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Extended abstract:
Research questions:

Climate models predict that tropical cyclones will grow in intensity in the years to come and that
sea-level rise will increase risks from storm surges (Walsh et al., 2016). Understanding how a cyclone
affects a population’s social vulnerability is thus both important and pressing. Do more vulnerable
populations experience a greater change in their level of social vulnerability compared to populations less
vulnerable at baseline? What aspects of social vulnerability are most affected?

Vulnerability includes both exposure sensitivity and adaptive capacity (Adger, 2006; Smit and
Wandel, 2006), and much of the literature divides vulnerability into physical and social components
(Borden, Schmidtlein, Emrich, Piegorsch, & Cutter, 2007). Physical vulnerability is tied to potential
hazards of a location while social vulnerability is associated with community and individual capacities to
withstand and respond to threatening conditions (Levine, Esnard, & Sapat, 2007; Zahran, Brody, Peacock,
Vedlitz, & Grover, 2008). Scholars emphasize social components to various extents, stressing the
importance of local characteristics and larger social and economic forces (Myers, Slack, & Singelmann,
2008), with some arguing that all aspects of disasters are determined by a social calculus (Smith, 2006).
Vulnerability cannot be described by a simple wealth metric or level of exposure to an environmental
condition. Rather, vulnerability might be defined as “a combination of factors that determine the degree to
which someone’s life, livelihood, property and other assets are put at risk by a discrete and identifiable
event (or series or ‘cascade’ of such events) in nature and in society” (Wisner, Blaikie, Cannon, & Davis,
2003, p. 11, 12).

This study compares social vulnerability in the South Pacific country Vanuatu before and after
Cyclone Pam, which struck in 2015, by examining indicators likely to dictate the extent that individual
life, livelihood, and assets were put at risk by the shock. Cyclone Pam, a category five storm, is the worst
disaster known to have hit Vanuatu (Robertson, 2015). I use demographic variables and environmental
health, housing, and economic indicators relevant to largely subsistence Vanuatu, including asset
measures like livestock ownership, to create an index of relevant social vulnerability indicators. Whether
higher baseline levels of vulnerability are associated with greater increases in vulnerability following the
cyclone—as I hypothesize—is determined by first reducing indicators using a principal component
analysis (PCA), after which remaining indicators are compared pre- and post-cyclone using data from the
2009 census and 2016 mini census.

Few studies have compared social vulnerability before a disaster with social vulnerability directly
after, particularly in rural and largely subsistence contexts like Vanuatu where populations already face
considerable environmental risks. Most research on social vulnerability and natural disasters compares
pre-disaster social vulnerability with disaster outcomes such as property damage, injury and death, and
disaster recovery (Finch, Emrich, & Cutter, 2010; Schmidtlein, Shafer, Berry, & Cutter, 2011; Yoon,
2012; Zahran et al., 2008). The availability of post-disaster data in Vanuatu allows for changes in social
vulnerability to be assessed, which this study examines to explore whether pre-disaster social
vulnerability is related to degree of change in social vulnerability and what aspects of social vulnerability
changed most.

Relevant literature on social vulnerability:

Disaster recovery increases socioeconomic inequality, particularly along the lines of race,
education, and homeownership, which suggests close linkages between two increasingly prominent social
problems, wealth inequality and damages resulting from natural disasters (Howell & Elliott, 2018;
Schultz & Elliott, 2013). Research on social vulnerability focuses on social and economic stratification
and levels of access to resources and typically finds that places with greater social vulnerability are
positively associated with greater disaster damages and take longer to recover (Borden et al., 2007; Cutter



& Emrich, 2006; Finch et al., 2010; Wisner et al., 2003, p. 93; Yoon, 2012). Some research has found that
while relative losses are highest among populations of high social vulnerability and thus the impact of
losses greatest for these populations, total losses may be higher among populations of low social
vulnerability since they are wealthier and have more material goods at risk (Schmidtlein et al., 2011).
Nevertheless, the wealthy suffer less loss of life, avoid many hazards entirely, and quickly recover from
events catastrophic for others. For example, the 1976 earthquake in Guatemala disproportionately affected
Guatemala City slum dwellers and Mayan Indians living in poor towns compared to the middle class
whose homes were better sited and constructed, reflecting a physical vulnerability with a strong social
component. The Guatemalan poor’s high level of baseline social vulnerability was exacerbated by the
earthquake that left them even more vulnerable to future disasters (Wisner et al., 2003).

