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This study explores how experiences from the current pandemic can inform societal
responses to future climate change. To that end, an established philosophical
concept of geoscientific insights (geoethics) is utilized to advice on governance
under systemic uncertainty that, in turn, is a critical feature of complex-adaptive
dynamics. Illustrative examples are the Covid-19 health pandemic and the impact
of the global sea-level rise to threatening heights in the early 22nd Century. The
term “geoethics” labels an emergent geo-philosophical school of thought rooted
in geoscience expertise. When combined with contemporary political philosophies,
geoethics leads to a geo-philosophical framework that can support adaptation to
complex-adaptive dynamics by favoring multi-agent and context-depending processes
(e.g., learning-by-doing). The proposed geo-philosophical framework merges geoethics
with the political philosophies of H. Jonas (1903–1993), L. Kohlberg (1927–1987),
and M. Bunge (1919–2020). These contemporary philosophies emphasize as relevant
for achieving a modern caretaking society, respectively, “the hierarchy of societal
coordination processes,” “the intergenerational responsibility of agents of change,” and
“the balancing of individual wellbeing (happiness) and duties.” When these philosophies
are combined with geoethics, a logical approach can be derived for policy design and
decision-making. It emphasizes the “autonomy” (of the human agent) combined with a
civic culture that favors “trustworthiness,” “scientific culture.” and a “culture of inclusive
justice.” We argue that governance of adaptation to complex-adaptive dynamics (e.g.,
climate change impact) can be informed by the geo- and society-centric perspectives
of the proposed geo-philosophical framework. It can address “Human Earth Nexus”
governance issues using the knowledge of both natural and social sciences and applying
the lens of geoethical thinking.
Keywords: managed retreat, sea level rise, COVID-19, socio-ecological systems, Human-Earth Nexus

INTRODUCTION
The problems accumulating around global change have created a new form of the Human-Earth
Nexus. A geo-philosophical framework is proposed for how to act at this nexus (Plenge, 2020).
The framework combines “responsible Earth-sciences” (Bohle and Ellis, 2016), e.g., geoethics
(Peppoloni et al., 2019), with political philosophies addressing some essentials of caretaking
societies. As an illustration, this essay looks at experiences from the Covid-19 health pandemic
and the expected impacts of a rising mean sea level. The relationship between these two different
events can be traced, given that both unfold in complex-adaptive social-ecological systems. The
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“human agents” should be read as individual, collective or
institutional human agents/agency; (ii) the notion “scientific
insights” should be read as best available scientific understanding
including related uncertainties; (iii) the expression “geoethical
logic approach” is used to name a particular manner to structure
geoethical thinking, (iv) the term “systemic uncertainty” is used
to label the intrinsic non-deterministic behavior of complexadaptive systems; for a discussion, see (Bohle, 2020, 2021).

commonalities between a pandemic disease and the impacts
of anthropogenic global change are apparent when considering
culture or sociological features.
Adaptation to impacts of global change will involve retreat
in various forms (Hanna et al., 2021; Siders and Ajibade, 2021).
The notion of “managed retreat” is more than a managerial
or technical task. It concerns social and cultural adaptation
(Dachary-Bernard et al., 2019). The cause for the retreat will
be that local (physical) living conditions are unbearable, for
example, because of heat, drought, or floods. The example
discussed in this essay is the rising global mean sea-level in
the next century and beyond. Other threatening impacts of
anthropogenic global change are expected sooner (Robinson
et al., 2021), and what will be discussed in this essay will apply
to them likewise.
While there is still a long way to go, and regarding the sea-level
of the 22nd Century, the Intergovernmental Panel on Climate
Change (IPCC) was able to present in 2021 robust scenarios
on the sea-level rise beyond the next century (Masson-Delmotte
et al., 2021). Still, in 2014, the IPCC, an intergovernmental
consultation mechanism with the support of scientific expertise,
could not agree on a physically plausible upper limit bound for
sea-level rise by 2100 and beyond. Seven years later, the situation
evolved. Governments agreed sea-level rise poses a challenge
having a 100-year-plus time horizon.
We argue that two distinct phenomena can be put into
mutual perspective: first, the COVID-19 health pandemic of 2020
onward and, second, the global mean sea-level rise to threatening
levels due to global warming. Despite evolving on different time
scales, the current COVID-19 health pandemic and the future
global mean sea-level are comparable phenomena because they
show similar systemic features. To relate them with governance
issues, this essay explores how “geoethics” (Peppoloni et al.,
2019) combined with contemporary political philosophies could
support a cultural environment appropriate to tackle the impacts
of anthropogenic global change.
We hypothesize that an appropriate cultural environment
could be anchored in a double imperative, namely to act driven by
(i) scientific insights (into the Earth System) and (ii) concerns for
caretaking societies. Subsequently, four pivots for policy-design
are proposed for acting at the Human-Earth Nexus, namely
“autonomy,” “trustworthiness,” “scientific culture.” and a “culture
of inclusive justice,” which are underpinned by emphasizing:
processes for reproducible knowledge-building; Earth science
literacy; the quality of societal coordination processes; the
responsibility of agents of change; and the balance between
individual wellbeing and duties.
Following this introduction, this essay is structured into three
sections. The Matters and Methods section illustrates the study’s
concept; the examples (COVID-19 pandemic and sea-level rise)
seen through the lens of this concept; the geoethics approach,
including how it can inform governance when combined with
political philosophies. The Results section derives key features
for designing policies. The concluding section, Discussion, argues
why these pivots empower human agents and are suitable
for a caretaking, learning, and participatory society informed
by scientific insights. Regarding nomenclature, (i) the notion
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MATTERS AND METHODS
This section is divided into five parts. The first and second
parts outline the background of the study and the theory
of complex-adaptive social-ecological systems (Biggs et al.,
2021). The third part describes the COVID-19 pandemic
emphasizing how human agents perceive the pandemic. From
these perspectives, we can deduce how to approach governance
of impacts of global change. The fourth part describes what
we know about the incoming sea-level rise because of global
warming, emphasizing how human agents likely perceive global
sea-level rise. The fifth part describes geoethics and the derived
“geoethical logic approach.”

Background to the Study
The specific research question of this essay is how geoscienceinformed philosophies may support designing policies for
adaptation to anthropogenic global change. To approach the
question, we start from what we – as geoscientists in the broader
sense – have in hand, that is, a bulk of corroborated empirical
evidence and recent developments in geo-philosophical concepts
(Peppoloni et al., 2019; Bohle and Marone, 2021; Marone and
Bouzo, 2021).
The argumentation outlined in the essay applies a geophilosophical approach. It combines modern concepts (Mogk,
2018; Peppoloni et al., 2019) of ‘responsible Earth Sciences’
(Geological Society of America, 1997; United Nations, 2013;
Bohle and Ellis, 2016; Vasconcelos and Orion, 2021) with
three political philosophies formulated in the last century.
These philosophies address essential elements of a caretaking
society, namely “societal coordination” (Kohlberg, 1981),
“intergenerational responsibility” (Jonas, 1979), and “balance of
wellbeing (happiness) and duties” (Bunge, 1989).
As a description of a specific knowledge domain, “Earth
Sciences,” in a restricted connotation “Geosciences,” are the
natural sciences studying the Earth, mainly abiotic processes,
although without neglecting biological and social processes
(Phillips, 2012; Bohle et al., 2019). Because of the study subjects
of Earth Sciences (Geosciences), controlled experiments are
rarely possible (e.g., sediment flux), and hypothesis testing is
constrained due to the limited reproducibility of natural/social
phenomena (e.g., river floods). Insights are gained from
subsequent observations of recurrent phenomena (e.g., volcanic
eruptions) and, in some cases their mathematical simulation
(e.g., Meteorology, Oceanography). Input information is often
incomplete, insufficiently precise or not standardized.
Many hypotheses about natural/social phenomena cannot
be tested by “reproducing” them in stricto sensu. In this
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phenomena are (1) pandemic/global and rapidly evolving, (2)
certainly occurring and scientifically defined, (3) less known
regarding local manifestations blurred by shifting baselines,
(4) on everyone’s mind because of massive media reports, (5)
happening globally but punctuated by local disasters, and (6)
causing people’s reactions ranging from fear to denial. The given
experiences with modest (local) sea-level rise already illustrate
these features (Pilkey and Pilkey, 2019).
These systemic similarities arise because complex-adaptive
dynamics characterize both phenomena. Complex-adaptive
dynamics are typical of (many) social-ecological systems (Biggs
et al., 2021). Mutatis mutandis, the systemic lessons from
the COVID-19 health pandemic (see, for example Angeli and
Montefusco, 2020; Merriam, 2020; Robie, 2021), can inform on
distant events like the impacts of global change phenomena (e.g.,
high sea-levels) in the next century.

sense, Earth Sciences are constantly confronted with a sort
of “reproducibility crisis” (Kleinhans et al., 2010; Marone
et al., 2019) Therefore, the knowledge-building process of Earth
Sciences applies a “synthetic thesis of truth” (Bunge, 2006), which
helps combine empirical evidence, stochasticity (combination of
deterministic and probabilistic approaches), mental experiments,
or computer modeling. Synthetic thesis of truth “requires
considering a hypothesis corroborated both by purely empirical
confirmation and external consistency or compatibility with the
bulk of existing background knowledge (systemicity). . . . Pattern
consistency (empirical control) together with an understanding of
causal relations (rational together with empirical control) make
confirmed hypotheses robust and more reliable” (Marone et al.,
2019, p 363).
A few words are added to contextualize the subjects of
this essay. The challenges of climate adaptation are demanding
and they include both risk assessment associated with ongoing
change or threshold-depending events and risk perception, for
example, depending on local culture and individual experiences
(Stewart and Lewis, 2017). Options to handle risks might be
hard to implement or pose additional threats. While non-human
systems are complex, i.e., non-linear in nature, an additional
complexity of modern societies is related to ‘technologies’ or the
“technosphere” (Haff, 2017; Trischler and Will, 2017; Kranzberg,
2019). Tibaldeo, “For several reasons our present-day civilization
has become increasingly complex. Indeed, complexity seems to
be one of the most eloquent characteristics which unifies several
aspects of today’s world, such as epistemology, science, technology,
politics, economy, culture, society, and so on” (Tibaldeo, 2015,
p. 225). Hans Jonas suspected in his essay ‘The Heuristic of
Fear’, that technology places the future of humanity in jeopardy
(Jonas, 1980). Bunge pledged “the scale and complexity of modern
technological impacts requires that experts be in charge of social
action — although they must be answerable to the public.
Technologists, instead of being shackled by others, must tackle
their own moral problems and take a hand in overhauling ethics”
(Bunge, 1980, p. 139).

