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Abstract

Rural coastal communities are grappling with climate change impacts, including the in-
creased frequency of extreme storm events. Achieving sustainability goals requires address-
ing environmental, social, and economic dimensions of these events. Social vulnerability
indices provide a means of addressing social vulnerability to advance sustainability goals.
While such indices offer a metric for assessing relative social vulnerability at a community
scale, they often fail to capture more nuanced dimensions of vulnerability. Our exploratory
qualitative case study employed two community-driven exercises to examine the impacts
due to loss of power, heat, and access to emergency services stemming from a storm event.
Participants representing public, conservation, social service, emergency management, and
business sectors received a customized social vulnerability index prior to the community
exercise, which examined social vulnerabilities associated with an extreme storm event.
Participants completed pre- and post-exercise surveys. Transcripts and notes from discus-
sions were analyzed qualitatively. The results provide a refined understanding of who is
vulnerable to climate change impacts, the limitations of vulnerability indices in capturing
these vulnerabilities, and the potential for community-centered approaches for develop-
ing customized vulnerability indices. Such approaches can inform more comprehensive
preparation and recovery initiatives in response to increasing extreme storm events.

Keywords: disaster risk reduction; social vulnerability indices; rural; community resilience;
sustainability; stakeholder engagement

1. Introduction
1.1. Background

Changing climate conditions will have disparate impacts on communities. These
effects are shaped by the nature of the hazard (floods, sea level rise, and wildfires), the
timeline of impacts (coastal storms, encroaching sea level rise or acidification of coastal
waters), and the geographies of the communities themselves (e.g., rural versus urban) [1-3].
Changing climate conditions can cause environmental damage, exacerbate existing so-
cial vulnerabilities, and contribute to economic losses, each an important dimension of
sustainability [4]. To advance longer-term sustainability goals, disaster planning must ad-
dress economic, social and environmental consequences as part of any longer-term hazard
mitigation planning process [5,6].

Building community resilience requires strengthening infrastructure in concert with
enhancing social and economic support and planning systems to mitigate the impacts of
extreme storm events. A key dimension of enhancing social systems is addressing the needs
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of individuals who are more vulnerable to the impacts of climate change, such as extreme
storms. By understanding the discrete impacts they face and shoring up support systems
to better meet the needs of community members, planners can better achieve sustainability
goals and build community resilience [4,7,8].

Social vulnerability is multidimensional and context-specific. Understanding the place
dimensions of climate impacts and how they intersect with community vulnerabilities is
key to enhancing preparedness for and recovery from extreme storm events [9,10]. Vul-
nerabilities vary across country levels and in subnational contexts [9,11]. Prior research
has examined variations in vulnerability across the rural-urban spectrum in the US and
internationally. Identifying and responding to these differences is critical in meeting the
needs of community members facing greater vulnerabilities to the impact of extreme storm
events and their differential vulnerabilities associated with rural locales [9,12]. Rural areas
face distinct challenges from extreme storm events. They often have more limited emer-
gency services, longer travel time to hospitals that may be further extended by intermittent
flood events, and greater risks during extended power outages [10,13-15]. Per capita,
rural areas have less infrastructure to mitigate flood impacts while also seeing increased
development in flood-prone areas [15]. Lower federal investment in providing updated
flood map products, coupled with more limited resources to repair damaged infrastructure
present challenges for preparedness [9,15].

Rural areas are also at greater risk due to a combination of demographics (older
population who may depend on home health care services, households in poverty, and
community members living in substandard housing). Lower capacity to plan for, respond
to and recover from flood events places rural residents at greater risk to the impact of
extreme storm events [12,15-18]. Further, rural economies are often intertwined with
natural resource livelihoods that may be at greater risk to natural disasters such as flood
events or droughts [18,19].

Rural resilience often relies on social capital, particularly support associated with
social networks [9]. However, community members who are isolated or lack strong social
networks may be at greater risk in certain situations [12]. These factors highlight the need
for customized, place-specific approaches that identify specific vulnerabilities experienced
by rural residents [10].

Our exploratory qualitative case study, which focused on Maine, USA, examines
the specific challenges rural populations with heightened social vulnerabilities face from
extreme storm events. As a rural state, Maine is predicted to face the impacts of sea
level rise, exacerbated by increasing storm surge events [13,20]. Coastal flooding will
cause loss of access, limiting residents’ access to emergency services during and after
storm events. Understanding these potential impacts is key to ensuring that the needs
of vulnerable populations are met during extreme storm events [20-22]. Adaptation and
disaster planning require local capacity building. Identifying strategies that are scale-
appropriate and build on the strengths of rural community resilience is imperative to
meet the needs of vulnerable community members facing a range of climate impacts
(extreme storm events, wildfires, heat events) [15,23-25]. Beyond place (rural vs urban),
understanding how social vulnerabilities interact with the short- and longer-term impacts
of climate change is challenged by the process of assessing impacts at the scale and time
horizons to make meaning of the impact of vulnerabilities [7,23]. Our case study contributes
to the literature on approaches for incorporating local context as a key dimension for
successfully identifying and addressing these challenges faced by vulnerable populations
in rural areas across the US, as well as international contexts [7,9,12,15,18].

https://doi.org/10.3390/su18146933


https://doi.org/10.3390/su18146933

Sustainability 2026, 18, 6933

30f18

1.2. Theoretical Framework: Social Vulnerability Indices

Understanding the social dimensions of community resilience requires attention to
the severity of the impact, timeline of the event, and the demographics and capacity of
community members [1,26]. Social vulnerability indices can provide a starting point for
community resilience planning. The challenge lies in extending indices to develop a more
nuanced, localized understanding of social vulnerability that incorporates relevant factors
for building resilience [5,6,27-29].

