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Abstract
This paper interrogates the nature of climate resilience by adopting “panarchy” as a heuristic model to visualize how small-scale
processes such as individual environmental risk perceptions are interrelated with broader social and ecological systems to confer
community resilience. Thematic analysis of resident interviews from a pilot study conducted in the Rockaways, NewYork revealed
the foundations of environmental risk perceptions and the ways inwhich they are both a product of and catalyst for social-ecological
system (SES) resilience. The debate around managed retreat necessitates a complex systems perspective to promote equitable and
just adaptation and transformation while avoiding unintended consequences which often result from single-scale inquiry.
Integrating risk perception in the explicit multi-scalar model of panarchy proposes a new way to think about the complex social,
economic, political, and psychological processes converging across space and time to confer community resilience and visualize the
complexity inherent in relocation. In other words, connecting climate resilience and managed retreat with psychological processes
like risk perception emphasizes the importance of implementing multi-scalar interventions to build community adaptive capacity.
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Prelude: Superstorm Sandy

The reflections resulting in this paper were inspired by a pilot
study conducted on a barrier peninsula called the Rockaways
in New York City that form a thin line between the Atlantic
Ocean and Jamaica Bay. In 2012, this low-lying peninsula
was overwhelmed by “Superstorm” Sandy’s 14-foot storm
surge, leading to millions of dollars of damage and the death
of nine residents. Despite the challenges and trauma caused by
Sandy and the development of government buyout programs
in the area, the majority of residents have remained in the
Rockaways where many (although not all) acknowledge they
are just as vulnerable to the next big storm as the day Sandy
struck (resident interviews). Why then have not more people

opted to reduce their vulnerability and mitigate risk exposure
by taking adaptive actions such as managed retreat?1

The need for a complex systems perspective

The challenges of climate adaptation in places like the
Rockaways can be thought of as a “wicked” problem, prob-
lems that are difficult to define, involve multiple disciplines’
perspectives, and are inseparable from issues relating to
values, equity, and economic and political power (Pritchard
and Sanderson 2002). Part of the reason that wicked problems
lack simple solutions is due to the complexity and unpredict-
ability of the systems dynamics that define natural hazards
(Levin et al. 2012). Angeler et al. (2016) suggest that
panarchy, “may be a particularly apt heuristic for framing
environmental phenomena that are characterized by
complexity...inherent in wicked problems” (p. 226).
Panarchy is a conceptual model that describes the ways in

1 The authors acknowledge that we do not necessarily answer this question,
but rather present a novel framework for approaching it.
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which complex adaptive systems (CAS) involving people and
nature are nested within one another, are interdependent and
linked across different spatial and temporal scales (Gunderson
and Holling 2002).

CAS theory, from which panarchy originates, has trickled
down through the computational, natural, and social sciences
to find itself at the crux of interdisciplinary study of social-
ecological systems (SES) (Holland 1995; Lansing 2003;
Levin 1998). Importantly, the field of SES has largely been
shaped by CAS theory, with SES now being understood as a
prime example of a CAS (Levin et al. 2013; Naylor et al.
2020; Preiser et al. 2018; Walker et al. 2004). Viewing a
community, such as the Rockaways, through this combined
SES and CAS perspective highlights concepts such as lever-
age points, regime shifts, cross-scale linkages, feedback loops,
and nonlinearities (see, for example, Gunderson and Holling
2002; Meadows 1999; Preiser et al.2018; Walker et al. 2004)
to understand systems dynamics of resilience, vulnerability,
adaptation, and transformation critical to managed retreat.

To date, there has been a lack of integration of psycholog-
ical processes and perspectives in the CAS, SES, and
panarchy literature. Often, the smallest scale of inquiry halts
at the community or individual level, with very few cases
considering intra-individual processes, despite the growing
recognition of the importance of psychological processes in
sustainability challenges and climate mitigation and adapta-
tion uptake (Bradley et al. 2020; Grothmann and Patt 2005;
IPCC 2012; Nyborg et al. 2016; Swim et al. 2011; Van
Valkengoed and Steg 2019). Renowned systems scholar
Donella Meadows (1999) identified mindsets as one of the
deepest leverage points to transform systems’ behavior; thus,
it follows that we should be including this scale into any cli-
mate adaptation and sustainable transition strategies.