Complex-Adaptive Social-Ecological
Systems
Complex systems, or non-linear and threshold-depending
dynamical systems with multiple non-separable cause-effect
pathways, are challenging. The resulting complex-adaptive
system dynamics lead to systemic uncertainty. Determinism, the
dominant (engineering) paradigm in (linear) systems theory, is
failing when it comes to complex systems (Beven et al., 2018). A
classic example in physics is the study of turbulent flows, relevant,
for example, in boundary layers of lakes (Bohle-Carbonell and
van Senden, 1990; Cimatoribus et al., 2018). Learning that
the behavior of a given phenomenon cannot be predicted or
controlled can be perceived as faulting data and knowledge.
Subsequently, the search for a “blueprint” or “master plan” may
continue, often motivated by the available mathematical tools
and computational methods (Hansson, 2015). However, with
a better understanding of the dynamics of non-linear systems,
scientists deal with them (e.g., turbulent flows) in a stochastic
way, which ultimately enables the modeling of climate systems1 .
Beyond non-linearity, natural dynamics exhibit links,
feedbacks, cascading reactions, unexpected turning points,
irreversibility and multifaceted properties, making dynamics a
complex-adaptive reality of systemic uncertainty (Table 1) to be
dealt with (Biggs et al., 2021). In the mid-18th Century, Thomas
Bayes formulated a theorem stating that probability statements
can describe unknown parameters. The Bayesian approach is
a conceptual paradigm to search for approximate solutions
(in a probabilistic sense). Examples are various practices:
learning by doing; updating (probable) scenarios successively
as more evidence or information becomes available, or stepwise
constraining systemic uncertainties (see, for example Fuerth and
Faber, 2012; Barash et al., 2019; Muiderman et al., 2020; Biggs
et al., 2021; Lo and Zhang, 2021; Preiser et al., 2021).
Like any complex-adaptive dynamical system, the socialecological one presents systemic uncertainty. Instead of pursuing
fully informed choices, Bayesian approaches offer remedies
(Biggs, 2008; Kato and Ahern, 2008; Koppes and King, 2020),
which are helpful when the rate of change outpaces the speed

Contextualizing the Examples
Throughout the next century, the world will experience, unevenly
though fully developed, the distress of social-environmental
systems due to the consequences of anthropogenic global
change. These circumstances require a philosophy to support
governance, for example, in building adaptive strategies such as
Bayesian methods (recurrent updating of probable scenarios) or
“relational heuristics” (Biggs, 2008; Preiser et al., 2021).
The COVID-19 (SARs-CoV-2) pandemic, declared by the
World Health Organization in March 2020, offers qualitative
lessons on governance (see, for example Cardoso et al., 2020;
Marone and Bohle, 2020; Santos-Carrillo et al., 2020).
Regional climates and living conditions shift (Robinson
et al., 2021). They will have changed substantially by midcentury. People will have to migrate. Notions like “climate
refugees” are part of the political vocabulary, arguing for a
“compassionate retreat” (Brown and Schmidt, 2014). The future
rise of the global sea-level and the current COVID-19 health
pandemic can be compared because of systemic similarities. Both
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determined by their natural, social, and cultural environments, by
their economic, political, or religious interests, or by their drives
and passions, but also by their thinking, and in particular by what
they actually know about the world and themselves, and by how
they know and share it, as well as by the way in which they make
use of their knowledge” (Renn, 2020, p.10f).

TABLE 1 | Dynamic characteristics of complex adaptive systems (adapted from
Woermann et al., 2018).
Feature

Description

Effect

Networked
causes

multiple, parallel
cause-and-effect
pathways

local and system-wide behavioral patterns

In-put/out-put
relation

not proportionally
related

minor changes in a controlling driver can
cause rapid, system-wide
behavior/significant changes in the
controlling driver may cause slow and
limited system-wide response

Structure

structural parts are different structural parts may perform the
multifunctional
same function/the same structure can
perform various functions

Non-linearity

amplifying
dynamic
interactions.

Lessons, the COVID-19 Pandemic

On the day of writing2 and about 21 months since the WHO
declared a health pandemic, the number of infected people
cumulated to 248 million, the death total to 5.0 million, and the
administrated vaccine doses to 7.1 billion. Hence, the reservoir of
infectible humans is about half of the global population, assuming
two vaccination doses are required to protect an individual.
The COVID-19 health pandemic reached threatening levels,
that is, the risk of the health system collapsing at different times
in different regions (Reddy, 2020; Daghriri and Ozmen, 2021;
Kuhlmann et al., 2021; Coccia, 2022). Likewise, news about events
and actions in one region informed authorities and people in
other regions unevenly, leading to a patchwork of responses.
Although robust and valid information was available, the levels
of rumors, fake news, and misinformation were disorienting for
many. Subsequently, the regional threats and impacts differed
enormously; (see, for example Reicher and Stott, 2020; Shaw et al.,
2020; Lindholt et al., 2021).
The COVID-19 health pandemic has hit many sectors of the
economy and society including health systems. Examples are
food production and supply chains (Chowdhury et al., 2020;
Fernandes, 2020; Bassett et al., 2021). Beyond studies in such
fields and leaving aside studies comparing countries’ strategies
(Chowdhury et al., 2020), other works researched issues like
terrorism (Marone, 2021), ethics for health system operators
(Robert et al., 2020), or ethics of management issues, including
sociological perspectives (Schröder-Bäck et al., 2020).
The Covid-19 health pandemic is a collective experience of
cognitive uncertainties (Sarry et al., 2021), both for individuals
and institutional agents (Janssen and van der Voort, 2020; Shu
and Wang, 2021). The pandemic is profoundly influencing daily
lives, although, for many, the disease is not experienced “hands
on” but is communicated through mass and social media. People
collectively experienced how usual ways of doing got scattered.
The pandemic challenged the lifestyles of many people and
weakened communities in many developing countries; (see, for
example Cardoso et al., 2020; Bassett et al., 2021; Egger et al.,
2021). Although the coerced temporary changes of lifestyles
(social distancing, lockdowns) were not physically threatening
for most, the perceived loss of autonomy, security, and liberty was
collectively unknown for many (Anicich et al., 2020).
The features of the pandemic also challenged the sensemaking
capabilities of many, triggered defensive reactions (fear,
denial), and encountered dispersed and less-than-adequate
responses, also from governments. Most societies (states)
initially implemented various containment measures without
much intergovernmental coordination (Capriglione, 2020).
Intergovernmental cooperation emerged stepwise and erratically.

Minor inputs may trigger cascades of
significant effects that cause surprise, and
uncertainty/local interventions may
modulate system-wide organization

of decision-making and implementation (Berta et al., 2020;
Tiggeloven et al., 2021).

A Complex-Adaptive Earth System
The concepts of complex-adaptive dynamics and socialecological systems are a powerful description of the (natural
and societal) features of the Earth System (Preiser et al., 2018).
Complex-adaptive systems are hard to handle and may behave
contrary to the observer’s expectations. Such counterintuitive
system behavior, which can be perceived as “wicked” (Head and
Xiang, 2016), includes, for example (see Table 1), multiplexed
cause-and-effect paths, not proportional output-input relations,
amplifying interactions, and multifunctional structures.
As part of the Earth System, humankind operates a globalized
network to supply food, commodities, and goods. It is tightly
knotted with multiple process loops (Walker et al., 2020). They
create an intimate social and ecological dynamic entangling
World and Nature (Donges et al., 2017; Behrendt, 2018; DyerWitheford, 2018; Bennett et al., 2019; Schlüter et al., 2019).
As part of the Earth System, human practices also encompass
the governance arrangements of public bodies or corporations
(Biermann, 2014). For example, governance arrangements
determine how to design technologies, production systems,
and consumption patterns. The societal processes (e.g.,
administrative, political, cultural) and related infrastructures
(e.g., parliaments, ministries, foundations, think tanks) have
a dual nature; namely, they combine a cognitive function
(sensemaking) and a material foundation (to enable the
sensemaking process). In social-ecological systems, people’s
attitudes and behaviors have mental and material forms.
The latter (institutions, technologies, interactions) mirror
cognitive processes.
Such “soft sub-systems” of the Earth system co-shape its
dynamics and, hence, influence the entire system behavior.
They are essential, like technical artifacts or natural processes.
They contribute to complex-adaptive dynamics of the Earth
System given that “humans are actors whose actions are not just
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CO2 emissions were negative, it would take several centuries to
millennia for the rise to reverse. Hence, even under the most
optimistic climate change mitigation scenarios, the rising sealevel rise threatens the world’s coastal zones. Caused by local
mean sea-level rise, extreme sea-level events occurring locally
once per century in the recent past are projected to happen at
least once a year in most places. Subsequently, the frequency and
severity of coastal flooding and impact on operations of harbors
will increase (Christodoulou et al., 2019).
Global warming will cause flooding of productive coastal areas
within the next 100 years involving substantial uncertainties and
neither easy nor inexpensive solutions (Anderson et al., 2020;
Lincke and Hinkel, 2021). The “shifting baseline syndrome”
will mark the events (Pauly, 1995; Jones et al., 2020; Thomas,
2020), and regional differences within and beyond national
jurisdictions will characterize them. Initially, bothersome hazards
(e.g., saltwater intrusions) and deadly threats (e.g., flooding) will
be local, and responses (e.g., migration, either due to personal
health and safety concerns or by economic considerations) may
be spontaneous and individual (Pilkey and Pilkey, 2019). The
retreat process will be a media-reported experience (of ‘the
others’ lives’), one of the several similarities of the COVID19 pandemics and climate change. Rising seas will probably
force millions of coastal people to relocate (Hauer et al., 2020),
triggering a climate refugee crisis (Leardini, 2017; Simonelli,
2021) like no other; including the disappearance of some island
countries or estuarine regions (Nunn et al., 2017; Anurag Danda
et al., 2019).

