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As intensifying hazards continue 
to threaten coastal systems, it is 
becoming increasingly important 

to explore the concept of coastal resilience 
and question its current interpretations. 
In the United States (U.S.), coastlines 
are heavily populated economic hubs 
with over 118 million people residing in 
shoreline counties, concentrating 37% of 
the U.S. population into 18% of its land 
area (Kildow et al. 2016). Coastal systems 
also provide diverse habitats that support 
a range of vital ecosystem services, such 
as coastal storm protection, nutrient 
cycling, and water and air purification 
(Kirwan and Megonigal 2013).
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ABSTRACT
In the context of climate change, the term resilience was popularized by the field 
of ecology to describe how ecological systems respond to stress and has since been 
adopted and significantly adapted by various fields, including psychology, policy, 
urban planning, and engineering. The exact meaning of resilience has blurred over 
time. In the context of coastal hazards, “resilience” is a holistic idea that relates long 
and short-term physical hazards with societal and biological impacts and mitigation 
measures. However, applying this idea to community-based mitigation planning 
remains challenging due to: (1) the diverse meanings, perspectives, and applications 
of the term, (2) the tendency of the term to defer to the status quo, thereby neglecting 
the voices of historically marginalized populations, and (3) the non-participatory and 
quantitative nature of resilience studies, often depending on cost-benefit analyses. In 
this paper, an interdisciplinary team of researchers and practitioners develops and 
proposes a new conceptual model for coastal resilience that offers to help address 
these aforementioned challenges by focusing on meaningful community engagement. 
The goal of this paper is to introduce the pitfalls of existing interpretations of coastal 
resilience, describe the team-based approach applied to develop this framework, and 
provide a theoretical path forward that addresses the current challenges in describ-
ing coastal resilience. This new framework (a) integrates relevant factors of coastal 
resilience including hazards, exposure, vulnerability, adaptation, mitigation and pre-
paredness to qualitatively explore a community’s perception and state of resilience 
which (b) transcends existing models and (c) can be interpreted through a variety of 
perspectives. This model can be applied to document and assess locally differential 
understandings of coastal resilience and to engage communities in reflections of their 
individual and collective sense of resilience. 
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However, these coupled human-
natural systems are subject to various 
hazards that may be worsening as a result 
of climate change, including storm fre-
quency and intensity (Walsh et al. 2016), 
sunny-day flooding (Jacobs et al. 2018), 
erosion (List et al. 1997; Mentaschi et al. 
2018), saltwater intrusion (Barlow and 
Reichard 2010; White and Kaplan 2017), 
intensified wave impacts (BaMasoud and 
Byrne 2012; Bertin et al. 2013), and ex-
treme precipitation (Kunkel et al. 2010). 
With over $1 trillion of U.S. wealth held 
in coastal real estate, the ability to live and 
recreate safely on the coast is at risk (AIR 
Worldwide 2016). 

While coastal population centers 
continue to expand, many policymak-
ers and researchers are turning towards 
“resilience” as the solution to coastal risk 
(Coaffee and Clarke 2015; Leichenko 
2011). The colloquial use of the term is 
on the rise, often attributed to an increas-
ing awareness of climate change and the 
worsening impacts of natural hazards. 
With an aspirational focus on “bounc-
ing back” from shocks and persistence, 
resilience is a broadly appealing solution 
to various community challenges (Béné 
et al. 2018). At the same time, resilience 
is a multidimensional idea that is open to 
sometimes conflicting definitions. 

Since the concept’s emergence in the 
field of ecology (Holling 1985; Holling 
1973), resilience has been adopted by 
many different disciplines, including 
psychology (Hill et al. 2018), geomor-
phology (Kombiadou et al. 2019), finance 
(Markman and Venzin 2014), interna-
tional development (Barrett and Constas 
2014), among many others. Each field 
crafted a unique definition to suit their 
needs and resilience transitioned into 
a malleable paradigm. As of 2016, 25 
unique definitions of resilience have been 
identified (Meerow et al. 2016) and the 
titles of almost a dozen books published 
between 2005 and 2013 included the term 
“resilient city” (Vale 2014). According 
to Bonds (2018), “resilience has become 
something of a silver bullet: a crucial 
tool in the so-called ‘war on terrorism,’ 
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the solution to poverty and inequality, a 
central response to climate change and 
environmental disaster, and, not the least, 
the key to individual happiness.”

An engineering approach to resilience 
is often applied to human-coastal systems, 
with a focus on minimizing the threat of 
coastal hazards. Many assessments of 
coastal resilience are quantitative stud-
ies that include statistical return periods 
(e.g. 1% annual chance aka “100-year” 
flood events), sea level projections, and 
infrastructure data (FEMA 2021). These 
assessments are traditionally imple-
mented by governing bodies in order to 
promote general public safety and well-
being (Donaldson et al. 2013). However, 
by abstracting individuals from coastal 
risk assessments and resulting mitiga-
tion measures, coastal resilience efforts 
are becoming increasingly technocratic 
projects (Mehring et al. 2018) that are 
prone to the influence of inherent eco-
nomic, political, and social biases (Ade-
ola and Picou 2017; Gotham 2014). For 
example, many studies have concluded 
that investments in beach nourishment 
can result in variable wealth concentra-
tions along shoreline segments which, in 
turn, justifies further resource investment 
and establishes an economic feedback 
loop resulting in diverging property val-
ues (Keeler et al. 2018; McNamara et al. 
2015). Consequently, this becomes one 
of many contributions to the unequal, 
highly politicized distribution of flood 
risk across the U.S. and is a major critique 
of coastal resilience efforts (Chakraborty 
et al. 2014; Cutter and Emrich 2006; Don-
ner and Rodríguez 2008). 