Integrating and reconceptualizing managed retreat

Recently, Stroink (2020) has detailed how urban and psycho-
logical resilience are interdependent by adopting a complex
systems approach along with panarchy as a heuristic to model
how cross-scalar resilience informs one another. Similarly,
Schill et al. (2019) adopt a CAS perspective on human behav-
ior, highlighting that individual behavior creates community
contexts, which in term shape behavior iteratively over time,
and that this adaptive interaction should inform how policies
are prescribed. Our paper seeks to highlight the importance of
integrating psychological and complex systems perspectives
for effective, equitable, and just managed retreat.

In the managed retreat literature, there has long been an
awareness of psychological barriers to relocation, with partic-
ular emphasis on risk perception and place attachment (Binder
et al. 2015; Costas et al. 2015; Dachary-Bernard and Rey-
Valette 2019; De Dominicis et al. 2015; Solecki and
Friedman 2021; Swapan and Sadeque 2020). There has also

been a clear awareness of the need for systems and
interdisciplinary perspectives when considering managed
retreat. For example, Siders (2019) does indeed integrate psy-
chological, institutional, and practical barriers to managed re-
treat, but does not adopt the kind of explicit multi-scalar
framework we are proposing here. Due to the degree of com-
plexity in the challenges posed by coastal threats and managed
retreat (see Hino et al. 2017), adopting panarchy as a heuristic
to explore and visualize perhaps less obvious cross-scalar ef-
fects represents a promising tool to avoid unintended conse-
quences and identify potential leverage points and virtuous
cycles for sustainable transformation (Abson et al. 2017;
Ahmed et al. 2018; Angeler et al. 2016). However, it is essen-
tial to integrate intra-individual psychological processes (e.g.,
risk perceptions) in this framework as a critical scale that can
facilitate or impede managed retreat across multiple scales.

Risk perceptions and panarchy

Environmental risk perceptions are defined as the perceived
probability of being exposed to a natural hazard and the se-
verity of its consequences (Sjöberg et al. 2004; Slovic 1987).
While risk perceptions have been relatively neglected in the
study of SES resilience, and certainly in the broader CAS
literature, they may serve as a catalyst for critical climate ad-
aptation measures such as managed retreat (Dachary-Bernard
and Rey-Valette 2019; De Dominicis et al. 2015). Here, we
outline themes that underlie community members’ percep-
tions of environmental risk in places such as the Rockaways.
We adopt panarchy as a heuristic tool to understand how res-
idents’ post-disaster experiences relate to social and ecological
forms of resilience to climate change and the adaptive use of
managed retreat strategies.

The adaptive cycle

Resilience, simply defined, is the ability of a system (e.g.,
individual, community, economy, ecosystem) to persist and
bounce back in the face of shocks and stressors (Gunderson
2003). Holling (1986) introduced a conceptual model of adap-
tive cycles to describe the cyclical nature of systems which
alternate between four stages. First, the “exploitation” phase
involves rapid development and exponential change. In more
sustainable systems, this phase would include adaptation (e.g.,
investment in nature-based solutions) rather than exploitation
(e.g., repeatedly dredging to build back barrier beaches).
Second, the “conservation” phase pertains to a slower accu-
mulation and consolidation period, often of resources or
knowledge, which tends to reduce a system’s flexibility.
Third, the “release” phase occurs with the rapid collapse and
release of a system’s accumulated energy (e.g., from
Superstorm Sandy, which decimated much of the
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Rockaways). Fourth, the “reorganization” phase is marked by
novel transformation (regime shift) or return to a previous
baseline. In resilient and adaptive SESs, reorganization would
be rapid and lead to cross-scalar changes that build the adap-
tive capacity of the system to cope with future natural hazards
(e.g., managed retreat) rather than slow recovery or maladap-
tation (see Fig. 1; Allen et al. 2014; Berkes and Ross 2016;
Gunderson and Holling 2002).

Panarchy

“Panarchy” is the idea that multiple adaptive cycles are hier-
archically structured within a system. Within the panarchy
model, two cross-scalar interactions known as “remember”
and “revolt” facilitate systemic change. The “revolt” process
occurs when there is a disruption at a smaller scale that then
cascades up to affect larger scales, potentially triggering major
crises and leading to system reorganization (Gunderson and
Holling 2002). For example, in the community of Breezy
Point at the western tip of the Rockaway peninsula, one house
with vulnerable electric equipment was flooded with saltwater
which then sparked a fire that destroyed hundreds of other
houses in the neighborhood. According to one resident,

As the roof shingles were burning, the gale force winds
were blowing them off the roof. And it was like mete-
orites being carried by the wind, and they would land on
another house and explode and bang that house caught
fire.

