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Abstract

Understanding the causal factors of livelihood challenges and associated vulnerabilities is
essential for developing viable adaptation strategies. However, clarifying which livelihood
challenges can be attributed to which causal factors remains a challenge. In this paper, we
used a case study in Vanuatu to show how local populations attribute subsistence chal-
lenges to underlying causes. Particularly, we are interested in whether there is a tendency
to view climate change as the primary cause, and if so, why. We followed a participatory
approach involving local community members and experts at all stages of the study pro-
cess. For this, we used complementary research methods such as resource mapping, par-
ticipant observation, and in-depth interviews with local community members and local
agriculture experts. The results show that local populations are indeed inclined to attribute
problems to external causes, particularly climate change. However, the results also indicate
that this external attribution is not definitive. Rather, we find that over the course of par-
ticipatory reflection, attribution to climate change was supplemented and even replaced by
internal causal factors, such as changes in garden practices. Our findings suggest that the
initial emphasis on climate change may be related to prevailing narratives that may have
influenced individual perceptions of the study participants and created social desirability.
If such bias is not recognized, the narratives risk being reified, with potential new insights
being overlooked. As a result, local attribution may overstate or understate specific causes,
such as climate change.
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1 Introduction

Similar to many other small island developing states (SIDS), Vanuatu is considered highly
vulnerable to global change, particularly climate change (Connell 2015; Lowitt et al. 2015).
The country has a limited capacity to respond to these stressors (Feeny et al. 2013). In
North Vanuatu, the majority of the food and the income is derived from perennial gardens
and terrestrial and marine ecosystems (Vanuatu National Statistics Office [VNSO] 2009).
This reliance on natural systems can leave local communities particularly vulnerable to
the effects of climate change, as the physical, biological, and biophysical impacts on these
systems directly translate into consequences for agricultural production and thus food secu-
rity and income (Food and Agriculture Organization of the United Nations [FAO] 2016).
Forward-looking assessments by government agencies and non-governmental organiza-
tions (NGOs) forecast significant disruptions in food production in the Pacific in light of
the anticipated aggravation of climatic conditions, such as changes in precipitation, sur-
face air, or sea temperature (Department of Agriculture and Rural Development — Vanuatu
[DARD] 2017; FAO 2010; IPCC 2012; National Advisory Committee on Climate Change
[NACCC] 2007).

In addition to climate change, several sociocultural and economic factors can affect
either agricultural productivity or income, sometimes causing or increasing local livelihood
vulnerability (Feeny et al. 2013; McGregor et al. 2009). In particular, rising food prices can
have significant effects on household budgets, as food purchases account for more than half
of household expenditures, even in the country’s rural areas (Vanuatu National Statistics
Office [VNSO] 2012), where most of the food is still derived from subsistence farming
(McGregor et al. 2009). Furthermore, increasing fuel prices affect transportation costs and
thus the cost of delivering goods to markets (Feeny et al. 2013). A number of authors have
explicitly highlighted the importance of understanding the causal drivers of changes in nat-
ural and human systems as a prerequisite for developing policies and strategies aimed at
reducing vulnerability (IPCC 2014a; Ribot 2010, 2014). This is challenging because these
drivers interact across multiple temporal and spatial scales, making it difficult to attribute
effects to single root causes (IPCC 2014b).

Despite the wealth of the literature on how local communities experience vulnerability
and the extent to which this is aligned with climate change scenarios or ongoing changes,
little attention has been paid to the process of how local actors attribute livelihood chal-
lenges and associated vulnerabilities to specific causes (Dorward et al. 2020; Mertz et al.
2009; Rao et al. 2011). Aiming to contribute to filling this gap, in this study, we go beyond
examining perceived livelihood challenges and associated vulnerabilities (hereafter, liveli-
hood vulnerabilities) and identify internal or external potential causes in a participatory
manner using a case study in North Vanuatu. Besides identifying potential causes of vul-
nerability, we explore how local populations attribute the causes of livelihood vulnerabili-
ties to external and/or internal phenomena and what factors might influence this attribu-
tion. We are especially interested in whether, and if so, why, the local population tends to
consider climate change as the main or sole cause of current livelihood vulnerabilities. A
potential overemphasis on climate change may hinder the recognition of other causes of
vulnerability (Allen and Bourke 2009).

We acknowledge previous work explaining the importance of local knowledge for
understanding the dynamic interactions between global changes, such as climate change,
and overall vulnerability at the local level (Dorward et al. 2020; IPCC 2014a; Lefale
2010; McNamara and Prasad 2014). Furthermore, we support the view that considering
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local knowledge and needs in analyzing the causes of vulnerability can increase the rel-
evance of the results and the feasibility of recommendations (Ribot 2010). As for Vanuatu,
local knowledge is increasingly perceived as an important source of knowledge, especially
for building adaptive capacity regarding climate change (Granderson 2017; Mondragon
2018). The potentially important role of local knowledge in vulnerability assessments has
prompted many case studies in the Pacific and elsewhere that examine farmers’ perceptions
of climate change and illustrate the value of local knowledge for designing viable adapta-
tion strategies (e.g., Blair and Momtaz 2019; Lefale 2010; McNamara and McNamara 2011;
McNamara and Prasad 2014; Mertz et al. 2009; Warrick 2011). The question of the accu-
racy of farmers’ perceptions is the focus of many of these studies (Ayanlade et al. 2017;
Howe et al. 2013; Rao et al. 2011; Reyes-Garcia et al. 2016; Swim et al. 2009). Thus, the
goal of this study is explicitly not to evaluate the accuracy of local knowledge underlying
attribution by contrasting it to scientific knowledge.

