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Abstract

To meet the challenges of hazards impacting coastal communities, demand is growing for more
equitable coastal natural hazard adaptation and disaster mitigation approaches, supported by
co-productive research partnerships. This review paper outlines contemporary advances in
hazard adaptation and disastermitigationwith attention to how an equity and justice framework
can address the uneven impacts of hazards on marginalized and underserved communities.
Drawing upon the allied concepts of distributive, procedural, systemic, and recognitional equity
and justice, we illustrate how these concepts form the basis for equitable coastal resilience. To
demonstrate how equitable resilience can effectively advance contemporary adaptation and
mitigation strategies, we present two vignettes where collaborative partnerships underscore how
equitable coastal hazard planning and response practices complement these processes in coastal
zones subject to large earthquakes and tsunamis. The first vignette focuses on disaster response
and takes place in the Tohoku region of Japan, with diverse gender and sexual minority
community members’ experiences of, and responses to, the 2011 Tohoku disasters. The second
vignette centers on hazard planning and takes place on theU.S. Pacific Northwest coast along the
Cascadia Subduction Zone to demonstrate how principles of distributive, procedural, systemic,
and recognitional equity can inform the co-production of alternative coastal futures that
prioritize equitable resilience. From this discussion, we suggest applying an equity lens to
research processes, including alternative futures modeling frameworks, to ensure that the
benefits of hazard adaptation and disaster mitigation strategies are equitably applied and shared.

Impact statement

Growing threats posed by natural hazards demand that coastal hazard planning, response, and
adaptation practices safeguard coastal communities while minimizing uneven impacts on
historically underserved groups. Scientific research partnerships that prioritize sustained,
meaningful, multi-stakeholder community engagement through the co-production of know-
ledge should be considered best practices for policy-relevant research that aims to help
communities grow more resilient. The concepts of distributive, procedural, systemic, and
recognitional equity and justice illustrate how these partnerships can form the basis for equitable
resilience and adaptation. This is especially important in contexts which are vulnerable to both
seismic and tsunami hazards, such as the Tohoku region of Japan and the Cascadia Subduction
Zone of North America. This review article examines the state of coastal community resilience
practices, demonstrating how the concepts of equity, justice, and co-production of knowledge
can effectively support coastal hazard resilience practices in hazard-prone communities for
equitable futures. The article demonstrates that these principles linked to co-productive research
relationships can be powerful tools for achieving equitable coastal community resilience.

Introduction and background

Human settlements are increasingly located in proximity to coastlines (Oktari et al., 2020), with
some 40% of the global population currently living in coastal regions (Reis et al., 2022). Roughly,
90% of cities worldwide are in coastal regions, and some 60% of these are considered at risk of a
tsunami (Sundermann et al., 2014; Reis et al., 2022). Coastal communities are also increasingly
forced to balance competing demands, such as meeting the housing and public infrastructure
needs of growing coastal populations in ways that integrate both scientific knowledge of tsunami
hazard zones, and community desires, perceptions, and participation in hazard planning
(Herrmann-Lunecke and Villagra, 2020). Many coastal communities face additional barriers
to increasing their resilience, including limited financial resources, lack of capacity to interpret
and integrate research and data into planning, and challenges in engaging a broad array of
community members in these processes (Lipiec et al., 2018).
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Tomeet these challenges, demand is growing for the integration of
equitable coastal hazard adaptation practices, and scientific know-
ledge production and policy creation, supported by transdisciplinary
co-productive approaches (Peek et al., 2020). This review paper
provides an overview of some recent trends in coastal hazard adap-
tation, a term we use here to encompass the many aspects and
temporal contexts of hazard planning, response, and recovery pro-
cesses focused on achieving coastal resilience. We explore the poten-
tial for an equity lens in these processes by putting forth two vignettes
that demonstrate how community research partnerships based on
equity and inclusion can support equitable coastal resilience. The first
example focuses on disaster response and takes place in the Tohoku
region of Japan, with diverse LGBT+1 coastal community members’
experiences of, and responses to, the 2011 Tohoku disasters. In the

aftermath of the 2011 Great East Japan Earthquake and Tsunami
(GEJE; Figure 1a), LGBT+ communities in the region underwent
specific experiences of vulnerability, which led to a set of community
responses. These experiences and responses were rooted in everyday
marginalization as a stigmatized group, as well as in specific disaster
preparations that assumed people’s needs would be universal.

The second vignette focuses on coastal hazard planning and
takes place on the U.S. Pacific Northwest coast along the Cascadia
Subduction Zone (CSZ; Figure 1b) with a geological setting mirror-
ing the Tohoku region. Communities along the Cascadia coastline
are highly vulnerable to a disaster similar in impact to the GEJE
(OSSPAC, 2021). In the CSZ, experiences from Tohoku can inform
geophysical and tsunami modeling and simulations (Frankel et al.,
2018; Skarlatoudis et al., 2018), and lead to new approaches to
alternative coastal futures modeling. However, coastal hazard pol-
icies need to be co-produced with community residents and stake-
holders to uphold principles of procedural (Terpstra and Honoree,
2003; Leach et al., 2018), systemic (Bozeman et al., 2022), distribu-
tive (Leach et al., 2018; Wiles and Kobayashi, 2020), and recogni-
tional equity (Meerow et al., 2019).

Contemporary advances in coastal hazard adaptation

planning

We begin with a brief overview of recent strategies and scientific
advances in coastal hazard adaptation planning. Many of these
strategies relate to challenges of urbanization and increasing coastal
population density (Sundermann et al., 2014; Reis et al., 2022), with

Figure 1. (a) Map of the Tohoku region showing the rupture zone in 2011. (b) Map of the Cascadia Subduction Zone (used by permission from theOregon Department of Geology and

Mineral Industries, 2012).

1Lesbian, gay, bisexual, transgender, and other gender nonconforming per-

sons. With growing knowledge and awareness of the rich and diverse landscape

of genders and sexualities, it is becoming increasingly complex to name all

manners in which nonconforming people choose to identify, or not identify as

such. In the Japanese language, this terminology is further complicated by the

use of katakana alphabet “loan words” such as erujiibiitii (LGBT) and other

terms. Our use of the term “LGBT+” in this paper follows the use of individuals

in both Japan and the USA, who identified with the terms lesbian, gay, bisexual,

transgender, or other non-conforming gender identity or sexuality, and who

mobilized the LGBT acronym as a strategic political choice when discussing

their activities, while acknowledging with the use of the plus (“+”) that this

acronym is far simpler than the ocean of diversity that exists in the real world of

human genders and sexualities.
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more recent advances emphasizing the added efficacy of incorpor-
ating demographic considerations (Buylova et al., 2020; Maletta
and Mendicino, 2022; Reis et al., 2022) and community-
collaborative resilience-building (Doyle, 2020; Herrmann-Lunecke
and Villagra, 2020; Nakano et al., 2020; Oktari et al., 2020).
Advances in scientific and engineering approaches to coastal haz-
ards have better-equipped communities to mitigate the risks asso-
ciated with the cascading hazards of earthquakes, tsunamis,
landslides, and so forth (Satake, 2014; Suppasri et al., 2021; Reis
et al., 2022). For example, a growing number of scientific projects,
case studies, conferences, publications, field surveys, simulations,
and models, many of which proliferated in the wake of recent
tsunami disasters, such as the GEJE (Mas et al., 2012; Suppasri
et al., 2016; Strusińska-Correia, 2017; Edgington, 2022), have
yielded remarkable advances in understandings of tsunamigenic
seismic events, as well as early warning systems, building and design
codes, and evacuation measures (Makinoshima et al., 2020) to
mitigate tsunami impacts around the world (Chock, 2016; Robert-
son, 2020; Reis et al., 2022). Additionally, the proliferation of
knowledge, technology, and planning guidelines around coastal
hazards is promulgated at the global scale through institutional
frameworks and objectives aimed at anticipating and reducing risk,
protecting life and assets, and achieving sustainable long-term
socioeconomic development (Shi et al., 2020). Examples include
the Sendai Framework for Disaster Risk Reduction (UNDRR,
2015), sustainable development goals (United Nations, 2015), the
Paris Climate Agreement (UNFCC, 2015), the New Urban Agenda
(United Nations, 2017), and Biodiversity Agenda (Guerquin and
Ventocilla, 2020), demonstrating the past three decades’ efforts
among countries, sectors, and stakeholders to develop new scien-
tific approaches, effective tools and methods, advanced technolo-
gies, and streamlined measures that promote coastal hazard
adaptation and disaster risk reduction (Shi et al., 2020).

Notable advances have also emerged among federal agencies,
organizations, and institutional bodies aimed at reducing the impact
of major disasters through both formal and informal interagency
collaborations (Bernard et al., 2006; Ward et al., 2018). For example,
the Federal Emergency Management Agency (FEMA) recently
released guidelines that include a renewed emphasis on community
resilience and equity in mitigation planning. This focus is increas-
ingly seen as an important and complementary component, along-
side technical advances, in adaptation planning (FEMA, 2022).
Recent regional work also acknowledges that achieving tailored
multi-hazard solutions that align with the diverse needs of coastal
communities requires the co-production of knowledge by a variety of
stakeholders, including tribes and governments, professionals, com-
munity leaders, and residents (e.g., OSSPAC, 2013; Ruckleshaus
Center, 2017; Peek et al., 2020).

Disaster experiences are not created equal

The growing interdependence of networks and institutions working
in natural hazard adaptation planning contexts is accompanied by
increasing complexities of societal structures coupledwith inherently
unpredictable aspects of hazard threats, as a major challenge
(Pescaroli and Alexander, 2018; Thiri, 2022). Analysis of hazard
risks and adaptation strategiesmust integratemultiple human, infra-
structural, and natural factors that affect the magnitude of risks to be
effective. This includes considerations of the reasons why some
minority communities opt for alternative sources of post-disaster
support (Pescaroli and Alexander, 2018; Kotani et al., 2021; Blago-
jević et al., 2022; Thiri, 2022), such as out of fear for their personal

safety based on common experiences of marginality in everyday life
(Fox, 2020). Thus, new institutional frameworks, analytical tools, and
technologies for understanding and mitigating coastal hazard risks
have accompanied research findings into the multidimensional soci-
etal, and place-based challenges that different groups face during and
after disasters (Thiri, 2022).