In response to the drawbacks of cur-
rent definitions, Masselink and Lazarus 

(2019) offered a revised definition of 
coastal resilience that is more holistic 
and highlights the importance of socio-
economic factors:

“Coastal resilience is the capacity of 
the socioeconomic and natural systems 
in the coastal environment to cope with 
disturbances, induced by factors such as 
sea level rise, extreme events and human 
impacts, by adapting whilst maintaining 
their essential functions.”

The inclusion of socioeconomic fac-
tors is a critical step towards improving 
coastal resilience because efforts in the 
name of resilience are inevitably mapped 
onto geographies of highly variable so-
cial conditions. Community landscapes 
are shaped by politics, economics, and, 
consequently, detrimental social pro-
cesses including racial discrimination 
and financial exclusion (Bonds 2018). 
Social inequities must be addressed 
to improve the uneven distribution of 
coastal resilience across the U.S. (Meerow 
et al. 2019). However, resilience is often 
discussed in depoliticized terms and, as 
explicated later in this paper, this is a 
major critique of existing interpretations 
of resilience theory.

Incorporating participatory approach-
es may produce more equitable outcomes 
when planning for coastal resilience 
(Fainstein 2015). Because the coastline is 
a tightly coupled human-environmental 
system, it is especially vital to include 
social inputs in democratic resilience 
assessments via inclusive and participa-
tory methods. It is insufficient to rely 
exclusively on common socioeconomic 
proxies in coastal resilience models since 
resilience is contextually dependent. 

Rather, this paper argues it is important 
to directly engage a diverse, representa-
tive set of stakeholders in these assess-
ments to co-develop an accurate, holistic 
representation of coastal resilience. The 
remainder of this paper further reflects 
upon the challenges to current definitions 
of coastal resilience, contextualizes the 
role of social inequalities in coastal risk, 
and reviews the importance of coupling 
traditional resilience assessments with 
intentional community engagement. This 
paper ends by offering a new conceptual 
framework that encourages researchers, 
practitioners, and stakeholders to move 
beyond disciplinary perspectives and 
co-develop more inclusive, equitable 
understandings of coastal resilience.

CHALLENGES TO 
COASTAL RESILIENCE

Among the most well-known con-
ceptual models for socio-environmental 
resilience includes the adaptive cycle 
(Figure 1, a) and panarchy (Figure 1, 
b), which evolved from the ecological 
foundations of resilience theory and took 
root in systems thinking (Holling and 
Gunderson 2002). The adaptive cycle 
includes phases of growth or exploitation 
(Г), conservation (κ), release via disrup-
tive events (Ω), and reorganization (α). 
Panarchy nests the adaptive cycle within a 
non-hierarchical system of various levels. 
In this expanded model, linked processes 
occurring at different scales can influence 
the system of interest by providing “a 
form of memory that encourages reor-
ganization around the same structures 
and processes rather than a different set” 
and includes both bottom-up and top-
down controls (Allen et al. 2014). These 
frameworks are well-tested and valid for 

Figure 1. Adaptive 
cycle (a) and 

panarchy (b). Creative 
Commons License 

(CC BY-SA 4.0)
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characterizing ecosystems. If applied to 
social systems, they can accurately reflect 
socio-political hysteresis and other exter-
nal influences. 

However, popular frameworks of resil-
ience do not directly incorporate diverse 
perspectives of qualitative resilience and 
therefore fail to capture the nuances of 
local social conditions. When applied to 
coastal communities, resilience frame-
works may paint technical pictures that 
cover up the underlying politically sen-
sitive drivers of risk. Without explicitly 
incorporating social factors and, most 
importantly, community input, resil-
ience efforts can fall victim to top-down, 
expert-determined strategies that fail to 
respect the highly differentiated commu-
nity landscape. For example, after Hur-
ricane Katrina, New Orleans released the 
“green dot” map that identified city zones 
that were to be converted into green areas 
for flood management. Unfortunately, 
these zones coincided with the most 
impoverished portions of the city (Lamb 
2020; Olshansky and Johnson 2017). The 
plan failed to proactively acknowledge 
that the most environmentally risky land 
(with challenges including: air pollution, 
water contamination, flood prone, etc.) 
often becomes the only affordable areas 
for low-income individuals to reside 
(Tierney 2014). Relevant conceptual 
frameworks that do focus on social re-
alities include vulnerability frameworks 
(Cutter 1996) where vulnerability is one 
component of assessing overall risk and 
resilience. Socioeconomic variables and 
procedural equity are, thus, increasingly 
demanded in human-environmental 
resilience frameworks.

