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1. INTRODUCTION

Across the globe, many coastal communities rely on marine resources for their food security,
income and livelihoods and with predicted trends in human populations the number of people
reliant on these resources is likely to increase (FAO, 2012). However, the effects of climate
change including increased variability are already being experienced by coastal communities and
appear to be accelerating (Doney et al., 2012). Depending on a range of factors, including
location, these changes are having mild to severe impacts on communities both in direct and
indirect ways (Miller et al., 2010). Communities in coastal areas, for instance, are particularly at
risk due to sea level rise but also through their dependence on marine resources that are impacted
by multiple climate change pressures. A change in the availability and condition of marine
resources has consequences on the livelihoods of fishing populations or those who depend

directly on fishing as a source of food (Badjeck et al., 2010).

Although mitigating climate change impacts remains the main priority in addressing
climate change (IPCC, 2014), it is also important to develop adaptation strategies to climate
change in locations where this is possible (Fiissell and Klein, 2006; Young et al., 2010),
particularly those already experiencing early effects (Hobday et al., 2016; Popova et al., 2016)..
While mitigation is generally centred on changing behaviour at the national and/or global level,
adaptation is a response that provides affected communities with a locally specific course of
action. For a community to develop effective means to adapt to the effects of climate change, it
is necessary to first determine and understand the vulnerability of that community (Adger, 2006;
Norgaard, 2011). Once the vulnerability of a community is well understood, appropriate
adaptation options can be developed through collaboration between local stakeholders,

researchers and managers, and put into action through government and non-government
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institutions (Savacool et al., 2015). Recognising these dual stages (assess vulnerability and
develop adaptation options) helps avoid a key criticism of vulnerability studies, in that they only
determine the vulnerability of certain communities without providing the pathways and means to
address the issues uncovered (Preston, 2012). It also reduces the chance of developing adaptation
strategies that are ill-suited to the often complex social and ecological systems in which they are

to be implemented.

Vulnerability studies, which have been used to address a range of research aims and have
used a diversity of approaches, have attracted considerable scrutiny. The debate has centred
around: measurement of an often imprecise or poorly defined concept (Fiissell, 2007); delivery
of a vulnerability score for a community that is relatively meaningless (Smit and Wandel, 2006);
the aggregation of indicators to develop scores which can mask or overlook important factors
that heighten or reduce vulnerability (Preston, 2012); assessments made at only one scale and
then up- or down-scaled to make comparisons at other levels of complexity (Cutter et al., 2003),
and; the high confidence placed in vulnerability mapping that is often performed using low-
resolution secondary data (Preston et al., 2011). Often these studies leave policy makers and the
communities that they serve unsure what these vulnerability results mean for their future

livelihoods and overall sustainability, and what responses (if any) are implied.

This paper provides an improved framework for assessing the vulnerability of coastal
communities across cultures, oceans, and scales, and suggests ways in which adaptation
strategies can be conceptualized and implemented more effectively. In this context vulnerability
integrates the qualities of being exposed to and sensitive to change in the marine environment
and the degree to which adaptation strategies can counteract this. First, we describe an integrated

vulnerability framework developed by members of the Belmont funded project known as

2
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1

2

z 47  GULLS (Global Understanding and Learning for Local Solutions), emphasising its strengths in
Z 48  addressing key issues of cross country vulnerability comparisons and scaling up, and in

273 49  providing a basis for integrated social and ecological modelling of climate change adaptation in
9

1(1) 50 the broader GULLS project. Second, we describe the unique manner in which the conceptual

:g 51 framework has been translated into a vulnerability analysis (through various ethnographic

1‘51 52 methods) and implemented in marine-based coastal communities across southern hemisphere
iz 53  countries, namely Australia, Brazil, India, South Africa, Madagascar, and Solomon Islands (Fig.
;g 54  1). Finally, we provide a summary of results at the country level to evaluate the appropriateness
;; 55  of the new integrated framework and show its relevance and applicability. This framework was
23

24 56  developed as part of a Belmont Forum multilateral-funded project (initiated in 2013 by the

26 57  authors and various other colleagues [Hobday et al., 2016]) with the overall aim of addressing
29 58 the issue of coastal community vulnerability more comprehensively and providing meaningful
31 59  adaptation strategies to both policy makers and local populations in regions with relatively high

33 60  exposure to climate driven changes in the marine environment.
36 61 FIGURE 1 GOES HERE

39 62 A unique aspects of the GULLS project is that it focuses on marine-dependent coastal

41 63  communities in a number of hotspot countries, where coastal seas are warming faster than in

64  other nations’ marine areas. These marine hotspots are seen as priority areas for research as they
46 65  are places where the effects of warming oceans are being observed and experienced first

48 66  (Hobday and Pecl, 2014). These hotspot areas are in essence natural laboratories for biological
67  and social change, and they provide valuable case studies for identifying generic and scalable

53 68  measures and pathways of adaptation to the likely impacts of climate change for other coastal

55 69  communities of warming seas in the near future (Pecl et al., 2014a). Distilling globally relevant

58 3
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learning outcomes from the GULLS case study countries is imperative, as many other locations
may not have the capacity to carry out the level of preliminary research carried out as part of the
GULLS project, due to lack of funding, expertise, political resolve or where the critical time

frame for action requires immediacy.

A key component of the GULLS project was to collect rich, local level, social
vulnerability data which would provide a fine understanding of the local scale processes
influencing communities’ vulnerabilities while allowing for the data to be scaled up to a
regional, country, and global levels allowing integration with ecological and oceanographic
models and comparisons among hotspot communities and countries. The vulnerability
comparisons at the different scales, combined with the relevant ecological and oceanographic
predictions, will provide accelerated learning mechanisms for communities likely to experience
similar stressors and changes to their way of life in the future (Hobday and Pecl, 2014). Gaining
new insights into marine social and ecological systems using different ecological modelling
approaches combined with scalable social, economic, cultural and governance vulnerabilities
will ultimately add to complex systems science (Berkes, 2006) and better prepare us for
management of these systems in the Anthropocene. Conducting vulnerability assessments in this
complex, multi-scale, cross-cultural context required development of a new conceptual

vulnerability framework and implementation approach.

2. Existing Vulnerability Frameworks

There are a multitude of vulnerability frameworks reflecting different disciplinary backgrounds
of vulnerability analysts and with different aims and objectives that are already available and in

use (Cutter et al., 2003, Eakin et al., 2009; O’Brien et al., 2004; Adger et al., 2009). Each
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framework comprises different components including, for instance, risk-hazard models within
geographical studies (Karim and Mimura, 2008), pressure-release models (Schréter et al., 2005)
and social vulnerability/adaptive capacity models (Cutter et al., 2003; Vincent, 2004). The
Intergovernmental Panel on Climate Change (IPCC, 2001) vulnerability framework has been
utilised in many different studies as it comprises both ecological and social components and can
be applied at a variety of scales from global to local. One criticism of using this framework
alone centres on the potential to simplify adaptive capacity to economic components (Table 1).
Other studies have tried to embed more nuanced social and economic components within the
frameworks they have used. Allison and Horemans’ (2006) study linked the Sustainable
Livelihoods Approach (SLA) with the Livelihood Vulnerability Index (LVI) and had a strong
emphasis on policies and institutions. However, for studies interested in the impacts of climate-
induced change, this framework lacks any means to integrate climatic exposure and adaptation
strategies. Another vulnerability framework is the Food Security (FS) framework (Table 1)
which focuses on food availability and access. In isolation this framework often lacks meaning at
the local level, and as such it tends to be used at higher (coarser) scales for regional and national

decision making.