Despite a growing emphasis on the social dimensions of risk and
the inclusion of demographic considerations into disaster planning
(Buylova et al., 2020; Maletta and Mendicino, 2022; Reis et al.,
2022), the specific incorporation of equity-informed frameworks
into these processes has not necessarily kept pace with techno-
logical advances (Wisner, 2020). This is particularly concerning as
barriers to recovery common among many survivors of disasters
(Table 1), such as accessing supplies, information, and resources,
are further exacerbated by disability status (Stough et al., 2016;
Gaskin et al., 2017; Kosanic et al., 2022), experiencing extreme
poverty or being unhoused (Vickery, 2018; Gaillard et al., 2019),
non-normative gender identity and gender expression (Fox, 2020;
Goldsmith et al., 2021), immigration status (Méndez et al., 2020),
age (Malak et al., 2020), and other systemic factors that can conflict,
overlap and mutually constitute one another, producing uneven
disaster outcomes (Vickery, 2018).

These studies (Table 1) have highlighted the limitations of “one-
size-fits-all” approaches to hazard planning that may overlook the
diverse needs, capacities, and priorities of marginalized groups
(Vickery, 2018; Benevolenza and DeRigne, 2019). However, there
are also limits to specificity in coastal hazard adaptation as trying to
create policies that can attend to the needs of every individual across a
society can seem daunting. Here, the concept of co-benefits, “the
secondary or unintended goals of a hazard adaptation project that are
additional to the project’s primary function, but complementary to
its objective of increasing community resilience” (Jones and Dober-
stein, 2022) can be a powerful tool to maximize resilience across
communities. By seeking direct input from communities to identify
which needs and potential solutions offer co-benefits beyond a
specific marginalized group, policy options become more viable.
However, concrete strategies that directly seek out and incorporate
knowledge and experiences of underserved communities in hazard
planning remain relatively scarce in research and policy (Hiwasaki
et al., 2014), and social vulnerabilities like those described above are
often difficult to identify and quantify, leading many studies to
disregard them altogether (Thiri, 2022). Therefore, a persistent
challenge facing coastal hazard planning is how to ensure that
technological advances toward hazard resilience are not rendered
less effective when communities who aremarginalized by oppressive
social systems are chronically unable to equally participate in their
development and implementation (Kehler and Birchall, 2021).
Because vulnerabilities, like disasters, unfold across temporal scales
and stages, we draw attention to the importance of an equity lens in
all phases of the disaster cycle, including the range of actions taken
toward adaptation planning well in advance of a trigger event.

Key concepts to complement sustainable and resilient

coastal hazard adaptation and disaster planning

An equity lens brings many benefits to the nexus of social science,
community collaboration, and technical scientific expertise in
hazard adaptation planning and decision-making (Brand and
Karvonen, 2007; Cote and Nightingale, 2012; Wyborn et al.,
2019; Lukasiewicz and Baldwin, 2020; McNamara et al., 2020;
Scheidel et al., 2020; Siders, 2022). Hurricane Katrina’s
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disproportionate impact on Black communities in New Orleans
stands out as an example of a missed opportunity for imparting
such a lens (Sanchez and Brenman, 2008). While Black commu-
nities’ reliance on public transit at the time of the 2005 storm was
four times higher than that of white communities, renderingmany
Black residents less mobile, this did not figure into plans for mass
evacuation (Pastor et al., 2006). The addition of equity and justice
considerations ahead of a hazard’s onset, therefore, is of critical
importance (Sanchez and Brenman, 2008; Rivera et al., 2022) for
equitable resilience.

Equitable resilience

Resilience has historically been understood as “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” (UNDRR, n.d.). However,
this definition can fall short of considering underlying causes of
vulnerability, such as those related to equity (Boonstra, 2016;Matin
et al., 2018) by either favoring already-advantaged groups and/or
prioritizing a return to pre-event unjust social structures resulting
in uneven outcomes (Cote and Nightingale, 2012). In some situ-
ations, resilience can perpetuate, rather than interrupt, cycles of
vulnerability, leaving communities with few tools to transform or
adapt to the undesirable circumstances impacting them (Berkes
and Ross, 2013; Hardy et al., 2017; Eakin et al., 2021). To oper-
ationalize an equitable resilience framework, we first need to
understand how different forms of equity can come to bear in
different phases of disasters.

Different forms of equity call attention to different aspects of its
application, as well as how these principles can operate effectively
across different phases of the disaster (preparedness, response, and
recovery). Procedural equity refers to how decisions regarding the
allocation of risks, resources, and impacts are made (Terpstra and
Honoree, 2003; Leach et al., 2018) and focuses on the operation of
power. Utilizing principles of procedural equity can highlight how
complex administrative systems and structures render specific
groups at higher risk than others in a hazard (Rivera et al., 2022),
especially during the preparedness phases. A study on procedural
inequities illustrates how community development plans placed
low-income neighborhoods along the USA–Mexico border at a
great disadvantage during recovery from Hurricane Dolly in 2008
(Rivera et al., 2022). Residents who had experienced historic eco-
nomic segregation and disinvestment, including being routinely
denied access to planning and other resources due to the unincor-
porated status of the neighborhoods, encountered procedural bar-
riers and a lack of clarity around accessing FEMA support after the
hurricane. Procedural equity in decision-making around adapta-
tion to hazards requires that communities have the capacity and
resources to fully participate in such processes and that non-
technical stakeholders’ participation is not impeded by the overly
complex, highly technical nature of the process (Eakin et al., 2021).

Systemic equity describes the degree to which institutional and
administrative resources and policies address the cultural needs of
systemically marginalized communities (Bozeman et al., 2022). A
study of communities in Baltimore, Kansas City, and Dallas, illus-
trates the relevance of systemic equity across all phases of disasters.
Legacies of racially biased housing and land use practices led to
disproportionate heat exposure in poor communities of color
(Wilson, 2020). Ongoing historical experiences of systemic inequity

Table 1. Examples of studies examining barriers faced by marginalized communities in disasters

Study Type Population(s) of focus Examples of barriers Event/hazard type

Stough et al., 2016 Qualitative

empirical study

People with disabilities Lack of access to housing, transportation, employment,

physical and mental health, and recovery services

Hurricane

Gaskin et al., 2017 Systematic review People with disabilities Lack of access to information, inaccessible evacuation routes,

procedures, inaccessible shelters

Climate hazards

Kosanic et al., 2022 Systematic review People with disabilities Lack of access to critical information, transport for evacuation

and sheltering, lack of accessible beds and bathing facilities

Climate hazards

Gaillard et al., 2019 Qualitative field

study

People who are unhoused Community distrust of official agencies, “rough sleeping” in

seismically unsafe structures, stigma, disconnection from

media and sources of information

Earthquake/Tsunami

Vickery, 2018 Qualitative study People who are unhoused Stigma, loss of campsites, tents, documents, clothing, limited

access to shelters

Floods

Fox, 2020 Qualitative field

study

People who identify as

LGBTQ+

Lack of access to gender-inclusive bathing and sleeping areas,

lack of anti-LGBTQ+ discrimination policies in shelters,

difficulty accessing recovery benefits due to exclusionary

definitions of “family”

Earthquake/Tsunami

Goldsmith et al., 2021 Review People who identify as

LGBTQ+

Lack of recognition of LGBTQ+ families in disaster response

causes barriers to accessing disaster relief services, prevalence

of faith-based organizations in disaster relief, lack of anti-

LGBTQ+ discrimination policies in shelters

Climate hazards

Malak et al., 2020 Qualitative field

study

Elderly people Lack of access to specialized medical treatment, difficulties

recovering due to fixed income, reliance on family members

for information, mobility challenges and physical barriers to

shelter access

Cyclones

Méndez et al., 2020 Qualitative

empirical study

Undocumented immigrants

and people with precarious

immigration status

Language barriers to accessing information, ineligibility for

federal aid, lack of transportation to evacuate

Fire

4 Natasha Fox et al.
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are highly relevant for planners and policymakers in community
consultation processes involved in planning and mitigation
(Grubert, 2023), and greater consideration of this aspect of equity
in hazard response and recovery can ensure that such disparities are
addressed rather than deepened (Wilson, 2020).

Distributive equity focuses on the way risks, resources, impacts,
and benefits are distributed in society (Leach et al., 2018; Rawls,
2020; Wiles and Kobayashi, 2020). In the hazard context, distribu-
tive equity is concerned with the risks and impacts of disasters
relative to a community’s access to power (Rawls, 2020), with
relevance to response and recovery phases, but also during prep-
aration, when the distribution of power, and access to resources
across institutional and social networks is key (Doorn, 2017; Eakin
et al., 2021). Persistent barriers to low-income and high-minority
communities accessing federal assistance after disasters is an
example of distributional inequity (Emrich et al., 2022). These
can include distributive inequities in disaster recovery assistance
that further entrench socioeconomic and racial disparities (Emrich
et al., 2022), and systemic inequities in accessing transportation that
impede disabled communities from participating in emergency
evacuation procedures (Kosanic et al., 2022).

Recognitional equity focuses on how intersecting identities are
shaped by historical injustices, which then influence access to
resources and differential experiences of vulnerability (Meerow
et al., 2019). An Environmental Protection Agency study (EPA,
2006) examining the unintended impacts of redevelopment and
revitalization of communities provides an example of recognitional
equity. The study demonstrated how projects that disregard local
features tied to culture and history, before proceeding with reloca-
tion plans and policies, unintentionally contributed to cumulative
environmental and health impacts on communities of color (EPA,
2006). Recognitional equity involves careful framing and recogni-
tion of place, identity, and social contexts that form the landscape in
which people and communities see themselves and interact with
policies that impact them (Matin et al., 2018;Wilson, 2020),making
this form of equity particularly relevant during the disaster pre-
paredness phase.

Each of these subcategories of equity recognizes the need to
intentionally prioritize socially disadvantaged groups by adjusting
the rules or structures, or the way resources are distributed, to
address the underlying causes of inequality (Wiles and Kobayashi,
2020). Justice can be thought of as the long-term implementation
of equitable outcomes by dismantling the societal barriers that
cause inequity in all its forms (Lukasiewicz and Baldwin, 2020). As
such, justice and equity are interdependent, and linked by geo-
graphical and temporal contexts of history and sociopolitical
conditions that can hamper or facilitate different communities’
access to power (Meléndez, 2020). Issues of justice and equity are
always at play in local communities through governance institu-
tions, policymaking bodies, and other systems that allocate
resources (Meléndez, 2020), including the consideration and
implementation of coastal hazard adaptation planning policies
that may make some segments of coastal communities more
resilient to hazards than others.

Together, distributional, procedural, systemic, and recogni-
tional equity must form the basis for achieving equitable resilience
that, in the long-term, can help to dismantle the social systems that
create differentiated outcomes in the first place (Cote and Night-
ingale, 2012; Pellow, 2017; Davoudi, 2018; Ensor et al., 2021). One
point of entry to proceed with the identification and dismantling of
social systems that create socially differential outcomes is through
equitable co-production of knowledge (Eakin et al., 2021).