Social vulnerability indices represent a quantitative approach to identifying social
dimensions of community vulnerability. Indices such as the social vulnerability index
(SoVI) developed by Cutter [30] and the social vulnerability index (SVI) developed by the
US Center for Disease Control (US CDC SVI) [31] have been used in assessing hazard risk,
but are limited by what the indices capture and require more refinement informed by the
scale and temporal nature of the impacts and by local conditions and knowledge [7,23,32].

1.2.1. Scale of Social Vulnerability Indices

Prior research has examined the utility of indices in terms of scale and how well
they capture on the ground vulnerabilities [4,32]. Indices such as SoVI and the US CDC
SVI provide an initial view of broader social vulnerabilities, while also highlighting the
importance of scale as a potential determinant of vulnerability. Further, planning pro-
cesses should focus on more localized conditions and local resources to address social
vulnerability [26,33]. Many indices, such as the SoVI and the US CDC'’s SV], are developed
at county or census tract levels due in large part to the accuracy of census data at these
scales [26,30,34]. Although census tracts may align with governance units in some com-
munities, in rural areas, county and tract lines can obscure governance units, which can
be important when enacting policy [7,21]. As a result, vulnerability assessments require
both top-down and bottom-up data and processes to fully comprehend vulnerability at an
appropriate scale [23].

1.2.2. Temporal Dimensions

Certain impacts, such as storm events, have direct consequences and are easier to mea-
sure, while other impacts, such as the increasing temperature and acidification of coastal
waters, are harder to interpret in terms of impacts on vulnerable community members.

The temporal nature of vulnerability associated with extreme storm events is chal-
lenged by indices constructed at a point in time. The US CDC SVI and SoVI use demo-
graphic data that is revised regularly to reflect updates in data. For example, the US CDC
SVIis updated biennially. Although updates can reflect shifts in demographics, as well as
adjustments to variables as research identifies emerging vulnerabilities, they often miss
shifts in vulnerabilities over time in response to extreme storm events. Some community
members may feel the effects directly after a storm, while others experience lingering
impacts, such as loss of income that may emerge later and reflect broader vulnerabili-
ties [32,34]. As climate impacts evolve, vulnerability assessments and indices must also
evolve to reflect changing environmental and social conditions and reflect the temporality
of vulnerabilities [7].

1.2.3. Integrating Local Knowledge

Mechanisms for drawing upon local knowledge systems through stakeholder en-
gagement contribute to longer-term resilience strategies [35,36]. Facilitated community
processes enable identification of social vulnerabilities and how these vulnerabilities inter-
act with short- and long-term impacts. Participatory processes provide multiple benefits:
stakeholders can ground-truth information on climate impacts; they are also more likely to
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use knowledge generated by participatory processes; and they benefit from social learning
and establishment of networks [37]. Providing opportunities to facilitate connections across
sectors to identify current strengths and weaknesses in responding to storm events is a
strategy for building social resilience to address social vulnerabilities [38].

Hazard mitigation planning processes have had limited incorporation of social vulnera-
bility. A global review of hazard mitigation planning found that vulnerable populations are
often not included in the planning process [8]. Approaches that engage community mem-
bers in identifying social vulnerabilities and refining vulnerability assessments towards
including hazard-specific interventions are key to mitigating impacts on all community
members [39].

1.2.4. Intersectional and Relational Dimensions of Vulnerability

Examinations of social vulnerability necessarily engage with climate justice and the
recognition that many dimensions of social vulnerability are intersectional. Vulnerabilities
also reflect broader institutionalized variables that must be addressed. While an exam-
ination of statewide hazard management plans revealed nearly one-third contained no
specific reference to social vulnerability, others included variables not included in the social
vulnerability indices, such as LGBTQ identity and veteran status [8]. Social vulnerability
indices can serve as a starting point, but more work is needed to identify and address
the underlying factors contributing to these vulnerabilities and to develop strategies that
respond to intersecting and relational vulnerabilities [1,8,32,40].