Given these experiences and referring to COVID-19, Angeli and
Montefusco (2020, p. 1) stated that “just as complex adaptive
systems, societies affected by the pandemic and by the subsequent
containment policies present non-linear and unpredictable
outcomes, which highly depend on the social systems’ initial states
and on the behavioral rules governing the actions and interactions
of the agents composing the systems.”
The COVID-19 health pandemic illustrates what is reported
as systemic for complex-adaptive socio-ecological systems
(Termeer et al., 2015, 2016; Huang and London, 2016; Preiser
et al., 2017). Also, the COVID-19 pandemic taught those
in charge of decision-making to be aware of unexpected
disproportionate consequences of management actions, while at
the same time decision-making must be flexible, highly adaptive,
fast, and frugal; (see for example Fuerth and Faber, 2012; Munene
et al., 2018; Kool et al., 2020).

Teachings, the Rising Sea-Level
Introduction
The science of global sea-level rise is robust. The global
mean sea-level has risen more rapidly since 1900 than in any
previous century. Likewise, like many other climate changes, it
is now irreversible for centuries to millennia, even if climate
change mitigation strategies are implemented (Clark et al., 2016;
Christodoulou et al., 2019; Frederikse et al., 2020; Horton et al.,
2020).
The global mean sea-level will rise to threatening heights in
the early 22nd Century (Kulp and Strauss, 2019). The threats are
multiple, including flooding, rising mean water table, shoreline
erosion, saltwater intrusion into coastal aquifer, loss of coastal
wetlands, or hampered the operation of ports. The threats vary
depending on the local topography, such as cliffs, lowlands,
or anthropogenic coasts (Sterr, 2008; Leuven et al., 2019).
How to handle them depends, for example, on geomorphology,
hydrology, climate, economy, population density, socio-political
systems, and culture (Tol et al., 2008). Subsequently, people will
retreat from the actual shorelines (Mees et al., 2014; Anurag
Danda et al., 2019; Piguet, 2019; Siders, 2019; Doberstein
et al., 2020). Even under optimistic climate change mitigation
scenarios, the global mean sea-level will continue to rise for
several 100 years. Hence, a reasonable societal goal should
be to retreat, when needed repeatedly, from the shoreline in
an anticipated and coordinated manner before disasters strike
(Hanna et al., 2021).

Regional Patterns, an Example
Although caused by global warming, the rising mean sea-level is
not a uniform steric phenomenon (Horton et al., 2020) because of
ocean dynamics and mass distribution (ice). Significant regional
differences will occur (Grinsted et al., 2015), including shifts
of extreme events wherever the mean sea-level is subject to
substantial changes (Witze, 2018). For example, water levels
in Hamburg or London (Western Europe) may rise by 0.8 m
and drop in Oulu (Northern Europe, Bay of Bothnia) by
0.1 m. Related to the mean sea-level changes, the likelihood of
the combined height of astronomical tides and storm surges
[extreme sea-levels (ESL)] shifts. For example, in the Elbe estuary
(Germany, North Sea), “the 500 year ESL is projected to become
as or more frequent than the historical 100 year ESL” (Rasmussen
et al., 2018, p. 9). Threats increase further when extreme sea-level
combines with strong river discharge (Hofstede, 2019a, p. 289).
Like their peers in the Netherlands (de Graaf et al., 2009),
public authorities in Northern Germany plan for mean sea-level
rise and increased likelihood of extreme sea levels by the end of
the 21st Century (Sterr, 2008; Hofstede, 2019a). Also, the option
of a managed retreat is mentioned. However, it is a sensitive
topic because, for example, in “the Schleswig-Holstein sector of
the Wadden Sea, more than 1,000 years of land reclamation
through embankments has led to the detachment of about 2,400
km2 of coastal marshes from marine influences. . . . Today, the
mainland coastline is almost completely occupied by 190 km of
primary embankments in the responsibility of the State. The
8 to 9.5 m high and up to 80 m broad embankments protect

A Narrative – Global Mean Sea-Level

Referring to the IPCC3 , it is sure that the global mean sea-level
will continue to rise over the entire 21st and 22nd Centuries.
Compared to 1995–2014, by 2150, it could increase to 0.37–
0.86 m (very low emission scenario) and 0.98–1.88 m (very high
emission scenario). In the longer term, the rise (by about 2–
3 m) will continue because the deeper layers of the world ocean
will warm (and expand). Some ice sheets will melt even if the
warming is limited to 1.5◦ C. With high confidence, the sealevel will remain elevated for thousands of years. Even if global
3 https://www.ipcc.ch/assessment-report/ar6/
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that geoscientists are “primarily at the service of society. This
is the deeper purpose of their activity” (Di Capua et al., 2017,
p. 6). Furthermore, (Bohle and Di Capua, 2019; Mogk, 2020)
discuss issues of justice, diversity, and equality; although without
exploring ethics of justice.
The variant of geoethical thinking that is used in the
following sections merges geo-philosophical insights with the
contemporary (political) philosophies of Kohlberg (1981), Jonas
(1979), and Bunge (1989). These philosophies provide additional
framing, incorporating thinking regarding “a hierarchy
of societal coordination processes”; “an intergenerational
responsibility of agents of change”; and “a balance of individual
wellbeing (happiness) and duty.” The embedding of geoethical
thinking in these political philosophies leads to the “geoethical
logic approach” (Table 2).
This approach was suggested in recent years (using various
terms to name it, e.g., geoethical rational, thesis). It targets to
apply geoethical thinking in a broader context than professional
geosciences; (see Bohle, 2020, 2021; Bohle and Marone, 2021).
The 2-fold foundation of this approach ensures that [geo]ethical
decision-making is guided by insight into the functioning of
the Earth System and concerns about the functioning of the
society, both under the imperative of “caretaking” for the entire
social-environmental system. The descriptions of the geoethical
logic approach would require a scrutiny beyond what is possible
in this essay. Applying a “folk meaning” or “practitioner’s
wisdom” seems sufficient in the given context (Bardach, 1987).
However, given the following arguments, how we use the term
“reproducibility” is sketched in the following paragraph.
Reproducibility means that the relation between the object of
a study, the method, and the finding is invariant; e.g., “genuine
science is impersonal” (p. 461) or “every research project. . . should
be impersonal, and therefore replicable by others employing the
same methods” (Bunge, 2017, p. 467). Hence, reproducibility
implies that knowledge (e.g., scientific finding) should not
depend on investigators’ philosophical, cultural, social or political
ideas5 . Furthermore, reproducibility means that the same piece
of knowledge can be established by applying different methods
to the same object of study. Finally, the reproducibility of
knowledge (e.g., a scientific finding), can be supported by a
theoretical framework, which may take a mathematical form.

about 130,000 inhabitants and 19 billion e of capital assets. . . .
Due to the long history of land reclamation, in many places,
several embankments and polders exist behind each other; the
oldest ones lying the farthest from the sea. In result, more than
half of the coastal lowlands are protected by a so-called second
embankment-line” (Hofstede, 2019b, p. 1069). This century-long
cultural path of defending shorelines (and claiming land from the
sea) will be challenging to reverse. Hence, as we have the better
part of a century to prepare, the question is how a developed
industrial society of deeply rooted engineering prowess prepares
to implement a “retreat” when former societies did not “give up”
and sanctioned those who did. In the history of German coastal
communities, individuals were expropriated when they did not
participate in the maintenance of shore defenses (Gierke, 1907).
To date, it would be mere speculation as to how a policy
change for shore defense could evolve in Germany under given
cultural, historical, and economic circumstances. Nevertheless, it
seems inevitable for the 22nd Century. One may wonder what
kind of disasters must strike, whether they would be politically
viable, and whether they would remind of the historical past
(Grote Mandränke 1362 and 1634)4 that was overcome since the
19th Century (Hansen, 1894).
Finally, we would like to recall that the situation at German
coasts is by no means unique. Subsequently, “managed retreat” is
discussed in many places (van Staveren and van Tatenhove, 2016;
Dachary-Bernard et al., 2019; Anderson et al., 2020; Dundon and
Abkowitz, 2021; Hanna et al., 2021; Siders and Ajibade, 2021). It is
vital to develop a culture that treats removal policies as managed,
coordinated, and anticipated.

Geo-Philosophical Insights
Within Earth Sciences, geoethics investigates societal contexts
and professional obligations (Peppoloni and Di Capua, 2012;
Peppoloni et al., 2019). Distinct from Gaian ethics or alike,
geoethics is a Western geo-philosophical school of thought.
It is rooted in geoscientific knowledge (to understand Earth),
emphasizes practical wisdom (phronesis), and tackles issues
relating to responsible geosciences. Subsequently, geoethics can
be structured for various application contexts and with different
philosophical embedding (Bohle, 2021; Peppoloni and Di Capua,
2021).
The variants of geoethical thinking share the insight “that
choices that are taken in a specific social and cultural setting, that
respect the ethical norms of this setting, may appear unethical
elsewhere” (Peppoloni et al., 2019, p. 30). This “degree of
freedom” or “option of normative pluralism” is an intentional
feature, which gives geoethics plasticity to operate in different
contexts. Still, geoethical thinking implicitly incorporates formal
ethical frameworks (see Hourdequin, 2015, p.55): “utilitarianism
directs our attention to consequences; Kant’s ethics to respect
and autonomy; Aristotle’s virtue ethics to character and its
connection to living well.” In geoethical thinking, Kantian and
Aristotelian thinking is vital. Utilitarian views are expressed, for
example, in the Cape Town Statement on Geoethics, asserting

RESULTS
The future rise of the mean sea level and the ongoing
COVID-19 health pandemic show systemic similarities; as listed
above: they are (1) pandemic/global and rapidly evolving, (2)
certainly occurring and scientifically definite, (3) less known
regarding local manifestations blurred by shifting baselines,
(4) on everyone’s mind because of massive media reports, (5)
5 It is a different debate how philosophical, cultural, social or political views of
investigators influence, for example, the choice of the research question, object of
the study, or study method. Also, the object of a study, method and finding can be
described only with finite accuracy. Hence, reproducibility is given ‘within error
margins’. Finally, scientific knowledge systems constrain the thinkable and evolve
(Renn, 2020).