“Remember” is a top-down process where larger cycles
influence smaller cycles during their reorganization phase,
setting the boundaries in which smaller scales operate. For
example, instead of considering more adaptive actions (e.g.,
managed retreat), American society’s commitment to devel-
opment and economic growth has led primarily to the

reconstruction of damaged homes and reinvestment in new
developments following Sandy. Via the cross-scalar interac-
tions of “revolt” and “remember,” it is evident that each scale
of a system is integral to the entire system’s resilience, and
perturbations within each scale may create a negative or pos-
itive cascade throughout the entire system.

Panarchy helps us to visualize how abstract connections
from an individual at one time and place (e.g., risk perceptions
following disasters) are affected by and have an impact on
seemingly disparate domains (e.g., socioeconomic status and
climate adaptation) and scales (e.g., community social-
ecological resilience) via the vertical and horizontal linkages
among them. Although resilience, risk perception, flooding,
and managed retreat have been extensively studied elsewhere
in the disaster literature (see De Dominicis et al. 2015; Lemée
et al. 2018; Shao et al. 2018), no studies have applied
panarchy as a way to model the interactions among individual
risk and resilience to the broader cycles of social-ecological
risk and resilience. Research suggests that risk perception is a
key driver of decision-making connected to climate adaptation
(Bradley et al. 2020; Demuth et al. 2016; Grothmann and Patt
2005; Shao et al. 2018; Sheeran et al. 2014). We argue that
adopting the multi-scalar model of panarchy will allow us to
go beyond the risk-perception-to-adaptation link to reveal
broader connections among individual risk perceptions, com-
munity social-ecological resilience, and managed retreat.

As presented in Fig. 2, we have depicted a panarchy of five
nested adaptive cycles that interact to coproduce community
resilience. The largest adaptive cycle is represented as the
environmental system, which sets the foundation for each of
the smaller scales that function within it. The Rockaways is a
barrier peninsula, and the contexts of each of its subsystems
are inherently affected by the impermanence of the landscape.
Linked to the environmental system is the political ecology
perspective of the social subsystem. In the Rockaways, this
scale includes actors across scales. For example, for decades,
the City of New York concentrated public housing develop-
ments in the east end of the peninsula, increasing the geophys-
ical vulnerability of an already socioeconomically underpriv-
ileged population. It was also responsible for instituting the
“Build-it-Back” program, enabling many residents in the
Rockaways to remain living there following Sandy. Federal
offices like FEMA contributed funds and personnel to the
clean-up in the immediate aftermath of the storm, facilitating
the conditions that allowed for more rather than less coastal
development. Furthermore, the Army Corps of Engineers
have and continue to play a major role in developing large-
scale coastal hardening projects (see Army Corps of
Engineers’ New York-New Jersey Harbor and Tributaries
Coastal Storm Risk Management Interim Report, 2019) that
enable public and private developers in the area to continue
developing in unsustainable areas. In the view of one coastal
resident in the area,

Fig. 1 Adaptive cycle from Panarchy edited by Lance H. Gunderson and
C.S. Holling. Copyright © 2002 Island Press. Reproduced by permission
of Island Press, Washington, D.C.
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Thanks to the federal government they rebuilt it for
them. Whether that’s the right thing or the wrong thing
is a separate issue. But as long as the government’s
gonna do that, people will rebuild. And people are
smarter than you think. They’ll take their chances, and
they know they’ll be fine, and the government will
swoop in and build them a new house, so why not enjoy
the beach in their view?

Undergirding the social subsystem is a system of capital to
which communities have unequal and unstable access. It is
clear across the resilience literature and the interviews the first
author conducted for a pilot study, however, that while a
community’s adaptive capacity can be enhanced with in-
creased access to hard capital, it is not the sole determinant
of resilience. Soft capital includes education, social capital,
and community agency, efficacy, cohesion, and status, which
can significantly increase adaptive capacity in addition to eco-
nomic resources (Babcicky and Seebauer 2017).