While at its core, coastal resilience 
describes a community’s ability to cope 
with and recover from a variety of hazards 
threatening the shoreline (Masselink and 
Lazarus 2019), in practical applications 
resilience plans often neglect social eq-
uity. In a review of cities participating in 
the Rockefeller Foundation’s 100 Resilient 
Cities program, Meerow et al. (2019) 
found most cities did not consider the in-
fluence of variable power, politics, and so-
cial justice sufficiently in their resilience 
plans, while those that did solely focused 
on the distribution of economic assets 
and opportunities. With a few exceptions, 
the cities’ resilience plans failed to address 
procedural equity, i.e. inclusive and fair 
decision-making processes (Domingue 
and Emrich 2019).

Planning for procedural equity in 
coastal resilience efforts is vital because 
one of the dominant critiques of resilience 
theory argues it neglects uneven power 
distributions that contribute to vulner-
ability (Meerow et al. 2016). Care needs 
to be taken that decision makers are not 
defining a community’s vision for resil-
ience without substantial, collaborative 
community engagement and questions 
of “resilience for whom, what, when, 
where, and why” need to be collectively 
addressed to ensure a nondiscriminatory 
path (Vale 2014). Traditional avenues to-
wards resilience involve tough decisions 
regarding how to invest limited resources 
to reduce vulnerability, however the most 
socioeconomically vulnerable groups 
tend to be excluded from decision making 
processes and, consequently, their needs 
are not prioritized (Vale 2014). In many 
cases, decision makers can easily identify 
physical vulnerabilities but struggle to 
recognize underlying factors related to 
social and financial capital that ultimately 
drive community resilience (Aldrich and 
Meyer 2015). This misconception can 
lead to unsuccessful efforts in the name 
of resilience, such as the failed relocation 
of communities following the 2004 Indian 
Ocean tsunami (Arlikatti and Andrew 
2012; Ingram et al. 2006).

One other critique of resilience theory 
is the tendency for definitions to defer 
to the status quo, thereby neglecting 
opportunities for substantial reorgani-
zation that can address systemic issues. 
For example, the definition of resilience 
according to the United Nations Office for 
Disaster Risk Reduction (UNDRR) em-
phasizes “…the preservation and restora-
tion of its essential basic structures and 
functions through risk management”1 
(UNDRR 2022), which leaves little room 
to reimagine progressive social alterna-
tives and may indirectly encourage the 
continuation of pre-existing power bal-
ances and structures present in society. 
The concept of “bouncing back” is often 
used in resilience conceptualizations, 
which inherently conserves conventional 
norms (Davoudi et al. 2012). In response, 
“bouncing back better” is often the fa-
vored goal, but still begs the following 
questions: (a) better for whom (Vale 

2014) and (b) who decides what is best 
for a community? As a result, studies have 
suggested that many resilience efforts 
tend to reinforce preexisting patterns of 
privilege  and largely benefit those who 
are already in positions of economic and 
political power (Fainstein 2015). 

Without intentional effort, coastal 
resilience planning may fail to address 
underlying systemic social equity issues 
that perpetuate the uneven distribution 
of coastal risk. To address this, coastal 
resilience assessments should integrate 
a diverse set of interests by ensuring 
that a representative set of stakeholders, 
particularly from marginalized groups, 
meaningfully contribute to a commu-
nity’s vision of coastal resilience. 

SOCIAL FACTORS 
AND COASTAL HAZARDS 

Consequently, it is important to reflect 
upon the potential shortcomings of cur-
rent approaches to understanding coastal 
resilience since many of the voices often 
excluded from resilience assessments be-
long to groups that are disproportionately 
burdened by coastal disasters. Across a 
variety of hazards, socioeconomic status 
is consistently found to be a contributor 
to disaster-related damage (Fothergill and 
Peek 2004). In many cases, correlations 
between income and housing quality 
help to explain these observations. Stud-
ies analyzing hurricane damage find that 
older and more affordable homes, often 
occupied by low income individuals, 
are more susceptible to wind and flood 
forcings (Van Zandt and Rohe 2011) and 
sustain more relative damage compared 
to more expensive homes (Highfield et 
al. 2014). 

Furthermore, property value is often 
used as a metric in the distribution of 
the Federal Emergency Management 
Agency’s (FEMA’s) flood hazard mitiga-
tion grants because their approach relies 
upon cost-benefit analyses (Rose et al. 
2007). However, property values play an 
important role in how we understand the 
disproportionate impacts of flooding on 
specific coastal communities (Rezaie et 
al. 2021). For example, a study of flood 
impacts in Vermont by Gourevitch 
et al. (2022) found that risk exposure 
was higher among low-income groups 
when measuring the absolute number of 
properties. However, when assessing the 
economic valuation of assets exposed, 
higher-value properties were found to be 

1) The full definition from UNDRR is as follows: “The 
ability of a system, community or society exposed to 
hazards to resist, absorb, accommodate, adapt to, 
transform and recover from the effects of a hazard 
in a timely and efficient manner, including through 
the preservation and restoration of its essential basic 
structures and functions through risk management.”
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at higher risk. These studies emphasize 
the importance of social context when 
quantifying and mitigating flood risk. 
If equity issues are not accounted for, 
“…these methodologies create perverse 
incentives in prioritizing flood mitiga-
tion interventions, whereby wealthier 
property owners often receive greatest 
protection” (Gourevitch et al. 2022).