4 https://www.ndr.de/geschichte/chronologie/Die-Grote-Mandraenke-

Schicksalhafte-Fluten-1362-und-1634,grotemandraenke101.html
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TABLE 2 | The tenets (of the geoethical logic approach) and their expressions as socio-political preferences to shape governance arrangements in complex-adaptive
social-ecological systems (adapted from Bohle, 2021).
Tenet of
geoethical
logic
approach
focusing on

Meaning

Implying governance & caretaking societies

1. Agency

A framework that invests human agents [#] in acting to their best
understanding, balancing (individual) happiness and (individual)
duties, and considering the given circumstances, opportunities
and purposes;

Societal/cultural/political preferences for a distributed human agency;
governance structures that encourage human agents to act in a
context-depending manner;

2. Virtue

A corpus of traits (e.g., honesty, integrity, transparency, reliability,
a spirit of sharing, cooperation, reciprocity) of a human agent,
which furthers operational (handling of things) and social
(handling of people) capabilities of the individual/group;

Societal/cultural/political practices (e.g., public and private educational
frameworks and modes of cooperation), which (a) favor traits of human
agents such as honesty, integrity, transparency, reliability, etc., and (b)
suchlike, enhance skills of agents for effective and efficient operational
and interpersonal dealings;

3. Responsibility

The outcome of a normative call (internal, external) on a human
agent, which frames decisions/acts in terms of accountability for
the intended effects, the unintended consequences, and the
implications for future generations;

Societal/cultural/political practices (e.g., public and private educational
frameworks and modes of cooperation) foster political and social
behaviors that value accountability, foresight, and intergenerational
justice and caretaking.

4. Knowledgebase

(a) As a foremost instance, knowledge [*] that is acquired by
scientific methods; (b) experience-based knowledge [**] is a
secondary instance; (c) reproducibility of knowledge by third
parties [***] supports trustworthiness rather than an allusion to
faith or ’authorities’; [*] any domain of human scientific &
scholarly knowledge; Earth system literacy (including
geosciences) as primus inter pares within STEM; [**]
indigenous/traditional/local [***] core of the scientific method,
see Bunge’s ‘synthetic thesis of truth’ (Bunge, 2006)

Societal/cultural/political practices (e.g., public and private educational
frameworks and modes of decision making), which emphasize
‘scientific methods’ and ‘reproducible knowledge’ with particular
emphasis on ‘Earth science literacy’ and dynamics of complex
systems;

5. Inclusivity

Achieve a participatory practice (e.g., ’shared social license to
operate’) between various agents by mitigating differentials of
power, voice etc. using capacity building;

Societal/cultural/political practices of inclusive political/societal
processes and modes of cooperation allow human agents to
participate in decision-making and implementation.

6. Universalrights

Guide affective and rational sensemaking and cooperation of
human agents by furthering adherence to human rights (life,
liberty, justice) and by strengthening derived norms such as
utilitarian, sustainability, precautionary principles or rights of
non-human sentient beings and nature;

Societal/cultural/political practices (e.g., public and private educational
frameworks and modes of cooperation) that care about governance
practices emphasize sensemaking based on human rights.

Comments:

[#] understood as individual, collective, or institutional agent

suggests “virtue,” “responsibility,” “inclusivity,” and “universalrights” as tenets that guide the human agent to preserve
trustworthiness. Hence, trust is not an outcome of proven
expertise. Instead, the behavioral traits of the human agent and
the manner how expertise is put into practice are building trust.
Being aware of shifting baselines is knowing the status quo
and status quo ante. Humans have difficulties keeping track
of baselines (Pauly, 1995; Moore et al., 2019). The slow rise
in mains sea-level is a perfect example, e.g., flooding during
king-tides in Miami becomes normal (Wdowinski et al., 2016).
Subsequently, a sense of urgency and need-for-change is lost,
and the public and coordinated response is hampered. In the
same vein, when lacking direct (own) experiences of upcoming
threats while experiencing insights and behaviors being socially
communicated (or coerced) and media-driven, then ample
opportunities for distortion, fakes, and active misinformation
arise (Salvaore et al., 2019). Therefore, the geoethical logic
approach postulates “reproducible knowledge,” which might be
scientific or scholarly (although it may have other sources) as a
vital tenet. It aims to prevent misjudgment by shifting baselines
and passive or active misinformation. The tenet enshrines the

happening globally but punctuated by local disasters, and (6)
causing people’s reactions ranging from fear to denial. It is
expected that most of the impacts of anthropogenic global change
will share these similarities.
Complex-adaptive dynamics of social-ecological systems, be
they featured by the COVID-19 health pandemic or the rise in
global mean sea-level, are characterized by a systemic uncertainty
about “what happens next” or newly emergent system features.
Subsequently, the capabilities to forecast change are limited.
The handling of problems is iterative. Solutions are adapted
regularly to adjust them to path-dependent and irreversible
developments. In the same vein, irregular variability in time and
space and difficult-to-discern patterns disorient people and cause
frustrations that elites and authorities ‘are not getting it right’.
Subsequently, decision-makers and managers are challenged for
both: making decisions and communicating them. Therefore,
maintaining mutual trust is a very high societal value. Experts’
culture cannot nourish it. Instead, trust must root in other
qualities (Rochira and Salvatore, 2021) and may comprise,
for example, an extensive interaction of scientists and citizens
(Resnik et al., 2015). Therefore, the geoethical logic approach
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reproducibility of knowledge as an essential feature of any critical
process of knowledge consolidation.
When understanding local particularities and global patterns,
human agents may learn to handle dynamics exhibiting contextdependency and lacking uniformity. In the same vein, shifting
baselines and irregular variations trigger spontaneous reactions
and, hence, hamper coordinated responses. Also, as said above,
the trust in agents handling complex-adaptive dynamics is not
rooted in the experience “they got it right last time” because it
was no last time to compare with. Any such feature questions the
delegation of agency to “authorities.” Instead, they call to acquire
capability (agency) for local action. Therefore, the geoethical
logic suggests investing in the empowerment of human agents,
calling for inclusiveness and human rights to shift from a
“spontaneous” to a “coordinated” response.
Given a governance perspective, these findings can be
aggregated into four pivots for policy-design: “autonomy” and
“trustworthiness” of the human agent living in a society with a
“scientific culture” and a “culture of inclusive justice.”
Schematically:

Sciences. Its subsequent development, including framing by
political philosophies, led to more comprehensive application
scopes. The geoethical logic is another application-oriented
development of geoethics, which does not alter much the
underpinning design.

DISCUSSION
Dystopic visions of future worlds are numerous (Cook
and Balayannis, 2015; Yusoff, 2018). This essay sketches a
concept of governance inspired by geoethical thinking to
find alternatives. The vehicle is a specific geo-philosophical
framework’ (the “geoethical logic approach”), which draws on
a variant of philosophy of science, of “responsible Earthsciences” (geoethics), and three contemporary political
philosophies, which address the needs of caretaking
societies. Subsequently, societal practices seem possible,
which inform human agents how to tackle the impacts
of anthropogenic global change. The empowerment of
human agents is founded on inter-generational perspectives,
concerns for caretaking, learning, participatory practices, and
scientifically informed insights into the functioning of the world
and nature.

• Tenet “1” (agency) of the geoethical logic approach indicates
to accentuate the “autonomy” (of the human agent), namely
to act on own initiative to face (diverse) local circumstances.
Subsequently, a culture and governance policy encouraging
citizens’ emancipation to act must be advocated.
• Tenets “2, 3” and “5” (virtue, responsibility, human rights)
of the geoethical logic approach indicates to accentuate
“trustworthiness” (of the human agent) despite volatile
circumstances. Subsequently, a culture and governance policy
encouraging civism/res publica/citoyenneté/Bürgersinn must
be advocated.
• Tenet “4” (knowledge) of the geoethical logic approach
indicates to accentuate a “scientific culture” with
reproducibility of knowledge (e.g., scientific findings) at
its core. Subsequently, a culture and governance policy
encouraging scientific literacy must be advocated.
• Tenet “5, 6” (inclusivity, human rights) of the geoethical
logic approach indicates accentuating a “culture of inclusive
justice.” Subsequently, a culture and governance policy
encouraging systemic citizens’ empowerment, caring for all
members of society and future generations must be advocated.

Why “Geo?”
The prefix “geo” of the notions geoethical and geo-philosophical
has various connotations. First, it specifies that Earth System
literacy is a knowledge domain primus inter pares because of the
vital expertise in times of anthropogenic global change. Second,
the prefix points to the specific knowledge-building process
in geo- or Earth-System sciences, determined by dependence
on context and path, a multiplicity of methods, and scarce
opportunities for controlled experiments. As a philosophy of
sciences, this knowledge-building process implements Bunge’s
“synthetic thesis of truth.” Third, the prefix relates to the
governance of adaptation to the impacts of anthropogenic
global change (e.g., sea-level rise), which should be informed
by an ethic of perspectives concerned with Earth and society
(geoethics), which applies adaptive, iterative, and synthetic
scenario building of possible configurations of the HumanEarth Nexus.
As a word of caution, while emphasizing why the prefix
“geo” is used in this essay, the geoethical logic approach
implies a comprehensive scientific and scholarly knowledge base
extending beyond Earth-/Geosciences. Furthermore, centering
on the agency of humans is about unique duties as an intrinsic
part of the Earth system. Humans are the species answerable for
mismanaging the planet.