For the purpose of our study, we characterize local knowledge based on Mercer and
colleagues’ (2010) argument that it represents a body of knowledge acquired by local peo-
ple over time through the “accumulation of experiences, society-nature relationships, com-
munity practices, and institutions.” Thus, local knowledge has an important social dimen-
sion. People share knowledge and apply it collectively, but not always in the same way
and sometimes even in contradictory ways (Setten and Lein 2019). Therefore, local knowl-
edge has both a collective and an individual character. People may experience, interpret,
and use knowledge differently and/or have specialized knowledge acquired through train-
ing or access to non-local sources, such as global media content or awareness campaigns.
We hypothesize that attribution of livelihood vulnerabilities to possible causes using local
knowledge is subject to the same dynamics. These dynamics make the question of the attri-
bution process and the underlying knowledge particularly interesting yet methodologically
challenging. In Vanuatu as well, local knowledge and thus local attribution are subject to
constant changes through various initiatives and awareness-raising campaigns by govern-
ment and NGO programs.

The use of the term “vulnerability” in this study refers to the World Food Programme’s
(2004) definition of it “as being composed of two principal components, namely [the] 1)
risk of exposure to different types of shock or disaster events [...] [and the] ii) ability of
the population to cope with different types of shock or disaster events.” For our research in
Vanuatu, this definition allowed us to take a multi-factorial approach to understanding vul-
nerability drivers, including climate change and other factors, and to include the capacity
to cope with the shocks occurring in SIDS in the Pacific (Guillaumont 2010).

2 Methods and procedure

The case study took place in eleven rural communities on five islands of the Banks Group
in North Vanuatu (Fig. 1). The climate of the Banks Islands is tropical, with an average
annual temperature of 26.8 °C and rainfall around 4000 mm per year. During the cooler
and dryer southern winter (May—September), trade winds from the southeast prevail with
an average of ten knots. During summer (October—April), the weather is warm and mostly
calm with light winds from the southeast (Cillaurren et al. 2001). The islands considered
in this study differ considerably from one another regarding topography and economic
development (Online Resource 1). For example, transport infrastructure has widely varying
impacts on the economic strategies practised at livelihood level. While people on islands

@ Springer



17  Page4of20 Climatic Change (2021) 168: 17

{} Airport

Travel itinerary
(by boat)

<« Airdistance

Fig.1 Map of study area with villages where interviews and workshops took place. Illustration: S. Bosch,
ETH Zurich

without proper transport are isolated and remain dependent on subsistence economic activ-
ities (e.g., Mere Lava and Merig), people from islands with better developed infrastructure
are connected to markets where they sell local products and/or are engaged in tourism (e.g.,
Gaua or Mota Lava).

For the conceptual framing of our study, we followed the “model of transdisciplinar-
ity” proposed by Jahn et al. (2012), which essentially comprises three phases: (1) prob-
lem transformation; (2) production of new knowledge; and (3) transdisciplinary integration
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(see also Pohl et al. 2017). The first phase implies combining a scientific problem with the
societal problem into a common research objective. The definition of the societal problem
is based on the findings of ethnographic research on local traditional resource manage-
ment conducted by the main author during two field visits of 6 and 4 months in 2016 and
2018, respectively. The insights gained from this study were analyzed using current climate
change and livelihood vulnerability views from the scientific perspective in a joint process
with local agricultural experts and members of local communities. This way we formed a
common research goal and developed the tentative research design for this study. Participa-
tory problem definition enabled local needs to be incorporated into the research question
and ensured the relevance of the findings to the local population. In addition, it enabled the
identification of prevailing narratives (both from the researchers and the local population)
from the outset.

The second phase focused on the production of new knowledge (see Online Resource 2
for analytical framework). We first investigated the effects and impacts of climate change
and the characteristics of local livelihoods. The field trip for collecting local knowledge
and perceptions took place between May and June 2019. We used semi-structured inter-
views, workshops with participatory methods (resource mapping and drawing of annual
farming calendars), and ethnographic interviews.

Ethnographic interviews differ from semi-structured interviews in that they do not take
place in a formal setting, but in a naturalistic setting (Allen 2017), in our case, the farmers’
gardens. The goal of the interviews was to explore the meanings that farmers ascribed to
actions and events, i.e., farming practices, in their own words at an individual or household
level and in a setting that also allowed them to visually demonstrate what they were saying
(Roulston 2010, p. 86). We used complementary research methods for two reasons. First,
workshops in complement to face-to-face interviews allowed us to jointly analyze findings
from the two lines of interest: climate change and livelihoods. The main aim of this analy-
sis was to find convergences and divergences in the perceptions of climate change as a pos-
sible factor affecting food production and income generation from food products. Second,
the use of different settings (presence of others versus face-to-face) helped to make visible
the use of different types of knowledge and to differentiate the extent to which responses
vary by social setting, i.e., if and how the answers vary if respondents are alone or in a
discussion with other members of the community. Although other methods exist to identify
reasons for variation in responses or interpretation (Fisher and Tellis 1998; Grimm 2010),
the combination of methods used corresponds well to the contextual conditions in northern
Vanuatu, especially considering local linguistic and cultural realities.

The participatory process also aimed to enable transdisciplinary integration, the last
step in the model proposed by Jahn et al. (2012). Specifically, this integration aimed to
evaluate the emerging knowledge for its contribution to the social and scientific process,
thus enabling social learning and empowerment among local actors (Fazey et al. 2010;
Jahn et al. 2012). Furthermore, it allowed to increase the results’ robustness through trian-
gulation (Creswell and Miller 2000). Particularly, we encouraged reflection about insights
emerging during the previous phases by facilitating discussions between researchers, local
agricultural experts, and community members through workshops and informal meetings.
An additional plausibility analysis was conducted by reflecting on the results of the work-
shops with local experts, thus allowing us to triangulate and increase the robustness of the
results (Creswell and Miller 2000).