1.3. Maine Social Vulnerability Index Development and Application

A social vulnerability index (Table 1) for coastal communities was developed as a
planning tool for coastal communities in Maine. The Maine Social Vulnerability Index
(MESVI) is based upon the US CDC SVI but incorporates additional factors related to rural
communities [21,34]. Maine is one of the oldest states in the nation. Age, coupled with
social and geographic isolation, can be especially concerning in rural communities [41].
The MESVI includes a variable representing population over 65 and living alone [13,34].
Extreme storm impacts on working waterfront infrastructure, increased acidification of
marine waters, and contamination associated with higher frequency storm events could
pose risks to marine economies [30]. To reflect this vulnerability, the MESVI includes the
percentage of the population employed in the natural resource sector. Given the prevalence
of self-employment and small businesses in rural Maine, the MESVI also includes the
percentage of the population that is self-employed, reflecting potential disruptions due to
storm impacts [34,42]. To enable communities to understand vulnerabilities at an actionable
level (municipal in Maine), the MESVI was downscaled from the county level [21].

There are gaps in understanding how vulnerabilities shift across the rural-urban
continuum. A place-based understanding is needed to illuminate the spatial, temporal,
intersectional and relational dimensions of rural social vulnerability [9,32]. Further, re-
search in this realm has focused on quantitative measures rather than a more qualitative
examination of characteristics that contribute to heightened vulnerability. There is a need
to go beyond hazard mitigation and address overall social vulnerability reduction [32].
Finally, developing approaches to identify vulnerable populations and to engage them
meaningfully is key to addressing relational vulnerabilities [40]. Promising qualitative
approaches exist that are informed by prior research on scenario-based and facilitated
stakeholder-engaged processes to examine place-specific hazards. Such approaches allow
for localized examination of hazards and impacts on vulnerable populations [37,39,43].
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Table 1. Maine Social Vulnerability Index (MESVI) variables (2016). Modified from US CDC SVI
2014 [34]. Asterisk (*) indicates variables added for MESVI.

Categories MESVI Variables

Socioeconomic status Below poverty
Unemployed
Employed in natural resource occupation *
Self-employed *
Per capita income
No high school diploma

Household composition and disability Population 65 or older
Population 65 or older and living alone *
Population under 18
Civilian with a disability
Single parent household

Minority status and language Minority population
(percent residents) Speaks English “less than well”
Housing and transportation Multi-unit structures
(percent households) Mobile homes
Crowding

Households with no vehicle

Many studies apply standardized social vulnerability indices (SoVI, US CDC
SVI) [8,10,15,23,32]. Fewer studies combine a customized index with a qualitative case
study to examine needed improvements in scale, temporality, engagement processes, and
intersectionality and relational dimensions of vulnerability [37,39]. Our research applies a
localized index (MESVI) to examine rural vulnerabilities. Using a qualitative case study
approach, we incorporated the MESVI into facilitated community processes to identify
gaps and needed refinements for understanding rural social vulnerability.

Guided by the framework of scenario exercises and stakeholder engagement, our
research goals were to explore the role of facilitated community processes in refining
and contextualizing a customized index, specifically the MESVI [39], and to examine
iterative approaches for refining indices to address rural needs. Our research objectives
included: (1) to explore shared understandings of social vulnerabilities; (2) to examine
the potential of facilitated community processes in refining social vulnerability indices
as a means of planning and recovering from storms; and (3) to identify spatial, temporal,
and intersectional vulnerabilities within a rural context. We examine the role of indices in
informing the preparation, response and recovery from extreme storm events and identify
mechanisms to mitigate impacts on vulnerable community members.

2. Methods

Our research project employed an exploratory qualitative case study focusing on the
role of facilitated community processes to examine social vulnerability [37,39,43]. The case
study integrated a scenario planning exercise (the Southern Maine Social Resilience Project
or SMSRP) and a facilitated reflective process (the Lincoln County Social Resilience Project
or LCSRP) to examine the potential of facilitated community processes to refine and expand
a social vulnerability index to improve community hazard planning [36,37,39,43,44].

2.1. Study Area

The research project focused on coastal communities in Maine, USA. Maine, in the
northeastern part of the US, is one of the most rural states in the US, and has one of the
oldest populations. Maine’s coastline is one of the longest coastlines in the continental US.
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Maine represents an opportunity to examine the multidimensional rural context of storm
events in the Global North. Increasing high precipitation events coupled with encroaching
sea levels will directly impact coastal communities [3,21,45].

The SMSRP took place in parts of Cumberland and Sagadahoc Counties from 2020
to 2022, and the Lincoln County (LCSRP) took place in Lincoln County in 2024 (Figure 1).
Although both regions are located along Maine’s mid to southern coast, they differ in
governance structures and community characteristics. Originally conceptualized to develop
and then repeat a scenario exercise in two similar yet distinct geographies, the research

team modified the LCSRP in response to devastating storms that occurred in January of
2024 [46].
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Figure 1. Study area.

2.1.1. Southern MidCoast Social Resilience Project: Focus Groups and Development of
Scenario Planning Exercise

The SMSRP included eight communities with a combined population of 44,221 during
2020-2022 (Figure 1). The timeline was extended in response to the COVID-19 pandemic,
with a combination of in-person focus groups and interviews, culminating in a virtual
exercise in January of 2022. We held three focus groups with representatives from the con-
servation sector (8 participants), social service (8 participants) and emergency management
(8 participants). The focus groups explored how each sector approached social vulnerability
and their familiarity with the MESVI. An important outcome was the suggestion that a
scenario planning exercise (SPE) could facilitate cross-sector connections, assess under-
standings of social vulnerability, and explore how sectors supported vulnerable residents
during storm events.