Operationalizing equitable resilience through co-production of
knowledge

Involving communities in multi-stakeholder engagement spanning
the realms of science, society, and policy is a process known as
co-production (Kates et al., 2000; Djenontin and Meadow, 2018;
Wyborn et al., 2019). Communities themselves are well equipped to
identify and understand the lived experiences and impacts of dis-
tributive, procedural, systemic, or recognitional inequities that they
face (Goldsmith et al., 2021; Kehler and Birchall, 2021). The devel-
opment of equitable coastal hazard adaptation planning approaches
requires significant community involvement and knowledge to iden-
tify and understand potential inequities of existing or proposed
approaches, and to co-develop new more equitable mitigation and
adaptation approaches and decision-making processes.

Co-production of knowledge operationalizes the fundamental
concepts of justice and equity by sharing local knowledge through
fair and transparent procedures (e.g., data-sharing agreements,
institutional ethics review) and respectfully acknowledging the
contributions of marginalized and underrepresented voices by
providing equitable compensation to community residents and
stakeholders for sharing their knowledge and time through various
means (e.g., advisory councils, interviews,workshops). Additionally,
co-production entails fundamental changes in decision-making
processes (Riccucci and Van Ryzin, 2017), and how science and
civil society interact with one another in the world, “through inte-
grating newways of knowing into newways ofmaking decisions and
acting across all spheres of social, economic, and political life”
(Wyborn et al., 2019). For example, Armitage et al. (2011) describe
efforts to combine science with local and traditional knowledge to
co-manage and co-produce adaptation strategies inCanada’s Arctic.
The process took place along multiple stages of learning wherein
stakeholders were embedded in complex, evolving institutional and
knowledge networks. Understandings and framing of problems
continuously transformed, eventually co-producing knowledge
and institutional arrangements that helped to grow adaptive cap-
acity (Armitage et al., 2011). In this way, processes of co-production
can be understood as reflexive, iterative, and dynamic, with diverse
forms of knowledge and elements of society continually shaping and
reshaping each other (Forsyth, 2004; Linton and Budds, 2014;
Wyborn et al., 2019).

Illustrating an equity and justice framework through two

vignettes

The concept of equitable coastal resilience enables a range of
frameworks for integrating the goals of marginalized and under-
served communities to inform coastal hazards science and potential
impacts, and to co-produce adaptation strategies. Below, we pro-
vide two vignettes as example applications of these concepts, one
from the Tohoku region in Japan post-disaster, and the other from
Cascadia (Pacific Northwest Region of the United States) where
scientists predict a high likelihood of a catastrophic future earth-
quake and tsunami. Both Japan and Cascadia sit on similarly active
subduction zones (Figure 1), and the information included in the
vignettes speaks to different temporal scales of the disasters. The
Tohoku vignette illustrates the experiences of a community during
and following that event to demonstrate the need for an equity
approach to strengthen technological and scientific advances, par-
ticularly as they relate to disaster response and recovery. The
Cascadia vignette demonstrates how such an approach can be
operationalized in the preparation phase.
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The Great East Japan Earthquake

Japan is widely understood to be a world leader in tsunami and
earthquake preparation, and a great deal of knowledge and policy-
relevant expertise emanates from studies of seismic and tsunami
disasters there (e.g., Aitsi-Selmi et al., 2015; World Bank, 2017;
Edgington, 2022; Reis et al., 2022). Decades of investment in
research, design, education, preparation, and mitigation have led
to the world’s most sophisticated earthquake and tsunami early
warning systems, as well as the strictest seismic building codes, and
a nationwide system of drills with high public participation
(Bernard and Titov, 2015; Koshimura and Shuto, 2015). These
systems are continuously re-evaluated and updated, and eachmajor
disaster initiates a new round of research initiatives and overhauls
to safety and disaster management (Koshimura and Shuto, 2015;
World Bank, 2021). Continuous repeated exposure to disasters has
given the population a high level of awareness and knowledge of
how to survive a major catastrophe (Aldrich, 2019; World Bank,
2021). However, despite these preparations, Japan was significantly
challenged by the low-probability, high-magnitude GEJE disaster
(Thiri, 2022). OnMarch 11, 2011, an area approximately 310 miles
(500 km) long and 120 miles (200 km) wide slip-ruptured, produ-
cing a powerful 9.0 magnitude earthquake that struck the north-
eastern region of Japan known as Tohoku (Figure 1a). The
earthquake caused a highly destructive tsunami which ultimately
took the lives of approximately 19,000 people.2 Sea water flooded
roughly 116,000 miles2 (300,000 km2) and created 22 million tons
of disaster debris. The tsunami also triggered a nuclearmeltdown in
Fukushima prefecture, necessitating the evacuation of some
160,000 people in the area and spreading radiation across
5,400 miles2 (14,000 km2). In many locations, initial tsunami wave
height predictions were lower compared to the actual heights,
owing at least in part to the lack of data available to predict tsunami
behavior, including inundation and runup, during such a massive
low-probability/high-magnitude event (Mori et al., 2011); many
residents erroneously believed that mitigation structures such as
concrete seawalls, designed with higher probability, lower impact
scenarios in mind, would protect them (Aldrich, 2019).

LGBT+ community vulnerabilities
At the time of the Tohoku event, marginalized groups in the region,
such as elderly people with disabilities, immigrants, and those who
identify as LGBT+, faced several vulnerabilities associated with
marginalization in the disasters’ aftermath (Yamashita, 2012).
Members of LGBT+ communities routinely experience discrimin-
ation in all geographical locations, including Japan. Different age
groups within this community also experience different challenges.
For example, LGBT+ seniors are twice as likely to live alone as other
seniors (SAGE and National Resource Center on LGBT Aging,
2021) because they are less likely to have children, tend to be more
isolated, and lack the support structures that other seniors often
benefit from after a disaster. Other subgroups, such as LGBT+
youth, are less likely to have family support and therefore experi-
ence higher rates of homelessness than the general population
(Keuroghlian et al., 2014). Considerations for the LGBT+ commu-
nity often go overlooked in disaster plans, even though LGBT+
peoplemake up roughly 9.9% of the population (Dentsu, 2021), and
may be particularly vulnerable following a disaster (Yamashita
et al., 2017; Goldsmith et al., 2021). Barriers like these call for
targeted approaches to public policy because plans for the general

population will not be capable of addressing the specific needs of
this community in an emergency.

Co-production of natural hazard adaptation strategies emerging
from LGBT+ experiences of the GEJE
In 2018, coauthor Fox spent 1 year in the Tohoku region conduct-
ing original qualitative research to explore the emergence and
features of civil society organizations (CSOs) serving local LGBT
+ communities post-disaster (Fox, 2020). Relationship-building
activities with individuals from local volunteer, civil society, and
policy sectors formed the basis for co-productive research relation-
ships. Research questions were co-developed with community
participants, and research results were shared with community
members for feedback.

This research revealed that across Japan, many LGBT+ people
choose to keep their identities hidden in everyday life as a way of
avoiding the social stigma still associated with being LGBT+.When
the GEJE shook the region, it ruptured the layer of privacy that
made this possible. LGBT+ survivors described emergency evacu-
ation centers that lacked privacy barriers and did not have safe and
welcoming spaces in which to change clothes, bathe, and sleep (Fox,
2020). Emergency volunteers were untrained and unfamiliar with
accommodating LGBT+ survivors. When trying to access local
emergency shelters, transgender individuals, for example, reported
misunderstandings around whether they belonged in the category
of “men” or “women.” The policy in many shelters in Tohoku was
such that supplies, facilities, and services were divided along binary
genders, which alienated people who did not strongly identify with
one gender over another.When attempting to locate lost or missing
loved ones, LGBT+ survivors were not permitted information
about them because they were not considered family by way of
Japanese law (Yamashita et al., 2017). These examples illustrate
how the lack of an equity lens in coastal hazard planning impacted
LGBT+ people’s experiences of the disasters, by assuming that
needs would be equal across the population.

On one hand, given the strength and impact of the earthquake
and tsunami, it is a remarkable testament to advances in adaptation
practices thatmore people did not die as a result. On the other hand,
experiences described by members of the LGBT+ community in
Tohoku underscore how an arguably “highly resilient” society (with
amply funded geotechnical engineering, advanced early warning
systems, drills, training, and infrastructure such as seawalls and
vertical evacuation structures) still produces uneven outcomes
because of a lack of distributional, procedural, systemic, and recog-
nitional equity.

Lessons learned from the 2011 GEJE have helped form the basis
for modern tsunami risk management in several ways. Building
redundancy (such as backup systems for electricity, water access,
communications, and other lifelines) into resilience strategies has
emerged as a key lesson from the 2011 disasters (OSSPAC, 2013).
The disaster also emphasized the need for both structural mitiga-
tions (such as improved construction of seawalls and vertical
evacuation towers) and non-structural adaptations (such as
improvements to hazard maps, and community education) as a
paradigm shift in disaster management (Koshimura and Shuto,
2015). These lessons from the 2011 disasters continue to inform
disaster mitigation and adaptation across the world through global
institutions such as the Sendai Framework for Disaster Risk Reduc-
tion, and partnerships and collaborative international research
endeavors (Aitsi-Selmi et al., 2015; Strusińska-Correia, 2017).

Post-2011 lessons relevant to equity in coastal hazard adaptation
are also evident. For example, Kumamoto Prefecture’s disaster risk
reduction plan now makes specific mention of considerations for

2At the time of writing this paper, the official death toll from Japan’s National

Police Agency stood at 15,895, with 2,539 people remaining missing.
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the local LGBT+ community, noting that “it is necessary to deepen
understanding of disaster prevention measures based on the per-
spective of gender equality, assuming evacuees such as women,
children, and sexualminorities from normal times, and to prepare a
system for related organizations to cooperate” (Kumamoto Prefec-
ture, 2018). Roughly, 70% of the 47 Japanese prefectures and
47 local governments have updated their regional disaster preven-
tion plans and evacuation center operationmanuals to now include
considerations for LGBT+ and other sexual minorities in times of
disaster (Kyodo News, 2021), and a growing number of emergency
evacuation shelters offer access to gender-inclusive facilities. While
it is difficult to draw a causal line from post-disaster CSO actions to
these targeted policy changes, it is safe to say that LGBT+CSOpost-
disaster actions enabled newways of addressing the underlying web
of social and political barriers to LGBT+ resilience in the region.

This vignette illustrates how equitable and just approaches to
coastal hazard planning complement and expand important devel-
opments in science and technology. The next vignette illustrates the
way these forms of equity are being applied toward co-production
in the U.S. Pacific Northwest, without the need to experience a
disaster first.