We interviewed a stratified random sample of three to twenty residents per island. In
total, we interviewed 44 people, half of whom were women. Besides gender, interviewees
were selected according to age, with the youngest interviewee being 24 and the oldest 92.
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The interview covered three main topics: livelihood strategies and the problems associated
with pursuing them, the perception of climate change and its effects, and the characteristics
of local well-being. Each interview lasted between 45 and 90 min. The interview guide, a set
of instructions and questions, was tested on Mota Lava with two farmers and one agricultural
officer to adapt content and comprehensibility for interviewees where necessary.

The research team visited 13 gardens together with their owners, each located in a different
village. We used these informal settings for ethnographic interviews, framing the topic around
management practices by asking descriptive questions, such as “Could you describe the differ-
ent crops that you have planted?”.

After completing all interviews, workshops were conducted on all islands except Merig,
meaning four workshops, with a total of 65 participants, 31 women and 34 men. These work-
shops aimed to identify the convergences and divergences in vulnerability factors participatorily.
We used the snowball sampling technique to recruit workshop participants from the circle of
acquaintances of interviewees (Goodman 1961). We neither restricted the number of persons
recruited nor excluded the interviewees themselves from participation. At the beginning of each
workshop, we facilitated gender-specific resource mapping sessions to understand how residents
access and control resources, whether differences exist between women and men (Chambers
2006), and for which of these resources the participants identify climate change impacts. These
sessions helped facilitate discussion both within each gender-specific group and between the two
groups. Participants then discussed how they perceived climate change and assessed its effects.
Subsequently, the findings were transferred to an annual agricultural calendar that participants
drew based on the applied gardening practices (e.g., planting time of different crops). After local
agriculture experts had complemented the calendar with official recommendations, the research
team facilitated a plenary discussion on the causal relationships between management practices,
the effects of climate change, and the perceived difficulties of pursuing livelihood strategies.

Interviews and workshops were conducted either in English, in Bislama, the lingua franca
of Vanuatu, or in one of the four island-specific vernacular languages. In the latter case, the
answers were translated simultaneously by a local research partner into English or Bislama.

We produced a summarizing protocol, a technique proposed by Mayring (2002), where the
recorded information is paraphrased during transcription (pp. 94-98). The qualitative analysis
explored the approach presented by Ritchie et al. (2003) and comprised three main steps: (1)
data management (building a thematic framework), (2) descriptive accounts, and (3) explanatory
accounts (pp. 220-248). The first step was guided by a series of questions adapted from Bohm
(2012, pp. 477-478). These questions helped us become familiar with the data, identify initial
themes or concepts, and create an index. This served as a basis for building an initial thematic
framework, which we then used to code (index) the data and conduct the iterative process of
descriptive analysis. This analysis primarily defined categories, classified the data, and refined
the thematic framework where necessary. Based on these findings, we conducted an associative
analysis (explanatory accounts) to identify relationships between the identified phenomena.

3 Results
3.1 Findings on livelihood strategies and associated challenges
We used the term livelihood strategy as “an organised set of lifestyle choices, goals, and

values, and activities influenced by biophysical, political/legal, economic, social, cultural,
and psychological components” (Walker et al. 2001).
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3.1.1 Subsistence gardens and cash crop plantations

Gardening with no permanent cash crops forms the backbone of livelihood strategies on
the Banks Islands. Across all the communities surveyed, gardens were the most impor-
tant source of food and income (Table 1). There were, however, some regional differences.
While gardens were mentioned in interviews and workshops as by far the most important
source of food especially on remote islands such as Mere Lava and Merig, small shops
have partially dominated this role in islands with better transport infrastructure and thus
access to markets, like Vanua Lava or Mota Lava. Shops were further favored because gar-
dens can be far away from settlements, meaning that harvesting activities were associated
with high expenditures of time and/or money. In principle, this affects mostly elderly peo-
ple with health restrictions. However, also younger people increasingly prefer small shops
over private gardens as a more accessible source of food. In addition to age, gender also
affects assessments of the importance of gardening as a livelihood strategy. While 23 out of
44 interviewees, both men and women, stated in interviews that a large part of their income
is derived from the sale of unprocessed garden products, only women earned additional
income from processing crops and selling the resulting products at local markets or during
festivities (32%, 7 out of 22 women). The resource mapping also showed that gardens can
be a more important income source for women than for men.

Local gardens have a rich variety of cultivated plants. Thirty-six different crops were
mentioned during the interviews, with nine species per garden in average. Six crops were
regarded as particularly important for both food and income (Table 1): yam, banana,
island cabbage, manioc, sweet potato, locally known as kumala, taro fiji, and island taro
(see Online Resources 3 for details on species and taxonomy). Although practically every
household grows papaya for private consumption, the fruit tree was mentioned by only a
few respondents, possibly because papayas grow around their houses, not in the gardens.