Reflecting the design of geoethics, respectively, of the geoethical
logic approach, these pivots are a bundle without an internal
hierarchy. They set out a sole framework for governance,
which shall nurture the “autonomy of trustworthy human
agents acting within a society having a scientific culture and
a culture of inclusive justice.” The agent’s trustworthiness is
rooted in traits like “virtue” and “responsibility” and practices
like “inclusivity” and “universal-rights.” The essence of scientific
culture emphasizes the reproducibility of findings, which also
applies to knowledge systems other than science per se (Renn,
2020).
To situate the above within geoethical thinking: Emphasizing
autonomy, trustworthiness, and scientific culture encapsulates
the conceptual core of geoethics (Peppoloni et al., 2019).
Geoethics started as a deontological approach within Earth

Frontiers in Political Science | www.frontiersin.org

Conventional, Innovative, and Incomplete?
The proposed pivots for policy-design might appear
conventional, given they are founded on known political
philosophies and the concept of responsible sciences. However,
innovation is 2-fold.
First, the pivots for policy-design are not hierarchically
ordered to shape societal culture(s), public policies, and human
agents’ actions. Instead, they jointly inform culture, policies,
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On Divergent Practices and Practical
Wisdom

and action. The goals of “autonomy” and “trustworthiness”
(of the human agent) and “scientific culture” and “culture
of inclusive justice” (of the society) apply without a preestablished ranking. This feature implies mutatis mutandis, that
(cherished Western) concepts like “universal” are to be taken
cum grano salis. Instead, an aggregating approach of comparative
Justice is favored (Sen, 2010) and unbound individual agency
is questioned.
Second, the combination of insights, which underpins the
pivots, is vital. These are: (1) the reproducibility of knowledge
(e.g., scientific), (2) Earth science literacy (essential knowledge
domain), (3) the quality of societal coordination (favoring the
distribution of power), (4) the responsibility of change agents
(favoring intergenerational accountability), and (5) the balance
of individual wellbeing and duties (the key-virtues of the
human agent).
Despite the substantial sociopolitical embedding, the
proposed geoethical logic approach seems incomplete
because it is not informed by socioeconomic constraints,
which, for example, limit the freedom of human agents. A
remedy can be found interpreting Hannah Arendt’s political
philosophy of the “Human Condition” (Arendt, 1958) for
times of anthropogenic global change. Her notions of labor
(for subsistence), work (of agents of technological change),
and act (political agency) indicate how to complement the
geoethical logic approach with insights into what social
stratification and differential power might imply for “autonomy”
and “inclusivity.”
Such amendment of the geoethical logic approach deems
needed because inequalities in socio-ecological systems are a
critical issue. The preparedness, reactions, mitigation capacities,
adaptation capabilities, and decision-making processes will suffer
from the inequalities as much as from the hazards. The problem
is well-known (McMichael et al., 2004). J. Timmons Roberts
asserted that “Global warming is all about inequality, both in who
will suffer most its effects and in who created the problem in the first
place” (Roberts, 2001, p. 501). Beyond sea-level rise and flooding,
climate change may affect human health and mortality due to
extreme heat and cold waves, climate disasters and changes, the
lessening of air and water quality, and changes in the ecology of
infectious diseases.
A further open research question is the decision making
process, e.g., whether, for example, the human agent needs
to make decisions standing behind the Rawls veil (Huang
et al., 2019). Recently (Markkanen and Anger-Kraavi, 2019),
policymakers were alerted again of the indirect and often
complex social and inequality impacts that their decision may
have. They suggest that, in all stages of policymaking, the
potential impacts inequalities can produce or enhance must
be taken into consideration to get better results. In the same
vein, “[p]rojections of the global health effects due to the global
climate changes signal a massive impact on the less favored parts
of the world” (Sunyer and Grimalt, 2006, p. 216). In 2021,
Brazilian researchers (Rocha et al., 2021) showed, using a Social
Vulnerability Index, that in Brazil, the leading risk factor related
to COVID-19 are socioeconomic inequalities, rather than age,
health status, and other risk factors.
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When applying the pivots for policy-design to inform culture
and governance, the resulting practices will diverge. This
specific feature, different valid approaches, stems from the initial
design of geoethics. It arises because of divergent insights and
judgements of human agents who handle a non-hierarchical set
of guiding principles.
Geoethics and, hence, the pivots for policy-design are not
designed to lead to a single or uniform application case. Instead,
different valid approaches, which each respects the four pivots,
should be plausible. This multitude is essential because it is
unlikely that a “best” approach (scenario) exists (and can be
found) in contexts determined by complex-adaptive dynamics.
Hence, it is the desired design feature to encounter divergent
practices or approaches when applying the proposed pivots
because “[t]here may not indeed exist any identifiable perfectly just
social arrangement on which impartial agreement would emerge”
(Sen, 2010, p.15).
A plurality of approaches seems favorable when handling
complex-adaptive dynamics, although the risk of inconsistent
(e.g., arbitrary) choices is inherent, which, in turn, may lead to
irreversible developments. Handling complex-adaptive dynamics
requires Bayesian-like approaches to operate context-dependent
and path-dependent, as well as iteratively; (see for example
Fuerth and Faber, 2012; Sharma-Wallace et al., 2018; Janssen
and van der Voort, 2020). The combination of framing and
plasticity that the geoethical logic approach offers should
facilitate handling systemic uncertainty and shifting baselines
of complex-adaptive dynamics and, likewise, intermittent and
recurrent phenomena. Building the capability to tackle such
features (Arroyo, 2017; Stewart and Lewis, 2017; Marone and
Bouzo, 2021) is essential to counter attitudes of denial of facts
and evidence.
Being able, that is, “having the wisdom,” to cope with
divergent practices is the essence of cultural/political processes
at the Human-Earth Nexus. Therefore, the requirement to
meet the pivots for policy-design at any time should frame
cultural/political processes while also providing plasticity to
adjust practices consistently to different regional impacts and
non-uniqueness of adaptation options. Also, media-mediated
experiences of the public should be addressed because the pivots
for policy-design can nourish a consistent discourse, including
persistent debunking of fake news. Finally, considering the
overall context of anthropogenic global change (and the specific
illustration of “the rise of the main sea-level”), advancing from
spontaneous to managed responses should be possible giving the
“autonomy” of a trustworthy human agent, who has a “scientific
culture” and adheres to a “culture of inclusive justice.”

Concluding
When perceived through complex-adaptive dynamics and geophilosophical concepts, experiences gained in the COVID-19
health pandemic can inform the governance of (some) climate
change impacts in the next century. Evolving in the same global,
complex-adaptive social-ecological system, the COVID-19 health
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pandemic and the rising global mean sea-level have similar
systemic features. Hence, the Human-Earth Nexus of challenges
and policy options is similar. Therefore, comparable approaches
may address the respective global, regional, and local problems.
The proposed geo-philosophical framework merges
[geo]science-based insights with the contemporary (political)
philosophies of Kohlberg (hierarchy of societal coordination
processes), Jonas (intergenerational responsibility of agents of
change), and Bunge (balancing individual wellbeing (happiness)
and duties). Using them is a choice reflecting our view of
what ought to be (morally) valued and what kind of political
philosophy can be amalgamated with a [geo]scientific philosophy
(geoethics) initially emerging from insights into the functioning
of the (physical) Earth System. Other choices would lead to
a different geo-philosophical framework. The given choice
use an established (best) practice in political philosophy and
Earth sciences. Combing both should be of practical wisdom
(phronesis) to tackle the self-inflicted impacts of anthropogenic
global change. The essence of “be practical” is founded on
the reproducibility of knowledge (e.g., scientific method),
Earth science literacy (knowledge domain), quality of societal
coordination (distribution of power), the responsibility of agents
of change (intergenerational accountability), and balance of
individual wellbeing and duties (virtues of the human agent).
Some may consider the proposed pivots for policy-design
to be not more than a “pious” wish in view of open

resistance in contemporary societies to evidence and facts.
However, it is a proposal (from a geoscience perspective)
to counter dystopian visions of future worlds and call to
adjust societies’ scientific culture (Nagy and Bohle, 2021)
and education system (Marone and Bouzo, 2021). It seems
appropriate, also drawing on other experiences (Arroyo,
2017), that the successful governance of adaptation to the
anthropogenic global change shall emphasize the “autonomy”
and “trustworthiness” of the human agent and call for a
society with a “scientific culture” and “culture of inclusive
justice.” Such a geo-philosophical orientation may serve “[w]hen
Humans formed an independent relation with Earth [to be]
left to choose between a path of care and a path of neglect”
(Hamilton, 2017, p. 150).

REFERENCES

Berta, P., Paruolo, P., Verzillo, S., and Lovaglio, P. G. (2020). A bivariate prediction
approach for adapting the health care system response to the spread of COVID19. PLoS ONE 15, e0240150. doi: 10.1371/journal.pone.0240150
Beven, K. J., Almeida, S., Aspinall, W. P., Bates, P. D., Blazkova, S., Borgomeo, E.,
et al. (2018). Epistemic uncertainties and natural hazard risk assessment – Part
1: A review of different natural hazard areas. Nat. Hazards Earth Syst. Sci. 18,
2741–2768. doi: 10.5194/nhess-18-2741-2018
Biermann, F. (2014). The Anthropocene: A governance perspective. Anthr. Rev. 1,
57–61. doi: 10.1177/2053019613516289
Biggs, R. (2008). Uncertainty, Learning and Innovation in Ecosystem Management.
ProQuest Diss. Theses. University Wisconsin, Madison, WI, Done.
Biggs, R., Vos, A., de, Preiser, R., Clements, H., Maciejewski, K., and Schlüter,
M. (2021). The Routledge Handbook of Research Methods for Social-Ecological
Systems. London: Routledge doi: 10.4324/9781003021339
Bohle, M. (2020). Geo-Societal Sense-Making. London: Spec. Publ.
doi: 10.1144/SP508-2019-213
Bohle, M. (2021). A geo-ethical logic for citizens and geoscientists. Sustain. Water
Resour. Manag. 7:85. doi: 10.1007/s40899-021-00557-1
Bohle, M., and Di Capua, G. (2019). “Setting the scene,” in Exploring
Geoethics, ed M. Bohle (Cham: Springer International Publishing), 1–24.
doi: 10.1007/978-3-030-12010-8_1
Bohle, M., Di Capua, G., and Bilham, N. (2019). “Reframing geoethics?” in
Exploring Geoethics, ed M. Bohle (Cham: Springer International Publishing)
165–174. doi: 10.1007/978-3-030-12010-8_5
Bohle, M., and Ellis, E. C. (2016). “Ethical requirements for applied earth
system science and engineering,” in 35th International Geological Conference,
Geoscience for Society, Global Geoscience Professionalism and Geoethics.
doi: 10.4401/ag-7401
Bohle, M., and Marone, E. (2021). Geoethics, a branding for sustainable practices.
Sustainability 13:895. doi: 10.3390/su13020895
Bohle-Carbonell, M., and van Senden, D. (1990). On Internal Seiches and Noisy
Current Fields—Theoretical Concepts Versus Observations. Berlin; Heidelberg:
Springer. doi: 10.1007/978-3-642-84077-7_4

DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author/s.

AUTHOR CONTRIBUTIONS
MB conceptualized the study. MB and EM developed the matter
and wrote the paper. Both authors contributed to the article and
approved the submitted version.