A number of studies have responded to the multi-dimensional nature of vulnerability in
complex human-environment contexts by combining, or integrating, multiple frameworks. In the
marine context, for example, Himes-Cornell and Kasperski (2015) developed an integrated
vulnerability framework for analysing Alaska fishing communities that considered exposure
through a rapidly changing Alaskan environment, rapid local resource dependence changes, and
community adaptive capacity to climate change. Similarly, Colburn ef al. (2016) developed a

multi-dimensional framework to measure the vulnerability of US East coast fishing communities
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by analysing a series of new indicator under the context of climate change, and building on the
National Oceanic and Atmospheric Administration’s (NOAAs) existing Community Social
Vulnerability Indicators (CSVIs). Allison et al. (2009) used the IPCC approach to estimate the
vulnerability of national economies to climate-induced changes in the marine environment at the
global scale. Metcalf et al. (2015) applied a similar approach to three geographically dispersed
case studies in Australia. An integrated LVI and IPCC approach was used to estimate social
vulnerability in a single region of Mozambique (Hahn et al., 2009) and a study of a specific
urchin fishery in the USA (Chen et al., 2014). Cinner et al. (2012) also used an integrated
IPCC/LVI approach in a regional comparison of vulnerability to climate change of communities
in the Indian Ocean. Most recently, Mohan and Sinha (2015) combined IPCC and LVI
frameworks to assess vulnerability to climate change in the Ganges River basin. However, to the
best of our knowledge there has been no attempt made to develop an integrated approach to
compare the vulnerability of coastal communities situated in different ocean basins characterised
by different general climate norms, yet now all affected by warming oceans disproportionately
(vis-a-vis other countries), and across countries with very different social, cultural, and

development levels.

TABLE 1 GOES HERE

3. An Improved Integrated Vulnerability Framework

The vulnerability framework presented here (Fig. 2) comprises two high level components
representing the biological and human subsystems. The framework allows for scaling up of the
human vulnerability analysis to allow integration with change information available for the
ecological system. The level of environmental exposure combined with the biological sensitivity

of different marine species determines the ecological vulnerability in the ecological subsystem

6
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1

2

z 140  (Pecl et al., 2014b). The ecological vulnerability, in turn, has a direct influence on the socio-

6 141  economic subsystem. For instance, a crustacean species may be biologically very sensitive to
7

8 142 warming ocean temperatures (see for instance Pecl et al., 2014b) and at its biological limit in a
9

10143 particular fast warming hotspot (thus making it ecologically vulnerable). In addition if the
144  crustacean species is economically important for the local commercial fishery then the potential
15 145  impact (in the human system) of climate driven change in the marine environment for this

17 146  species will be relatively high.
20 147  FIGURE 2 GOES HERE

23 148 The potential impact in the socio-economic subsystem, aside from being influenced

25 149  directly by the ecological characteristics of the system, is also defined by the dependence on
150  marine resources of the people making up the socio-economic subsystem. Therefore resource
30 151  dependence is part of the sensitivity component of the vulnerability framework which is not only
32 152  defined in terms of economic dependence (often considered in isolation in developed countries
34 153 and in many vulnerability assessments) but importantly also considers the level of social,

37 154  historical and cultural dependence (which may be of importance in developing countries or

39 155  where indigenous marine uses are relevant). Together, in the human system, exposure, resource
41 156 dependence and adaptive capacity impact socio-ecological vulnerability (Metcalf et al., 2015).
157  To provide a robust methodological approach for measuring vulnerability of marine dependent
46 158  coastal communities to climate change that was applicable in countries with various levels of
48 159  economic development, the sustainable livelihoods approach (SLA) forms the core element of
160  adaptive capacity. An additional component of flexibility was incorporated to further refine the
53 161  assessment of adaptive capacity (Fig. 2). The degree of flexibility across multiple scales

55 162  (personal, occupational and institutional) through to institutional was included thereby better

58 7
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measuring people’s and institutions’ potential to influence their current situation and adapt to
changing future conditions (Marshall and Marshall, 2007; Marshall, 2010).The proposed
framework was not developed to directly assess risk (i.e., the possibility that an action or activity
will lead to a loss or undesired outcome). However, risk is a component of the interactions of
vulnerability, exposure and hazards (Oppenheimer et al., 2014) because vulnerability changes the
probability that a risk will lead to undesirable outcome. Rather, the exposure to natural hazards
was assessed in terms of household exposure (to storms, floods, droughts and shoreline changes),
and it is thus also possible to evaluate risk using the proposed framework. The importance of
considering vulnerability and adaptation together in the integrated framework is shown in Figure
2 with the development of adaptation options being informed by and in turn influencing both

ecological and socio economic components.

Individual components within the exposure, sensitivity and adaptive capacity categories
of the socio-economic subsystem were then further expanded to provide more detailed
descriptors, or sub-components and measurable indicators (Fig. 3). The detailing of the sub-
components allowed the team to develop a generalised survey instrument with individual
questions. This research instrument provided information on each indicator, thereby allowing us
to map the different components of the integrated framework (Fig. 3). The final framework
comprised a total of 90 subcomponents, with 255 indicators providing the link between the
conceptual framework (Fig. 2) and the survey methods that were developed and used across
hotspot locations (allowing for comparison among hotspots at these higher levels). A link to the
full survey can be found at http://gullsweb.noc.ac.uk/communitysurvey.php. Note that this
conceptual framework not only emerges from the experience of GULLS members during this

research but also from their prior work with issues surrounding coastal communities and

8
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vulnerability (e.g., Gasalla and Diegues, 2011; Shyam et al., 2014; van Putten et al., 2015;

Aswani et al. 2015).

FIGURE 3 GOES HERE

4. METHODS

Comparative research into vulnerability is a crucial guide for resource allocation and policy, both
at a national level and to aid international donor organizations (Vincent 2007). But since
vulnerability assessments often remain ad hoc and use many indices, comparisons across
countries and regions can therefore only be made with caution, especially since (due to the
relative newness of vulnerability assessments using indices for adaptive capacity) researchers
cannot yet be certain of the reliability of their chosen indicators to measure complex local
realities (Vincent 2007). To overcome such uncertainty, researchers have to be transparent with
their methodology. Also, it is important to move beyond offering a mere comparative snapshot of
different communities’ relative vulnerability and to expose the underlying dynamics of what
constitutes this vulnerability (Thomalla et al. 2006). This entails the use of sophisticated
statistical models in order to prevent data loss through aggregation. Such techniques in
vulnerability studies were first introduced in the seminal paper by (Cutter et al. 2003) and later
expanded to use non-parametric techniques (Hahn et al. 2009). However, to obtain truly
comparative results vulnerability assessments must use the same indicators as different
methodologies have been shown to generate significantly different results (Yoon 2012, Wirehn
2015). The necessity for broad-based vulnerability assessment (Bennett 2016) results in a
proliferation of vulnerability indicators, each increasing the uncertainty that the indicators in

question possess construct validity (Vincent 2007). As detailed below, to ensure that the data

9
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gathered would be truly comparative, the proposed framework and the survey instrument was
constructed through careful collaboration and based upon best practice gleaned from the

literature.

4.1. Producing a Survey

The first step to develop a survey methodology to establish the vulnerability of the coastal
communities in the hotspot countries was to conduct a literature review and account for the
weaknesses of typical vulnerability studies expressed in the literature (e.g., Preston, 2012;
Preston et al., 2011; Fiissel, 2007; Smit and Wandel, 2006; Cutter et al., 2003). In particular, to
measure social vulnerability in different countries, the approach needed to be sensitive to local
cultures and social contexts, both in terms of the process and the method used to gather the
necessary information. Ultimately, the information gathered would need to be comparable
between hotspots and the approach implementable across other (non-GULLS) hotspot and non-
hotspot countries. The information needed to be generally comparable between locations, yet
specific enough to make it possible to take into account the local context to identify ways and
means for communities to adapt to their potentially common vulnerabilities or for different
communities to learn from their unique differences. The methods developed as part of the
GULLS project, therefore, were also designed to allow the social vulnerability analyses to be
integrated with the GULLS ecological and oceanographic prediction and vulnerability research
(reported in Hobday et al., 2016). Detailed primary data was collected for the social vulnerability
analysis to ensure nuanced layers of human systems data fitted with the use of secondary data (or
previously collected primary data) for the ecological and oceanographic modelling (Preston,

2012).