Table 1 Food and income source with challenges encountered. The table shows the number of study par-
ticipants using a particular good from a particular source and the importance of this good for food and
income. The figures represent the number of mentions in interviews (N =44, multiple answers possible).
Importance: 1=1low importance (irregular income); 2=important (regular income); 3=very important
(regular income). No. of goods for F=food source; I=income; T =total. (Information derived from inter-
views)

Source Challenges No. of goods Most mentioned goods  Food Source Income Source
encountered
F I T Total Importance Total Importance
(N=44) No. of mentions ~ (N=44) No. of mentions
1 2 3 1 2 3
Gardens Decreasing 35 33 36 Yam 43 5 1 27 27 9 16 2
productivity Banana 42 10 = 21 11 20 8 9 3
Island Cabbage 41 14 6 21 19 7 8 4
Manioc 38 7 19 12 18 13 4 1
Kumala 36 12 14 10 17 6 8 3
Fijian/Island taro 21 5 7 9 12 7 3 2
Marine - Depletion 16 14 23 shallow water reef fish 36 15 4 19 7 11 1
resources - Accessibility Molluscs 35 14 0 11 7 4 0
Lobsters 7 3 3 1 5 2 1 2
Deep sea fish 4 3 1 0 5 2 3 0
Secondary Depletion 7 9 10 Wild Yam 23 18 4 0 6 3 3 0
forest Land crabs 22 16 6 0 5 3 2 0
Coconut crabs 15 13 2 0 3 2 1 0
Birds 11 7 4 0 1 1 0 0
Plantations  Falling market 1 6 6 Kava - - - - 7 2 5 0
prices Copra 3 0 3 0 3 1 2 0

@ Springer



17  Page80f20 Climatic Change (2021) 168: 17

Thirty-eight out of 44 study participants stated that they are generally satisfied with the
yield. Nevertheless, more than half of these (58%, n=22), including those dissatisfied
with the yields (n=6), would like to increase productivity. Additionally, 13 out of 44 study
participants reported that the productivity of their gardens has decreased in recent years
mainly due to crop failures. The reasons given for the lack of efforts to increase produc-
tivity were lack of time and money and lack of tools, alongside the lack of information
regarding cultivation practices and weather (e.g., forecasts).

Plantations of cash crops are more important as income than as a food source. The most
widespread plantations in Vanuatu are those with coconut trees for copra production. Occa-
sionally, these coconuts are used to produce cooking oil or for drinking. In some islands,
like Gaua, there are silvopastoral systems combining plantations and livestock, or agrofor-
estry systems using coconut trees as shade for other crops, e.g., cacao trees. Copra is by
far the most important export commodity of the Banks Islands and is thus a key income
source. Recently, however, prices have fallen to such an extent that almost all of the inter-
viewed farmers decided to stop producing copra. Many former copra producers, especially
on the island of Gaua, have switched to kava production for which domestic demand has
sharply grown.

3.1.2 Marine resources and secondary forest in livelihood strategies

In addition to gardens, marine resources are key to local livelihoods (Table 1). Across all
communities, various shallow-water reef fish, lobsters, and various molluscs are the most
commonly used marine resources, both for private consumption and trade. However,
access to marine resources is unequal. Reefs can be either public or owned by tribes. In the
second case, tribe leaders grant or deny other community members access to the reef(s).
Additionally, the use of deep-sea fish, unlike reef fish, requires a boat and the skill to use it.
Although boats can be owned by women or women’s organisations, they are almost exclu-
sively operated by men. In addition to access restrictions, interview and workshop partici-
pants identified the significant decline in marine resources, especially shallow-water reef
fish and various molluscs, as a main livelihood challenge. However, strong variation exists
among islands with declines primarily noted on densely populated islands.

Secondary forests are less important as income and food source. The exception within
our sample is Mere Lava, where the nut of the Nangai tree is important for the local diet,
offering an alternative to protein from fish consumption, which can be constrained by lim-
ited reef access. Besides that, study participants on all islands reported that forest products
are only occasionally used as a food source. For example, wild yam sometimes serves as a
complement to cultivated yam and taro. However, wild yam has an important function as
a “famine food” in the case of crop failures. Also, some level of hunting of local species
exists, including land crabs, coconut crabs, and different bird species or, on Vanua lava and
Gaua, wild cows and boars. As crabs and birds were largely depleted, these species have
lost their former importance as a food and income source, especially on Mota Lava. Nev-
ertheless, forests remain an important source for traditional building materials and materi-
als for producing handicraft products, such as baskets or mats, and with that, a significant
income source for some of the respondents, especially on Gaua and Mere Lava.

Other sources of income and food are derived from animal husbandry, especially chick-
ens and pigs. Permanent employment was rare and mainly limited to positions in the public
sector or in church organisations. Occasional jobs offered within the community are more
common, e.g., gardening or construction work. Additionally, younger men are increasingly
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signing up as seasonal workers on plantations and farms abroad. Tourism was mentioned
as a further but island-specific source of income. In the Banks, leisure tourism was only
developed on the island of Mota Lava and in some communities on Gaua, none of which
was part of our sample. Sola also offered accommodation, but this was mainly used in con-
junction with the provincial government.

3.2 Attribution of livelihood challenges to potential causes
3.2.1 External causes

Livelihood challenges, especially those regarding subsistence gardening, were mainly
attributed to external causes, with the impacts of climate change to date being the most fre-
quently cited causes. Besides climate change, only wildlife damage on Gaua and volcanic
ash from the neighboring island of Ambae on Mere Lava were mentioned as other pos-
sible external causes of lower garden productivity. As for climate change, the perception
of the severity of the problem differs considerably across islands. During the workshops,
the “climate change impacts” on livelihood strategies were reported as more critical than
in the interviews (Online Resource 4). We asked the participants to clarify the perceived
climate change by describing in detail their observations of changes in weather conditions
over a 30-year period and to explain to what extent these changes have affected their liveli-
hood strategies. Study participants reported a total of 90 observations of perceived change
in weather conditions (Table 2), 79 of which were described as directly adversely affecting
the productivity of gardens or other sources of food and income (Table 3).