However, income and property values 
are not the sole factors contributing to the 
uneven distribution of disaster impacts. 
Preexisting structures of marginaliza-
tion are highlighted and exacerbated in 
the aftermath of extreme events (Bolin 
and Kurtz 2018). Race (Hartman et al. 
2006), class (Dash et al. 2007), gender 
(Morrow and Enarson 1996), age (Ngo 
2001), and sexual orientation (Goldsmith 
et al. 2021) have all been linked to higher 
coastal-disaster-related vulnerability due 
to legacies of structural and environ-
mental discrimination. Vulnerability, in 
this context, refers to the likelihood that 
groups or individuals will be harmed by 
natural hazards and is shaped by both 
physical and social positioning (Cutter 
1996; Dow 1992). In another study of 
Hurricane Katrina, Fussell et al. (2010) 
explained how a history of residential 
segregation siphoned black communities 
into low-lying, vulnerable areas of New 
Orleans and resulted in higher damage 
rates among communities of color.  

Studies that incorporate holistic mea-
sures of vulnerability (e.g. Cutter’s Social 
Vulnerability Index or SoVI; Cutter et al. 
2003), into coastal disaster assessments 
have found that hazard data alone do 
not explain damage patterns. A study 
investigating the building damage caused 
by Hurricane María in Puerto Rico found 
that traditional indicators, such as flood 
extent and wind speed, contributed to 
damage patterns, but census-derived 
vulnerability indicators were the leading 
predictors of housing damage (Szczyrba 
et al. 2021). 

Not only is socioeconomic vulner-
ability a factor in determining disaster 
impacts, it also affects recovery trajec-
tories. Low-income individuals often 
struggle to fund needed repairs after un-
expected damage (Van Zandt and Rohe 
2011). After Hurricanes Ike and Andrew, 
home values in wealthier neighborhoods 
recuperated faster post-event than lower-
income neighborhoods (Peacock et al. 
2014). Among those who were displaced 

by Hurricane Katrina, black individuals 
returned to New Orleans at slower rates 
than non-black individuals (Fussell et 
al. 2010). Communities of color that 
sustained intense building damage also 
experienced rapid gentrification in the 
decade after Katrina (Van Holm and 
Wyczalkowski 2019). Furthermore, an 
empirical study assessing the distribu-
tion of federal aid following Hurricane 
Sandy found that the (1) percentage of 
foreign-born individuals and (2) local 
level of educational attainment were 
significantly correlated with the amount 
of federal assistance disbursed (Grube et 
al. 2018). They hypothesized that those 
factors added barriers that precluded 
many from accessing aid and recovery 
programs.

As a result, inequality and climate-
related hazards are locked in a vicious 
cycle whereby vulnerable groups are 
increasingly susceptible to and unable to 
recover from harm (Islam and Winkel 
2017). Because the impacts of coastal 
disasters are influenced by socioeconomic 
vulnerability, visions of coastal resilience 
should not only account for physical 
measures, but should also consider the 
social position of all who may be affected. 
Community participation in decision 
making is one strategy to overcome these 
legacies of inequity.

NEED FOR STAKEHOLDER 
ENGAGEMENT

While the call to measure resilience 
continues to grow (Quinlan et al. 2016), 
such emphasis on quantifying resilience 
overshadows the need for, and ben-
efit from, qualitative input from direct 
stakeholder engagement. In many cases, 
community self-assessments of resilience 
produce more qualitative data than nu-
merical, and this information often fails 
to be incorporated into resilience models 
(Anguelovski et al. 2016). Stories and 
lived experiences capture information 
that numerical models often miss and 
should be incorporated into assessments 
of community coastal resilience (Borie et 
al. 2019) and studies confirm the merit 
of inclusive and participatory processes 
(Meerow et al. 2019).

“Negotiated resilience” emphasizes eq-
uitable procedural processes in resilience 
decision making (Harris et al. 2018). In 
their approach, Harris et al. (2018) argue 
for early and frequent engagement of 
diverse perspectives and interests across 

various scales. Inclusive participatory 
processes denote a shift away from fi-
nancially motivated cost-benefit risk 
calculations and towards a regime of 
more equitable outcomes. To achieve 
this, a focus on the processes that support 
these goals is also needed (Ziervogel et al. 
2017). As a baseline assumption, negoti-
ated resilience recognizes a multiplicity 
of competing interests and creates a pro-
cedural framework to manage trade-offs 
and decision priorities. Furthermore, 
negotiated resilience acknowledges the 
differing abilities of diverse power holders 
to advocate for their own interests and 
commits to addressing existing gaps in 
capacity (Harris et al. 2018).