During initial scoping, we conducted nine interviews (summer-fall 2020) with sector
representatives. Interviews focused on challenges each sector faced in meeting the needs
of socially vulnerable community members and best practices for designing an SPE that
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incorporated a typical regional storm, which specifically explored impacts on community
members with heightened vulnerabilities.

An SPE was developed in consultation with a project advisory committee comprising
representatives from conservation, emergency management, municipalities, and social
services sectors. The SPE replicated a late fall extreme storm that flooded roads and
caused extended power outages, which occurred during a high astronomical tide, resulting
in historic high storm tides and winds. It was designed to highlight the experiences
of community members with heightened social vulnerabilities: flooded and damaged
roads hampered emergency response and residents’” access to food and social support
systems; and loss of power posed risks to community members’ ability to keep warm, and
contributed to food spoilage.

A second key dimension was the SPE timeline. Based on advisory committee input,
the SPE extended beyond a typical exercise to capture lingering impacts felt by com-
munity members months after the storm and to allow for consideration of longer-term
planning processes.

The SPE was held in January 2022. Fifty-six individuals participated in the SMSRP
SPE, representing a range of sectors and geographies (Table 2). In advance of the SPE,
participants received a detailed description of the storm and its impact on area residents
and infrastructure at two points: within several days of the storm hitting the region and
six months after the storm event. Participants were placed in groups of 4-5 individ-
uals comprising representatives from conservation, social services, and/or emergency
management sectors.

Table 2. Cross-sector facilitated exercise participation by sector.

Sectors Represented by Participants SMSPR LCSRP
Emergency Management 17% 23%
Social Service 33% 25%
Municipal 19% 30%
Business 0% 5%

During the first portion of the SPE discussion (focused on immediately after the storm),
participants identified community members of greatest concern, how their respective
organizations would meet the needs of vulnerable community members and finally any
concerns about gaps in service provision for vulnerable populations because of the storm’s
impacts. In the second portion of the SPE discussion (focused on six months after the
storm), participants discussed lingering social and economic impacts, organizations’ role
in recovery, and finally, what measures were being taken to prepare for a similar storm in
the future.

2.1.2. Lincoln County Social Resilience Project

In 2023, we developed the LCSRP, which included 19 communities, all within Lincoln
County, with a combined population of 35,237. The LCSRP was originally conceived to
repeat the SPE as a proof of concept in a different locale, incorporating lessons from the
SMSRP, including engaging the business sector and developing approaches to connect
directly with community members experiencing heightened social vulnerability [47].

In late 2023 and early 2024, Maine experienced a series of storms that closely echoed the
SMSRP scenario. In December 2023, heavy rainfall, rapid snowmelt, partially frozen ground,
and pre-saturated soils produced catastrophic flooding in Western Maine. In early January,
back-to-back coastal storms with extreme rainfall and record-high storm tides damaged
homes, businesses, and working waterfronts, impacting small coastal communities with
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limited capacity to respond to the storms experienced in rapid succession. Damages
exceeded $70 million [46].

In response, we reconceptualized the project to reflect localized impacts. The first
stage included receiving additional training in trauma-informed interview techniques.
Between May and June 2024, we conducted five focus groups and seven interviews with
37 participants from business, conservation, emergency management, municipal, and
social services sectors. The goal of the focus groups and interviews was to develop a
baseline understanding of how each sector had prepared for and/or responded during the
2023-2024 storms.

To explore the impact of the 2023-2024 storms on community members experiencing
heightened social vulnerability, we conducted 14 community member interviews at two
events: one focused on older adults and the other on families with children, to explore the
impact of storms on these groups. In November 2024, in collaboration with the LCSRP ad-
visory committee, we held a community dinner with 67 participants, including community
members and representatives of community-based organizations.

In December 2024, we conducted a workshop for community leaders with 42 partici-
pants representing each sector (Table 2). At the beginning of the workshop, the research
team shared key findings from the focus groups and interviews. We then facilitated cross-
sector discussions to identify community vulnerabilities, prioritize the needs of vulnerable
community members, and identify planning processes for future storms.

2.2. Data and Analysis

Our exploratory qualitative case study incorporated focus groups, interviews, partici-
pant observation, facilitated community discussions, and pre- and post-surveys for both
project components to triangulate findings. For focus group notes, interview transcripts,
and facilitated discussion transcripts and notes, we employed inductive and deductive
coding methods. We employed deductive coding to identify references to MESVI variables
and to understand how the vulnerabilities resonated with sector representatives and com-
munity members. We coded inductively to identify references to additional vulnerabilities,
as well as intersectional, emergent, or relational dimensions of vulnerabilities. We coded
for descriptions of support systems or other approaches to mitigate storm impacts on
vulnerable community members to understand systems in place to mediate storm impacts.
We provide more detail on data capture and analysis for each component below.