The most important negative impact on gardens is, according to local farmers, caused
by more frequent extreme weather conditions (Table 3), with long periods of drought
and heavy downpours highlighted as weather extremes that occur more frequently than
before (Table 2). Regarding dry periods, some respondents referred to the El Nifio event in
2015/16. In two other cases, 2018 was described as particularly low in precipitation. Long
periods of drought are perceived as a fundamental problem for local gardens. Particularly,
farmers reported difficulties with yam, island cabbage, and bananas during dry periods.
Moreover, these drought periods were often experienced as being accompanied by high
temperatures, conditions associated with increased crop failure, and increased pest out-
breaks. Furthermore, high temperatures were seen as a cause of high fish mortality. Except
for Merig, people of all islands reported that, especially towards the end of such drought
periods, when the water temperature near the shore has risen significantly, it is common to
find many dead fish on the beach. In contrast, the impact of heavy rains on crops or natural
resources is less severe. Only on Mere Lava did respondents report that heavy rainfall can
induce landslides. During severe events, large masses of sand and debris are transported
into the sea, which, according to the local population, negatively impacts fish abundance.

Besides extreme events, interviewees and workshops’ participants observed changes
in weather patterns. In particular, they reported that seasonal weather conditions have
become increasingly variable and thus unpredictable (Table 2). For example, fast alterna-
tions between sunny dry and wet phases are increasingly occurring during the dry season,
which has been described as having been stable and predictable in the past. Respondents
reported that the abrupt change between sunshine and rain adversely affects the productiv-
ity of gardens by harming large-leaved plants, such as yam or island cabbage, with leaves
more susceptible to burns in direct sunlight if they are wet due to previous rain. In addi-
tion to these changing patterns, local people also reported a significant intensification of
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Table 2 Perception of climate change. Left side (Observation, Island): Perceived change of weather con-
ditions by study participants of different islands. Right side (Time of occurrence): Month in which the
weather conditions were observed. The figures represent the number of mentions in interviews (N=44,
multiple answers possible). The additional sign (+) indicates cases in which the same weather conditions
were mentioned in the course of workshops. Weather records are from the weather station in Sola on Vanua
Lava (Department of Meteorology and Geohazards of Vanuatu). MoL, Mota Lava; VL, Vanua Lava; MeL,

Mere Lava

Observation Island Time of occurrence
:T? < - ﬁ =
T e T o} 5 5
S )
z z [ z ¢z » % 5 £ 8 E E
= Z [ 3 5 5 = Z 8 2 5
s 2 S a0 & 8 S E 28 » g2 - @ g e 2 8
)1 S A 34 34 = g o3 3 a 3 g§ 5 = b) 33 © °
= = > = = O S 2 = < =2 2 2 < »u O Z A

Weather recordings (average 1990 — 2019)
Rainfall [mm] 384 367 413 425 377 264 236 241 297 366 392 344

Wind Speed [m/s] 29 24 22 21 33 53 49 53 51 43 34 28
Temperatures (mean) [C°] 27.3 27.3 27.5 27.2 26.9 26.4 26.0 25.8 25.9 26.2 26.7 27.3

Perceived Change (unspecific) 41 13 6 8 3 11
Changes in weather pattern 539 8 15 5 16
Seasonal atypical weather cond. 5 3 1" 2 4 2 2 2 2 2 1 1
On average more precipitation . 11t 8 1 3 1" 1" : _
Stronger winds 9 I 4 1 3" 1 1 m 1 1 1 [ B
Fast changing weather cond. 8 1 3 1 3 1 1 1
On average less precipitation 5 1 1 1 1 1
Increasing temperature 2 2 1 1 1 1 1
Weather extremes 288 4 3 3 10
More frequent droughts 4+ 7 3 2 * 1 1 1
More heavy downpours . 4 102 4 ot 0 AR
More often very hot and sunny 5 1 4
Shift of seasons 9 5 2 1 1
Early rain season 3 3
Unspecific change 2 1 1
Earlier dry season 2 "1
Shorter wet season 1 1
Cyclone outside season 1 1
Total specific observations 90 22 14 19 9 26

Table 3 Local perceptions of how climate change is affecting vital food and income sources. The figures
represent the number of mentions in interviews (N =44, multiple answers possible). The additional sign (+)
indicates cases in which the same impact was mentioned in the course of a workshop

Observation Gardens Forests Sea
E s = 9 = U < § §
S I N T B B -
Ez 8 2 £ 2 2 & 5 £
Climate Change (no specific.) 20 71 1 2 1 2 3 3
Changes in weather pattern 39 6 3 8 3 8 2 1 1 7
Seasonal atypical weather cond. 4 1 1 1 1
On average more precipitation 10 1 5t 3 1
Stronger winds 14 3 2t 1 1" 1 6t
Fast changing weather cond. 7 3 3t 1
On average less precipitation 3 1 2
Increasing temperature 1 1"
Weather extremes 35 6 1 9 2 8 4 2 1 2
Droughts’ 17 3 5 1 5 3
Heavy downpours 11 3 1" 2 1" 1 1 It 1
Hot/Sunny 7 2 2 2 I
Shift of seasons 5 3 1 1
Early rain season 2 1 1
Earlier dry season 1 1
Shorter wet season 2
Total specific observations 79 15 4 17 5 17 6 3 2 1 9
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prevailing weather conditions, especially during the rainy season, when more rain falls
than before, especially prior to the transition towards the dry season. Farmers reported that
more precipitation throughout the year affects tuber plants, such as yam (Table 3). Local
farmers considered that these plants are particularly susceptible to moisture conditions dur-
ing the growth phase when the tubers are still immature. Besides, people reported new
wind regimes in which both wind strength and direction have changed to adversely affect
the productivity of gardens. Strong winds cause shoots to break and transport sea salt to
gardens, which is believed to negatively influence the health of crops. Changes in the wind
also affect the coasts and the sea. On all islands studied, people observed increasing coastal
erosion, which they saw as caused by high swell. Whereas coastal erosion is not perceived
as a threat to food security or income, high swells can hinder or even impede fishing.