Anderson, R., Patsch, K., Lester, C., and Griggs, G. (2020). Adapting to shoreline
retreat: Finding a path forward. Shore Beach 88, 13–33. doi: 10.34237/1008842
Angeli, F., and Montefusco, A. (2020). Sensemaking and learning during the
Covid-19 pandemic: A complex adaptive systems perspective on policy
decision-making. World Dev. 136:105106. doi: 10.1016/j.worlddev.2020.1
05106
Anicich, E. M., Foulk, T. A., Osborne, M. R., Gale, J., and Schaerer, M.
(2020). Getting back to the “new normal”: Autonomy restoration during
a global pandemic. J. Appl. Psychol. 105, 931–943. doi: 10.1037/apl0
000655
Anurag Danda, A., Ghosh, N., Bandyopadhyay, J., and Hazra, S. (2019). Managed
retreat: adaptation to climate change in the Sundarbans ecoregion in the Bengal
Delta. J. Indian Ocean Reg. 15, 317–335. doi: 10.1080/19480881.2019.1652974
Arendt, H. (1958). The Human Condition. Chicago, IL: The University of
Chicago Press.
Arroyo, K. K. (2017). Creative policymaking: taking the lessons of
creative placemaking to scale. Artivate J. Arts Innov. Entrep. 6, 58–72.
doi: 10.1353/artv.2017.0000
Barash, J., Brocas, I., Carrillo, J. D., and Kodaverdian, N. (2019). Heuristic to
Bayesian: The evolution of reasoning from childhood to adulthood. J. Econ.
Behav. Organ. 159, 305–322. doi: 10.1016/j.jebo.2018.05.008
Bardach, E. (1987). From practitioner wisdom to scholarly knowledge and back
again. J. Policy Anal. Manag. 7:188. doi: 10.2307/3323368
Bassett, H. R., Lau, J., Giordano, C., Suri, S. K., Advani, S., and Sharan, S. (2021).
Preliminary lessons from COVID-19 disruptions of small-scale fishery supply
chains. World Dev. 143:105473. doi: 10.1016/j.worlddev.2021.105473
Behrendt, H. (2018). Teilhabegerechtigkeit und das Ideal einer inklusiven
Gesellschaft. Zeitschrift für Prakt. Philos. 5, 43–72. doi: 10.22613/zfpp/5.1.2
Bennett, N. J., Blythe, J., Cisneros-Montemayor, A. M., Singh, G. G., and Sumaila,
U. R. (2019). Just Transformations to Sustainability. Sustainability 11:3881.
doi: 10.3390/su11143881

Frontiers in Political Science | www.frontiersin.org

10

February 2022 | Volume 4 | Article 819930

Bohle and Marone

Human-Earth Nexus: Managed Retreat

Frederikse, T., Landerer, F., Caron, L., Adhikari, S., Parkes, D., Humphrey, V.
W., et al. (2020). The causes of sea-level rise since 1900. Nature 584, 393–397.
doi: 10.1038/s41586-020-2591-3
Fuerth, L. S., and Faber, E. M. H. (2012). Anticipatory Governance Practical
Upgrades: Equipping the Executive Branch to Cope with Increasing Speed and
Complexity of Major Challenges. Washington, DC.
Geological Society of America (1997). Report on : Geological Society of
America (GSA) Presidential Conference on ‘Ethics in the Geosciences’ (1997).
Boulder, Colorado.
Gierke, J. (1907). VIII. Chrene cruda und Spatenrecht. Z. Savigny. Stift. Rechtsgesch.
Ger. Abt. 28, 290–341. doi: 10.7767/zrgga.1907.28.1.290
Grinsted, A., Jevrejeva, S., Riva, R., and Dahl-Jensen, D. (2015). Sea level
rise projections for northern Europe under RCP8.5. Clim. Res. 64, 15–23.
doi: 10.3354/cr01309
Haff, P. K. (2017). Being human in the Anthropocene. Anthr. Rev. 4, 103–109.
doi: 10.1177/2053019617700875
Hamilton, C. (2017). Defiant Earth - The Fate of Humans in the Anthropocene.
Cambridge, CA: Wiley, Polity Press.
Hanna, C., White, I., and Glavovic, B. C. (2021). Managed retreats by whom and
how? Identifying and delineating governance modalities. Clim. Risk Manag.
31:100278. doi: 10.1016/j.crm.2021.100278
Hansen, R. (1894). ‘Beiträge zur Geschichte und Geographie Nordfrieslands im
Mittelalter’, in Zeitschrift zur SchleswigHolstein-Launenburgische Geschichte
(Kiel: Commissions-Verlag der Universitäts Buchhandling) 1–84.
Hansson, S. O. (2015). The Role of Technology in Science: Philosophical Perspectives.
Dordrecht: Springer Netherlands. doi: 10.1007/978-94-017-9762-7
Hauer, M. E., Fussell, E., Mueller, V., Burkett, M., Call, M., Abel, K., et al.
(2020). Sea-level rise and human migration. Nat. Rev. Earth Environ. 1, 28–39.
doi: 10.1038/s43017-019-0002-9
Head, B. W., and Xiang, W.-N. (2016). Working with wicked problems in socioecological systems: More awareness, greater acceptance, and better adaptation.
Landsc. Urban Plan. 154, 1–3. doi: 10.1016/j.landurbplan.2016.07.011
Hofstede, J. L. A. (2019a). Küstenschutz in Schleswig-Holstein: ein überblick über
Strategien und Maßnahmen. Die Küste 87, 287–302. doi: 10.18171/1.087103
Hofstede, J. (2019b). On the feasibility of managed retreat in the Wadden Sea
of Schleswig-Holstein. J. Coast. Conserv. 23:714. doi: 10.1007/s11852-01900714-x
Horton, B. P., Khan, N. S., Cahill, N., Lee, J. S. H., Shaw, T. A., Garner, A.
J., et al. (2020). Estimating global mean sea-level rise and its uncertainties
by 2100 and 2300 from an expert survey. NPJ Clim. Atmos. Sci. 3:18.
doi: 10.1038/s41612-020-0121-5
Hourdequin, M. (2015). Environmental Ethics - From Theory to Practice. London:
Bloomsbury Publishing Ülc. doi: 10.5040/9781474236607
Huang, G., and London, J. K. (2016). Mapping in and out of “messes”:
An adaptive, participatory, and transdisciplinary approach to assessing
cumulative environmental justice impacts. Landsc. Urban Plan. 154, 57–67.
doi: 10.1016/j.landurbplan.2016.02.014
Huang, K., Greene, J. D., and Bazerman, M. (2019). Veil-of-ignorance reasoning
favors the greater good. Proc. Natl. Acad. Sci. U.S.A. 116, 23989–23995.
doi: 10.1073/pnas.1910125116
Janssen, M., and van der Voort, H. (2020). Agile and adaptive governance in
crisis response: Lessons from the COVID-19 pandemic. Int. J. Inf. Manage.
55:102180. doi: 10.1016/j.ijinfomgt.2020.102180
Jonas, H. (1979). Das Prinzip Verantwortung: Versuch einer Ethik für die
technologische Zivilisation. Frankfurt am Main: Insel-Verlag.
Jonas, H. (1980). ‘The Heuristics of Fear’, in Ethics in an Age of
Pervasive Technology. New York, NY: Routledge.
Jones, L. P., Turvey, S. T., Massimino, D., and Papworth, S. K. (2020). Investigating
the implications of shifting baseline syndrome on conservation. People Nat. 2,
1131–1144. doi: 10.1002/pan3.10140
Kato, S., and Ahern, J. (2008). ‘Learning by doing’: adaptive planning as a strategy
to address uncertainty in planning. J. Environ. Plan. Manag. 51, 543–559.
doi: 10.1080/09640560802117028
Kleinhans, M. G., Buskes, C. J. J., and de Regt, H. W. (2010). “Philosophy of earth
science,” in Philosophies of the Sciences, ed F. Allhoff (Oxford: Wiley-Blackwell)
213–236. doi: 10.1002/9781444315578.ch9
Kohlberg, L. (1981). The Philosophy of Moral Development: Moral Stages and the
Idea of Justice. San Francisco, CA: Harber & Row.