10
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1

2

2 231 The second step was to develop a survey instrument and to field-test it in most

6 232 participating countries. Field testing was carried out for approximately two weeks in each
7

8 233 country and questions that did not produce reliable data were identified and subsequently
9

10 234  improved or omitted. For example, during testing, the rating questions in the survey which use a
235  Likert scale (with the typical strongly agree to strongly disagree continuum) were found to be

15 236  difficult to interpret or answer by many participants. Rating questions were changed to item-

17 237  specific responses to allow for clearer comprehension and in turn greater accuracy and reliability
238  of the data collected (Saris et al., 2010). As an example, a question asked in testing was “Do you
57 239 feel that you belong to this community?” and the respondent was asked to choose from “Strongly
24 240  agree”, “Agree”, “Disagree”, “Strongly disagree”. Many respondents answered “Yes” or “No”
26 241  despite the question format. This question was modified to give respondents a choice of

29 242 “Strongly belong”, “Belong”, “Do not belong”, “Do not belong at all”. In sum, this pre-screening
31 243  served to modify and streamline the survey instrument and allowed the individual country

33 244  project teams to adjust questions to account for local circumstance, language, and

245  understandings. Overall, more than 80% of the final survey questions were exactly the same

38 246  across all hotspots indicating a flexible but, more importantly, a transferable method. In the less
40 247  developed countries, for instance, an understanding of adaptive capacity was gained through

248  questions about availability of electricity, water and sewage. These questions were not applicable
45 249  in Australia, for instance, as the vast majority of people have access to these services. Overall,

47 250 local level surveys in each hotspot country included at least one question from each sub category

4% 251 to ensure data spread across all domains of the framework (i.e., data on all of the subcomponents

5 252 and indicators) and to ultimately ensure cross- country comparability (Fig. 4).

253  FIGURE 4 GOES HERE

58 11

60 https://mc.manuscriptcentral.com/cdev



oNOYTULT D WN =

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

Submission to Climate and Development

Due to some further country differences including diverse resources and research person
power availability, receptiveness of the target audience (due to survey fatigue), literacy rates, and
access to online resources among the country hotspots, two different survey methods were
applied (face-to-face and online surveys). The differences in sample size and proportion,
research team size, field resources and interviewer training, language and use of translator
services across the hotspot countries is shown in Table 2. For instance, the Australian researcher
team conducted an online survey rather than a field-based household survey as adopted by the
other countries. The web surveys were however unable to collect the large amounts of additional
contextual data provided by informants in the field-based surveys. In South Africa, a single
translator was used to conduct the household surveys, several translators were used in India, two
in Madagascar, and four translators were used to perform the surveys in the Solomon Islands,
whereas in Brazil and Australia in situ translators were not required. All translators were trained
to use and carry out the survey before the data collection began. By developing the common
framework and survey these differences could be accommodated, thereby ensuring the validity
of future cross country comparison and analysis. This was challenging given that most countries
involved in the research have both local and international researchers, spanning a wide range of
academic experience and disciplinary backgrounds, yet this diversity of ideas, knowledge,

networks and expertise enriched the research and discussions.

TABLE 2 GOES HERE

The sampling strategy consisted in ensuring comparability of estimated vulnerability
across countries and agreeing in a uniform survey sampling universe (i.e. the groups/people to be

sampled within the study community). The sampling universe was stratified to encompass

12
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1

2

z 277  randomly selected “people with regular interaction with the ocean”. This meant the survey
5 . . . .

6 278  would not be limited to fishers (artisanal, customary, commercial or recreational) but could
7

8 279  include anyone who interacted regularly with the sea. Note that industrial fishing was not

9

10 280 included in our sampling universe as this would limit the comparability across all countries and
281  sites. The unit of analysis for both the face-to-face and online surveys was the household

15 282  randomly selected from a suitable and representative pool both in the pre-testing and in the final
17 283  survey implementation. Household level surveys allowed detailed levels of information to be
284  collected but was not as intensive as working at the individual level, especially when undertaken
5> 285  face-to-face. The target survey sample was made up of either members of a physical location (i.e.
24 286  acoastal community or town) or members of a stakeholder group. Coastal communities were

26 287  selected based on the following set of criteria: sites had to be “small” communities (<5000

29 288  inhabitants) and be marine dependent communities. To obtain a representative sample, the

31 289 number of people interviewed differed between the two target audience groups due to their

33 290 absolute size. For example, a stakeholder group can consist of, for example, only 50 members
291  where a coastal community can contain a total of 5000 members. Survey samples in each coastal
38 292 community were chosen to be representative (demographically) of the people who lived in that
40 293  community. In the case of the survey sample for stakeholder groups (as in Australia where

294  recreational fishers were targeted), the sample had to be representative of the total recreational
45 295  fisher population.

47 296 In Brazil face-to-face surveys were conducted in situ in households of eight different

42 297  coastal communities from the South Brazil Bight (SBB) coastal zone. The SBB corresponds to
5 298  the most industrialized and urbanized region of the country but still shelters several traditional

54 299 fishing communities. The selected sites represented a comprehensive sample of fishing

58 13
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communities, exhibiting a suite of different characteristics within the SBB. A total of 151
households were surveyed across the eight selected communities. Additional fishers’ perceptions
of climate and ocean conditions were also conducted based on the ethno-oceanographic
framework (Gasalla and Diegues, 2011) and formed the basis for understanding exposure

(Martins and Gasalla, 2017).

In India the research team engaged with local people from the respective communities
(mostly educated and committed women and proactive college students) to conduct the survey.
A pilot testing of the survey was carried out initially by the research team of the CMFRI
institute, after which appropriate country specific modifications were made to the survey
questions. First, the team developed relationships and rapport with the local self-government
officials (Panchayath), line departments and women self-help groups within the communities by
regular visits and focussed group discussions. The project inception took place in the village,
which ensured active community participation in the survey process and acceptance of the
project from the beginning. Second, each self-governed local district involved in the study
educated local people for further training, prior to the implementation of survey. Third, the
selected people were trained in topics covering climate change, vulnerability, sensitivity,
exposure, adaptive capacity and resource management. They were also specifically trained in
conducting household surveys among fishers. A total of 800 households were surveyed in the

study across a number of communities.

Five different communities within the same coastal region of the southern coast of South
Africa were chosen for the study. An important fishery in this area is the handline fishery
performed by small crews of fishers on boats that leave from small harbours or river mouths. The

sites consist of a spectrum of different size communities, proportion of households with regular

14
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1

2

2 323  interaction with the ocean and remoteness. The social vulnerability surveys were carried out by
5 ... . . ..

6 324  one researcher and a translator, as most communities speak Afrikaans. Extensive training of the
7

8 325  translator was performed initially and then pre-testing of the survey was carried out to ensure

9

10326  accuracy of the translated survey in the local dialect as well as optimal understanding by survey
327  participants. Overall, 65 surveys were conducted and following on from these, group focus
15 328  sessions were carried out in each community to feed back some of the main early findings of the

17329  surveys.

20 330 In Australia, an online survey was developed to gather the vulnerability information

331  because face to face interviewing was very difficult logistically (as people are spread out over a
o5 332 large region). The survey was applied to the recreational fishing community. The respondents
27 333  were made aware of the survey using a social media site (Redmap) and a small incentive prize
29 334  was offered for participation in the survey. The survey was aimed at people engaged with the
335  ocean (as per the sampling protocol) but the large majority were recreational fishers in coastal
34 336 communities of the south east of Australia which is the area that corresponds to the marine

36 337  climate change hotspot area. A total of 56 useable surveys were obtained in this manner. A

338  second call for recreational fisher participation was sent out to recreational fishers after the

41 339  attempt to engage and survey commercial fishers was unsuccessful. The commercial fishing

43 340 industry is the subject of many surveys in Australia and survey fatigue has become a serious
3 problem for researchers. Even though engagement with the fishing sector occurs through

48 342 government departments, engagement by research organisations and individual researchers often
50 343  results in low response rates. Nevertheless, the recreational fishing sector in Australia takes a
52 344 considerable portion of the catch, and participation is high in all States and Territories, at over

345  19.5% of the Australian population (Henry and Lyle, 2003)
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The Solomon Islands, a non-hotspot country, was included in our study as a means of
ascertaining the extent to which the GULLS social vulnerability survey could be applied in other
countries. No pre-testing was done for the Solomon Islands region due to the high costs
involved in travelling to the area, while complications such as a lack of printing facilities
prevented the modification of the questionnaire on-site. However, a researcher with 27 years’
work experience in the area and a complete grasp of two local languages modified the
questionnaire to suit the specific environment. The second researcher received training in
conducting the GULLS household survey from members of the South African research team in
their field site prior to surveying in the Solomon Islands, which improved the reliability of the
data gathered. Four educated translators with a grasp of the English language were used.
Translators were trained to understand the point addressed by each survey question and agreed
on the wording they would use when translating questions from English into the local language
in situ. The response was then again recorded in English. A total of 110 surveys were completed
for this region. Finally, Madagascar was surveyed by the same two researchers who performed
the Solomon Islands survey. Pre-testing was again not possible due to the logistical
complications of working in a remote location. The original survey text was first translated into
French by two local students who then presented the questions in Malagasy to respondents, with
the response recorded in English. A total of 48 surveys were completed between the two

communities.