Resilience and vulnerability in CSZ communities ahead of a
trigger event

U.S. Pacific Northwest coastal communities also face specific chal-
lenges affecting resilience and adaptive capacity. Like Tohoku, the
geohazards along the CSZ (Figure 1b) include the threat of a major
subduction zone earthquake and a catastrophic tsunami (Oregon
Department of Geology and Mineral Industries, 2012). In contrast
with communities in Japan’s subduction zone (Figure 1a), which
have been repeatedly exposed to earthquakes and tsunamis over
time, knowledge and experience of impacts of a CSZ event (mega-
quake and associated tsunami) are limited to Indigenous oral
traditions (Losey, 2022), and what scientists have learned in recent
decades (Goldfinger et al., 2012). Local livelihoods connected to
coastal land and water developed without regular exposure to and
experience of earthquakes and tsunamis as fundamental parts of life
in this coastal region. Thus, the task of planning for these hazards
and adapting CSZ coastal communities to be more resilient is
daunting.

However, CSZ communities with partnerships from state and
federal agencies have made much progress toward CSZ mitigation,
particularly in the realm of public education/awareness and evacu-
ation procedures such as the Tsunami Safe Haven Hill mitigation
project in Newport, Oregon (FEMA, 2021), and the “Beat the
Wave” evacuation routemaps produced by State of OregonDepart-
ment of Geology andMineral Industries (DOGAMI) that show the
quickest routes out of the tsunami inundation areas (Priest et al.,
2016). Additionally, large-scale hazard-resilient infrastructure
investments have been made with the building of the first vertical
evacuation structures in North America (Ocosta School in West-
port, Washington, the Gladys Valley Marine Studies Building in
Oregon, and the Shoalwater Bay Indian Tribe in Washington).
Moreover, the town of Seaside Oregon recently relocated their
K-12 public schools outside of the tsunami inundation zone. State-
wide regulatory policies have been enacted with the passing of
Oregon Senate Bill 379 in 1995 which required new critical facilities
(e.g., schools, fire and police stations, hospitals) to be built outside
the tsunami inundation zones (Oregon State Legislature Archives,
1995). However, Senate Bill 379 was repealed in 2019, leaving few
statewide legislative mechanisms in place for CSZ hazard mitiga-
tion and adaptation for Oregon’s coastal communities (OSSPAC,

2021). Future adaptation policies will require sustained engage-
ment with a broad array of stakeholders, including tribes and other
governments, professionals, community leaders, and coastal resi-
dents to ensure equitable distribution of adaptation practices and
their intended impacts.

Key economic drivers in CSZ coastal communities include
seaports and fisheries industries, timber mills, and more recently,
tourism (Lewis et al., 2019). The labor force for these industries is
primarily low-wage and comprises a large percentage of Latinx
coastal residents. Approximately, 32% of employees in agriculture,
forestry, fishing, and hunting industries and 18% of employees in
accommodation and food service industries identify as Hispanic or
Latinx (Procino, 2022). Due to the specific needs and requirements
of these sectors, these workplaces are in high-hazard risk areas
along coastal shores and the bay fronts most vulnerable to tsunami
inundation (CAUSA, 2012). Understanding Latinx needs and per-
ceptions regarding hazard preparedness and response is a funda-
mental first step in identifying equitable and just adaptive strategies
for CSZ coastal communities.

Working with trusted community partners, we held a series of
discussions with Latinx coastal community members, the majority
of whom worked in fisheries and service sector industries highly
exposed to natural hazards (Stanton and Tilt, 2023). Through these
discussions, we learned that Latinx residents would turn to trusted
community organizations such as churches, non-profits, and com-
munity centers during times of need, including the aftermath of a
CSZ event (Stanton and Tilt, 2023). These community assets were
more associated with having resources to help them and were seen
as more welcoming spaces than locations typically associated with
emergency response such as fire and police stations, and hospitals
—the very places that were under the purview of former Senate Bill
379 for adaptive protective measures. While critical facilities are
essential to disaster response, recognizing that some of the most
marginalized and underrepresented populations are hesitant to
utilize these facilities demonstrates the need for broader discussion
regarding how existing mitigation and adaptation strategies could
be made more robust by implicitly incorporating principles of
equity.

However, this knowledge does not help decision-makers choose
what critical facilities or community assets to protect through
adaptation measures, such as relocation of a critical facility or
community asset out of the inundation zone, especially with limited
resources at the local and state level. How can these decisions be
made in a just and equitable way? This “decision-makers dilemma”
is not unique to Cascadia coastal hazards but is a dilemma facing
local decision-makers everywhere making adaptation choices
(Siders, 2022). Navigating this dilemma could be made less daunt-
ing by utilizing a policy framework that centers on equity, such as
Targeted Universalism (Powell, 2008; Powell et al., 2019). In the
following section, we provide a conceptual framework that incorp-
orates some of the principles of Targeted Universalism to guide
equitable and resilient coastal futures through adaptation decision-
making support. While decision-making support tools are numer-
ous, here, we focus on agent-basedmodeling (ABM) to illustrate the
conceptual framework because ABM allows modelers to set agent
rules of behavior that can be guided by equity principles.

Building a conceptual framework for equitable and resilient

coastal futures

Targeted Universalism, sometimes referred to as “Equity 2.0,”
(Powell, 2008; Powell et al., 2019) stems from public health policy
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that combines “universalism”—policies that treat all individuals
equally, regardless of race, class, and sexual orientation, and so forth,
such asminimumwage, universal health care (Bagenstos, 2014), with
targeted policies that provide protections or benefits to a specific
population segment. Examples of such targeted policies include
programs like Supplemental Nutritional Assistance Program
(SNAP) and theAmericanswithDisabilities Act in theUnited States.
On their own, both policy approaches can be problematic: universal
policies do not guarantee that the fundamental policy goals will be
met. For example, providing universal health insurance does little
good if no health care facilities are nearby or provide bilingual
services (Milstein et al., 2010). Targeted policies are often perceived
as unfair because they do not apply to everyone and are vulnerable to
resource reductions or repeals (Grier and Schaller, 2020).

The concept of Targeted Universalism was developed to address
these problems by applying a universal goal that is achieved through
multiple tailored policies that consider systemic and situational
circumstances or structures that limit progress toward the shared,
universal goal. This shared universal goal is not set based onwhat the
advantaged groups already have (e.g., “closing the achievement
gap”), but rather on what is desired by society, such as a higher
standard a performance (e.g., education, quality of life) for everyone,
regardless of background. A case for TargetedUniversalism has been
made for achieving educational and behavioral standards for youth
(Farmer et al., 2022), as well as applications of reaching COVID-19
goals (Gaynor and Wilson, 2020). Other similar policy frameworks,
such as Proportionate Universalism (Carey et al., 2015), also strive to
balance universal and targeted policies but do not emphasize the
universal goal. In addition, this framework relies on local governance
for implementation that may have limited capacity or may not
recognize the systemic issues limiting the distribution of goods and
resources. Therefore, we advocate for the Targeted Universalism
approach because it allows for incorporating a diversity of policy
options tailored to address specific group needs that cumulatively
add to the progression of the entire community, region, or state
toward the universal goal of greater coastal resilience.

Understanding and analyzing the potential impacts of employ-
ing a Targeted Universalism approach to future coastal resilience is
facilitated by utilizing a variety of decision-support tools such
optimization, cost–benefit analysis, multi-criteria decision analysis,
structured decision-making, adaptive management, and scenario
planning. In particular, ABM is a useful approach to visualize the
impacts of different coastal hazard adaptation strategies and has
been used to understand natural hazard adaptation to flood risks,
droughts, and other hazards (see Zhuo and Han, 2020; Schrieks
et al., 2021; Di Noia, 2022 for reviews of ABM on these topics).
Within Cascadia, ABM has been used to model alternative future
scenarios with varying coastal chronic hazard adaptation strategies
(Lipiec et al., 2018; Mills et al., 2018, 2021) and for tsunami
evacuation scenarios (Mostafizi et al., 2017; Wang and Jia, 2022).
Yet, most ABM model developers do not incorporate concepts of
procedural, systemic, distributive, and recognitional equity in
model development (Voinov et al., 2016). ABM, however, has the
potential to incorporate the principles of Targeted Universalism
because of its flexible approach to the assignment of individual
characteristics to specific agents and inherent focus on distribu-
tional outcomes (Williams, 2022).

The conceptual framework for equitable and resilient coastal
futures presented below (Figure 2) asks fundamental questions for
researchers to consider regarding distributive, procedural, sys-
temic, and recognitional equity during each phase of an alternative
futures modeling process based upon the key principles of Targeted

Universalism (Powell, 2008; Powell et al., 2019). Each of these
phases provides ample opportunities for the co-production of
knowledge between disciplines (e.g., natural sciences, social sci-
ences, engineering), community members, and stakeholders.
Below, we provide an in-depth description of the conceptual frame-
work (Figure 2).

A key step of Targeted Universalism is to identify and under-
stand specific groups that may run counter to dominant norms or
policies (Figure 2, Box A). From the equity literature synthesized
above (e.g., Terpstra and Honoree, 2003; Leach et al., 2018;
Meerow et al., 2019; Wiles and Kobayashi, 2020) we suggest key
questions to drive data collection for alternative coastal futures
modeling including: How are vulnerabilities and adaptations dis-
tributed throughout the community (distributional equity)? What
adaptation strategies would reduce vulnerabilities and why (dis-
tributional equity)? What drives/perpetuates these vulnerabilities
(systemic equity)? How have adaptation decisions been made in
the past (procedural equity)? Who/what values are being priori-
tized in adaptation decisions (recognitional equity)? These equity
questions tailor the broad Targeted Universalism assessment to
specific coastal community resilience issues. For example, in the
CSZ vignette, Latinx communities exhibited hesitancy in utilizing
critical facilities and stated their preference to rely on community
assets in times of disasters (Stanton and Tilt, 2023). Similarly, in
the Tohoku vignette, LGBT+ survivors of the 2011 earthquake and
tsunami were hesitant to access existing shelters and emergency
services due to fears for their safety and privacy (Fox, 2020). Both
examples point to the importance of understanding the diverse
needs and values of marginalized and underrepresented commu-
nity members and incorporating these needs and values into
adaptation planning.