Following capital is the primary level of analysis of indi-
vidual environmental risk perceptions. In order to understand
the risk perceptions of Rockaway residents, the first author
conducted semi-structured interviews with 12 individuals
about their experience with Superstorm Sandy in the
Rockaways from which the quotations throughout this article
are drawn (see Fig. 2 for the themes that constitute risk
perception at an individual level). As revealed in the inter-
views and literature, risk perceptions trigger the last subsys-
tem, the actions and behaviors that people take to respond to
environmental threats (Grothmann and Patt 2005). Those re-
sponses can either be adaptive and build community resilience
or be maladaptive and erode it.

Risk perception as an adaptive cycle

Using this model, we argue risk perceptions are not only an
outcome of residents’ SES but also a potential catalyst to
reshape the resilience of a system through adoption of

Fig. 2 A model representing the panarchy of community resilience
depicting five nested adaptive cycles incorporating risk perception. X-
axis represents increasing spatial scale, while the Y-axis represents
increasing time scale. Small double ended arrows represent the revolt

and remember processes, while the dotted black arrow represents a
feedback loop in which actions at personal levels affect the
environmental subsystem. The inset depicts a closer look at the
adaptive cycle occurring at each subsystem
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transformative adaptation strategies such as managed retreat.
If we consider the formation of risk perceptions as an adaptive
cycle, we can imagine that, during the growth phase, people
learn by gathering information about potential environmental
risk. This information-seeking process occurs through formal
channels such as education and media or informal channels
such as direct experience with disasters or social learning.
This growth phase reflects environmental awareness and
knowledge and previous experience, themes evident from res-
ident interviews.

During this phase, larger scales affect information-
gathering by influencing the way information is organized
and digested at an individual level. For example, capital influ-
ences what kinds of information people receive. Affluence
influences the time people have to collect information, and
(unequal) power differentiates people’s “competing attention
demands” (Lindell and Perry 2012, p. 618), as there may be
more pressing risks requiring attention, such as securing food
and paying rent. Larger social, political, and economic insti-
tutions often frame information in ways to achieve their own
goals and thus have an impact on what risk information is
most available. For example, New York City simultaneously
advocates for building more homeless shelters in the
Rockaways while also condemning building in flood zones
and buying damaged houses through the “Buyout Program.”

As the growth phase progresses and people receive more
risk information, the psychological subsystem reaches the
conservation phase during which information is internalized
and consolidated by individuals and communities as belief
and fact. During this phase, perception becomes inflexible,
making it difficult to alter risk perceptions even if people are
presented with new information. This may reflect confirma-
tion bias, in which people only seek out information that
matches their preexisting beliefs, while discounting informa-
tion that differs from their prior beliefs. This was evident
throughout the Rockaways in people who decided not to evac-
uate prior to the storm or not participate in the buyout program
after Sandy, hence influencing one aspect of managed retreat.

Superstorm Sandy signaled a revolt phase, during which
there was an extreme event that led to the rapid disruption of
accumulated information about environmental risk in the
Rockaways. For example, many Rockaway residents who
evacuated during Sandy and later returned to find their homes
in a “war zone” (resident interview) were forced to deal with
the risks of living on the coast in a flood zone. Disruption
during this phase is critical to the resilience of any system,
as disruption can facilitate opportunities for systemic reorga-
nization and transformation, which in turn has the potential to
increase adaptive capacity across scales.

Unfortunately, as seen throughout the history of the
Rockaways, disruption and change have been avoided by at-
tempts to engineer stability, rather than adapt to and with it.
The same may be said for risk perceptions and managed

retreat. People do not cope well with uncertainty and thus seek
a form of homeostasis in which risk perceptions do not exceed
a subjective level of acceptable threat. During the “reorgani-
zation” phase of the risk perception cycle, there are two pre-
dominant paths that can in turn influence action. The “remem-
ber” connection from larger scales can influence reorganiza-
tion of one’s mindset to return to the preexisting baseline of
perceived acceptable levels of risk that existed prior to a di-
saster. Because, “individuals routinely try to maintain their
definition of the environment as ‘normal’ in the face of evi-
dence that it is not” (Lindell and Perry 2012, p. 619), people
are likely to utilize cognitive adaptation (e.g., minimization,
denial, risk normalization) to cope with the risk they now
know, first-hand, exists.