2.2.1. Focus Groups and Interviews

For the SMSRP and LCSRP focus groups, two team members took extensive notes to
capture discussions and compared notes for accuracy. We identified key themes related to
descriptors of social vulnerability, approaches to mitigating storm impacts, and existing
support systems and shared notes and themes with focus group participants for verification.
We recorded and transcribed interviews and coded transcripts in NVivo v. 11.

As part of LCSRP, two research team members conducted intercept surveys with
community members. Team members transcribed notes from the interviews, identified
key themes associated with social vulnerability, and verified themes by the interviewers.
Research team members captured notes from the community dinner, identified key themes,
and verified findings with the two research team members present at each table.

2.2.2. Facilitated Community Discussions

For the SMSRP, we recorded all SPE discussions, then transcribed, cleaned, and
imported transcripts into NVivo v.11 and coded them inductively and deductively for
descriptors of social vulnerability associated with the scenario exercise and categorized
referenced by whether they were exacerbated by the direct impacts of the storm or emerged
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six months later. Team members reviewed themes for each discussion. For the LCSRP
leaders” workshop, note-takers captured discussions at each table. We coded notes to
identify key themes inductively and deductively. Team members present at each table
reviewed key themes to triangulate findings.

2.2.3. Pre and Post-Surveys

In both the SMSRP and the LCSRP, we administered pre- and post-surveys. Twenty-six
SMSRP participants and 19 LCSRP participants completed both. In the pre-survey, partici-
pants identified groups at highest risk to storm impacts from a list of social vulnerability
categories. In the post-survey, participants were asked the same question, but also included
newly identified categories from the SPE process. Participants also indicated which vulner-
able community members their organization currently served (pre-survey) and could serve
(post-survey). We conducted exploratory data analysis of the survey results and identified
key themes in the open-ended responses.

3. Results
3.1. Focus Groups and Development of Cross-Sector Facilitated Exercise

Focus group participants and interviewees in both SMSRP and LCSRP discussed their under-
standing of social vulnerability and who they considered most at risk from severe storm events.

3.1.1. The SMSRP Focus Group and Development of Scenario Planning Exercise

Participants expressed limited familiarity with the MESVI (Table 1), while recognizing
its value for their organizations. Conservation sector representatives described a more
limited view of social vulnerability, focusing on physical infrastructure vulnerabilities
and implications for residents. Similarly, emergency management (EMA) representatives,
focused primarily on physical infrastructure vulnerabilities, also highlighted challenges
for isolated community members. Social service organizations identified specific vulner-
abilities, some of which were not included in the MESVI. Both EMA and social sector
representatives noted challenges associated with individuals not seeking help or choosing
to shelter in place. Focus groups and interviews provided an opportunity to identify
additional vulnerabilities that informed the SPE. The outcome was the development of an
extended list of social vulnerabilities beyond those included in the MESVI (Table 3).

Table 3. Vulnerabilities identified in focus groups, interviews and facilitated discussions.

Vulnerability Stated in MESVI Newly Identified Vulnerabilities

Individuals 65 or over and living alone Uninsured /Underinsured

Natural resource occupation
Households below poverty
Individuals under 18

Victims of domestic abuse
New Mainers
Isolated populations *

Individuals living in a mobile home Unhoused /housing insecure *
Individuals who are self-employed Seasonal population *

Households without a vehicle
Individuals with a disability
Low-income households

Small business owners
Food insecure *
Individuals new to Maine

Population 65 or over and living alone Newly vulnerable *
Individuals who are unemployed Frontline workers *

Households with a single parent and children

Individuals experiencing substance use

disorder
BiPOC (Black, Indigenous, People of Color) Individuals experiencing mental health challenges
Individuals experiencing crowding Veterans

Individuals with less than a high school degree
Individuals who speak English less than well

* Indicates new vulnerabilities identified initially in focus groups and interviews.
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3.1.2. LCSRP Focus Groups: Reflective Practice and Engaging with Representatives of
Vulnerable Populations

LCSRP participants described experiences with the 2024 storm events and their ob-
servations of how the storms exacerbated existing vulnerabilities. Each sector identified
vulnerabilities included in the MESVI, but also identified additional vulnerabilities asso-
ciated with the storms. Many themes paralleled SMSRP while including new categories
reflecting the back-to-back nature of the storms. Participants described a new category,
“newly vulnerable,” which referred to individuals who did not previously fall within
a vulnerability category but, through experiencing loss of power and food successively,
experienced heightened vulnerability. Participants also identified essential workers (e.g.,
shelter staff) who were themselves navigating power loss and extended school closures.
These conversations contributed to an extended list of vulnerabilities not included in the
MESVI (Table 3).

3.2. Facilitated Cross-Sector Discussions

Having established an initial list of vulnerabilities based on the MESVI and newly
identified categories, we shared the list in advance of the cross-sector events.

3.2.1. SMSRP—Scenario Planning Exercise

Participants identified vulnerabilities prevalent at each of the two phases of the SPE
(immediately after the storm and six months later). While some vulnerabilities were
prevalent overall, participants discussed shifts in vulnerabilities over time, identifying the
temporal and scalar nature of vulnerabilities (Figure 2).