The presented framework was utilized for cross-cultural comparisons among the different
coastal communities in the different hotspot countries. Not only did we make comparisons within
each hotspot country across their different study sites but we identified interesting differences

and/or similarities in vulnerability and adaptation patterns in countries where coastal
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1

2

2 369  communities have no clear contact or links. Including the Solomon Islands in this first

6 370  application of the integrated framework provides an early indication of the transferability of the
7

8 371  application of the survey method to non-hotspot countries. This created the potential for

9

10 372 improved learning and adoption of effective adaptation measures from different places. In order
373  to perform the statistical analysis, several questions were asked including: do commonalities

15 374  exist across the chosen hotspots and do they manifest in similar ways? The survey approach

17 375  developed in this paper allowed researchers to address the question as to what makes some

376  communities more vulnerable than others to environmental change. The model’s inherent

5> 377  flexibility while mapping back to a robust core framework allowed for quantitative and

24 378  qualitative data to be collected, analysed, and compared within and among countries and regions.
27 379  4.2. Statistical Analysis

30 380 The total number of observation for all countries combined was 1,276 but accounting for

32 381 incomplete observations, a dataset of 1,237 observations was retained. We restrict our survey
382  data analysis to rating questions only and the variables for the current analysis are therefore

37 383  ordered ordinal. For example, the survey question ‘How difficult has it become to catch fish in
39 384 the areas you fish?’ has four levels: not difficult at all, not very difficult, somewhat difficult, and
385  very difficult. The value of the rating question was between 1 and 4, with one being the better
44 386  outcome and four being the worst outcome. Because some of the rating questions had 3, 5 or 6
46 387  possible categories, these were normalised to a value between 1 and 4 to allow for interpretive
48 388  consistency. We report the results based on the average and median score for each of the

57 389  components (we test for consistency and difference between the result using average and median
53 390 scores). Our dataset has three characteristics which guide our use of statistical tools: the data is

55 391  ordered categorical, not normally distributed, and the sample sizes are unequal (i.e. India’s
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sample is larger than that of other countries). To determine statistical differences between
countries we use nonparametric tests/distribution-free tests to account for a non-normal
distribution and unequal sample sizes. In a nonparametric test the null hypothesis is that the two
populations are equal, which is interpreted as the two populations are equal in terms of their
central tendency. The test used to establish statistical differences between countries allows for

unequal sample sizes.

We generated explanatory statistics such as samples means, medians, and standard
deviation and test the data for correlation for all questions and within vulnerability categories.
The Kruskal-Wallis Test was used to determine whether there are significant differences between
hotspot countries with respect to rating the components for sensitivity, adaptive capacity, and
exposure. Using the Kruskal-Wallis Test, we determined whether the population distributions are
identical without assuming a normal distribution. The relationship between the vulnerability
scores and the three categories can be visualised as indicated in Figure 5. For instance, if
sensitivity or exposure are reduced (indicated by the inward facing arrows in b) in Figure 5 then
vulnerability can be reduced. Alternatively, if adaptive capacity can be increased this will reduce
overall vulnerability to change in the marine environment (indicated by the outward facing
arrows in ¢, Fig. 5). Finally, we analyse country results in the context of socio-demographic
characteristics (obtained from publically available dataset) to determine the relationship between
the vulnerability scores and these social, economic, and demographic indicators and to gauge if
country scores were significantly different. The following results are only an overview of our
data at the country level to illustrate the applicability of this approach, as a more detailed analysis

is presented elsewhere (van Putten et al. unpublished data).

FIGURE 5 GOES HERE
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1

2

3 415 5. RESULTS

5

g 416  The countries included in this analysis are experiencing rapid change in the marine environment
9 417  and their empirically derived sensitivity, adaptive capacity, and exposure gives insight into their
10

11 418 relative vulnerability. Based on 80 survey rating questions applied in six different countries,

13 419  coastal communities in Madagascar followed by India and South Africa are most vulnerable to
420  change in the marine environment. Overall the difference in vulnerability to change in the marine
18 421  environment between countries is statistically significant (Kruskal-Wallis chi-squared = 299.69,
20 422 degrees of freedom = 5, p-value < 2.2e-16) (Fig. 6). The relatively high vulnerability of

423  Madagascar is mainly attributable to Madagascar’s economic dependence on marine resources

o5 424 making it very sensitive to change in the marine environment. Madagascar has high exposure

27 425  (Fig 7a) caused by the number of observed changes and unfavourable perceptions and attitudes.
29 426  The low adaptive capacity of coastal communities in Madagascar (Fig 7b) is caused by the low
427  personal and occupational flexibility and limited physical capital. India is also vulnerable to

34 428  change in the marine environment due to the high exposure (Fig 7a) that is mainly attributed to
36 429  the high shoreline change and susceptibility to flood. The exposure of Indians coastal

430 communities is not compensated for the relative low sensitivity (Fig 7c) attributed to the low

41 431  attachment to the fishing occupation and intermediate adaptive capacity. The low vulnerability in
43 432  Brazil is attributed to a high adaptive capacity and low exposure which compensates for a

45 433 relatively high sensitivity due to a strong attachment to fishing and attachment to place. Several
48 434  country characteristics were found to be highly correlated to the level of vulnerability.

50 435  Government effectiveness was most highly correlated to country level vulnerability, indicating
52 436 that a less effective government and high vulnerability tend to go together. Even though country

437  characteristics are found to be related to the empirically derived vulnerability scores, it does not
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explain the highly complex relationship between coastal community sensitivity, adaptive
capacity, and exposure to change in the marine environment that ultimately underpins their
vulnerability (Table 3). Our framework, nevertheless, can down-scale to analyze community
level sensitivity, adaptive capacity, and exposure and produce cross-community comparisons at

the national level or cross-culturally.

FIGURE 6 GOES HERE

FIGURE 7 GOES HERE

6. DISCUSSION

Each of the examined hotspots is connected by the changes projected in the marine environment
as shown by the general analysis. For further analysis, however, the hotspot communities
analyzed in different countries have very different socio-economic and environmental
characteristics. Therefore, in future analysis collapsing variables from the household survey into
a small number of indicators or domains will need to be context specific. It is acknowledged that
there are dangers in integrating local level indicators from such vulnerability surveys and
aggregating data to allow for comparisons at higher levels. Yet aggregation is necessary to
enable the rich local level data to provide further insight than only for a few selected
communities. The proposed framework is flexible for the local contexts while maintaining
important information that is consistent across all sites to allow for comparisons. The framework
should be used as a tool to calibrate and validate regional to national level vulnerability
assessments. The framework developed here gives us an opportunity to compare how the

vulnerability assessment differs when estimated at different scales.
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1

2

z 460 The framework can be used to merge a series of secondary datasets identified as indicator
6 461  variables from widely available global data such as climate change projections, population

7

8 462  projections, gross domestic production (GDP) and infrastructure data. Each component of the

9

10 463  vulnerability framework can be aggregated from the gridded level to the hotspot and compared to
464  the same components estimated from household surveys. This enables the research to begin

15 465  considering the bias in vulnerability analyses performed on secondary data at the global level.