Social and physical vulnerability are closely connected and are both influenced by a wide range
of climate and non-climate stressors (Adger and Barnett, 2009; O’Brien et al., 2009). Respondents in a
study in Tuvalu, for example, placed environmental conditions in local historical, socioeconomic, and
cultural contexts. Water shortages were linked, not only to unpredictable weather and droughts, but also
overcrowding, and land insecurity was linked, not only to sea-level rise and storms, but also increasing
population size and changing land use that prompted greater settlement of low-lying areas (McCubbin,
Smit, & Pearce, 2015). Health vulnerabilities such as increases in diarrheal and respiratory diseases are
similarly linked to both poverty and climate change (Haines, Kovats, Campbell-Lendrum, & Corvalan,
2006). Outbreaks in fish contamination, frequently associated with stressed coral reef environments and
lagoons, are more common in poor areas. Like cases of crop damage resulting from droughts or salt-water
intrusion, affected households with financial resources buy food while the poor either go without or
consume contaminated foods (McCubbin et al., 2015). This type of vulnerability may be particularly
significant in rural areas where food alternatives are not an option. Rural places are especially vulnerable
to environmental changes and disasters because of highly subsistence economies (Bach, 2017),
dependence on a single economic base (Cutter & Emrich, 2006), and strong positive associations with
social vulnerability indicators, including low employment and education levels, poor housing quality,
high poverty, and large numbers of minority groups (Chen, Cutter, Emrich, & Shi, 2013).

Researchers have argued that the international discourse on climate change and sea-level rise in
low-lying Pacific island countries places too much emphasis on the physical hazard and physical
vulnerability rather than social frameworks that determine hazards’ human impacts (Kelman et al., 2015;
Wisner, Gaillard, & Kelman, 2012). They argue that this focus overlooks communities’ social
environments, misrepresents local realities, and distracts from important challenges. This case study
contributes to debates concerning the influence of social vulnerability on disasters’ human impacts,
emphasizing locally important social and economic conditions and related vulnerability indicators to
provide an empirical analysis of social vulnerability in the Pacific, where there have been few such
studies despite longstanding recognition of severe climate change vulnerability (Barnett & Campbell,
2010, p. 80).

Operationalizing vulnerability:

Questions of how to measure health status have long been a focus of economics literature, and
justifying measures of social vulnerability may be approached similarly. Good measures follow several
desirable measurement properties: variability and roughly symmetrical score distributions across
populations, reliability, and validity (Manning, Newhouse, & Ware, 1981). There has been substantial
development in research operationalizing social vulnerability in the last fifteen years, primarily focused
on establishing measurement validity. The 42-item Social Vulnerability Index (SoVI), which includes
demographic indicators like socioeconomic status and occupation and land use characteristics like the
extent of infrastructure, was proposed by Cutter et. al. in 2003 (Cutter, Boruff, & Shirley, 2003). This
vulnerability scoring system has since been widely used to assess vulnerability (Borden et al., 2007; Finch
et al., 2010; Holand, Lujala, & Red, 2011; Levine et al., 2007; Myers et al., 2008; Zahran et al., 2008).
Many new indexes focusing on different aspects of vulnerability have since been developed (Ahsan &
Warner, 2014) and applied in developing contexts (Ahsan & Warner, 2014; Hahn, Riederer, & Foster,



2009; Pandey & Jha, 2012; Shah, Dulal, Johnson, & Baptiste, 2013; Vincent, 2004). Indexes applied in
developing countries often emphasize socioeconomic and livelihood indicators (Ahsan & Warner, 2014;
Hahn et al., 2009), and studies using these indexes in natural resource-dependent contexts may give
greater attention to variables related to health and resource availability (Hahn et al., 2009; Pandey & Jha,
2012; Shah et al., 2013).

This study creates a unique index that considers indicators from indexes operationalizing social
vulnerability in developing countries and focuses on subsistence-related indicators highly applicable in
Vanuatu and for which there is rich data. The indicators included in any study are of course subject to
data availability. Due to data limitations, some vulnerability indicators more applicable in developed
countries, like SoVI indicators of commercial and industrial development, are left out of this study. Other
studies have similarly omitted variables found in common indexes like Cutter et. al., 2003°s SoVI because
data is unavailable and instead focused on types of indicators most relevant to the study site (Finch et al.,
2010).

Data:

Changes in vulnerability are compared using aggregated data of the country’s entire population
from the 2009 census (Vanuatu National Statistics Office, 2009) and 2016 mini census, which directly
followed Cyclone Pam in 2015 (Vanuatu National Statistics Office, 2016). The mini census is a
population and household count but with fewer progress indicators than the regular census. In addition to
comparing demographic indicators between censuses, this study compares locally important
environmental health, housing, and economic variables. Demographic indicators include age, sex,
ethnicity, household size, number of dwellings in town and region, and education attendance level.
Housing and environmental health indicators include type of living quarters, land tenure type, main toilet
type, main source of lighting, main source of drinking water, source of cooking fuel, phone access, and
main materials used for walls, floor, and roof. Economic indicators include whether households fished in
the last 12 months, whether families planted cash crops, main sources of household income, total number
of livestock owned, and households with cattle, poultry, pigs, and goats. These subsistence indicators are
particularly relevant in developing and largely rural contexts like Vanuatu where only a quarter of the
total population of 234,023 live in two urban local divisions, Port Vila and Luganville (Vanuatu National
Statistics Office, 2009). Census data are aggregated by urban-rural classification, province (of which there
are 6), and local division (of which there are 66). Provinces and local divisions are administrative
boundaries that vary in geographic area and population size. Analysis will focus on aggregate local
division level data.