Individuals 65 or over and living alone

Low income households

Individuals with a disability

Housing insecure

Households without a vehicle

Households below poverty

Individuals who speak English less than well
Households with single parent and children
Individuals living in a mobile home
Inviduals 65 or over

Natural resource occupation

Individuals who are unemployed
Individuals who are self-employed
Individuals under 18

BiPOC (Black, Indigenous, People of Color)
Individuals experiencing crowding

New Mainers and new to Maine

Uninsured/Underinsured

o
B

10% 20% 30% 40% 50% 60% 70%

B SMSRP m LCSRP

Figure 2. Percentage of respondents indicating groups that are most vulnerable to the impacts of
extreme storms in post-survey (SMSRP = 26, LCSRP = 19).

In discussing the direct aftermath of the storm, participants highlighted isolation as
a driver of vulnerability, with the greatest concern focused on geographically isolated
populations, and residents 65 and older living alone. Participants also identified additional
vulnerabilities not included in the original MESVI. Many of these vulnerabilities were inter-
sectional, such as housing and food insecurity, reflecting income/poverty variables coupled
with the challenges of food access during storms and substandard housing. Another cate-
gory was residents new to the region, including asylum seekers and refugee resettlement
participants, facing challenges due to a combination of limited income, language, minority
status, and unfamiliarity with local storm conditions.
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Certain vulnerabilities were associated with the longer six-month timeline, including
self-employed individuals, frontline workers, and unemployed community members. For
example, concerns were raised about individuals with limited insurance who experienced
storm-related health impacts and faced difficulties recovering from these impacts. Of note,
SMSRP participants articulated a concern about “newly vulnerable” as emerging 6 months
after the storm. The concern about “newly vulnerable” community members was raised
in the early stages of the LCSRP process by focus group and interview participants who
reflected on the impact of the back-to-back storms the region had experienced.

3.2.2. LCSRP—Community Leaders Workshop

The leaders” workshop took place in December 2024, approximately 11 months after
the storms. The discussions were built upon information shared from earlier focus groups,
interviews, and the community dinner event. Participants discussed what they had wit-
nessed during and in the aftermath of the storm. Embedded in each phase of the discussion
was shared knowledge of who had been most impacted and how these observed social
vulnerabilities could be addressed through specific actions by conservation, municipal,
business, and emergency management sectors.

Participants identified groups likely experiencing heightened vulnerability. These
included many of the categories included in the MESVI: older adults, youth, and residents
employed in the natural resource sector (specifically fishing). Participants also identified
new vulnerabilities: veterans and financially constrained individuals. Geographic isolation
was also frequently mentioned by respondents.

3.3. Assessment of Facilitated Cross-Sector Exercise and Development of Recommendations

Analysis of pre- and post-surveys indicated shifts in familiarity with vulnerabil-
ity categories, identification of opportunities to modify organizational practices, and
identification of cross-sector partnerships to better meet the needs of socially vulnera-
ble community members.

Post-survey descriptive statistics provide insights into participants” understanding of
socially vulnerable populations resulting from participation, complementing qualitative
findings. In both exercises, participants reported that the events raised their awareness
of storm impacts on vulnerable populations (Figure 3). For the SMSRP, 54% indicated
the exercise was effective or very effective; for the LCSRP, 59% indicated effective or very
effective. In the LCSRP, none of the participants indicated the exercise was “Not Effective.”

In post-surveys, respondents reflected on key lessons reflecting emerging and intersec-
tional vulnerabilities. One participant stated, “People need food, shelter, and security. If
any one of those is disrupted, the imbalance means more vulnerability.” Another noted,
“Increase efforts to find out more about where socially vulnerable residents live and what
kind of support and resources specifically are needed.” Communication during power loss
emerged as a critical concern: “Everything gets lost once we lose power, so how do we
continue communicating without computers or cell phones? How can we take measures to
protect the most vulnerable in our towns once power is lost? Those are the questions that
stuck with me.”

Participants ranked the top three vulnerabilities associated with an extreme storm
event (Figure 2), with SMSRP respondents considering the scenario storm and LCSRP
respondents reflecting on the recent storms. In both, isolation was a prominent concern,
followed by low-income community members. There was a slight divergence in some of the
categories. LCSRP participants indicated greater concerns with uninsured /underinsured
individuals; SMSRP participants highlighted single-parent households, while no LCSRP
participants were concerned with this population.
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Capacity building was a key theme. Participants reflected on whether their organi-
zations could meet the needs of vulnerable community members in the aftermath of a
storm. In the SMSRP, 35% of those who responded to the survey indicated they were
involved or very involved in meeting the needs of vulnerable community members. In the
post-survey, 50% indicated they could be involved or very involved with addressing the
needs of vulnerable community members. A similar shift was exhibited in the LCSRP, with
19% indicating their organizations were involved or very involved in the pre-survey, and
41% of the same respondents indicated in the post-survey that they could be involved or
very involved in meeting the needs of identified vulnerable community members.