17 466  Building on the survey the scaling up of results can be achieved through modelling and climate
467  change scenario development and socio-demographic changes like population growth. This

5> 468  scaling up component creates a global gridded surface of marine and terrestrial exposure to

24 469  climate change. The indicator variables selected for this purpose are correlated with food

26 470  production and derived from the Model of Ecosystem Dynamics, nutrient Utilisation,

29 471 Sequestration and Acidification (MEDUSA 1.0) ecosystem model (Yool et al., 2011) and the

31 472 Global Agro-ecological Zone (GAEZ) maximum potential yield of terrestrial crops under climate
33 473  change (Fischer et al., 2012; Seo, 2014). The change from baseline to 2050 for each of the

474  marine and terrestrial indicators can then be estimated. Since many coastal communities will also
38 475  be engaged in other forms of economic activity such as agriculture a terrestrial exposure sub-

40 476  component can also be estimated by comparing projected impacts of climate change on

477  agricultural yields under different climate change scenarios. The LVI approach can then be used
45 478  to collapse the marine and terrestrial sub-components into an exposure component. This can

47 479  provide researchers with a modelled exposure component that can be examined in terms of the

4% 480 different climate change scenarios contained in the SRES/RCP.

52 481 The added benefit of the integrated framework is that the vulnerability analyses output

482  can be integrated with ecological vulnerability analyses being conducted for each hotspot by the
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other GULLS working groups. This allows for integrated, interdisciplinary analyses to be
conducted for each hotspot. It also provides the potential to compare social vulnerability and
adaptive capacity across and within hotspots. The framework’s flexibility also allows for the
comparison of quantitative models as well as qualitative data from other studies in the same
hotspot study regions. Some of the outputs of the social vulnerability analyses can be used as
inputs to ecological models, but can then be used to test the efficacy of alternative adaptation
options through simulation testing. This is achieved using locally available and developed
models for each region, including models of intermediate complexity (MICE) (Plaganyi et al.,
2014), Ecosim (Christensen and Walters, 2004) and Atlantis (Fulton, 2010). For example, simple
MICE models are being developed for each region, with a focus on a few key fishery species and
the communities that rely on these resources, in order to dynamically simulate and test coupled
climate-biological-human interactions and responses. The MICE models are validated by fitting
to available data over the historic period and then projected forward using climate projections
from a high resolution global ocean model with biogeochemistry run under RCP8.5 scenario (the

highest IPCC AR5 CO; emission scenario) to year 2099.

A challenge for vulnerability analyses is ensuring an accurate in-depth assessment of
vulnerability can be made at a scale that is relevant to decision makers. Although adaptation
decision making occurs at many scales from national government down to individual households
and this needs to be accounted for in vulnerability analyses (and in particular when designing
adaptation options). Governance mapping has been undertaken in each hotspot which will
subsequently be linked to the social ecological vulnerability data at different scales. Governance
mapping is done through collection of formal laws, rules and regulations which map the top-

down centralised maritime governance in each country. The social vulnerability survey and our

22
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1

2

2 506 engagement with marine-dependent communities provides the data to map the informal rules and
5 . . .

6 507  governance of the marine resources and coastal areas in the study sites

7

8 . . .. .

9 508 There are various analyses potentials and a key question in the analysis of data from

10

11 509 vulnerability surveys is that of the appropriate weighting of indicators. The LVI framework

13 510 provides a set of detailed guidelines for calculating a balanced weighted average composite

511 index (Hahn et al., 2009; Mohan and Sinha, 2015). In the LVI approach, each indicator variable
18 512  is standardized using the maximum and minimum values for the study population prior to being
20 513  merged with all other indicators that contribute to a sub-component. The next step merges each
514  of the sub-components that contribute to the relevant component using a consistent/standardized
>5 515 approach prior to using the components in the LVI equation. The approach used for the LVI

27 516 means however that the estimates of vulnerability can only be compared to other estimates if

29 517  they use the same method (Vincent, 2007). As highlighted earlier, the surveys conducted in each
518  hotspot collected some consistent variables but others were adapted or removed from certain

34 519  surveys. Furthermore, some surveys have had considerably larger numbers of respondents than
36 520 others. Thus, the construction of vulnerability indices for each hotspot will have to be carefully
521  considered to ensure that consistent and comparable results are derived. Indicators, sub-

41 522 components and components may have to be weighted differently to the equal weighting used by

43 523  Hahn et al. (2009) in order to estimate vulnerability in a consistent manner across hotspots.

46 524 The addition of terrestrial exposure to climate change is an important component for this
48 525  analysis for two reasons. First, many of the coastal communities currently relying on fisheries are
57 526 likely to have a series of livelihood strategies in which the household engages. Thus, whilst

53 527 fisheries are an important aspect of livelihoods in the hotspots the impact of climate change on

55 528 terrestrial food production may also play an important part in the vulnerability of the
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communities. Thus, using the exposure components of land and marine will allow us to identify
double hotspot regions (those that are projected to have high levels of exposure to negative
marine and terrestrial change). Second, terrestrial agricultural production may provide an
important adaptation option for some communities/hotspots. If this is not considered within the
study in some way it is difficult to fully ascertain which communities/hotspots are likely to be
the most vulnerable to climate-induced changes. The terrestrial projections of yield are based on
different water supply options (rain-fed, irrigated) and different management options (High,
intermediate and low intensity farming). Thus, providing a scenario system whereby the team
can examine how a hotspot’s vulnerability may change with a given development in agricultural
input level or water supply system. The next stage will be to conduct group adaptation pathway
development with each community to link with the outputs of the ecological and oceanographic

GULLS models.

7. CONCLUSION

To develop a common methodology to compare social vulnerability across different
communities, spanning multiple countries and ocean basins, an integrated yet flexible
vulnerability framework has been developed. Not only it allows for robust comparisons of
current and future vulnerabilities of coastal communities in different contexts to be made, but it
avoids some of the typical shortcomings of social vulnerability research. It incorporates the
social livelihood approach where other studies have only focused on the precepts of exposure,
sensitivity and adaptive capacity which are not always easy to determine alone. Incorporating a
flexibility component to the framework provides a greater sense of potential adaptability of

individuals, occupations and institutions within the coastal and marine realm. The framework

24
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1

2

2 552  allows for future cross-scale comparisons, where instead of relying upon low resolution global

5 . .

6 553  datasets, data can be collected intensively at the local household level and can be analysed at that
7

8 554  level but also integrated through indicators to allow for comparison to regional or national levels
9

10 555  through Census data and even to the global level by integration with global indicators that map to

556 the indicators from the surveys.

557 Most importantly, the presented framework allows for seamless integration with the

18 558  marine ecological system and the dynamics within. For instance, the value and relative

20 559 importance of some of the indicators the ecological models produce (like fish abundance and

560  biodiversity) can be established in the social vulnerability framework. It is possible to assess the
o5 561  consequences of a change in these crucial ecological indicators on the coastal communities or

27 562  stakeholder groups. Finally, it addresses another major criticism of vulnerability analyses, which
29 563 s the provision of a vulnerability score, but where no further work is carried out. The

564  vulnerability analyses conducted by the GULLS hotspot teams will assist in providing the

34 565  baseline and predictions of future vulnerability to develop sustainable and well-informed

36 566 adaptation options with the study communities and countries.

39 567
41 568 REFERENCES
43 569

45 570 Aswani, S., I. Vaccaro, K. Abernethy, S. Albert and J. Fernandez. 2015. Can local perceptions of

47 571 environmental and climate change in island communities assist in adaptation planning.
48

49 572 Environmental Management. DOI 10.1007/s00267-015-0572-3

50

51 573

52

53 574  Adger, W.N. (2006) Vulnerability. Global Environmental Change, 16 (3), 268-281.

58 25

60 https://mc.manuscriptcentral.com/cdev



oNOYTULT D WN =

575

576

577

578

579

580

581

582

583

584

585

586

587

588

589

590

591

592

593

594

Submission to Climate and Development Page 26 of 47

Adger, W.N., Dessai, S., Goulden, M., Hulme, M., Lorenzoni, 1., Nelson, D.R., & Wreford, A.
(2009) Are there social limits to adaptation to climate change? Climatic change, 93 (3-4),

335-354.

Allison, E.H., & Horemans, B. (2006) Putting the principles of the sustainable livelihoods

approach into fisheries development policy and practice. Marine Policy, 30(6), 757-766.