Williams (2022) provides examples of ABM that have incorp-
orated recognitional, procedural, and distributional equity. How-
ever, the review does not include aspects of systemic equity that
are foundational to other equity lenses (Wiles and Kobayashi,
2020). For example, the most abundant use of equity in ABM is
to stratify ABM outcomes based on socio-demographic variables
(e.g., distributional equity; Williams, 2022); yet, what is not
addressed is the systemic underpinnings of uneven distribution
of resources. To address this gap, we have developed a set of
equity-driven questions to consider during alternative futures
model development (Figure 2, Box B) that expands upon Wil-
liams , 2022. These questions include: How does adaptation to one
risk relate to other natural hazard risks (e.g., maladaptation or
co-benefits) (distributional equity)? What landscape processes need
to be modeled to capture these multi-hazard risks (distributional
equity)? What underlying land use characteristics and/or data
gaps drive/perpetuate vulnerabilities (systemic equity)? What data
proxies are available and acceptable to use (systemic equity)?
What adaptation scenarios are modeled and why (procedural
equity)? How does modeler positionality factor into the modeling
(procedural equity)? And who’s/what values are being prioritized
in adaptation scenarios (recognitional equity)?

Application of these equity-driven questions is critical when
developing adaptation scenariomodels that are often driven by data
availability that may mask marginalized or underrepresented
groups. For example, identifying LGBT+ households from the
U.S. Census can be problematic due to how definitions of
“households” and “families” have changed over time (Deng and
Watson, 2023; U.S. Census, 2022) and in Japan, robust and gener-
alizable household and population data on sexual orientation and
gender identity is not routinely collected.
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Furthermore, many ABMs incorporate optimization of a specific
goal ormetric, such as cost, life-safety, and so forth in their analysis of
alternative adaptation strategies or futures (Figure 2, Box C), (for
review, see Barbati et al., 2012). This optimization analysis should also
include distributional equity questions such as: What metrics of
impacts are important to communities and why? And how are adap-
tation scenario impacts distributed across the community? Modelers
may choose not to include some variables due to large amounts of
missing data or they may decide to aggregate other datasets together.
However, these decisions could mask key equity concerns related to
who is benefiting (or not benefiting) from specific adaptation scen-
arios (Obermeyer et al., 2019). Therefore, researchers should ask:How
do model assumptions drive impact performance (systemic equity)?
What level of uncertainty is acceptable to the community (systemic
equity)? What impacts are analyzed and why (procedural equity)?
And what impacts should be prioritized (recognitional equity)?

Dissemination of results can foster systemic inequities regarding
science education and understanding (Polk and Diver, 2020), and
therefore requires an inclusive science communication approach
(Márquez and Porras, 2020) (Figure 2, Box D); particularly regard-
ing how scenarios are presented, especially when communicating
risk probabilities and uncertainties of ABM results. Such an
approach centers the person and community first and foremost
(Polk and Diver, 2020), provides information in multiple languages
and is culturally relevant (Márquez and Porras, 2020), and offers
multiple modes of learning and engagement, such as gaming
(Hobbs et al., 2019).

The following questions can help guide researchers through the
dissemination of model results (Figure 2, Box D): How are model
results distributed/communicated throughout the community (dis-
tributional equity)? What drives understanding of the results and
perception of risks/probabilities (systemic equity)? Additionally,

Figure 2. A conceptual framework for equitable and resilient coastal futures. The proposed conceptual framework applies Targeted Universalism for policy development (Powell

et al., 2019) to an agent-based modeling approach (e.g., alternative futures modeling) to develop targeted coastal hazard adaptation strategies that account for a diverse set of

marginalized and underrepresent population needs. The conceptual framework is guided by co-production of knowledge to ensure diverse community voices and values are in

embedded in each phase of the process.
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what feedback is incorporated in refining the model is a key aspect
of procedural equity. Researchers should consider whose values are
being prioritized in communicating model results and incorporating
feedback into the model (recognitional equity). And who gets to
change the model and why (procedural equity)? When incorporat-
ing feedback from stakeholders and community members. Most
importantly, the co-production of knowledge and understanding of
ABM results should not favor one group over another. Discussions
with decision-makers must include a comprehensive understand-
ing and assessment of who, and who is not, represented in that
decision-making space (Meléndez, 2020).

Co-production of knowledge is integral to the development,
recruitment, and analysis of community values, needs, and percep-
tions that inform alternative futures model development in all
phases (Figure 2). Voinov et al. (2016) reviewed modeling
approaches used in ABM and found that indicators of a
co-developed model process are most apparent in the early stages
of the model development (e.g., scoping and data collection) and
evaluation of the model outputs of project outcomes; thus skipping
key steps in model development, refinement, and analysis (Voinov
et al., 2016). Yet other studies find that when community members
and stakeholders are fully involved in co-production in all stages of
the modeling process, the models can act as “boundary objects”
(e.g., objects that bridge divides between groups of people and the
values/perceptions they hold) and facilitate new knowledge gener-
ation (Voinov et al., 2016; Lemos et al., 2018; Tilt et al., 2022). In the
conceptual framework presented in Figure 2, the co-production of
the knowledge process can be expanded by engaging community
members and stakeholders to modify model parameterization and
development to assess and evaluate use of proxies, metrics, and the
impacts of data aggregation/disaggregation, and uncertainties.

While the co-production of knowledge is iterative, place or
interest-based, and no single recipe exists for successful
co-production (Cooke et al., 2021), Mach et al. (2020) provides
key goalposts for evaluating actionable-knowledge production: 1)
substantive interactions between all involved; 2) ensuring equit-
able relationships between parties in the process; and 3) produ-
cing knowledge that is usable by decision-makers (Mach et al.,
2020). From these studies, and many others (see Will et al., 2020;
Steger et al., 2021; Weiskopf et al., 2022), we see that key indica-
tors of co-produced ABM processes include: working with
trusted partners, such as community-based organizations; com-
pensation to community members; strong recruitment of diverse
community members; and opportunities to check, respond to,
and validate the data gathered, as demonstrated above in the
Tohoku and CSZ vignettes.

In summary, the conceptual framework presented in Figure 2
requires iterative stages of co-production of knowledge with com-
munity members, stakeholders, and others to develop equitable
decision support procedures that can identify a range of community
needs and values and apply these needs and values to specific
adaptation strategies that will make progress toward the universal
goal of an equitable and resilient coastal future. The vignettes from
Cascadia and Japan provide an example of co-productive know-
ledge inputs to guide the development of alternative coastal futures
modeling using the conceptual framework.

Discussion and conclusion

To grow equitable coastal community resilience to a range of
hazards, universal hazard adaptation and risk mitigation

technologies and expertise can be made more effective by employ-
ing targeted strategies that address underlying causes of vulnerabil-
ity (Matin et al., 2018; Meerow et al., 2019). As vignettes focused on
the LGBT+ community in Tohoku, Japan and the Latinx commu-
nity in the CSZ illustrate, creating a plausible future adaptation that
encompasses principles of equity requires sustained co-productive
engagement with community members and an in-depth under-
standing of the social processes that underpin vulnerability across
different demographics–including those that relate to coloniality,
racism, homophobia, and others. The co-productive process in
both cases generated dynamic cross-sectoral interactions, rich
qualitative data, and a set of findings and recommendations
co-developed by and for members of the community (Fox, 2020;
Stanton and Tilt, 2023).

Intentionally including members of underrepresented commu-
nities in multiple steps in the research and planning process can be
an effective means of growing equitable resilience. The conceptual
framework provided here (Figure 2) offers an example of how
iterative stages of co-production of knowledge with community
members and other stakeholders can be used to develop more
equitable alternative coastal futures modeling procedures by rep-
resenting a range of coastal futures scenarios, as well asmechanisms
to evaluate the impact of those scenarios. Key stages of model
development from data inputs, analysis, and dissemination of
results are critical points to incorporate the co-production of
knowledge to achieve equitable outcomes. Thus, equitable coastal
resilience can be thought of as both a process and an outcomewhere
scholars, decision-makers, and diverse community members col-
lectively (and iteratively) ask “resilience of what, to what, and for
whom?” (Cretney, 2014; Meerow and Newell, 2019). These funda-
mental questions should drive coastal hazard planning, research,
and adaptation practices if we are to meet the growing challenges
presented by coastal hazards in equitable ways. In doing so, scien-
tists and practitioners can better align the goals of coastal hazard
planning and adaptationwith the everyday needs and contributions
of marginalized and underrepresented groups to achieve more just,
equitable, and resilient coastal futures.

Open peer review. To view the open peer review materials for this article,

please visit http://doi.org/10.1017/cft.2023.24.

Acknowledgments. We acknowledge funding that supported this research in

part from Oregon Sea Grant under Award NA18OAR170072 (CDFA 11.417)

from the National Oceanic and Atmospheric Administration’s National Sea

Grant College Program and the Cascadia Coastlines and Peoples Hazards

Research Hub, an NSF Coastlines and People Large-Scale Hub (NSF

#2103713). N.F. also undertook Japan-based fieldwork supported by funding

from the 2017 Japan Foundation Doctoral Research Fellowship.

References

Aldrich DP (2019) BlackWave: How Networks and Governance Shaped Japan’s

3/11 Disasters. Chicago: University of Chicago Press.

Aitsi-Selmi A, Egawa S, Sasaki H, Wannous C and Murray V (2015) The

Sendai framework for disaster risk reduction: Renewing the global commit-

ment to people’s resilience, health, and well-being. International Journal of

Disaster Risk Science 6(2), 164–176.

ArmitageD,Berkes F,DaleA,Kocho-Schellenberg E and Patton E (2011) Co-

management and the co-production of knowledge: Learning to adapt in

Canada’s arctic. Global Environmental Change 21(3), 995–1004. https://

doi.org/10.1016/j.gloenvcha.2011.04.006.

Bagenstos R (2014) Universalism and civil rights (with notes on voting rights

After Shelby). Yale Law Journal 123(8), 2842.

10 Natasha Fox et al.

https://doi.org/10.1017/cft.2023.24 Published online by Cambridge University Press



Barbati M, Bruno G and Genovese A (2012) Applications of agent-based

models for optimization problems: A literature review. Expert Systems with

Applications 39(5), 6020–6028.

Benevolenza MA and DeRigne L (2019) The impact of climate change and

natural disasters on vulnerable populations: A systematic review of literature.

Journal of Human Behavior in the Social Environment 29(2), 266–281.

Berkes F and Ross H (2013) Community resilience: Toward an integrated

approach. Society & Natural Resources 26(1), 5–20.

Bernard E and Titov V (2015) Evolution of tsunami warning systems and

products. Philosophical Transactions of the Royal Society A: Mathematical,

Physical and Engineering Sciences 373(2053), 20140371.

Bernard EN, Mofjeld HO, Titov V, Synolakis CE and González FI (2006)

Tsunami: Scientific frontiers, mitigation, forecasting and policy implications.

Philosophical Transactions of the Royal Society A:Mathematical, Physical and

Engineering Sciences 364(1845), 1989–2007.