TOWARD A NEW FRAMEWORK 
TO EXPLORE 

COASTAL RESILIENCE
In recognition of the (1) impor-

tance of co-creating inclusive visions 
of coastal resilience and (2) limitations 
of current frameworks, we propose the 
state of resilience model (STORM) as a 
new conceptualization of coastal resil-
ience that incorporates both technical 
and social factors (Figure 2). STORM, 
as a proof of concept, is designed as a 
discipline-neutral framework to allow 
diverse stakeholder groups to discover, 
acknowledge, and explore various per-
spectives of coastal resilience. It draws 
from the definition of coastal resilience 
from Masselink and Lazarus (2019) to 
incorporate the physical and social di-
mensions that may increase or decrease 
community resilience. Critically, STORM 
acknowledges that resilience can be pro-
moted with social strategies that address 
underlying causes of social vulnerability, 
rather than focusing on solely technical 
mitigation solutions, and it can be applied 
to facilitate community conversations. In 
the remainder of this paper, we share how 
STORM was co-produced, explain each 
component of the conceptual model, and 
offer potential applications.

Approach
Virginia Sea Grant gathered an inter-

disciplinary team of engineers, geolo-
gists, lawyers, ecologists, and landscape 
architects at a Team Science Training to 
reflect on the meaning of the term “re-
silience” (Hartley et al. 2018). Each team 
member shared current paradigms within 
their individual expertise by creating a 
framework of coastal resilience stemming 
from their unique perspective. Members 
of the group applied brain-sketching 
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Figure 2. The state of resilience model (STORM). In STORM, a community’s 
state of resilience (black line with nodes) can be explored via factors 
that enhance resilience (adaptation, mitigation, preparation) and factors 
that contribute to risk and diminish resilience (hazards x exposure x 
vulnerability). External events of varying magnitudes (stars) also affect a 
community’s current state of resilience and may temporarily lower resilience. 
techniques (i.e. a visual form of brain-
storming; Van der Lugt 2002), to generate 
ideas and externalize group cognition. 
Through guided formal and informal 
discussions, the team evaluated the col-
lection of sketches and converged on the 
shared underlying themes (Bennett and 
Gadlin 2012; Fiore 2008) that described 
the relevant processes that contribute to 
community coastal resilience.

Our team grounded the identified 
themes with variables that are well-
established in current literature (Table 1). 
This required discussion and negotiation, 
given that some disciplinary distinctions 
led to definitional differences (Penning-
ton 2011). For example, ecologists and ge-
ologists may focus on hazards that cause 
environmental degradation while lawyers 
and planners may focus on hazards that 
disrupt economic and social processes, 
and each perspective is valuable to incor-
porate. Through these discussions, we de-
veloped the final conceptual framework 
and drew from visualization techniques 
used in systems thinking, disaster science, 
scenario planning, team science training, 
and ecosystem service assessments (Ash 
et al. 2010; Pohl et al. 2021; Potschin-
Young et al. 2018). As a result of this 
unique approach, STORM is a readily 
interpretable and visually engaging rep-
resentation of coastal resilience. 

Assumptions and 
theoretical foundation

All models are simplifications of real-
ity, and STORM is no exception. Several 

assumptions were incorporated into the 
development of this conceptual model. 
Firstly, STORM was designed to assess 
holistic coastal resilience at the commu-
nity level with a particular focus on the 
coupled human-environmental system 
in the U.S. It is assumed that social pro-
cesses are inextricably linked to coastal 
resilience and therefore, (a) the model 
draws from hazards-of-place theory 
(Cutter 1996) and (b) the definitions of 
variables used in the model stem largely 
from disaster science (Table 1). However, 
the model may be adapted to specifically 
explore natural systems, such as the resil-
ience of coastal sand dunes, coral reefs, or 
wetlands, although some factors may be 
less relevant (e.g. preparedness). Finally, 
resilience is assumed to be a dynamic 
process continuously evolving in time, 
rather than a permanent state that can 
be attained, since external factors such 
as disastrous or extreme events, climate 
change, and policy decisions at the state 
or federal level can constantly rework 
the system. 

Explanation
STORM visualizes a community’s 

state of resilience along a continuum and 
relates it with factors that either diminish 
or enhance resilience (Figure 2). The state 
of resilience is illustrated by a path with 
nodes indicating equilibria conditions. 
A community’s current state of resilience 
takes into account antecedent conditions, 
which includes processes from the social, 
natural, and built environment. 

Resilience increases from left to right 
as adaptation, mitigation, and prepara-
tion (Figure 2) dominate over hazards, 
exposure, and vulnerability (Figure 2). 
In disaster science, community risk is de-
fined by the likelihood of the occurrence 
of physical hazards multiplied by the 
assets (both infrastructure and people) 
exposed to potential harm multiplied 
by the sensitivity of those assets to dam-
age (Schneiderbauer and Ehrlich 2004). 
The concept of vulnerability, including 
social and structural vulnerability, of-
fers a critical opportunity to explore the 
dynamic social drivers of risk. In other 
words, risk relates physical hazards with 
the potential for disparate negative soci-
etal consequences and high risk reduces 
overall community resilience.