Allison, E.H., Perry, A.L., Badjeck, M.C., Adger, W.N., Brown, K., Conway, D., & Dulvy, N.K.
(2009) Vulnerability of national economies to the impacts of climate change on

fisheries. Fish and fisheries, 10 (2), 173-196.

Badjeck, M.C., Allison, E.H., Halls, A.S., & Dulvy, N.K. (2010) Impacts of climate variability

and change on fishery-based livelihoods. Marine Policy, 34, 375-383.

Bennett, N. J. e. a. 2016. Communities and change in the anthropocene: understanding social-
ecological vulnerability and planning adaptations to multiple interacting exposures.

Regional Environmental Change 16907-926.

Berkes, F. (2006) From community-based resource management to complex systems: the scale

issue and marine commons. Ecology and Society, 11(1), 45.

Chambers, R., & Conway, G. (1992) Sustainable rural livelihoods: practical concepts for the

21st century. Institute of Development Studies (UK).

Chen, C., Lopez-Carr, D., & Walker, B.L.E. (2014) A framework to assess the vulnerability of
California commercial sea urchin fishermen to the impact of MPAs under climate

change. GeoJournal, 79(6), 755-773.

26

https://mc.manuscriptcentral.com/cdev



Page 27 of 47 Submission to Climate and Development

595  Christensen, V., & Walters, C.J. (2004) Ecopath with Ecosim: methods, capabilities and

596 limitations. Ecological Modelling, 172, 109-139.

oNOYTULT D WN =

9 597  Cinner, J.E., McClanahan, T.R., Graham, N.A.J., Daw, T.M., Maina, J., Stead, S.M., & Bodin,

0 598 0. (2012) Vulnerability of coastal communities to key impacts of climate change on coral
13

14 599 reef fisheries. Global Environmental Change, 22(1), 12-20.

15

16

17 600 Colburn, L.L., Jepson, M., Weng, C., Seara, T., Weiss, J. and Hare, J.A., 2016. Indicators of
601 climate change and social vulnerability in fishing dependent communities along the Eastern

5 602 and Gulf Coasts of the United States. Marine Policy, 74, pp.323-333.

25 603 Cutter, S.L., Boruff, B.J., & Shirley, W.L. (2003) Social vulnerability to environmental

604 hazards. Social science quarterly, 84(2), 242-261.

31 605  Doney, S.C., Ruckelshaus, M., Dufty, J.E., Barry, J.P., Chan, F., English, C.A. & Talley, L.D.
33 606 (2012) Climate change impacts on marine ecosystems. Annual Review of Marine Science, 4,

607 11-37.

39 608 Eakin, H., Winkels, A., & Sendzimir, J. (2009) Nested vulnerability: exploring cross-scale
41 609 linkages and vulnerability teleconnections in Mexican and Vietnamese coffee

44 610 systems. Environmental Science & Policy, 12(4), 398-412.

47 611 FAO (2012) The State of World Fisheries and Aquaculture 2012. Food and Agriculture

612 Organization (FAO) of the United Nations, Rome, 180p.

53 613  Fischer, G., Nachtergaele, F.O., Prieler, S., Teixeira, E., Toth, G., van Velthuizen, G., . . .&

55 614 Wiberg, D. (2012) Global Agro-Ecological Zones (GAEZ version 3.0) Model
56

57

58 27

59

60 https://mc.manuscriptcentral.com/cdev



oNOYTULT D WN =

615

616

617

618

619

620

621

622

623

624

625

626

627

628

629

630

631

632

Submission to Climate and Development Page 28 of 47

Documentation. Food and Agriculture Organization (FAO) of the United Nations and

International Institute for Applied Systems Analysis (IIASA)

Fulton, E.A. (2010) Approaches to end-to-end ecosystem models. Journal of Marine Systems,

81, 171-183.

Fiissel H.M. (2007) Vulnerability: A generally applicable conceptual framework for climate

change research. Global Environmental Change, 17, 155-167.

Fiissel, H.M. & Klein, R.J.T. (2006) “Climate change vulnerability assessments: an evolution of

conceptual thinking.” Climatic Change, 75, 301-329.

Gammage LC, Jarre A, Mather C. A case study from the southern Cape linefishery 1: The
difficulty of fishing in a changing world. S Afr J Sci. 2017;113(5/6), Art. #2016-0252, 8

pages. http://dx.doi.org/10.17159/ sajs.2017/20160252

Gasalla, M. A. & Diegues, A. C. S. (2011) People's Seas: "Ethno-oceanography" as an
Interdisciplinary Means to Approach Marine Ecosystem Change. In: Ommer, R.; Perry,
I.; Cochrane, K. L.; Cury, P. (Eds.) World Fisheries: A Social-Ecological Analysis.

Wiley-Blackwell. 440p.

Godfray, H.C.J., Beddington, J.R., Crute, L.R., Haddad, L., Lawrence, D., Muir, J.F., Pretty, J.,
Robinson, S., Thomas, S.M., & Toulin, C. (2010) Food Security: The Challenge of Feeding

9 Billion people. Science, 327(5967), 812-818.

28

https://mc.manuscriptcentral.com/cdev



Page 29 of 47 Submission to Climate and Development

1

2

i 633  Hahn, M.B., Riederer, A.M., & Foster, S.O. (2009) The Livelihood Vulnerability Index: A

Z 634 pragmatic approach to assessing risks from climate variability and change—A case study in
7

8 635 Mozambique. Global Environmental Change, 19(1), 74-88.

9

10

1; 636  Henry, G.W. & Lyle, J.M. (2003) The National Recreational and Indigenous Fishing Survey.
13

14 637 Published By: Australian Government Department of Agriculture, Fisheries and Forestry.
15

16

17 638 Himes-Cornell, A. and Kasperski, S., (2015). Assessing climate change vulnerability in Alaska's

639 fishing communities. Fisheries Research, 162, pp.1-11.

23 640 Hobday, A.J., Cochrane, K., Downey-Breedt, N., Howard, J., Aswani, S., Byfield, V.,...& van
25 641 Putten, E.I. (n.d.) Planning adaptation to climate change in fast-warming marine regions

642 with seafood-dependent coastal communities.

31 643 Hobday, A.J., & Pecl, G.T. (2014) Identification of global marine hotspots: sentinels for change

33 a4 and vanguards for adaptation action. Reviews in Fish Biology and Fisheries, 24(2), 415-425.

37 645 IPCC (2001) Climate Change 2001: Impacts, Adaptation & Vulnerability, Contribution of
39 646 Working Group II to the Third Assessment Report of the Intergovernmental Panel on

A 647 Climate Change, Vol. Cambridge University Press, Cambridge.

45 648 IPCC (2014) Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part A: Global and
47 649 Sectoral Aspects. Contribution of Working Group II to the Fifth Assessment Report of the
650 Intergovernmental Panel on Climate Change [Field, C.B., V.R. Barros, D.J. Dokken, K.J.

55 651 Mach, M.D. Mastrandrea, T.E. Bilir,... & L.L. White (eds.)]. Cambridge University Press,

54 652 Cambridge, United Kingdom and New York, NY, USA, 1132p.

58 29

60 https://mc.manuscriptcentral.com/cdev



oNOYTULT D WN =

653

654

655

656

657

658

659

660

661

662

663

664

665

666

667

668

669

670

Submission to Climate and Development Page 30 of 47

Karim, M.F., & Mimura, N., (2008) Impacts of climate change and sea-level rise on cyclonic

storm surge floods in Bangladesh. Global Environmental Change, 18, 490-500.

Lyle JM, Stark KE & Tracey SR (2014). 2012—13 survey of recreational fishing in Tasmania,

Institute for Marine and Antarctic Studies, University of Tasmania.

Marshall, N.A. (2010) Understanding social resilience to climate variability in primary

enterprises and industries. Global Environmental Change, 20(1), 36-43.

Marshall, N.A., & Marshall, P.A. (2007) Conceptualizing and operationalizing social resilience

within commercial fisheries in northern Australia. Ecology and Society, 12(1), 1.

Marshall, N.A., Tobin, R.C., Marshall, P.A., Gooch, M., & Hobday, A.J. (2013) Social
vulnerability of marine resource users to extreme weather events. Ecosystems, 16(5), 797-

809.