In this way, risk perceptions may be seen as incredibly
resilient, meaning that it takes a great deal of disturbance to
exceed a threshold and reach a mental “regime shift” marked
by new, perhaps more adaptive, risk perceptions. The
restructuring of risk perceptions (e.g., “revolt”) following a
crisis can have cascading effects throughout the system and
may be one of the keys to shifting systems into more adaptive
states and decreasing psychological barriers to managed re-
treat (Siders 2019). If risk perceptions remain elevated follow-
ing a crisis like Sandy, people are unlikely to be able to cope
with the heightened experience of “risk-as-feelings” or
hazard-intrusive thoughts reminding them that they live in a
vulnerable place (Demuth et al. 2016; Slovic et al. 2004). “If a
threat is judged to be real and some unacceptable level of
personal risk exists, people are motivated to engage in protec-
tive action search” (Lindell and Perry 2012, p. 619). This
process moves the risk perception cycle to the action level.

Heightened risk perceptions and the possibility of managed
retreat at the individual level, however, are further influenced
by larger cycles across the panarchy. Once an individual or
community decides to take action against the environmental
risk (e.g., sea-level rise, flooding, erosion), theymust decide if
managed retreat is an effective and available option tomitigate
risk exposure, and if they have the personal efficacy to relo-
cate. This is often where social inequalities are not addressed
in (re)building and relocating communities in an adaptive
manner, particularly following a disaster where recovery
needs to be quick. When we do not scrutinize the way our
social, political, and economic systems influence and interact
with adaptive actions taken to increase community resilience,
we may be at risk of producing even more fractured and un-
equal communities that become vulnerable to future unfore-
seen “double exposures” (Leichenko and O’Brien 2008) of
risk, such as minority displacement to more socially, econom-
ically, or environmentally vulnerable areas. Note that in this
way the explicit multi-scalar model of panarchy is not only
helpful but may reveal how multiple systems coproduce resil-
ience or vulnerability across scales in an effort to avoid un-
foreseen maladaptation especially when considering the
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complex processes involved in managed retreat. Here it is
clear that risk perceptions as an isolated concept, but especial-
ly embedded in the multi-scalar model of panarchy, are key to
driving the acceptance of managed retreat as an effective ad-
aptation strategy.

Future research and conclusion

Above all, adopting the complex adaptive systems perspective
of panarchy in relation to managed retreat points to the need
for (1) adaptive learning across all scales, (2) capitalizing on
post-disaster disturbance for adaptive multi-scalar transforma-
tion, (3) an awareness of non-linearity and cross-scalar inter-
actions resulting in cascading effects and unintended conse-
quences, and (4) a multi-scalar perspective that integrates and
acknowledges intra-individual psychological processes, such
as risk perception, as key drivers and leverage points in com-
munity SES resilience.

Thus far, panarchy has been predominantly used as a the-
oretical heuristic with minimal application in management
and policy decisions. One exception is Garmestani et al.’s
(2020) integration of panarchy as a tool at the onset of an
ecosystem management and conservation project in the
Great Plains, USA. They report panarchy encouraged transla-
tional ecology, enabled novel data visualization, addressed
practical approaches to ecosystem management, and has
shown promise for policy transformation (Garmestani et al.
2020). For managed retreat, this could involve inclusive com-
munity and stakeholder dialog about disaster riskmanagement
and importantly developing cross-scalar and complementary
policy structures that reduce unintended consequences and
maximizes cross-scalar co-benefits. Undoubtedly, the area of
applied panarchy implementation and research is growing and
will yield exciting outcomes (Gunderson et al. n.d.). We urge
forthcoming research and community applications of
panarchy to consider the important role and benefits of inte-
grating intra-individual scales and psychological processes in
their models.

By adopting the multi-scale approach of panarchy, policy
makers and community members alike can see how, or if, their
interventions and actions may have exponentially larger cross-
scalar effects. Additionally, by intentionally integrating a po-
litical ecology perspective of social systems, stakeholders can
be more mindful of how ingrained inequities within commu-
nities amplify vulnerabilities across scales which may have
major impacts on such processes as managed retreat.
Panarchy is a powerful tool for visualizing how to both help
implement managed retreat as an adaptation strategy and help

avoid unforeseen cascading consequences, such as minority
displacement and gentrification, resulting from complex sys-
tems dynamics in coastal communities.
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