels of the Fiji Government.

[The] big issue is that the PC is not doing their job. Thatyéalppens. PC officials can sit in
council for years and years. They sit there, and start fooling us. When there’s a sound, or when
there’s a smell. They just *sniff* or give their ear but nothing happens. (Group talanoa
participant)

Furthermoreachallenge for geographically remote villages is the tendawgydvernment
and non-government representatives to make only very short Visissis likely due to the long
travel times to and from the village from Suva or other udeartres. Typically, a government official
will come to the village for a prearranged talanoa sesditie community hall where all village
residents can attend. Unfortunately, the short duration ahirtten means that there is limited
opportunity for villagers to communicate their prioritiesnsequently, government decisions often

fail to meet the expectations and needs of the village.
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They are not doing what is accordigthe plan for what the community needs... NGOs and
Governments think they are doing the right thing but they are not... They have to listen to us

from our experience. [They need] to do the job properly ratherchase more problems.
(Male participant, 54 years, July 2017)

In some instances, well-intentioned initiatives to improve infuasdre in the village have
proven to be maladaptivEor example, despite villagers raising concerns about the potantial
sewage leakage from the proposed donation of metal sefk&; tZrawing on their knowledge of
what happened previously in the village, an NGO insisted hisaivias the best way forward. The
village leadership had two options, accept the septic tankg;dhayp chose to accept. The septic
tanks started to leak less than a year after theillatsda posing health risks to villagers and creating
a new problem that the village now must deal with. This madkeevthat, although well-intended,

initiatives to increase capacity in the present may iseréature vulnerability.

7. Future vulner ability

Without access to informed climate models and projectioissdifficult for people to
envisage what future climatic and geophysical scenarios ioigktike. Participant’s outlooks on the
future are based on past events, government uptiétiksverses and existing knowledge of future
climate change impactRarticipant predictions include more intense cyclonese taordslides, the
continuation of the river becoming drier, increased populatichdevelopment, more land clearing to
build new houses and people’s attitudes will continue to change to be more reflective of Western
cultures (i.e. individualism, money-driven).

Several of the future conditions identified by participants are stegzpby science-based
future climate change models. Key sources of future climate clpmopetions are the IPCC 2013
reports (Stocker et al., 2013) and the Australian Bureau ofdvtdtgyy and Commonwealth
Scientific and Industrial Research Organisatiatientific assessmeaf climate changi the
Pacific (Australian Bureaaf Meteorologyand CSIRO, 2011). These projections are for the broader
geographic region in which Nawairuku is located and incthdd-iji Islands and surrounding oceans.

Projected changes in rainfall in the PIR will significgralter the hydrological cycle affecting the
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pattern, frequency and intensity of rainfall events. [/hiet-season rainfall is projected to increase,
dry-season rainfall is projected to decrease and tharhigh confidence that extreme rainfall events
will increase (Australian Bureau of Meteorology and CSIRO, 281dgker et al., 2013). Surface air
temperatures are projected to increase as are daysa@hexteat (Australian Bureau of Meteorology
and CSIRO, 2011). While the frequency of cyclones is pmjdctremain stable or decrease, the
intensity of cyclones is likely to increase. These climeli@nges could have several implications for
many communities in the PIR, and in the case of Nawaifokuhe current exposure-sensitivities
identified in this paper.

Extreme weather events in the PIR have already resulted liwsthef agricultural land and
crops in the wake of cyclones, floods and landslides. A projeategbised occurrence of intense
rainfall events would further contribute to the degradatfaagadicultural land by escalating overland
flow and surface runoff (Nelson et al., 2009). Furthermoeased temperatures and enhanced
moisture deficits could increase stress on crop productioarie and food security (Nelson et al.,
2009). Similarly, increases in inter-annual variability antdnsity of extreme weather events could
impact agricultural productivity and may result in further ptete crop failures, significantly
affecting household food security. In Nawairuku, the commtndgasonal vulnerabilityp potable
water scarcity would become more exaggerated if projeldeeases in dry-season rainfall
materialize. Intense rainfall events will provide mamrover a shorter period but will be of no
assistance in potable water accumulation as the villagecda only hold so much water at a given
time. Additionally, high-rainfall events in the past have prowedo damage to the water pipelines
and distribution grid. The projected increased frequencyraadsity of extreme weather events will
threaten the integrity of built infrastructure including hesjscommunity buildings, water and power
distribution systems, and roads. Damage from floods, landslidesyalones has already been
experienced and is likely to occur again under future projecti@nscularly if residents do not apply
lessons learned and climate-proof the infrastructure.