Martins, .M., Gasalla, M.A. (2017) Small-scale fisher’s perceptions of climate and oceans

conditions in the South Brazil Bight. Climatic Change.

Metcalf, S.J., Van Putten, E.L., Frusher, S., Marshall, N.A., Tull, M., Caputi, N., Haward, M.,
Hobday, A.J., Holbrook, N.J., Jennings, S.M., Pecl, G.T., & Shaw, J. (2015) Measuring the
vulnerability of marine social-ecological systems: a prerequisite for the identification of
climate change adaptations. Ecology and Society, 20(2), 35. [online]

URL:http://www.ecologyandsociety.org/vol20/iss2/art35/

30

https://mc.manuscriptcentral.com/cdev



Page 31 of 47 Submission to Climate and Development

1

2

i 671  Miller, K., Charles, A., Barange, M., Brander, K., Gallucci, V.F., Gasalla, M.A., Ommer, R. &
Z 672 Perry, R.I. (2010) Climate change, uncertainty, and resilient fisheries: institutional

7

8 673 responses through integrative science. Progress in Oceanography, 87(1), 338-346.

9

10

1; 674  Mohan, D., & Sinha, S. (2015) Assessing vulnerability to climate change in the Ganges Basin
13

14 675 using a combined macro- and micro-level approach. Climate and Development, 1-12.

15

16

17 676  Morzaria-Luna, H.N., Turk-Boyer, P., & Moreno-Baez, M. (2014) Social indicators of
677 vulnerability for fishing communities in the Northern Gulf of California, Mexico:

5 678 implications for climate change. Marine Policy, 45, 182-193.

25 679  Norgaard, K.M. (2011) Living in denial. Climate change, emotions and everyday life. The MIT

680 Press.

31 681  O’Brien K., Leichenko R., Kelkar U., Venema H., Aandahl G., Tompkins H., Javed A., Bhadwal
33 682 S., Barg S., Nygaard L. & West J. (2004) Mapping vulnerability to multiple stressors:

683 climate change and globalization in India. Global Environmental Change, 14, 303-313.

39 684  Oppenheimer, M., Campos, M., Warren, R., Birkmann, J., Luber, G., O’Neill, N., & Takahashi,
H 685 K., (2014) Emergent risks and key vulnerabilities, in Field, C.B., Barros, V.R. Dokken,

44 686 D.J., Mach, K.J., Mastrandrea, M.D., Bilir, T.E., Chatterjee, M., Ebi, K.L., Estrada, Y.O.,
46 687 Genova, R.C., Girma, B., Kissel, E.S., Levy, A.N., MacCracken, S., Mastrandrea, P.R,

48 688 White, L.L. (Ed.), Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part A:
689 Global and Sectoral Aspects, Contribution of Working Group II to the Fifth Assessment
53 690 Report of the Intergovernmental Panel on Climate Change, Cambridge (UK), New York,
55 691 Cambridge University Press, 1039-1099.

58 31

60 https://mc.manuscriptcentral.com/cdev



oNOYTULT D WN =

692

693

694

695

696

697

698

699

700

701

702

703

704

705

706

707

708

709

710

Submission to Climate and Development Page 32 of 47

Pecl, G.T., Hobday, A.J., Frusher, S., Sauer, W.H., & Bates, A.E. (2014a) Ocean warming
hotspots provide early warning laboratories for climate change impacts. Reviews in Fish

Biology and Fisheries, 24(2), 409-413.

Pecl, G.T., Ward, T., Doubleday, Z.A., Clarke, S., Day, J., Dixon, C., Frusher, S., Gibbs, P.,
Hobday, A.J., Jennings, S., Jones, K., Xiaoxu, L., Spooner, D., & Stoklosa, R. (2014b)
Rapid assessment of fisheries species sensitivity to climate change. Climatic Change, 127,

505-520.

Pinstrup-Andersen, P. (2009) Food Security: definition and measurement. Food Security, 1(1), 5-

Plaganyi, E.E., Punt, A.E., Hillary, R., Morello, E.B., Thebaud, O., Hutton, T., Pillans, R.D.,
Thorson, J.T., Fulton, E.A., Smith, A.D.M., Smith, F., Bayliss, P., Haywood, M., Lyne, V.
& Rothlisberg, P.C. (2014) Multispecies fisheries management and conservation: tactical

applications using models of intermediate complexity. Fish and Fisheries, 15, 1-22.

Popova EE, Yool A, Byfield V, Cochrane K, Coward A, Icar S, Gasalla M, Henson S, Hobday
A, Pecl G, Sauer W, Roberts M (2016) From global to regional and back again: unifying
mechanisms of climate change relevant for adaptation across five ocean warming hotspots.

Glob Change Biol 22:2038-2053. doi: 10.1111/gcb.13247

Preston B. (2012) Climate change vulnerability assessment: from conceptual frameworks to

Practical heuristics. CSIRO Climate Adaptation Flagship Working Paper No.16.

32

https://mc.manuscriptcentral.com/cdev



Page 33 of 47

oNOYTULT D WN =

711

712

713

714

715

716

717

718

719

720

721

722

723

724

725

726

727

728

Submission to Climate and Development

Preston B., Yuen E. & Westaway R. (2011) Putting vulnerability to climate change on the map: a

review of approaches, benefits, and risks. Sustainability Science, 6, 177-202.

van Putten, E.I., Frusher, S., Fulton, E., Hobday, A., Jennings, S., Metcalf, S., & Pecl, G. (2015)
Empirical evidence for different cognitive effects in explaining the attribution of marine
range shifts to climate change. ICES Journal of Marine Science.

doi:10.1093/icesjms/fsv192.

Vincent, K. 2007. Uncertainty in adaptive capacity and the importance of scale. Global

Environmental Change 1712-24.

Saris, W.E., Revilla, M., Krosnick, J.A., & Shaeffer, E.M. (2010) Comparing questions with
agree/disagree response options to questions with item-specific response options. In Survey

Research Methods, 4 (1), 61-79.

Savacool, B.K., Linner, B., & Goodsite, M.E. (2015) The political economy of climate

adaptation. Nature Climate Change, 5, 616-618.

Schmidhuber, J. & Tubiello, F.N. (2007) Global Food security under climate change. PNAS, 104

(50), 19703-19708.

Schréter, D., Polsky, C. & Patt, A. (2005) Assessing vulnerabilities to the effects of global
change: an eight step approach. Mitigation and Adaptation Strategies for Global Change,

10, 573-595.

33

https://mc.manuscriptcentral.com/cdev



oNOYTULT D WN =

729

730

731

732

733

734

735

736

737

738

739

740

741

742

743

744

745

746

747

748

Submission to Climate and Development Page 34 of 47

Seo, S.N. (2014) Evaluation of the Agro-Ecological Zone methods for the study of climate
change with micro farming decisions in sub-Saharan Africa. European Journal of

Agronomy, 52, Part B, 157-165.

Shyam, S.S., Kripa, V., Zacharia, P.U., Mohan, A., Ambrose, T.V., & Rani, M. (2014)
Vulnerability assessment of coastal fisher households in Kerala: A climate change

perspective. Indian Journal of Fisheries, 61 (4), 99-104.

Shyam, S.S., Sathianandan, T.V., Swathi Lekshmi, P.S., Narayanakumar, R., Zacharia,
P.U., Rohit, P., Manjusha, U., Antony, B., Safeena, P.K., Shridhar, N., Rahman, M.,
Ramees, J., Rajani, K., Nimmy, S., & Nimisha, C.P. (2015) Assessment of fishers
perception in developing climate change adaptation and mitigation plans. Journal of Marine

Biological Association of India, 57 (1), 5-14.

Smit, B., & Wandel, J. (2006) Adaptation, adaptive capacity and vulnerability. Global

environmental change, 16(3), 282-292.

Thomalla, F., Downing, T., Spanger-Siegfried, E., Han, G. and Rockstrom, J., 2006. Reducing
hazard vulnerability: towards a common approach between disaster risk reduction and

climate adaptation. Disasters, 30(1), pp.39-48.

Vincent, K. (2004). Creating an index of social vulnerability to climate change for

Africa. Tyndall Center for Climate Change Research. Working Paper, 56, 41.