While the attribution of perceived livelihood challenges to extreme weather events
was relatively consistent in the interviews and during the workshops, study participants
expressed greater uncertainty and doubts in explaining the impact of gradual changes in
climatic conditions (e.g., shift of seasons). Additionally, the effects of gradual change were
framed much more broadly, for example, as being generally responsible for declining pro-
ductivity of gardens and ecosystems, but without providing further reasoning (Table 3).
Moreover, while study participants had less difficulty specifying how climate change has
impacted gardens to date, they had difficulty describing impacts on secondary forests or on
marine resources.

Observations of study participants partially overlap with trends shown by records from
the only available weather station in Sola, on Vanua Lava, e.g., regarding both increas-
ing average temperature and more frequent periods of heat. However, more divergence
exists than convergence between observations and weather records (Online Resource 5).
For instance, although an increase in mean annual precipitation is discernible in weather
recordings and has also been observed by some study participants, the observation of higher
precipitation during the transition between southern summer and winter (April-May) is not
supported by weather recordings. Furthermore, study participants observed that droughts
occur more frequently today than they did in the past and last longer. This observation,
again, is not discernible in the weather recordings.

3.2.2 Internal causes

Through a structured discussion, the participants in the workshops concluded that, besides
external causes, some management practices may also partially explain the reduction in
the productivity of agroecosystems. To facilitate the discussion, any changes in manage-
ment practices were considered as “internal causes” (within the sphere of influence of the
community).

Regarding marine resources and secondary forest, interview and workshop partici-
pants concluded that unsustainable management of natural resources, i.e., over-exploita-
tion and/or the use of more efficient techniques, is likeliest to have declined the natural
resources that are key to livelihoods, as illustrated by the following quotation.

Before, birds were hunted with bow and arrow. This was a difficult task. Now-
adays, a lot of people hunt with slingshots, which is a highly effective method.
(#30, Mere Lava, face-to-face interviews, translated from Bislama)
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Inadequate garden management was mentioned only four times as a possible cause of
the challenges during the interviews. In these four cases, new and potentially inadequate
practices were either interpreted as a collective failure (we forgot the traditional way of
gardening) or as someone else’s problem, such as in the following quotation.

Young people forgot the traditional calendar. This is why young people face prob-
lems with their gardens [...] (#18, Vanua Lava, face-to-face interviews, translated
from Bislama)

During the workshops, the focus shifted from external to internal causal attribution.
Participants increasingly discussed the possibility that, besides climate change, inad-
equate practices may also be relevant for poor garden performance. Overall, three gar-
dening practices were identified as a possible factor in the decrease in productivity due
to incorrect application: shifting cultivation, crop rotation, and changes in the planting
schedule.

Regarding shifting cultivation, the length of time that a field is cultivated no longer
corresponds to traditional practices. On Gaua and Mota Lava, participants concluded
that the fallow period is considerably shorter today and in some cases, there is no more
shifting cultivation at all. Longer cultivation periods are seen as a possible cause of
poor soil, necessitating reduced productivity. This development was, according to work-
shop participants, driven by high population density and thus land scarcity. According
to local agricultural experts, the considerable effort involved in relocating cultivation,
particularly in the early stages of deforestation, could also be a factor fostering changes
in shifting cultivation. Some growers cannot or do not want to invest such effort any-
more, partly because gardens are increasingly competing with other livelihood strate-
gies that require less effort or promise higher yields, such as tourism or deep-sea fish-
ing. In contrast, the discussions during the workshops and visits to the gardens revealed
that shifting cultivation is still practiced on the more remote islands of Mere Lava and
Merig, and that the applied fallow period of 5 to 7 years still corresponds with the tradi-
tional practices of the Banks.

Crop rotation was also mentioned as having changed significantly. On Mota Lava
and partially in Gaua, visits to gardens revealed that various crops are planted simul-
taneously and in a combination that does not correspond to traditional crop rotation
schemes. In contrast, traditional crop rotation techniques are still practiced on the
more remote islands of Mere Lava and Merig. On these islands, yam, taro, or manioc
is planted first, followed by other crops, such as island cabbage, banana, pineapple (on
Mere Lava), or different kinds of vegetables.

The third potentially inadequate practice stated as a possible cause of lower produc-
tivity was unsuitable timing of planting. On Mota Lava, a lively discussion in the ver-
nacular language of the island about the question of how heavy rainfall affects young
tuber plants was summarized by one participant with the following statement:

We cannot answer this question because everyone is planting at a different moment
in time and therefore is affected to a different degree [by the same event]. (Mota
Lava, workshop)

Inconsistent practices regarding the timing of planting appear in almost all islands
(Table 4). For example, both traditional calendars and local authorities recommend that
manioc be planted from June to October to ensure that each growing phase of the plant
can occur under the most favorable climatic conditions, i.e., planting from May to July.
Despite these recommendations, farmers on all islands, except Vanua Lava, plant manioc
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throughout the year (Table 4). Non-adherence to planting calendars was observed for all
main crops (Table 4). Some farmers reasoned that traditional calendars were increasingly
losing their validity due to changing climatic conditions. Other farmers were well aware
that they were planting outside the recommended seasons and expected reduced produc-
tion outside the recommended seasons. They did this to meet the constant demand of local
markets for some garden products. Another reason for abandoning traditional calendars is
that people simply forget them. Lack of knowledge was also mentioned as one reason for
not implementing the recommendations of the authorities.