Blagojević N, Didier M and Stojadinović B (2022) Quantifying component

importance for disaster resilience of communities with interdependent

civil infrastructure systems. Reliability Engineering & System Safety 228,

108747.

Boonstra WJ (2016) Conceptualizing power to study social-ecological inter-

actions. Ecology and Society 21(1), 12.

Bozeman JF,Nobler E andNockD (2022) A path toward systemic equity in life

cycle assessment and decision-making: Standardizing sociodemographic

data practices. Environmental Engineering Science 39(9), 759–769.

Brand R and Karvonen A (2007) The ecosystem of expertise: Complementary

knowledges for sustainable development. Sustainability: Science, Practice and

Policy 3(1), 21–31.

Buylova A, Chen C, Cramer LA,Wang H and Cox DT (2020) Household risk

perceptions and evacuation intentions in earthquake and tsunami in a

Cascadia Subduction Zone. International Journal of Disaster Risk Reduction

44, 101442. https://doi.org/10.1016/j.ijdrr.2019.101442.

Carey G, Crammond B and De Leeuw E (2015) Towards health equity: A

framework for the application of proportionate universalism. International

Journal for Equity in Health 14(1), 1–8.

CAUSA (2012) Latino Contributions to Oregon: Strengthening our State Econ-

omy. Salem, OR: CAUSA.

Chock GY (2016) Design for tsunami loads and effects in the ASCE 7-16

standard. Journal of Structural Engineering 142(11), 04016093.

Cooke SJ,NguyenVM,Chapman JM,ReidAJ, Landsman SJ,YoungN,Hinch

SG, Schott S, Mandrak NE and Semeniuk CA (2021) Knowledge co‐pro-

duction: A pathway to effective fisheries management, conservation, and

governance. Fisheries 46(2), 89–97.

Cote M and Nightingale AJ (2012) Resilience thinking meets social theory:

Situating social change in socio-ecological systems (SES) research. Progress in

Human Geography 36(4), 475–489.

Cretney R (2014) Resilience for whom? Emerging critical geographies of socio-

ecological resilience: Resilience of what, for whom?Geography Compass 8(9),

627–640. https://doi.org/10.1111/gec3.12154.

Davoudi S (2018) Just resilience. City & Community 17(1), 37. https://doi.org/

10.1111/cico.12281.

Deng B andWatson T (2023) LGBTQ+ Data Availability. Brookings Institute.

https://www.brookings.edu/research/lgbtq-data-availability-what-we-can-

learn-from-four-major-surveys/.

Dentsu (2021) Dentsu conducts LGBT survey 2020. Dentsu, April 8. https://

www.dentsu.co.jp/news/release/2021/0408-010364.html (Retrieved December

6, 2022).

Di Noia J (2022) Agent-based models for climate change adaptation in coastal

zones. A Review. Fondazione Eni EnricoMatteiWorking Papers. Paper 1375.

https://services.bepress.com/feem/paper1375.

Djenontin INS andMeadowAM (2018) The art of co-production of knowledge

in environmental sciences and management: Lessons from international

practice. Environmental Management 61(6), 885–903.

Doorn N (2017) Resilience indicators: Opportunities for including distributive

justice concerns in disaster management. Journal of Risk Research 20(6),

711–731.

Doyle EEH (2020) Citizen science as a catalyst for community resilience

building: A two-phase tsunami case study. Australasian Journal of Disaster

and Trauma Studies 24(1), 23–49.

Eakin H, Parajuli J, Yogya Y, Hernández B and Manheim M (2021) Entry

points for addressing justice and politics in urban flood adaptation decision

making. Current Opinion in Environmental Sustainability 51, 1–6.

Edgington DW (2022) Planning for earthquakes and tsunamis: Lessons from

Japan for British Columbia, Canada. Progress in Planning 163, 100626.

Emrich CT, Aksha SK and Zhou Y (2022) Assessing distributive inequities in

FEMA’s disaster recovery assistance fund allocation. International Journal of

Disaster Risk Reduction 74, 102855.

Ensor JE, Mohan T, Forrester J, Khisa UK, Karim T and Howley P (2021)

Opening space for equity and justice in resilience: A subjective approach to

household resilience assessment. Global Environmental Change 68,

102251.

EPA (2006) Unintended impacts of redevelopment and revitalization efforts in

five environmental justice communities. Environmental Protection Agency.

https://www.epa.gov/sites/default/files/2015-02/documents/redev-revital-

recomm-9-27-06.pdf.

Farmer TW, Serpell Z, Scott LA, DeVlieger SE, Brooks DS and Hamm JV

(2022) The developmental dynamics of emotional and behavioral difficulties

of youth of color: Systemic oppression, correlated constraints, and the need

for targeted universalism. Journal of Emotional and Behavioral Disorders 30

(2), 71–85. https://doi.org/10.1177/10634266211068892.

FEMA (2021) Newport, Oregon: Creating Safe Access to a Tsunami Safe Haven

Assembly Area. FEMA Seismic Mitigation Showcase Guides. https://www.fe

ma.gov/sites/default/files/documents/fema_region10-seismic-mitigation-

showcase-newport.pdf.

FEMA (2022) State and Local Mitigation Planning Policy Guides: Summary of

Changes. https://www.fema.gov/sites/default/files/documents/fema_mitiga

tion-policies-summary-changes_042022.pdf.

Forsyth T (2004) Critical Political Ecology: The Politics of Environmental

Science. London: Routledge.

Fox N (2020) Becoming experts: Japanese grassroots NGOs and LGBT com-

munities in post-disaster Tohoku. Unpublished doctoral thesis, University of

British Columbia.

Frankel AD, Wirth EA, Marafi N, Vidale JE and Stephenson WJ (2018)

Broadband synthetic seismograms for magnitude 9 earthquakes on Cacadia

megathrust based on 3D simulations and stochastic synthetics; part 1, meth-

odology and overall results. Bulletin of the Seismological Society of America

108(5A), 2347–2369.

Gaillard JC,Walters V, Rickerby M and Shi Y (2019) Persistent precarity and

the disaster of everyday life: Homeless People’s experiences of natural and

other hazards. International Journal of Disaster Risk Science 10(3), 332–342.

https://doi.org/10.1007/s13753-019-00228-y.

Gaskin CJ, Taylor D, Kinnear S, Mann J, Hillman W and Moran M (2017)

Factors associated with the climate change vulnerability and the adaptive

capacity of people with disability: A systematic review.Weather, Climate, and

Society 9(4), 801–814.

Gaynor TS andWilson ME (2020) Social vulnerability and equity: The dispro-

portionate impact of COVID-19. Public Admin Rev 80, 832–838. https://

doi.org/10.1111/puar.13264.

Goldfinger C, Nelson CH, Morey AE, Johnson JE, Patton JR, Karabanov EB

and Vallier T (2012) Turbidite event history—Methods and implications for

Holocene paleoseismicity of the Cascadia subduction zone (No. 1661-F). US

Geological Survey.

Goldsmith L, Raditz V and Méndez M (2021) Queer and present danger:

Understanding the disparate impacts of disasters on LGBTQ+ communities.

Disasters 46, 946–973.

Grier SA and Schaller TK (2020) Operating in a constricted space: Policy actor

perceptions of targeting to address U.S. health disparities. Journal of Public

Policy & Marketing 39(1), 31–47. https://doi.org/10.1177/0743915619838282.

Grubert E (2023) Results from a survey of life cycle assessment-aligned socio-

environmental priorities in US and Australian communities hosting oil,

natural gas, coal, and solar thermal energy production. Environmental

Research: Infrastructure and Sustainability 3(1), 015007.

Guerquin F and Ventocilla JL (2020) Supporting the Global Biodiversity

Agenda. A United Nations System Commitment for Action to Assist Mem-

ber States Delivering on the Post-2020 Global Biodiversity Framework.

United Nations Environment Management Group. https://unemg.org/wp-

content/uploads/2021/04/EMG-Biodiversity-WEB.pdf.

Cambridge Prisms: Coastal Futures 11

https://doi.org/10.1017/cft.2023.24 Published online by Cambridge University Press



Hardy RD, Milligan RA and Heynen N (2017) Racial coastal formation: The

environmental injustice of colorblind adaptation planning for sea-level rise.

Geoforum 87, 62–72.

Herrmann-Lunecke MG and Villagra P (2020) Community resilience and

urban planning in tsunami-prone settlements in Chile. Disasters 44(1),

103–124. https://doi.org/10.1111/disa.12369.

Hiwasaki L, Luna E and Shaw R (2014) Process for integrating local and

indigenous knowledge with science for hydro-meteorological disaster risk

reduction and climate change adaptation in coastal and small island com-

munities. International Journal of Disaster Risk Reduction 10, 15–27.

Hobbs L, Stevens C, Hartley J and Hartley C (2019) Science hunters: An

inclusive approach to engaging with science through Minecraft. Journal of

Science Communication 18, 1–12. https://doi.org/10.22323/2.18020801.

Jones DM and Doberstein B (2022) Encouraging co-benefits in climate-

affected hazard adaptation: Developing and testing a scorecard for project

design and evaluation. International Journal of Disaster Risk Reduction 74,

102915.

Kates RW, Clark WC, Corell R, Hall JM, Jaeger CC, Lowe I, McCarthy JJ,

Schellnhuber HJ, Bolin B, Dickson NM and Faucheux S (2000) Sustain-

ability Science Research and Assessment Systems for Sustainability Program

Discussion Paper 2000–33. Environment and Natural Resources Program,

Belfer Centre for Science and International Affairs, Harvard University.

Kehler S and Birchall SJ (2021) Social vulnerability and climate change adap-

tation: The critical importance of moving beyond technocratic policy

approaches. Environmental Science & Policy 124, 471–477.

Keuroghlian AS, Shtasel D and Bassuk EL (2014) Out on the street: A public

health and policy agenda for lesbian, gay, bisexual, and transgender youth

who are homeless.American Journal of Orthopsychiatry 84(1), 66–72. https://

doi.org/10.1037/h0098852.

Kosanic A, Petzold J, Martín-López B and Razanajatovo M (2022) An

inclusive future: Disabled populations in the context of climate and envir-

onmental change. Current Opinion in Environmental Sustainability 55,

101159.

Koshimura S and Shuto N (2015) Response to the 2011 Great East Japan

Earthquake and Tsunami disaster. Philosophical Transactions of the Royal

Society A: Mathematical, Physical and Engineering Sciences 373(2053),

20140373.

KotaniH,TamuraM, Li J andYamaji E (2021) Potential ofmosques to serve as

evacuation shelters for foreign Muslims during disasters: A case study in

Gunma, Japan. Natural Hazards 109(2), 1407–1423.