Methods:

I use a two-stage analytical approach to answer my main research question: are higher baseline
levels of social vulnerability associated with greater increases in social vulnerability following the
cyclone? The first part of this analysis will be to arrange variables based on whether they are positively or
negatively related to vulnerability and, similar to other studies applying vulnerability indexes, conduct a
PCA to reduce indicators to those that are most influential (Borden et al., 2007; Finch et al., 2010; Holand
et al., 2011; Myers et al., 2008). A PCA is useful because many indicators correspond to certain aspects
of a population’s vulnerability, and indicators frequently overlap or are highly correlated. A large number
of indicators like this is unsuitable for analysis, and a PCA is conducted to determine which variables are
most relevant in explaining differences and to create groups of indicators for later analysis that control for
the percentage of the variance that each indicator explains. Similar to other studies that group reduced
indicators into categories like race and class or employment in a particular sector (Finch et al., 2010), 1
will group variables based on broad category of vulnerability. These groups will follow three categories
of census data: demographic indicators, housing and environmental health indicators, and economic
indicators that focus on subsistence measures. Creating three reduced groups of indicators is more useful
than lumping reduced indicators together since it allows my analysis to better identify the factors of social



vulnerability most affected by the cyclone. The PCA will be conducted using baseline measures of social
vulnerability from the 2009 census.

Once indicators have been reduced through the PCA to groups of influential vulnerability
indicators specifying the variance explained by each indicator, data will comprise, for each indicator
within the groups, a baseline measure for each local division and the change in vulnerability for each local
division, calculated by subtracting post-cyclone vulnerability from baseline vulnerability. The 66 local
divisions in the census means that there are 66 observations at two time periods. I will present descriptive
statistics of average baseline vulnerability and average change in vulnerability across the 66 local
divisions for the three reduced groups and for each of the indicators in the groups.

To examine how changes in vulnerability are associated with baseline vulnerability, linear
regressions will be run for the three reduced groups of vulnerability indicators, accounting for the
percentage of variance explained by each indicator within the groups. Results from this regression
analysis will also answer questions of which group of vulnerability indicators changed most following the
cyclone. To explore which specific indicators changed most and whether certain items are driving
differences, I plan to run sensitivity tests, since repeating the analysis on individual items may uncover
differences masked in results for the groups.

There are several important assumptions in this study, most notably that the magnitude of the
natural force was similar across the 66 local divisions. This assumption is supported by government
statements following the cyclone that the entire country was drastically affected (Robertson, 2015). I will,
however, run a sensitivity analysis based on the cyclone’s path to determine whether changes in
vulnerability are associated with island location relative to the cyclone. Geographic differences will also
be explored in spatial visualizations of baseline vulnerabilities for the groups of indicators determined by
the PCA as well as spatial visualizations of changes in vulnerability. Should I find differences based on
the cyclone’s path, this will suggest the need for further analysis based on differential influences across
both time and location. I also assume that the importance of a change in vulnerability is equal regardless
of the population’s baseline vulnerability: an increase in vulnerability in a population more vulnerable at
baseline is just as important as the same level increase in vulnerability in a population less vulnerable at
baseline. However, increases in vulnerability are more drastically felt among the already highly
vulnerable, and since I hypothesize that populations more vulnerable at baseline experience a greater
increase in vulnerability, this is a conservative assumption.

It’s also important to remember that this study is correlational not causal and that there are many
variables that cannot be isolated and considered. For example, because this study uses a pre-post design,
rather than many observation points before and after, we cannot track and account for differences in
variables over longer periods of time. More longitudinal data would allow us to examine trends and
whether the cyclone’s impacts on vulnerability are long or short term patterns.

Implications:

This study provides one of few empirical analyses of social vulnerability in the Pacific, proposes
and assesses vulnerability indicators applicable to developing countries and subsistence economies, and
offers a rare comparison of social vulnerability before and after a disaster. Should results indicate, as
hypothesized, that populations with higher levels of baseline vulnerability experience a greater increase in
vulnerability following Cyclone Pam compared to less vulnerable populations, this would lend support to
arguments that stress the importance of social factors in determining how hazards impact populations.
Finding that social and economic factors are a major determinant in populations’ vulnerability to hazards
also has implications for how to approach development (Cannon & Miiller-Mahn, 2010) and might lend
support to strategies that address root causes over those that focus on technological solutions and
“managing risk” (Wisner et al., 2003, p. 24).
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