Brown, P. G., and Schmidt, J. J. (2014). “Living in the anthropocene:
business as usual, or compassionate retreat?” in State of the World 2014
(Washington, DC: Island Press/Center for Resource Economics), 63–71.
doi: 10.5822/978-1-61091-542-7_6
Bunge, M. A. (1980). ‘Technoethics’, in Ethics in an Age of Pervasive Technology.
New York, NY: Routledge.
Bunge, M. A. (1989). Treaties on Basic Philosophy -Ethics: The Good and The Right.
Dordrecht: D. Reidel Publishing Company. doi: 10.1007/978-94-009-2601-1
Bunge, M. A. (2006). Chasing Reality. St. Toronto: University of Toronto Press.
doi: 10.3138/9781442672857
Bunge, M. A. (2017). Evaluating scientific research projects: the units of science in
the making. Found. Sci. 22, 455–469. doi: 10.1007/s10699-015-9474-3
Capriglione, F. (2020). COVID - 19. What solidarity, what cohesion in the EU?
uncertainties and fears. Law Econ. Yrly. Rev. 9, 4–60.
Cardoso, E. H. S., Silva, M. S., Da, De Albuquerque Felix Junior, F. E., De Carvalho,
S. V., De Carvalho, A. C. P. D. L. F., Vijaykumar, N., et al. (2020). Characterizing
the impact of social inequality on COVID-19 propagation in developing
countries. IEEE Access 8, 172563–172580. doi: 10.1109/ACCESS.2020.30
24910
Chowdhury, R., Heng, K., Shawon, M. S. R., Goh, G., Okonofua, D., OchoaRosales, C., et al. (2020). Dynamic interventions to control COVID19 pandemic: a multivariate prediction modelling study comparing 16
worldwide countries. Eur. J. Epidemiol. 35, 389–399. doi: 10.1007/s10654-020-0
0649-w
Christodoulou, A., Christidis, P., and Demirel, H. (2019). Sea-level rise
in ports: a wider focus on impacts. Marit. Econ. Logist. 21, 482–496.
doi: 10.1057/s41278-018-0114-z
Cimatoribus, A. A., Lemmin, U., Bouffard, D., and Barry, D. A. (2018). Nonlinear
dynamics of the nearshore boundary layer of a large lake (Lake Geneva). J.
Geophys. Res. Ocean. 123, 1016–1031. doi: 10.1002/2017JC013531
Clark, P. U., Shakun, J. D., Marcott, S. A., Mix, A. C., Eby, M., Kulp, S., et al. (2016).
Consequences of twenty-first-century policy for multi-millennial climate and
sea-level change. Nat. Clim. Chang. 6, 360–369. doi: 10.1038/nclimate2923
Coccia, M. (2022). Preparedness of countries to face COVID-19 pandemic crisis:
Strategic positioning and factors supporting effective strategies of prevention of
pandemic threats. Environ. Res. 203:111678. doi: 10.1016/j.envres.2021.111678
Cook, B. R., and Balayannis, A. (2015). Co-Producing (a Fearful) anthropocene.
Geogr. Res. 53, 270–279. doi: 10.1111/1745-5871.12126
Dachary-Bernard, J., Rey-Valette, H., and Rulleau, et B. (2019). Preferences among
coastal and inland residents relating to managed retreat: Influence of risk
perception in acceptability of relocation strategies. J. Environ. Manage. 232,
772–780. doi: 10.1016/j.jenvman.2018.11.104
Daghriri, T., and Ozmen, O. (2021). Quantifying the effects of social distancing
on the spread of covid-19. Int. J. Environ. Res. Public Health 18:5566.
doi: 10.3390/ijerph18115566
de Graaf, R., van de Giesen, N., and van de Ven, F. (2009). Alternative
water management options to reduce vulnerability for climate change in the
Netherlands. Nat. Hazards 51, 407–422. doi: 10.1007/s11069-007-9184-4
Di Capua, G., Peppoloni, S., and Bobrowsky, P. (2017). The cape town statement
on geoethics. Ann. Geophys. 60, 1–6. doi: 10.4401/ag-7553
Doberstein, B., Tadgell, A., and Rutledge, A. (2020). Managed retreat for
climate change adaptation in coastal megacities: A comparison of policy
and practice in Manila and Vancouver. J. Environ. Manage. 253:109753.
doi: 10.1016/j.jenvman.2019.109753
Donges, J. F., Lucht, W., Müller-Hansen, F., and Steffen, W. (2017). The
technosphere in Earth System analysis: A coevolutionary perspective. Anthr.
Rev. 4, 23–33. doi: 10.1177/2053019616676608
Dundon, L. A., and Abkowitz, M. (2021). Climate-induced managed retreat
in the U.S.: A review of current research. Clim. Risk Manag. 33:100337.
doi: 10.1016/j.crm.2021.100337
Dyer-Witheford, N. (2018). “Struggles in the planet factory: class composition
and global warming,” in Interrogating the Anthropocene (Cham: Springer
International Publishing) 75–103. doi: 10.1007/978-3-319-78747-3_2
Egger, D., Miguel, E., Warren, S. S., Shenoy, A., Collins, E., Karlan, D., et al. (2021).
Falling living standards during the COVID-19 crisis: Quantitative evidence
from nine developing countries. Sci. Adv. 7, 1–12. doi: 10.1126/sciadv.abe0997
Fernandes, N. (2020). Economic effects of coronavirus outbreak (COVID-19) on
the world economy. SSRN Electron. J. 2020:33. doi: 10.2139/ssrn.3557504

Frontiers in Political Science | www.frontiersin.org

11

February 2022 | Volume 4 | Article 819930

Bohle and Marone

Human-Earth Nexus: Managed Retreat

implications for the present. Wiley Interdiscip. Rev. Clim. Chang. 11, 1–20.
doi: 10.1002/wcc.673
Munene, M. B., Swartling, Å. G., and Thomalla, F. (2018). Adaptive governance as
a catalyst for transforming the relationship between development and disaster
risk through the Sendai Framework? Int. J. Disaster Risk Reduct. 28, 653–663.
doi: 10.1016/j.ijdrr.2018.01.021
Nagy, G. M., and Bohle, M. (2021). Geo-scientific Culture and Geoethics. Cham:
Springer International Publishing. doi: 10.1007/978-3-030-79028-8_14
Nunn, P. D., Kohler, A., and Kumar, R. (2017). Identifying and assessing evidence
for recent shoreline change attributable to uncommonly rapid sea-level rise in
Pohnpei, Federated States of Micronesia, Northwest Pacific Ocean. J. Coast.
Conserv. 21, 719–730. doi: 10.1007/s11852-017-0531-7
Pauly, D. (1995). Anecdotes and the shifting baseline syndrome of fisheries. Trends
Ecol. Evol. 10:430. doi: 10.1016/S0169-5347(00)89171-5
Peppoloni, S., Bilham, N., and Di Capua, G. (2019). Contemporary Geoethics
Within the Geosciences. Cham: Springer International Publishing.
doi: 10.1007/978-3-030-12010-8_2
Peppoloni, S., and Di Capua, G. (2012). Geoethics and geological culture:
Awareness, responsibility and challenges. Ann. Geophys. 55, 335–341.
doi: 10.4401/ag-6099
Peppoloni, S., and Di Capua, G. (2021). Geoethics to start up a pedagogical
and political path towards future sustainable societies. Sustainability 13:10024.
doi: 10.3390/su131810024
Phillips, J. (2012). Storytelling in Earth sciences: The eight basic plots. EarthScience Rev. 115, 153–162. doi: 10.1016/j.earscirev.2012.09.005
Piguet, E. (2019). Climatic statelessness: risk assessment and policy options. Popul.
Dev. Rev. 45, 865–883. doi: 10.1111/padr.12295
Pilkey, O. H., and Pilkey, K. C. (2019). Sea Level Rise - A Slow Tsunami on America’s
Shores. Durham: Duke University Press. doi: 10.1215/9781478005124
Plenge, D. (2020). Big Problems Come in Bundles, Huge Nonsense Comes in Heaps,
and Great Transformations Need Sound Philosophical Foundations. Available
online at: https://www.oulu.fi/blogs/bunge (accessed February 23, 2021).
Preiser, R., Biggs, R., De Vos, A., and Folke, C. (2018). Social-ecological systems
as complex adaptive systems: organizing principles for advancing research
methods and approaches. Ecol. Soc. 23:art46. doi: 10.5751/ES-10558-230446
Preiser, R., Biggs, R., Hamann, M., Sitas, N., Selomane, O., Waddell, J., et al.
(2021). Co-exploring relational heuristics for sustainability transitions towards
more resilient and just Anthropocene futures. Syst. Res. Behav. Sci. 2021, 1–10.
doi: 10.1002/sres.2815
Preiser, R., Pereira, L. M., and Biggs, R. (2017). Navigating alternative framings of
human-environment interactions: variations on the theme of ‘Finding Nemo’.
Anthropocene 20, 83–87. doi: 10.1016/j.ancene.2017.10.003
Rasmussen, D. J., Bittermann, K., Buchanan, M. K., Kulp, S., Strauss, B. H., Kopp,
R. E., et al. (2018). Extreme sea level implications of 1.5 ◦ C, 2.0 ◦ C, and 2.5 ◦ C
temperature stabilization targets in the 21st and 22nd centuries. Environ. Res.
Lett. 13:034040. doi: 10.1088/1748-9326/aaac87
Reddy, P. S. (2020). Good Public Governance in a Global Pandemic. Brusseles: The
International Institute of Administrative Sciences. doi: 10.46996/pgs.v1e1
Reicher, S., and Stott, C. (2020). On order and disorder during the COVID-19
pandemic. Br. J. Soc. Psychol. 59, 694–702. doi: 10.1111/bjso.12398
Renn, J. (2020). The Evolution of Knowledge - Rethinking Science
for
the
Anthropocene.
Oxford:
Princeton
University
Press.
doi: 10.1515/9780691185675
Resnik, D. B., Elliott, K. C., and Miller, A. K. (2015). A framework for
addressing ethical issues in citizen science. Environ. Sci. Policy 54, 475–481.
doi: 10.1016/j.envsci.2015.05.008
Robert, R., Kentish-Barnes, N., Boyer, A., Laurent, A., Azoulay, E., and Reignier,
J. (2020). Ethical dilemmas due to the Covid-19 pandemic. Ann. Intensive Care
10:84. doi: 10.1186/s13613-020-00702-7
Roberts, J. T. (2001). Global inequality and climate change. Soc. Nat. Resour. 14,
501–509. doi: 10.1080/08941920118490
Robie, D. (2021). (New) ecological problems: post-pandemic climate change
remains an oceania existential threat. IKAT Indones. J. Southeast Asian Stud.
4:129. doi: 10.22146/ikat.v4i2.59677
Robinson, A., Lehmann, J., Barriopedro, D., Rahmstorf, S., and Coumou,
D. (2021). Increasing heat and rainfall extremes now far outside the
historical climate. NPJ Clim. Atmos. Sci. 4:45. doi: 10.1038/s41612-02100202-w