Not effective Minimally Somewhat Effective Very Effective

effective effective

SMSRP mLCSRP

Figure 3. Response to “How effective was the exercise in raising your awareness of the impact of
storm events on vulnerable populations?” (SMSRP = 26, LCSRP = 19).

4. Discussion

We examined the potential of facilitated community processes to refine social vulnera-
bility indices in a rural context and explored their spatial, scalar, temporal, intersectional,
and relational dimensions. Our work contributes to qualitative approaches that connect
indices to localized conditions [15,32,37].

Social vulnerability indices based on U.S. Census data, such as SoVI and the US
CDC SVI, provide initial insight into who may experience heightened vulnerability during
disasters such as coastal storms, and can serve as a starting point for more in-depth
exploration of vulnerabilities [26,27,36]. There are limitations in applying such indices in
terms of context, geography, types of events, and timelines [4,32]. Community-engaged
processes focused on specific event types and longer time horizons can yield a deeper, more
actionable understanding of place-specific vulnerabilities [37,39].

4.1. The Role of Facilitated Cross-Sector Processes in Refining Social Vulnerability Indices

Facilitated community processes can take the form of a scenario planning exercise,
or a reflective dialog after an extreme storm event, as were employed in our exploratory
case study [37,39,43]. These facilitated processes create opportunities to develop and
refine customized social vulnerability indices. Designing community-engaged processes
with longer time horizons and a focus on events that exacerbate vulnerability allows for
a more in-depth consideration of at-risk populations [39,43]. Convening local experts
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alongside individuals currently experiencing vulnerability brings critical local knowledge
to bear. Local experts can ground-truth commonly used index variables while identifying
additional, locally salient categories that may not be captured by census metrics. Engaging
these experts in exercises that explore direct impacts can also refine how categories are
defined. For example, age is often included as a variable, but an older adult may be at
greater risk when experiencing isolation and lacking extended support networks [48]. Our
research indicates that cross-sector dialogs deepen understanding of social vulnerability
in the context of extreme storms and help build community capacity to meet the needs of
residents experiencing heightened vulnerability.

Social vulnerability is a dimension of individual and community capacity [11,30].
Facilitating cross-sector connections enhances and strengthens community capacity to
identify and begin to address social vulnerability. A practical challenge is balancing
knowledge of where vulnerable individuals live with confidentiality constraints. Social
services and emergency management may hold sensitive information that cannot be shared.
One response is to resource organizations so they can provide support across planning,
response, and recovery without compromising confidentiality.

Engaging community members in facilitated dialogs is essential and must be ap-
proached with respect for all community members. Without meaningful participation
from those experiencing vulnerability, recommendations may skew toward organizational
perspectives rather than community needs, reflecting broader critiques of community en-
gagement [49]. Effective strategies include meeting people where they are, partnering with
community-based organizations (CBOs), and providing equitable compensation for partic-
ipants’ time. These strategies must also comply with human subjects research protocols,
requiring careful planning to balance compensation and confidentiality.

4.2. Context-Specific Dimensions of Vulnerability Indices

Vulnerabilities are often context-specific in both place and time. Understanding place-
based dimensions is essential for identifying strategies to reduce vulnerability [12,32].
Geography shapes risk (e.g., flood, heat) and infrastructural realities (e.g., rural areas with
limited transportation and communication lifelines) [21]. Rural communities experience
hazard events differently than their urban counterparts, both in what infrastructure may
be most at risk with cascading impacts on area residents, as well as what vulnerabilities
may be specific to rural residents [9]. One important example is the role of livelihoods,
which may be more significant in rural areas. Disruptions to natural resource-dependent
livelihoods in the shorter term, such as loss of access to worksites (piers), as well as longer-
term impacts (shifts in resource systems, disruptions to income), can contribute to enhanced
social vulnerabilities of individuals employed in these sectors [13]. Understanding these
impacts by engaging more directly with community members employed in the natural
resource sector, for example, may yield key insights on understanding rural dimensions of
vulnerability [19].

Our exploratory case study also highlights the temporal nature of vulnerabilities. By
including a two-stage process that allowed local experts to discuss their understandings of
vulnerabilities, these local experts could articulate changes in who might be vulnerable at
different stages of a hazard event. However, a limitation is overreliance on representatives
of local organizations rather than on the lived experience of community members experi-
encing heightened social vulnerability. Future research should address potential power
asymmetries in this approach [32].

Our research highlighted that certain vulnerabilities may be most prevalent at a
particular stage of a hazard event. For example, those experiencing food insecurity may face
heightened risk in the immediate aftermath, warranting targeted resource deployment [8].
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Longer-term impacts, such as delays in insurance payments or disruption to income, could
contribute to what participants identified as “newly vulnerable,” individuals who were not
previously at risk but become so due to extended impacts. Participants expressed concern
that the newly vulnerable may face added risk due to limited knowledge of available
resources [50].