Factors that combat preexisting and 
future risk include adaptation, mitiga-
tion, and preparation (Figure 2). These 
concepts are related, but distinct (Table 
1). Adaptation refers to long-term adjust-
ments in response to evolving processes 
and changing conditions (Barnett et al. 
2014). An emerging strategy, termed 
adaptation pathways, allows for coastal 
communities to implement policy chang-
es in response to scientifically defined 
thresholds (Anderson et al. 2022). Ad-
aptation also includes social adaptation, 
whereby long-term social improvements 
can correct for social and racial inequities 
embedded in antecedent understandings 
of resilience (Bonds 2018). Mitigation 
measures reduce the impacts of crises on 
people and places, such as incorporating 
green or grey infrastructure to reinforce 
shorelines, and also includes efforts to 
reduce socioeconomic vulnerability by 
integrating economic development and 
social justice efforts. Finally, prepared-
ness is a state of readiness, meaning that 
members of a community understand 
their behavioral role in anticipation of 
and response to challenging circum-
stances (UNDRR 2022). Preparedness is 
conceptually linked to social capital in 
disaster research, which has been shown 
to increase community resilience (Morsut 
et al. 2021).

Disastrous coastal hazards include 
destructive hurricanes, tsunamis, oil 
spills, and harmful algal blooms, among 
many other natural and anthropogenic 
phenomena. Longer-term threats, such 
as coastal erosion, sea level change, and 
pollution, can also be included in this 
definition. The magnitude and frequency 
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Table 1. 
Definition and relevance of each term applied in STORM.

Term	 Definition	 Relevance in STORM
Coastal resilience	 “…the capacity of the socioeconomic and natural 	Coastal resilience is shaped by the
	 systems in the coastal environment to cope 	 confluence of social factors, human
	 with disturbances, induced by factors such as 	 decisions, and various  environmental
	 sea level rise, extreme events and human 	 processes.
	 impacts, by adapting whilst maintaining their 
	 essential functions.” 
	 — Masselink and Lazarus (2019)
Hazard	 “A process, phenomenon or human activity that 	 Includes distinct events in time (e.g. 
	 may cause loss of life, injury or other health 	 hurricane, oil spill, harmful algal bloom) 
	 impacts, property damage, social and 	 and longer-term evolving threats (e.g. 
	 economic disruption or environmental 	 erosion, sea level change, pollution) of 
	 degradation.” — UNDRR (2022)	 either natural or anthropogenic origin.
Exposure	 “The situation of people, infrastructure,  	 Assesses the array of assets (human, 
	 housing, production capacities and other 	 cultural, physical, monetary, etc.) 
	 tangible human assets located in hazard-prone 	 potentially in harm’s way.
	 areas.” — UNDRR (2022)
Vulnerability	 “The conditions determined by physical, social, 	 Results in disparate hazard impacts 
	 economic and environmental factors or 	 and outcomes. Includes physical factors 
	 processes which increase the susceptibility 	 (e.g. building age, construction quality) as 
	 of an individual, a community, assets or 	 well as social factors (e.g. income, political 
	 systems to the impacts of hazards.”	 power).
	 — UNDRR (2022)
Adaptation	 “…a process of adjusting to changes, which 	 Long-term strategies to respond to hazards 
	 has to be sustained over very long periods 	 that include scientifically defined adaptation 
	 of time.” — Barnett et al. (2014)	 pathways as well as social adaptations.
Mitigation	 “The lessening or minimizing of the adverse 	 Includes targeted engineering strategies 
	 impacts of a hazardous event.” 	 (green and grey infrastructure) in addition 
	 — UNDRR (2022)	 to community development efforts (e.g.
	 	 housing improvement and job placement 
	 	 programs)
Preparation	 “The knowledge and capacities developed 	 Includes critical infrastructure (e.g. 
	 by governments, response and recovery 	 alert system, shelters, public 
	 organizations, communities and individuals 	 transportation) and social efforts (e.g. 
	 to effectively anticipate, respond to and 	 education programs, translation services, 
	 recover from the impacts of likely, imminent 	 affordable access) that ensure community 
	 or current disasters.” — UNDRR (2022)	 members of all backgrounds can meet 
	 	 their needs during crises.

of these events affect coastal community 
resilience and are represented by eight-
pointed stars of various sizes (Figure 2, 
stars). Disasters can decrease community 
resilience, illustrated with impact trajec-
tory arrows, requiring communities to 
recover back to their initial state of resil-
ience. Communities with higher levels of 
resilience are likely to be less affected by 
disastrous events and have narrower im-
pact trajectories whereas events of similar 
magnitude that affect communities with 
lower levels of resilience have much more 
severe impacts. When multiple disas-
ters occur in close succession without 
allowing for full community recovery, 
resilience is continuously reduced and 
impacts are compounded. 