4 Discussion

Local knowledge of communities in North Vanuatu enables assessment of climatic condi-
tions and changes at a level of granularity far beyond the one achievable with the avail-
able weather data for the region. The records from Sola on Vanua Lava, the only weather
station in the region, reflect specific orographic weather conditions that may significantly
differ from the conditions on other islands due to different topographies (Smith et al. 2012;
Wotling et al. 2000). For example, while orographic precipitation or cloud cover is typi-
cal for larger islands with high terrain, such as Vanua Lava, Gaua, and Mere Lava, these
phenomena do not occur on small and flat islands, such as Merig (Yang and Chen 2008).
This may explain why the residents of Merig increasingly face dry conditions during win-
ter months, whereas this is not a pressing issue on the 20-km distant Gaua or the 30-km
distant Mere Lava. This may also explain why the weather station in Sola has not recorded
a clear trend in this respect. Vegetation and geographical location are also important fac-
tors that influence local microclimates. For example, locations on windward coasts (south-
east) are more exposed to rain and salt spray than locations on leeward coasts (northwest)
(Smith et al. 2012). In our study, only the participants from the community of Aota, which
is located on the southeast coast of Mere Lava, reported increasing problematic salt input
from the sea into their gardens due to strong winds. Besides the exposure, the impact of a
particular event also depends on the vulnerability of an individual’s livelihood strategies

Table 4 Planting schedule for different crops on the different islands. Red framed are the periods recom-
mended by Vanuatu’s Department of Agriculture. Gray fields indicate the range of times where the respec-
tive crops are actually planted ( source: workshops and interviews)

Crop Island o A
o ° ] = 2 o _ on a = z o
g &2 2 < 2 2 = 2 & 8 =z A
Yam Mota Lava
Vanua Lava
Mere Lava
Merig
Gaua
Kumala Mota Lava
Vanua Lava
Mere Lava
Merig
Gaua
Island Merig
Cabbage All other islands
Manioc Vanua Lava
All other islands
Banana All islands | |
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and how these are pursued (Osbahr et al. 2011). For example, in our case study, severity
of the droughts’ impact on production may depend on the crop varieties planted and/or the
time of planting.

Local communities consider climate change as the main cause of several challenges
they face in pursuing their livelihood strategies. Especially the increased occurrence of
droughts, on average more precipitation, and seasonal atypical weather conditions are
observed as having detrimental impacts on the productivity of gardens. Extreme events
have always been part of life in North Vanuatu; thus, there is traditional local knowledge
related to these phenomena, their impacts, and the corresponding coping strategies. This
might explain why the attribution of livelihood vulnerability (change) to an (increasing)
extreme event was consistent across interviews and during the workshops. In contrast, the
attribution of livelihood vulnerability to gradual changes in climatic conditions was not
as clear. This finding highlights the need to increase the knowledge about how gradual
changes in climatic conditions affect livelihood vulnerabilities and if/how these impacts
are connected to specificities of the livelihood strategy (e.g., planting schemes for a given
crop).

During a participatory analysis of the results in the workshops, the participants increas-
ingly considered internal rather than external factors (e.g., climate change) as the causes
of vulnerabilities. Particularly, the workshop participants identified unsustainable and
inadequate resource and gardening management practices as responsible for compromis-
ing the effectiveness of local livelihood strategies in many cases. Although many local
actors perceive unsustainable management as the main cause of challenges regarding the
availability of natural resources as sources of food and income, our data do not allow such
weighting regarding the cause leading to lower productivity in gardens. Climate change
and unsustainable management practices can independently cause a decline in productivity.
However, they can also be (and probably are more often) intertwined with each other and
with other causes of vulnerability. For example, while unsuitable management practices
can directly lead to a decline in productivity, they can also act as catalysts for vulnerabil-
ity, potentially exacerbating the impacts of climate change. For instance, incorrect timing
of planting results in different stages of growth during seasons with unfavorable climatic
conditions, which in turn potentially increase the stress level of crops, thereby negatively
affecting their productivity or even inducing a partial loss of the harvest. These effects can
unfold independently of climate change. However, increased stress levels can also decrease
the resilience of plants, increasing their likelihood of having difficulty in withstanding cli-
matic anomalies (Dhankher and Foyer 2018).

The observed shift in attribution from external to internal causes suggests that not the
entire local knowledge was activated in the initial attribution of causes of livelihood vul-
nerabilities. Only through participatory reflection did all the knowledge available in the
community flow into the analysis and allow a more nuanced attribution. This shows that an
initial local attribution may not reflect all local knowledge and as a result may overstate or
understate a cause, such as climate change. This raises the question of why parts of local
knowledge have not been included in the attribution from the beginning. To answer this
question, it is worth taking a more nuanced look at local knowledge.

We find two types of local knowledge relevant for local attribution of livelihood vulner-
abilities to possible causes: traditional knowledge acquired over a long period by a com-
munity and “new” or contemporary knowledge acquired continuously by an individual or
a part of a community. Local attribution should thus be understood as a dynamic process
that is constantly reexamined, reshaped, and supplemented, both collectively and indi-
vidually. This view of local attribution has strong similarities with Groeben and Scheele’s
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(2020) concept of subjective theory, which states that individuals use their personal experi-
ences and accumulated knowledge to explain the experienced world through theories of an
“if—then” relation. This concept also understands subjective knowledge about the world,
which develops and thus constantly changes in the course of a life biography, as the basis
of subjective theories.