Vulnerability may be a function of gaps in support services available at a community
level. For example, an organization may meet the needs of community members experienc-
ing food insecurity, but during storm events, without preparation, these same organizations
may have a lower capacity to respond in real time. As social vulnerability indices may
aggregate individual vulnerabilities into more general categories, developing actionable
responses towards building community resilience can be challenging. Therefore, while
vulnerability indices can be informative for assessing community members at greatest risk,
they should be a starting point for discussion [4,32]. Ensuring that policies are shaped by
those experiencing impacts as well as by organizations providing support services directly
during storm events is essential to developing equitable strategies [28].

4.3. Intersecting, Relational and Emerging Vulnerabilities

One of the greatest challenges of relying on a standard social vulnerability index
is that many vulnerabilities are intersectional and relational and do not fall within one
category [13,14,28,32,40]. Census data can guide discussions, but often vulnerabilities
may comprise several variables, enhancing existing vulnerabilities. One example of an
intersectional vulnerability identified by participants was food insecurity. In a social
vulnerability index, food insecurity can be captured by multiple variables such as income,
household type, use of subsidized programs such as the Supplemental Assistance Nutrition
Program (SNAP), and age. Food insecurity as a vulnerability is more nuanced and interacts
with other factors, such as limited ability to access food pantries during a storm event or
loss of food due to spoilage after extended power outages. In these situations, individuals
experiencing food insecurity may initially be stable economically and hence not fall within
any of the standard categories, but may still experience food insecurity through limited
access to food supplies or loss of food due to extended or back-to-back power outages.
Local knowledge is important for identifying and mitigating these types of intersecting
vulnerabilities [32].

Vulnerabilities faced by new community members illustrate intersectionality. In rural
areas, residents unfamiliar with storm preparation may require targeted support, including
information in familiar languages and on platforms they use [12]. In our case, participants
described challenges for refugees, asylum seekers, and secondary migrants, including lan-
guage barriers, differing communication platforms, housing insecurity, and unfamiliarity
with storm risks, compounded by institutional inequities tied to race and socioeconomic
status. Addressing these challenges requires collaboration among social services, emer-
gency management, and other partners. Direct engagement with affected community
members can highlight institutional dimensions and mitigate relational vulnerabilities
linked to power dynamics. Our research identified both strategies and challenges in these
engagement approaches [7,32,40].

Our research contributes to an emerging literature on methods for engaging strategi-
cally and respectfully with community members experiencing heightened social vulner-
ability. Some key learning points are the need to develop trust with community-based
organizations (CBOs) who can provide connections directly with community members,
and for the research team to have appropriate training and protocols in place to engender
trust and reflect respect towards all community members [28].
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Certain categories associated with vulnerability might not be included in census
data, but may contribute to vulnerabilities. Two of these included gender identity and
implications when establishing shelters, and unhoused populations and the associated
challenges with reaching this population about impending storm events. Neither category
is captured in census data, yet they are important to include in a list of vulnerabilities [8].

At the time of this writing, a new Maine Social Vulnerability Index has been developed
that aligns with the US CDC 2020 index. Although the Social Resilience Project and the
development of the new MESVI were parallel processes, the new MESVI for 2020 includes
variables that may better reflect some of the vulnerabilities emerging from the project. These
variables include changes in the definition of poverty level to 150% of the poverty level,
housing burden in place of per capita income, and inclusion of population without health
insurance [51]. The inclusion and changes in these factors derive from prior scholarship
that highlighted the impacts of housing cost and lack of health insurance in defining
vulnerability [50,52,53].

Challenges in connecting top-down indices to bottom-up processes to address the
distinct challenges of rural communities are not unique to Maine. At a broader scale,
our research contributes in a meaningful way towards broader knowledge in the US and
beyond in understanding the importance of scale, grounding vulnerability assessments in
local knowledge and institutional capacity, and exploring the specific dimensions of rural
resilience [12].

5. Conclusions

Rural areas face myriad challenges in adapting to climate change. Achieving re-
silience and sustainability goals requires addressing environmental, economic, and social
dimensions. Addressing the needs of socially vulnerable community members is a key
component of the economic and social dimensions of sustainability and resilience. Fa-
cilitated community processes can serve as an opportunity to refine social vulnerability
indices by providing context and enabling local experts to interrogate relevant factors. Our
research contributes to the growing literature on iterative approaches for applying and
refining social vulnerability indices to better understand rural community vulnerabilities.
By employing iterative approaches in our examination of rural vulnerability, we extend the
literature on the intersectional, temporal and relational dimensions of vulnerabilities faced
by rural communities.

This study is limited to a specific region and to the participants in the focus group,
advisory committee and facilitated cross-sector events. However, the approaches outlined
here are adaptable to other areas and contribute to broader explorations of rural resilience.
We also identify strategies to engage community leaders and offer lessons for engagement
with community members facing higher vulnerability. Future research could deepen
understanding of the temporal dimensions of social vulnerabilities, including whether
certain vulnerabilities are more prevalent at specific intervals and for certain event types.
Finally, future research could explore to what extent vulnerabilities are a function of gaps in
the capacity of communities, social service agencies and emergency management agencies
to respond. Examining the dimensions of capacity at a local level to mitigate the impacts of
extreme storm events on all community members will be an important next step in shaping
longer-term reduction in social vulnerability.
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