In an ideal and predictable world, the 
path towards resilience would be linear; 
however unexpected exogenous factors 
can force slow or rapid nonlinear changes. 
For example, slow-onset events or pro-
cesses such as sea level rise or increases 
in salinity can cause both economic and 
non-economic damage (van der Geest 
and van den Berg 2021) that can lead to 
relocation away from ancestral lands and 
loss of cultural heritage (McNamara et 
al. 2021). Alternatively, rapid events in-
cluding political changes (Fiack 2022) or 
global catastrophes (e.g. the COVID-19 
pandemic) could disrupt the status quo 
(Collins et al. 2021) and would necessi-
tate the reassessment of the current state 
of resilience under a new reality. In this 

sense, STORM draws from the concept of 
panarchy from Holling and Gunderson 
(2002), specifically the non-hierarchical 
and nonlinear nature of community 
evolution. A semicircle with an arrow 
at the end of the path is a simple repre-
sentation of the potential for a system to 
evolve nonlinearly (Figure 2). It offers an 
opportunity to consider radical system 
transformations beyond the status quo. 

The necessary qualities for interdisci-
plinary resilience frameworks that permit 
co-created understandings of resilience 
include flexibility, integration, and trust 
(Kench et al. 2018). STORM maintains 
conceptual flexibility by incorporating 
high-level variables which permit it to be 
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applied in a variety of circumstances and 
locales. If applied alongside thoughtful 
engagement strategies, it can integrate 
structural or engineered approaches to 
resilience without neglecting the underly-
ing causes of social vulnerability unique 
to individual communities.

Practical applications
Resilience is a complex, multidimen-

sional concept that is difficult to measure. 
This is further complicated by diverse 
definitions of resilience and the justifiable 
urge to quantify resilience to track the ef-
fectiveness of policy decisions. Assessing 
and measuring resilience is an important 
task to evaluate current conditions and 
identify pathways for improvement. In 
response, numerical proxies are often 
employed to streamline resilience into 
a quantitative index but this approach is 
often heavily generalized, not locally spe-
cific, and challenging to validate. Overall, 
the selection of proxy variables can be 
highly subjective and often do not repre-
sent the unique needs and characteristics 
of individual communities. 

To address the need for an inclusive 
assessment technique that can incor-
porate community input and thereby 
promote inclusion and procedural equity, 
STORM can serve as a baseline tool to 
help both define and measure resilience. 
The framework can offer a holistic 
understanding and representation of a 
community’s sense and state of resilience. 
Since STORM is comprehensive yet eas-
ily understood and open, it is capable of 
exploring diverse perspectives. Depend-
ing on the application, it can account 
for various spatio-temporal scales and 
socioeconomic contexts. 

STORM’s bottom-up approach to 
exploring resilience can contribute to col-
laborative designs in response to coastal 
threats. One potential application is to 
apply STORM to understand and qualify 
community resilience through commu-
nity events or town hall meetings. These 
events offer an opportunity to gather 
different stakeholders from the public 
and private sectors as well as different 
income, gender or racial groups within a 
community. The conceptual model (Fig-
ure 2) can be presented to the community 
members to identify their perceived state 
of resilience. This involves, firstly, provid-
ing definitions of each term listed in the 
conceptual model (Table 1) and illustrat-
ing how they can be flexibly interpreted 

to explore the various environmental and 
social factors that they find important. 
Then, they can be invited to identify the 
hazards they consider most disruptive to 
their state of resilience. This exercise can 
be followed by identifying their exposure 
and discussing their vulnerability to each 
selected hazard. Communities can also 
exchange dialogue between groups to 
propose potential adaptation and mitiga-
tion actions as well as discuss the status of 
their preparation to deal with the hazards. 

As a visual aid, STORM can be used 
along with sticky notes to map ideas 
and thoughts in order to facilitate group 
conversations about current and future 
avenues towards promoting resilience. As 
a tool for negotiating resilience (Harris 
et al. 2018), it can help explore disagree-
ments around the benefits and trade-offs 
of theoretical actions. If applied to the 
same community repeatedly over time, 
STORM can track the evolution of a 
community’s overall sense of their state 
of resilience. This can help measure, for 
instance, the effectiveness of educational 
efforts or various policy measures. 

The aforementioned exercise provides 
the community with a clear idea of the 
diversity of concerns and perceptions 
underlying perceived resilience, as well 
as potential avenues for solutions. While 
STORM is not a decision-making tool, 
when applied as an exploratory concep-
tual model, it enriches and organizes a 
collective understanding of the complex-
ity of human concerns by integrating 
various locally-specific conditions. By 
highlighting differing experiences, resil-
ience “winners” and “losers” cannot be 
overlooked (Meerow et al. 2019). There-
fore, STORM offers an opportunity to 
discuss the underlying factors impeding 
resilience that are often excluded from 
quantitative assessments. 

In one specific example, we look 
towards the completed work by Hem-
merling et al. (2020) that designed and 
applied a novel combination of facili-
tated group conversations, live polling 
activities, and local knowledge mapping 
in tandem with geospatial modeling to 
explore community resilience in coastal 
Louisiana. Of note, they found, “…a 
general agreement between the results of 
the social valuation model and those of 
the ecological and hydrodynamic models 
demonstrating that coastal protection 
and restoration planning supported by 

the incorporation of reliable knowledge 
drawn from both the scientific com-
munity and from the local community 
results in more effective and sustainable 
outcomes.” (Hemmerling et al. 2020). We 
offer that STORM can be incorporated 
into the engagement toolkit in similar 
community-informed resilience studies 
to facilitate and document conversations 
on local conditions, history, and the com-
plexity of human experiences.