Kumamoto Prefecture (2018) Disaster Management Cabinet Office. Investiga-

tion of the Promotion ofMeasures for Gender Equality in the Field of Disaster

Prevention. https://www.bousai.go.jp/kyoiku/pdf/h29_gender_houkokush

o.pdf (accessed 23 October 2022).

Kyodo News (2021) LGBT consideration 70% in disasters Prefectural and

ordinance-designated city survey. https://www.saga-s.co.jp/articles/-/

666638 (accessed 23 October 2022).

Leach M, Reyers B, Bai X, Brondizio ES, Cook C, Díaz S and Subramanian

SM (2018) Equity and sustainability in the Anthropocene: A social–eco-

logical systems perspective on their intertwined futures. Global Sustain-

ability 1, e13.

Lemos MC,Arnott JC,Ardoin NM, Baja K, Bednarek AT,Dewulf A, Fieseler

C, Goodrich KA, Jagannathan K, Klenk N,Mach KJ,Meadow AM,Meyer

R, Moss R, Nichols L, Sjostrom KD, Stults M, Turnhout E, Vaughan C,

Wong-Parodi G andWyborn C (2018) To co-produce or not to co-produce.

Nature Sustainability 1(12), 722–724.

Lewis DJ, Dundas SJ, Kling DM, Lew DK and Hacker SD (2019) The non-

market benefits of early and partial gains in managing threatened salmon.

PLoS One 14(8), e0220260.

Linton J and Budds J (2014) The hydrosocial cycle: Defining and mobilizing a

relational-dialectical approach to water. Geoforum 57, 170–180.

Lipiec E, Ruggiero P, Mills A, Serafin KA, Bolte J, Corcoran P, Stevenson J,

Zanocco C and Lach D (2018) Mapping out climate change: Assessing how

coastal communities adapt using alternative future scenarios. Journal of

Coastal Research 34(5), 1196–1208.

Losey R (2022) Communities and Catastrophe: Tillamook Response to the AD

1700 Earthquake and Tsunami. Northern Oregon Coast: University of

Oregon.

Lukasiewicz A and Baldwin C (2020) Future pathways for disaster justice. In

Lukasiewicz A and Baldwin C (eds), Natural Hazards and Disaster Justice:

Challenges for Australia and Its Neighbours. Palgrave Macmillan, Singapore,

pp. 349–359.

Mach KJ, Lemos MC, Meadow AM, Wyborn C, Klenk N, Arnott JC, Ardoin

NM, Fieseler C, Moss RH, Nichols L, Stults M, Vaughan C and Wong-

Parodi G (2020) Actionable knowledge and the art of engagement. Current

Opinion in Environmental Sustainability 42, 30–37.

Makinoshima F, Imamura F andOishi Y (2020) Tsunami evacuation processes

based on human behaviour in past earthquakes and tsunamis: A literature

review. Progress in Disaster Science 7, 100113.

Malak MA, Sajib AM, Quader MA and Anjum H (2020) We are feeling older

than our age: Vulnerability and adaptive strategies of aging people to cyclones

in coastal Bangladesh. International Journal of Disaster Risk Reduction 48,

101595.

Maletta R and Mendicino G (2022) A methodological approach to assess the

territorial vulnerability in terms of people and road characteristics.Georisk 16

(2), 301–314. https://doi.org/10.1080/17499518.2020.1815214.

Márquez MC and Porras AM (2020) Science communication in multiple

languages is critical to its effectiveness. Frontiers in Communication 5, 31.

Mas E, Imamura F and Koshimura S (2012,March) An agent basedmodel for

the tsunami evacuation simulation. A case study of the 2011 great east Japan

tsunami in Arahama Town. In Joint Conference Proceeding. 9th Inter-

national Conference on Urban Earthquake Engineering & 4th Asia Confer-

ence on Earthquake Engineering. Tokyo, Japan: Tokyo Institute of

Technology.

Matin N, Forrester J and Ensor J (2018) What is equitable resilience? World

Development 109, 197–205.

McNamara KE, Clissold R, Westoby R, Piggott-McKellar AE, Kumar R,

Clarke T, Namoumou F, Areki F, Joseph E, Warrick O and Nunn PD

(2020) An assessment of community-based adaptation initiatives in the

Pacific Islands. Nature Climate Change 10(7), 628–639.

Meerow S and Newell JP (2019) Urban resilience for whom, what, when,

where, and why? Urban Geography 40(3), 309–329. https://doi.org/

10.1080/02723638.2016.1206395.

Meerow S, Pajouhesh P and Miller TR (2019) Social equity in urban resilience

planning. Local Environment 24(9), 793–808.

Meléndez JW (2020) Documenting the Terrain of Decision-Making Bodies

across the State of Oregon. Toronto, Canada: Sixtieth annual conference of

the Association of Collegiate Schools of Planning.

Méndez M, Flores-Haro G and Zucker L (2020) The (in) visible victims of

disaster: Understanding the vulnerability of undocumented Latino/a and

indigenous immigrants. Geoforum 116, 50–62.

Mills AK, Bolte JP, Ruggiero P, Serafin KA and Lipiec E (2021) Quantifying

uncertainty in exposure to coastal hazards associated with both climate

change and adaptation strategies: A US Pacific Northwest alternative coastal

futures analysis. Water 13, 545. https://doi.org/10.3390/w13040545.

Mills AK,Bolte JP,Ruggiero P, Serafin KA, Lipiec E,Corcoran P, Stevenson J,

Zanocco C and Lach D (2018) Exploring the impacts of climate and policy

changes on coastal community resilience: Simulating alternative future scen-

arios. Environmental Modelling and Software 109, 80–92.

Milstein B, Homer J and Hirsch G (2010) Analyzing national health reform

strategies with a dynamic simulation model. American Journal of Public

Health 100(5), 811–819. https://doi.org/10.2105/AJPH.2009.174490.

Mori N, Takahashi T, Yasuda T and Yanagisawa H (2011) Survey of 2011

Tohoku earthquake tsunami inundation and run-up, Geophysical Research

Letters 38, L00G14. https://doi.org/10.1029/2011GL049210.

Mostafizi A, Wang H, Cox D, Cramer LA and Dong S (2017) Agent-based

tsunami evacuation modeling of unplanned network disruptions for

evidence-driven resource allocation and retrofitting strategies. Natural Haz-

ards 88, 1347–1372.

Nakano G, Yamori K, Miyashita T, Urra L, Mas E and Koshimura S (2020)

Combination of school evacuation drill with tsunami inundation simulation:

Consensus-making between disaster experts and citizens on an evacuation

strategy. International Journal of Disaster Risk Reduction 51, 101803.

Obermeyer Z,Powers B,Vogeli C andMullainathan S (2019) Dissecting racial

bias in an algorithm used to manage the health of populations. Science 366

(6464), 447–453.

12 Natasha Fox et al.

https://doi.org/10.1017/cft.2023.24 Published online by Cambridge University Press



Oktari RS, Idroes R, Sofyan H and Munadi K (2020) City resilience towards

coastal hazards: An integrated bottom-up and top-down assessment. Water

12(10), 2823.

Oregon Department of Geology and Mineral Industries (2012) The 2011

Japan earthquake and tsunami: Lessons for the Oregon Coast: Cascadia,

Winter Issue, 16 p. https://www.oregongeology.org/pubs/cascadia/Cascadia

Winter2012.pdf.

Oregon State Legislature Archives. (1995). Senate Bill 379. https://www.ore

gonlegislature.gov/bills_laws/archivebills/1995_sb0379.en.html (accessed

19 October 2022).

OSSPAC (2013) Oregon Seismic Safety Policy Advisory Commission. The

Oregon Resilience Plan, Reducing Risk and Improving Recovery for the Next

Cascadia Earthquake and Tsunami. Report to the 77th Legislative Assembly,

Salem, Oregon. 306 pp.

OSSPAC (2021) Oregon Seismic Safety Policy Advisory Commission. https://

www.oregon.gov/oem/Documents/OSSPAC_Tsunami_report_2021_

final_singlePage_reduced.pdf (accessed 19 October 2022).

Pastor M, Bullard R, Boyce JK, Fothergill A,Morello-Frosch R andWright B

(2006) Environment, disaster, and race after Katrina. Race, Poverty & the

Environment 13(1), 21–26.

Peek L, Tobin J,Adams RM,WuH andMathewsMC (2020) A framework for

convergence research in the hazards and disaster field: The natural hazards

engineering research infrastructure CONVERGE facility. Frontiers in Built

Environment 6. https://doi.org/10.3389/fbuil.2020.00110.

Pellow D (2017) Critical environmental justice studies. In Caniglia B, Vallée M

and Frank B (eds.), Resilience, Environmental Justice, and the City (1st ed.,

Vol. 1). London and New York: Routledge, pp. 17–36.

Pescaroli G and Alexander D (2018) Understanding compound, intercon-

nected, interacting, and cascading risks: A holistic framework. Risk Analysis

38(11), 2245–2257.

Polk E and Diver S (2020) Situating the scientist: Creating inclusive science

communication through equity framing and environmental justice. Frontiers

in Communication 5, 6.

Powell J, Menendian S and Ake W (2019) Targeted Universalism: Policy and

Practice. Berkeley: Haas Institute for a Fair and Inclusive Society, University

of California.

Powell JA (2008) Post-racialism or targeted universalism. Denver Law Review

86, 785.

Priest GR, Stimely LL, Wood NJ, Madin IP and Watzig RJ (2016) Beat-the-

wave evacuation mapping for tsunami hazards in Seaside, Oregon, USA.

Natural Hazards 80, 1031–1056.

Procino J (2022) The Diversity of Oregon’s Industries. State of Oregon,

Employment Department. https://www.qualityinfo.org/-/the-diversity-of-

oregon-s-industries.

Rawls J (2020) A Theory of Justice (Revised edition). Cambridge, MA: Harvard

University Press.

Reis C, Lopes M, Baptista MA and Clain S (2022) Towards an integrated

framework for the risk assessment of coastal structures exposed to earthquake

and tsunami hazards. Resilient Cities and Structures 1(2), 57–75. https://

doi.org/10.1016/j.rcns.2022.07.001.

Riccucci NM and Van Ryzin GG (2017) Representative bureaucracy: A lever to

enhance social equity, coproduction, and democracy. Public Administration

Review 77(1), 21–30.

Rivera DZ, Jenkins B and Randolph R (2022) Procedural vulnerability and its

effects on equitable post-disaster recovery in low-income communities.

Journal of the American Planning Association 88(2), 220–231.

Robertson IN (2020) Tsunami Loads and Effects: Guide to the Tsunami Design

Provisions of ASCE 7–16. Reston: ASCE Press.