With this in mind, we conclude that ambiguity in attribution is more likely when local
attribution relies mainly on contemporary knowledge. This type of knowledge is less con-
solidated than traditional knowledge because it is more subject to change and is constantly
being supplemented by new knowledge. While this allows emerging or new phenomena
to be included in attribution, it also entails constant renegotiation to clarify which knowl-
edge component is better suited for explaining a particular phenomenon. In contrast, causal
relations that can be explained with traditional knowledge (e.g., impacts of droughts on
particular crops) seem to be more solidified and can be retrieved more immediately. We
identify two main factors that may influence the use of each type of knowledge and thus
become critical to how locals assign livelihood vulnerability to causes: influence of pre-
vailing narratives on individual perceptions of study participants and social desirability.

Numerous awareness initiatives by government agencies and NGOs have made “cli-
mate change” a well-known concept throughout the country (National Advisory Board
on Climate Change & Disaster Risk Reduction [NAB] 2020; Yaro 2013), thereby estab-
lishing narratives about the high vulnerability of Vanuatu’s society, environment, and
economy to climate change. Consistent with these narratives, locals initially tended to
identify climate change as an explicit cause of threats to their livelihoods, particularly
threats to agroforestry gardens. To what extent have these established narratives influ-
enced the local knowledge of those affected and thus local attribution? It is well docu-
mented that narratives can influence attitudes and perceptions, which is why they have
increasingly been used purposefully to communicate scientific content to non-experts
(Dahlstrom and Rosenthal 2018). However, how audiences (in our case the people of
North Vanuatu) process this information also largely depends on how it aligns with their
own perspectives and values (Kahan 2012). As an indication of this phenomenon in
Vanuatu, some responses suggested that climate change concepts and terms were some-
times used but without any contextualization. Thus, study participants used terms such
as “global warming” or “sea-level rise” but could not apply these to specific everyday
situations. For example, a participant reported that the rise in sea level, due to the melt-
ing of the Arctic pack ice, may risk local livelihoods but could not explain how. Moreo-
ver, in informal discussions after the interviews, some participants added that they had
heard from others that lower productivity was due to climate change, but they were
unsure if this was true. The mixture of hearing (non-contextualized) information and the
participants’ own observations seems to be particularly prevalent regarding the impacts
of long-term incremental changes, such as a continuous rise in temperature or sea level.
A plausible explanation is that some statements about climate change and its implica-
tions for local livelihoods contain elements of external climate narratives and are not
based on or validated by actual observations. A similar influence has also been sug-
gested by other authors who have examined local populations’ perceptions of climate
change (Mertz et al. 2009; Tschakert 2007).

It is difficult to determine whether these narratives were adopted in part because they
corresponded to the participants’ observations and experiences or were consistent with
their own values. While either case is or both are certainly possible, given the study par-
ticipants’ detailed descriptions of climate change and its impacts, peer influence could be
another plausible explanation. Prevailing narratives may have induced a social desirability

@ Springer



17 Page 160f20 Climatic Change (2021) 168: 17

bias, where the participants tend to respond in a way that supposedly follows the views of
other participants or persons perceived as knowledgeable (e.g., scientists, politicians, or
representatives from the national government) (Grimm 2010; Roxas and Lindsay 2012).
Opposing the views of the group or the experts can be difficult (Kahan 2012). A social
desirability bias could explain why in this study the local community members described
climate change as more problematic during the workshops than during the interviews
(Online Resource 4).

Social desirability as a potential confounder of responses has received much attention in
the social sciences, particularly in behavioral research (e.g., environmental behavior), when
people self-report their actions or attitudes (Fisher 1993; Palutikof et al. 2004; Vesely and
Klockner 2020). Although the concept has gained some attention in research on behavior
related to and attitudes toward climate change (Bord et al. 1998), studies that investigate
local knowledge and perceptions about the impacts of climate change on livelihood strate-
gies have not given much consideration to social desirability. To our knowledge, Tessema
et al.’s (2019) study is the only one that has examined their participant interviews in terms
of a possible social desirability bias. They have found that this could be a plausible reason
why local farmers initially labeled changes in cropping techniques as agricultural adapta-
tion strategies to climate change before framing the changes as the result of market-based
stimuli (Tessema et al., 2019). We consider the influences of dominant narratives on both
individual perceptions and social desirability to be plausible reasons for the observed shift
from external to internal causal attribution. However, this needs to be confirmed by future
research.

Various techniques have been suggested to overcome the social desirability bias, for
example, indirect questioning (Fisher and Tellis 1998). We believe that the combination
of methods we employed, as well as the conceptual framing based on Jahn and colleagues’
(2012) transdisciplinary model, is a well-suited approach for contexts with similar linguis-
tic and cultural realities, as in Vanuatu, to uncover norms and underlying narratives (Borger
2012; Grimm 2010) and thus identify a possible social desirability bias. This is important
because local knowledge is increasingly assigned a central role in vulnerability assessment.
Therefore, if such bias is not recognized, the narratives risk being reified, with potential
new insights being overlooked.

Our study illustrates the importance of nuanced incorporation of local knowledge into
livelihood vulnerability assessments. Using traditional and contemporary local knowledge
in the analysis allows differentiation of the potential impacts of multiple drivers, including
climate change, integration of new management practices, or changing consumption pat-
terns. Such an analysis certainly increases the appropriateness of adaptation policies and
measures for the context realities. Our discussion on the influence of prevailing narratives
does not undermine the legitimacy or the value of local knowledge. Rather, we emphasize
the need to mobilize traditional and contemporary local knowledge for local attribution and
its validation through participatory and transdisciplinary methods. This is also a call for
practitioners and scholars to contextualize climate change-related knowledge before/when
sharing it with local communities.
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