Vincent, K., (2007) Uncertainty in adaptive capacity and the importance of scale. Global

Environmental Change, 17, 12-24.

34

https://mc.manuscriptcentral.com/cdev



Page 35 of 47 Submission to Climate and Development

749  Wirehn, L. e. a. 2015. Assessment of composite index methods for agricultural vulnerability to

750 climate change. Journal of Environmental Management 15670-80.

oNOYTULT D WN =

9 751  Yool, A., Popova, E.E., & Anderson, T.R. (2011) Medusa-1.0: a new intermediate complexity

752 plankton ecosystem model for the global domain. Geosci. Model Dev., 4(2), 381-417.

15 753  Yoon, D. K. 2012. Assessment of social vulnerability to natural disasters: a comparative study.

17 754 Natural Hazards 63823-843.

21 755  Young, G., Zavala, H., Wandel, J., Smit, B., Salas, S., Jimenez, E., & Cepeda, J. (2010)

23 756 Vulnerability and adaptation in a dryland community of the Elqui Valley, Chile. Climatic
24

25 757 Change, 98 (1-2), 245-276.
26

27

28

% 758
30

31 759
32

33 760
34

35 761
36 762
37

38 763
39

40 764
41

42 765
43

44 766
45

46 767
47

48 768
49

5o 769
51

52 770
53

54 771
> 772
56

57

58 35
59

60 https://mc.manuscriptcentral.com/cdev



oNOYTULT D WN =

36

773
774

Submission to Climate and Development

Page 36 of 47

Table 1 Comparison of vulnerability frameworks, their advantages, disadvantages, appropriate spatial scale and
examples of their use in recent vulnerability studies.

Framework Advantage Disadvantage Spatial Focus area Study
scale
IPCC 2001* Includes both Very broad level Global National Allison et al.
ecological & social framework fisheries 2009
dimensions by using
common concepts AC can be
[exposure, sensitivity, oversimplified into ~ Regional Indian Ocean Cinner et al.
adaptive capacity economic factors, coral reefs & 2012
(AQ)], disregarding social communities
and ecological
Applicable to all aspects
spatial scales of Local Northern Morzaria-
vulnerability Gulf of Luna et al.
California, 2014
Comprehensive Mexico
approach which is
clear and
understandable
SLA/LVI Multi-dimensioned Provides no means  Regional West African  Allison &
view of poverty to measure or and Local countries Horemans
(economic and social)  integrate climate 2006
by using the 5 capitals exposure or
adaptation practices
Focused on aspects of National Australia Metcalf et al.
sensitivity and AC 2015
Places high
importance on
policies and
institutions
Food Security =~ Multi-dimensioned Most studies work Global Global food  Godfray et
(FS) view of food-based from national level security al. 2010
welfare (can include: ~ FAO datasets
availability, stability,
access and utilization) Food availability
and access often Schmidhuber
Easy access of focus of studies, & Tubiello
required data neglect of other two 2007
dimensions
Estimating food Local Household Pinstrup-
security at local food security  Andersen
level is difficult or 2009
not always relevant
IPCC LVI Focuses on social Ecological Regional Mozambican Hahn et al.
dimension of vulnerability largely regions 2009
vulnerability ignored
Ganges Mohan &
Index can be River basin Sinha 2015
constructed from
household data alone Local Urchin Chen et al.
fishery, 2014
Doesn’t depend on California
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climate models to
assess risk

IPCC _LVI FS Strong social and Large range of Global and Southern Howard et
ecological foundation  indicators required local Hemisphere  al.
makes framework hotspots
Flexible framework unsuitable for rapid
allows comparison of  vulnerability
communities across assessments
different levels of
development

*IPCC 2014 now utilises a different framework, where risk is central and vulnerability, hazards and exposure are
three buttresses of risk that are then combined with climate and socio-economics (IPCC, 2014).
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Table 2. Vulnerability assessment survey method and logistical differences among hotspots

Country Researchers  Survey Pre- Field Survey Translators Training Number
format testing teamno.  language used received of % of
Sample
size refusals/ sampled
unusable households
surveys
Australia 3 Web* Yes 0 English No N/A 104 21 0.12%*
Brazil 2 Field Yes 1 Portuguese No N/A 151 23 65%**
India 3 Field Yes 30 Malayalam Yes Yes 800 0 48%
o
Soqth 3 Field Yes 1 Afrikaans Yes Yes 63 ! S8Y%
Africa
0
Solomon 2 Field No 2 Pijin English ~ Yes Yes 110 0 30%
Islands
Madagascar 2 Field No 2 Malagasy Yes Yes 46 0 55%**

* In southern Australia approximately 1 in every 3 households partake in recreational fishing activities each year (Lyle, Stark and Tracey 2014). There are
around 250,000 households which makes for a 0.12% sample.

** The total number of marine dependent households per community is an estimation made by the researches before the survey application, as the official
number of marine dependent households in the area is not available. In Brazil the estimation is firstly based on the number of registered fishers per area and this
number was cross checked with the local fishing association and community leadership in terms of their estimate of the number of active fishers. Lastly it was
further verified through community site visits by the local researchers where visual estimates of the number of fishers were made.

# In South Africa and Madagascar the estimation was based on the number of fishing rights allocated in the sector (see Gammage et al 2017), which was
subsequently checked by the local researchers in field visits to the communities before the start of the survey.
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1
2
3 821 Table 3: Correlation coefficients greater than 0.5 for country level vulnerability and different country
4 822 characteristics.
> 823
6
% et ] Correlation q
8 Country characteristics Variable name q Interpretation
coefficient

9 . . . _

Size of the Exclusive Economic EEZ size 0.532 Smaller EEZ B
10 Zone — greater vulnerability
11 i i i -

Proportion of populatlon who Undernourished 0.743 More people un<'ie'rnourlshed
12 are undernourished greater vulnerability
13 Gross Domestic Product GDP -0.566 Lower GDP - greater vulnerability
14 : -
15 Environment Protection Index EPI index -0.632 Lower Environment ProF e?ct1on
6 Index - greater vulnerability
17 Human Development Index HDI_index -0.575 Lower Human Dey glopment Index

- greater vulnerability

18 ity -
19 Regulatory quality (score) Regulatory Quality -0.599 Lower regulatory quality

greater vulnerability

20 Government effectiveness . Lower government effectiveness-
21 (score) (ov)effectiveness 0823 greater vulnerability

22 Proportion of population for Less ethnic diversity —

23 largest ethnic group Majority_ethnicity ~ -0.744 greater vulnerability

24 824
26 825
28 826
30 827
3, 828

829
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Solomon Islands

Legend

® Survey locations
[""] Marine hotspot

Figure 1. Countries where surveys were undertaken to assess human vulnerability to change in the marine
environment. The survey locations are shown by black dots. In Australia the black dots represent the residence
locations of individual respondents. The middle map shows the global marine hotspots.
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e
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Exposure Sensitivity
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. Personal exposure to: marine resource
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. Floods . Economic
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e . Shoreline changes Historical &
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A
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. Personal
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options

Socio-ecological vulnerability

Figure 2. GULLS framework for assessing coastal community vulnerability by integrating approaches from: IPCC,
(2001); Chambers and Conway, (1992); Allison and Horemans, (2006); Marshall et al., (2013) and Metcalf et al.,
(2015). Higher levels of complexity in the socio-economic subsystem are indicated showing different forms of
dependencies, capitals and flexibilities.
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Figure 3. Structure of the integrated framework, demonstrating the multiple levels of complexity under each broad
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scale component and category.

*To ensure clarity of the figure, only a few components for each category are depicted and only some of the sub-
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components and indicators of each higher level are shown in this figure. Furthermore, due to space limitations,

exposure is only shown up to the component level but in the full framework exposure does have components, sub-

components and indicators.
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29 852 Figure 4. The relationship between the conceptual vulnerability framework and the local survey instrument. Up to
30 853 four different questions feed data back to each sub-component of the framework (LHS). Question selection (Y =
31 854  Yes; N = No) differed across hotspot countries depending on cultural and contextual relevance (RHS).
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Figure 5. Relationship between reducing vulnerability and reducing sensitivity and/or exposure and
increasing adaptive capacity (adapted from Engle 2011)
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