Ruckleshaus Center (2017) Washington State Coast Resilience Assessment:

Final Report, May 1, 2017. http://ruckelshauscenter.wsu.edu/wp-content/

uploads/sites/74/2013/06/Washington-Coast-Resilience-Assessment-Report_

Final_5.1.17.pdf.

SAGE and National Resource Center on LGBT Aging (2021) Facts on LGBT

Aging. https://www.sageusa.org/wp-content/uploads/2021/03/sage-lgbt-aging-

facts-final.pdf (accessed 23 October 2022).

Sanchez TW and Brenman M (2008) Transportation equity and environ-

mental justice: Lessons from hurricane Katrina. Environmental Justice 1(2),

73–80.

Satake K (2014) Advances in earthquake and tsunami sciences and disaster risk

reduction since the 2004 Indian ocean tsunami.Geoscience Letters 1(1), 1–13.

Scheidel A,Del Bene D, Liu J,Navas G,Mingorría S,Demaria F,Avila S, Roy

B, Ertör I, Temper L and Martínez-Alier J (2020) Environmental conflicts

and defenders: A global overview. Global Environmental Change 63, 102104.

https://doi.org/10.1016/j.gloenvcha.2020.102104.

Schrieks T, Botzen WW, Wens M, Haer T and Aerts JC (2021) Integrating

behavioral theories in agent-based models for agricultural drought risk

assessments. Frontiers in water 3, 686329.

Shi P, Ye T,Wang Y, Zhou T,XuW,Du J,Wang J, Li N,Huang C, Liu L,Chen

B, Su Y, FangW,WangM,HuX,Wu J,He C, Zhang Q, Ye Q, Jaeger C and

Okada N (2020) Disaster risk science: A geographical perspective and a

research framework. International Journal ofDisaster Risk Science 11, 426–440.

Siders AR (2022) Navigating the middle space - just transitions for U.S. coastal

adaptation. Shore and Beach 90(4), 14–17.

Skarlatoudis A, Somerville P and Hosseini M (2018) Basin amplification

factors for Cascadia estimated from the 2011 Tohoku, Japan, earthquake.

Seismological Research Letters 89(2B), 903–904.

Stanton K and Tilt JH (2023) Building resilient Oregon coastal communities:

Reimagining critical facilities through Latinx sense of place. International

Journal of Disaster Risk Reduction 87, 103600.

Steger C, Klein JA, Reid RS, Lavorel S, Tucker C, Hopping KA,Marchant R,

Teel T, Cuni-Sanchez A, Dorji T, Greenwood G, Huber R, Kassam KA,

Kreuer D,Nolin A,Russell A, Sharp JL, ŠmidHribarM, Thorn JPR,Grant

G, Mahdi M, Moreno M and Waiswa D (2021) Science with society:

Evidence-based guidance for best practices in environmental transdisciplin-

ary work. Global Environmental Change: Human and Policy Dimensions 68,

102240.

Stough LM, SharpAN,Resch JA,Decker C andWilkerN (2016) Barriers to the

long‐term recovery of individuals with disabilities following a disaster. Dis-

asters 40(3), 387–410.

Strusińska-Correia A (2017) Tsunami mitigation in Japan after the 2011

Tōhoku tsunami. International Journal of Disaster Risk Reduction 22,

397–411.

Sundermann L, Schelske O and Hausmann P (2014) Mind the risk A global

ranking of cities under threat fromnatural disasters. Swiss Re. swissre.com/dam/

jcr:1609aced-968f-4faf-beeb-96e6a2969d79/Swiss_Re_Mind_the_risk.pdf.

Suppasri A, Latcharote P,Bricker JD, Leelawat N,Hayashi A,Yamashita K…

and Imamura F (2016) Improvement of tsunami countermeasures based on

lessons from the 2011 Great East Japan Earthquake and Tsunami—Situation

after five years. Coastal Engineering Journal 58(4), 1640011.

Suppasri A,Maly E, Kitamura M, Pescaroli G, Alexander D and Imamura F

(2021) Cascading disasters triggered by tsunami hazards: A perspective for

critical infrastructure resilience and disaster risk reduction. International

Journal of Disaster Risk Reduction 66, 102597.

Terpstra DE and Honoree AL (2003) The relative importance of external,

internal, individual and procedural equity to pay satisfaction: Procedural

equity may be more important to employees than organizations believe.

Compensation and Benefits Review 35(6), 67–74.

Thiri MA (2022) Uprooted by tsunami: A social vulnerability framework on

long-term reconstruction after the Great East Japan earthquake. Inter-

national Journal of Disaster Risk Reduction 69, 102725.

Tilt JH,Mondo HA, Giles NA, Rivera S and Babbar-Sebens M (2022) Demys-

tifying the fears andmyths: The co-production of a regional food, energy, water

(FEW) nexus conceptual model. Environmental Science & Policy 132, 69–82.

U.S. Census (2022) America’s Families and Living Arrangements: 2022. https://

www.census.gov/topics/families/families-and-households.html.

UNDRR (2015) Sendai Framework for Disaster Risk Reduction 2015–2030.

https://www.undrr.org/publication/sendai-framework-disaster-risk-reduction-

2015-2030.

UNDRR (N.D.) Sendai Framework Terminology On Disaster Risk Reduction.

Resilience. https://www.undrr.org/terminology/resilience.

UNFCC (2015) Paris agreement. https://unfccc.int/sites/default/files/english_

paris_agreement.pdf.

United Nations (2015). Transforming our world: the 2030 Agenda for Sustain-

able Development. https://sdgs.un.org/2030agenda.

United Nations (2017). New Urban Agenda. https://habitat3.org/wp-content/

uploads/NUA-English.pdf.

Cambridge Prisms: Coastal Futures 13

https://doi.org/10.1017/cft.2023.24 Published online by Cambridge University Press



Vickery J (2018) Using an intersectional approach to advance understanding of

homeless persons’ vulnerability to disaster. Environmental Sociology 4(1),

136–147.

Voinov A, Kolagani N,McCall M, Glynn P, Kragt M, Ostermann F, Pierce S

and Ramu P (2016) Modelling with stakeholders – Next generation. Envir-

onmental Modelling & Software 77, 196–220. https://doi.org/10.1016/

j.envsoft.2015.11.016.

Wang Z and Jia G (2022) Simulation-based and risk-informed assessment of

the effectiveness of tsunami evacuation routes using agent-basedmodeling: A

case study of seaside, Oregon. International Journal of Disaster Risk Science

13(1), 66–86. https://doi.org/10.1007/s13753-021-00387-x.

Ward KD, Varda DM, Epstein D and Lane B (2018) Institutional factors and

processes in interagency collaboration: The case of FEMA corps. American

Review of Public Administration 48(8), 852–871.

Weiskopf SR, Harmáckovó ZV, Johnson CG, Londoño-Murcia MC, Miller

BW,Myers BJE, Pereira L, Arce-Plata MI, Blanchard JL, Ferrier S, Fulton

EA, Harfoot M, Isbell F, Johnson JA,Mori AS,Weng E and Rosa I (2022)

Increasing the uptake of ecological model results in policy decisions to

improve biodiversity outcomes. Environmental Modelling & Software 149,

105318.

Wiles J and Kobayashi A (2020) Equity. In Kobayashi AL (ed.), Elsevier All

Access Books (2020). International Encyclopedia of Human Geography: Vol-

ume 1 (2nd ed.). Oxford, England; Cambridge, Massachusetts; Amsterdam,

Netherlands: Elsevier, pp. 285–290.

Will M, Dressler G, Kreuer D, Thulke H, Grêt-Regamey A and Müller B

(2020) How to make socioenvironmental modelling more useful to support

policy and management? People & Nature 3(3), 560–572.

Williams TG (2022) Integrating equity considerations into agent-based mod-

eling: A conceptual framework and practical guidance. Journal of Artificial

Societies and Social Simulation 25(3). https://doi.org/10.18564/JASSS.4816

Wilson B (2020) Urban heatmanagement and the legacy of redlining. Journal of

the American Planning Association 86(4), 443–457.

Wisner B (2020) Five years beyond Sendai—Can we get beyond frameworks?

International Journal of Disaster Risk Science 11, 239–249.

WorldBank (2017)Learning fromDisaster SimulationDrills in Japan.Washington,

DC: World Bank. https://openknowledge.worldbank.org/handle/10986/26708.

World Bank (2021) Learning from Megadisasters: A Decade of Lessons from the

Great East Japan Earthquake. In Takemoto S, Shibuya N and Sakoda K. https://

www.worldbank.org/en/news/feature/2021/03/11/learning-from-megadisa

sters-a-decade-of-lessons-from-the-great-east-japan-earthquake-drmhubtokyo.

WybornC,Datta A,Montana J,RyanM, Leith P,Chaffin B,Miller C andVan

Kerkhoff L (2019) Co-producing sustainability: Reordering the governance

of science, policy, and practice.Annual Review of Environment and Resources

44(1), 319–346.

Yamashita A (2012) Beyond Invisibility: Great East Japan Disaster and LGBT

in Northeast Japan (FOCUS). http://www.hurights.or.jp/archives/focus/

section2/2012/09/beyond-invisibility-great-east-japan-disaster-and-lgbt-

in-northeast-japan.html.

Yamashita A, Gomez C and Dombroski K (2017) Segregation, exclusion and

LGBT people in disaster impacted areas: Experiences from the Higashinihon

Dai - Shinsai (Great East-Japan disaster). Gender, Place & Culture 24(1),

64–71. https://doi.org/10.1080/0966369X.2016.1276887.

Zhuo L and Han D (2020) Agent-based modelling and flood risk management:

A compendious literature review. Journal of Hydrology 591, 125600.

14 Natasha Fox et al.

https://doi.org/10.1017/cft.2023.24 Published online by Cambridge University Press


	Toward equitable coastal community resilience: Incorporating principles of equity and justice in coastal hazard adaptation
	Impact statement
	Introduction and background
	Contemporary advances in coastal hazard adaptation planning
	Disaster experiences are not created equal
	Key concepts to complement sustainable and resilient coastal hazard adaptation and disaster planning
	Equitable resilience
	Operationalizing equitable resilience through co-production of knowledge

	Illustrating an equity and justice framework through two vignettes
	The Great East Japan Earthquake
	LGBT+ community vulnerabilities
	Co-production of natural hazard adaptation strategies emerging from LGBT+ experiences of the GEJE

	Resilience and vulnerability in CSZ communities ahead of a trigger event

	Building a conceptual framework for equitable and resilient coastal futures
	Discussion and conclusion
	Open peer review
	Acknowledgments
	References