Communities not only have a strong 
sense of place attachment but also are 
in frontline facing local hazards in their 
daily life. STORM’s approach aligns 
with multiple principles of locally led 
adaptation to climate change which urges 
collaboration between multiple actors, 
involvement of local communities in 
decision-making processes, and the iden-
tification of structural and non-structural 
inequalities existent within the commu-
nity (Coger et al. 2021). Furthermore, 
given the increasing demand for multi-
disciplinary research, it can also facilitate 
interdisciplinary academic conversations 
to uncover unique avenues for research.

LIMITATIONS AND 
FUTURE NEEDS

STORM is a novel conceptual frame-
work which can demonstrate how fa-
cilitated conversations amongst diverse 
actors can converge into a negotiated, ac-
curate understanding of resilience. While 
theoretically grounded, STORM has not 
yet been tested in stakeholder engage-
ment meetings and future work would 
include using STORM in a brainstorming 
session amongst a representative group 
of stakeholders. The framework should 
be applied in future test cases within U.S. 
coastal communities or areas with similar 
coastal hazards. The pilot application of 
the framework can be used as a baseline 
to facilitate conversations that ultimately 
aim to co-produce a locally specific 
framework and assess the perceived state 
of coastal resilience. In order to opera-
tionalize STORM, proactive steps would 
need to be taken to ensure marginalized 
groups were fairly included in all discus-
sions and decisions. We acknowledge that 
this requires substantial resources but we 
hope the arguments laid out in this paper 
help justify the investment. 

Additional research can improve the 
effective design and application of visual 
aids for facilitating community conversa-
tions. Future research can also enhance 
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social equity by adding relevant factors 
or sub-factors within the framework 
before application. On the other hand, 
the current framework emphasizes the 
importance of community input to shape 
the model and thus requires individual 
input, local discussion, and negotiation 
to achieve a collective understanding of 
community coastal resilience. Therefore, 
STORM acts as a bridging framework 
to help communities account for their 
specific needs and culture to achieve 
consensus. This aspect is the strength of 
the framework as it is open to interpre-
tation amongst diverse actors. However, 
this is also a limitation of the framework, 
which may be improved through future 
applications.  

CONCLUSION
This paper makes the case for recon-

ceptualizing coastal resilience with an 
intentional focus on community engage-
ment and social equity. We began by 
summarizing the major social critiques 
of common interpretations of resilience, 
demonstrated the influence of social fac-
tors in coastal disaster outcomes, and em-
phasized the need for diverse stakeholder 
engagement. The evidence presented in 
this paper argues that if resilience is to 
be employed successfully as a boundary 
concept with equitable outcomes, there is 
a need for new interdisciplinary concep-
tual frameworks of resilience (Meerow 
et al. 2015). Moreover, visual models 
of resilience must be relevant, capable 
of ingesting qualitative data, and easily 
understood in collaborative settings in 
order to assess perceived community 
resilience. In response, we offered a new 
conceptual framework to explore, assess, 
and qualify the state of community resil-
ience to coastal hazards.

The framework involves relevant fac-
tors related to coastal risk, including haz-
ards, exposure, and vulnerability, as well 
as factors related to risk management, 
including adaptation, mitigation, and 
preparation. These variables are graphi-
cally represented and interconnected to 
offer a simple yet transparent assessment 
of resilience, which can be determined by 
negotiation amongst stakeholders within 
the community. When combined with 
intentional representative engagement 

(including diverse income, racial, and 
gender groups), STORM can be applied 
to define and assess an inclusive and col-
lective understanding of a community’s 
resilience to coastal hazards. While the 
framework is novel and has inherent 
limitations, this paper suggests that con-
ceptual frameworks capable of ingesting 
qualitative information can help system-
atically reduce the biases that (a) alienate 
specific socioeconomic groups and (b) 
are inherent within purely quantitative 
methods.

We offer STORM not as a panacea to 
correct for antecedent historical injustices 
surrounding resilience efforts, but as an 
opportunity to facilitate open dialogue 
amongst diverse groups. STORM is a 
similarly abstract framework as panarchy 
and therefore avoids the pitfalls of false 
precision and encourages negotiation. 
The variety of meanings, perspectives, 
and goals behind resilience efforts will 
continue to persist as a result of the di-
versity of actors involved. As opposed to 
being a critique of “resilience,” we argue 
that if adequate consideration of systemic 
inequality and uneven power distribu-
tions is given, diverse perspectives can be 
harnessed to improve system knowledge, 
community trust, and future outcomes. 
We hope that STORM can be applied as 
an adaptable, equitable, and transparent 
facilitator of new collaborations between 
various disciplinary experts, community 
members, and other stakeholders.
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