Changes in climatic conditions will be experienced togethér etianges in political,
economic and social conditions that will condition exposure-seitisisi and adaptability. An

expected increase in population will put further pressure olothénatural resource base raising
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guestions about village carrying capacity under current agrialippractices and water supply
system. The potential stress on food and water sources, togéthether societal factors, could
increase the incidence of illness and nutrition-relatechdese Changes in exposure-sensitivities in a
future climate scenario will likely have a detrimentdéef on the financial situation and overall well-

being of residents as household income sources are reduced.

8. Conclusion

The research findings suggest that a remote interior vilgageriences and responds to
climatic stressors differently than a near urban villagated in the coastal zone as described in
existing literature. This is not surprising, given the diffeesrio physical and human geographies
but it does draw attention to the importance of investigatingate change impacts, vulnerability and
adaptation at the local scale and with people living outsieleoastal zone. This investigation reveals
the existence of strategic policy entry points to supewtairuku’s adaptation to current and
expected future climate change, many which are rootecdca@sado capital resources.

The finding that climate change is being experienced iedheext of multiple climatic and
non-climatic stressors is consistent with the findings of McCublah ¢2015) in Tuvalu, Chandra
and Gaganis in Fiji, Pearce et al. (2016) and Lede (201BgiG@anadian Arctjcd)’Brien et al. (2004)
in India, and McDowell and Hess (2012) in Boliviais finding highlights the complexity of social-
ecological systems and the need to consider the socio-econonaiglamdl factors, which influence
how people experience and respond to climatic stressors. Foplexaarpentry workshops that
share methods for building more resilient structures to cycloresndy effective if the necessary
building materials are accessible. This however, is ofterheatdse, and people in Nawairuku,
despite having the knowledge of more resilient building techniguiesjnable to operationalize this
knowledge. This finding shows that adaptation to a climate sinebgs instance, more intense
cyclonic winds, is rooted in having access to a capitalireso Enhancing access to capital resources,
in this case building materials, represents a strategicypaiitty point that improves building

standards and makes buildings more resilient to currergéxgatted future cyclones.
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Changes in agricultural practices in the villagerasostly driven by people’s desire to acquire
more income to meet rising living costs and feed a growipglpton in the face of a declining labor
force as young men migrate to urban centdeil the 1980s, people grew root crops, fruits and
vegetables for subsistence andias considered tabu (taboo) to sell root crops. This has si
changed with most farmers engaging, to varying degreesmimercial agriculture. Farmers have
been able to increase yields and profits through the inigatsiih of agriculture and the use of
agrochemicals, but not without consequences for the longeremlith of soils and slope stability.
Effective management of the natural resource base that supgrictstare is vital to longer-term
productivity. This finding is noteworthy because it shows degpite emerging climate stresslke
changing seasonal patterns and extreme weather eventlé gemot sustainability manage the
soil and slope stability, future agricultural productivity viaé negatively impacted. Efforts are
needed to make knowledge of how to sustainably manage agricut@ssile to villagers. This
means, for example, creating plain-language documentsréhtrbaslated into the local dialect, and
are made available in hard-copy as most people do notleaess to a computer or the Internet.

The finding that people in Nawairuku take the initiativeptepare and respond to extreme
weather events like recent cyclones and floods is noteworthy. Seopée in Nawairuku have a do-
it-yourself mentality and are motivated to take actiorsustain and improve their livelihoods
regardless of whether they receive support from outside goverimmean-government sources. The
community proved this ability in their prompt post-TC Winstagaolup efforts, cleaning the village
compound and fixing the water distribution system much falster other villages. A key factor in
getting things done in the village is the presence of strong leadirding some who operate outside
of the traditional village hierarchy. This initiative diffefrom what has been found in other Fijian
villages, where people tend to wait for governmemiGO assistance rather than taking actions to
address a sustainability issue themselves (Pearce et al., Rébple in Nawairuku are not short of
motivation or initiative but they are often short of finah@nd material resources important for
adaptation.

This research underscores the need to understand religiouhanteaitef systems at the

local level and the potential impacts (both positive and negjain adaptation outcomes. It also
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shows that an intangible factor such as religious faith cdreekcluded a priori as a potentially
positive element. ‘Win-win’ scenarios, can be created through the combined efforts of the tangible
and the intangible, and attribution of respective contmimstto successful outcomes should be

sensitively handled.

As previous research has outlined, when discussing opportunisepport adaptation, it is
important to understand the interconnectedness of socio-econoneadrehmental factors and
recognize local culture and context. Only then is it feasibtippot adaptation strategies that meet
the needs of local people in a culturally appropriate maniher fillidings of this research are intended
to expand the current narrative of climate change impadtsenability and adaptation in the PIR
generally and in Fiji specifically to include the experienckpeople living in rural and remote areas
Future work in Nawairuku and elsewhere in Fiji mustratte® these important cultural and
contextual factors if we are to better understand how besipyort villages to adapt to current and

expected future climate change.
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