Kool, R., Lawrence, J., Drews, M., and Bell, R. (2020). Preparing for sea-level rise
through adaptive managed retreat of a new zealand stormwater and wastewater
network. Infrastructures 5:92. doi: 10.3390/infrastructures5110092
Koppes, M., and King, L. (2020). Beyond x,y,z(t); navigating new landscapes of
science in the science of landscapes. J. Geophys. Res. Earth Surf. 125:588.
doi: 10.1029/2020JF005588
Kranzberg, M. (2019). Ethics in an Age of Pervasive Technology. New York, NY:
Routledge. doi: 10.4324/9780429051692
Kuhlmann, S., Hellström, M., Ramberg, U., and Reiter, R. (2021). Tracing
divergence in crisis governance: responses to the COVID-19 pandemic
in France, Germany and Sweden compared. Int. Rev. Adm. Sci.
2021:002085232097935. doi: 10.1177/0020852320979359
Kulp, S. A., and Strauss, B. H. (2019). New elevation data triple estimates of global
vulnerability to sea-level rise and coastal flooding. Nat. Commun. 10:4844.
doi: 10.1038/s41467-019-12808-z
Leardini, M. (2017). Les réfugiés climatiques. Université Catholique de Louvain,
Louvain-la-Neuve.
Leuven, J. R. F. W., Pierik, H. J., Vegt, M., van der, Bouma, T. J., and
Kleinhans, M. G. (2019). Sea-level-rise-induced threats depend on the
size of tide-influenced estuaries worldwide. Nat. Clim. Chang. 9, 986–992.
doi: 10.1038/s41558-019-0608-4
Lincke, D., and Hinkel, J. (2021). Coastal migration due to 21st century sea-level
rise. Earth’s Futur. 9:1965. doi: 10.1029/2020EF001965
Lindholt, M. F., Jørgensen, F., Bor, A., and Petersen, M. B. (2021). Public
acceptance of COVID-19 vaccines: cross-national evidence on levels and
individual-level predictors using observational data. BMJ Open 11:e048172.
doi: 10.1136/bmjopen-2020-048172
Lo, A. W., and Zhang, R. (2021). The evolutionary origin of Bayesian heuristics
and finite memory. iScience 24:102853. doi: 10.1016/j.isci.2021.102853
Markkanen, S., and Anger-Kraavi, A. (2019). Social impacts of climate change
mitigation policies and their implications for inequality. Clim. Policy 19,
827–844. doi: 10.1080/14693062.2019.1596873
Marone, E., and Bohle, M. (2020). Geoethics for nudging human practices in times
of pandemics. Sustainability 12:7271. doi: 10.3390/su12187271
Marone, E., and Bouzo, M. (2021). Humanistic Geosciences: A Cultural
and Educational Construction. Cham: Springer International Publishing.
doi: 10.1007/978-3-030-79028-8_15
Marone, F. (2021). Hate in the time of coronavirus: exploring the impact of the
COVID-19 pandemic on violent extremism and terrorism in the West. Secur. J.
doi: 10.1057/s41284-020-00274-y. [Epub ahead of print].
Marone, L., Lopez de Casenave, J., and González del Solar, R. (2019). The
synthetic thesis of truth helps mitigate the “reproducibility crisis” and is
an inspiration for predictive ecology. Humanit. J. Valparaiso 2019, 363–376.
doi: 10.22370/rhv2019iss14pp363-376
Masson-Delmotte, V., Zhai, P., Pirani, A., Connors, S. L., Péan, C., Berger, S., et al.
(2021). IPCC, 2021: Summary for Policymakers. Cambridge.
McMichael, A., Campbell-Lendrum, D., Kovats, S., Edwards, S., Wilkinson, P.,
Wilson, T., et al. (2004). “Global climate change,’ in Comparative Quantification
of Health Risks: Global Regional Burden of Diseases Due to Selected Major Risk
Factors Comparative Quantification of Health Risks: Global Regional Burden of
Diseases Due to Selected Major Risk Factors, eds. M. Ezzati, A. D. Lopez, A.
Rodgers, and C. J. Murrgay (WHO) 1543–1649.
Mees, H. L. P., Driessen, P. P. J., and Runhaar, H. A. C. (2014). Legitimate adaptive
flood risk governance beyond the dikes: the cases of Hamburg, Helsinki and
Rotterdam. Reg. Environ. Chang. 14, 671–682. doi: 10.1007/s10113-013-0527-2
Merriam, D. (2020). The pandemic and the failure to plan: we can do better. The
Urban Lawyer 50, 401–414. Available online at: https://heinonline.org/HOL/
LandingPage?handle=hein.journals/urban50&div=19&id=&page=
Mogk, D. (2018). Geoethics and professionalism: the responsible conduct of
scientists. Ann. Geophys. 60:7584. doi: 10.4401/ag-7584
Mogk, D. W. (2020). The Intersection of Geoethics and Diversity in the Geosciences.
London: Special Publications. doi: 10.1144/SP508-2020-66
Moore, F. C., Obradovich, N., Lehner, F., and Baylis, P. (2019). Rapidly
declining remarkability of temperature anomalies may obscure public
perception of climate change. Proc. Natl. Acad. Sci. U.S.A. 2019:201816541.
doi: 10.1073/pnas.1816541116
Muiderman, K., Gupta, A., Vervoort, J., and Biermann, F. (2020). Four approaches
to anticipatory climate governance: Different conceptions of the future and

Frontiers in Political Science | www.frontiersin.org

12

February 2022 | Volume 4 | Article 819930

Bohle and Marone

Human-Earth Nexus: Managed Retreat

scales: The Five R Governance Capabilities. Landsc. Urban Plan. 154, 11–19.
doi: 10.1016/j.landurbplan.2016.01.007
Thomas, K. A. (2020). Shifting baselines of disaster mitigation. Clim. Dev. 12,
147–150. doi: 10.1080/17565529.2019.1605875
Tibaldeo, R. F. (2015). The heuristics of fear: can the ambivalence of fear
teach us anything in the technological age? ETHICS Prog. 6, 225–238.
doi: 10.14746/eip.2015.1.9
Tiggeloven, T., Couasnon, A., van Straaten, C., Muis, S., and Ward, P. J. (2021).
Exploring deep learning capabilities for surge predictions in coastal areas. Sci.
Rep. 11:17224. doi: 10.1038/s41598-021-96674-0
Tol, R. S. J., Klein, R. J. T., and Nicholls, R. J. (2008). Towards successful
adaptation to sea-level rise along Europe’s coasts. J. Coast. Res. 242, 432–442.
doi: 10.2112/07A-0016.1
Trischler, H., and Will, F. (2017). Technosphere, technocene, and the history of
technology. Icon 23, 1–17.
United Nations, (2013). World Social Science Report 2013. UNESCO
OECD Publishing.
van Staveren, M. F., and van Tatenhove, J. P. M. (2016). Hydraulic engineering
in the social-ecological delta: understanding the interplay between social,
ecological, and technological systems in the Dutch delta by means of delta
trajectories. Ecol. Soc. 21:art8. doi: 10.5751/ES-08168-210108
Vasconcelos, C., and Orion, N. (2021). Earth science education as a key component
of education for sustainability. Sustain. 13:1316. doi: 10.3390/su13031316
Walker, B., Carpenter, S. R., Folke, C., Gunderson, L., Peterson, G. D., Scheffer,
M., et al. (2020). Navigating the chaos of an unfolding global cycle. Ecol. Soc.
25:art23. doi: 10.5751/ES-12072-250423
Wdowinski, S., Bray, R., Kirtman, B. P., and Wu, Z. (2016). Increasing
flooding hazard in coastal communities due to rising sea level:
Case study of Miami Beach, Florida. Ocean Coast. Manag. 126, 1–8.
doi: 10.1016/j.ocecoaman.2016.03.002
Witze, A. (2018). Attack of the extreme floods. Nature 555, 156–158.
doi: 10.1038/d41586-018-02745-0
Woermann, M., Human, O., and Preiser, R. (2018). General Complexity: A
philosophical and critical perspective. Emerg. Complex. Organ. 2018, 1–18.
Yusoff, K. (2018). A Billion Black Anthropocenes or None. Forerunner: The
University of Minnesota Press. doi: 10.5749/9781452962054

Rocha, R., Atun, R., Massuda, A., Rache, B., Spinola, P., Nunes, L., et al. (2021).
Effect of socioeconomic inequalities and vulnerabilities on health-system
preparedness and response to COVID-19 in Brazil: a comprehensive analysis.
Lancet Glob. Heal. 9, e782–e792. doi: 10.1016/S2214-109X(21)00081-4
Rochira, A., and Salvatore, S. (2021). How to Promote Responsible Conducts
Towards the Environment: A Semiotic Cultural Psychological Analysis. Cham:
Springer International Publishing. doi: 10.1007/978-3-030-79028-8_7
Salvaore, S., Fini, V., Mannarini, T., and Valsiner, J. (2019). Symbolic
Universes in Time of (Post)Crisis. Cham: Springer International Publishing.
doi: 10.1007/978-3-030-19497-0
Santos-Carrillo, F., Fernández-Portillo, L. A., and Sianes, A. (2020). Rethinking the
governance of the 2030 agenda for sustainable development in the COVID-19
era. Sustainability 12:7680. doi: 10.3390/su12187680
Sarry, S. M., Anggreiny, N., and Mafaza (2021). Responding to uncertainty
caused by Covid−19. IOP Conf. Ser. Earth Environ. Sci. 708:012095.
doi: 10.1088/1755-1315/708/1/012095
Schlüter, M., Haider, L. J., Lade, S. J., Lindkvist, E., Martin, R., Orach, K.,
et al. (2019). Capturing emergent phenomena in social-ecological systems: an
analytical framework. Ecol. Soc. 24:art11. doi: 10.5751/ES-11012-240311
Schröder-Bäck, P., Schloemer, T., Martakis, K., and Brall, C. (2020). The ethics of
pandemic preparedness revisited - autonomy, quarantine, transferability and
trust. Eur. J. Public Health 30:182. doi: 10.1093/eurpub/ckaa166.182
Sen, A. (2010). The idea of Justice. London: Penguin Books. doi: 10.2307/j.ctvjnrv7n
Sharma-Wallace, L., Velarde, S. J., and Wreford, A. (2018). Adaptive governance
good practice: Show me the evidence! J. Environ. Manage. 222, 174–184.
doi: 10.1016/j.jenvman.2018.05.067
Shaw, R., Kim, Y., and Hua, J. (2020). Governance, technology and citizen behavior
in pandemic: Lessons from COVID-19 in East Asia. Prog. Disaster Sci. 6:100090.
doi: 10.1016/j.pdisas.2020.100090
Shu, Q., and Wang, Y. (2021). Collaborative leadership, collective action, and
community governance against public health crises under uncertainty: a case
study of the Quanjingwan community in China. Int. J. Environ. Res. Public
Health 18:598. doi: 10.3390/ijerph18020598
Siders, A. R. (2019). Managed retreat in the United States. One Earth 1:8.
doi: 10.1016/j.oneear.2019.09.008
Siders, A. R., and Ajibade, I. (2021). Introduction: Managed retreat and
environmental justice in a changing climate. J. Environ. Stud. Sci. 11, 287–293.
doi: 10.1007/s13412-021-00700-6
Simonelli, A. C. (2021). Climate displacement and the legal gymnastics of justice:
is it all political? Ethics Int. Aff. 35, 303–312. doi: 10.1017/S0892679421
000344
Sterr, H. (2008). Assessment of vulnerability and adaptation to sea-level rise for the
coastal zone of Germany. J. Coast. Res. 242, 380–393. doi: 10.2112/07A-0011.1
Stewart, I. S., and Lewis, D. (2017). Communicating contested geoscience to the
public: Moving from ‘matters of fact’ to ‘matters of concern’. Earth-Science Rev.
174, 122–133. doi: 10.1016/j.earscirev.2017.09.003
Sunyer, J., and Grimalt, J. (2006). Global climate change, widening
health inequalities, and epidemiology. Int. J. Epidemiol. 35, 213–216.
doi: 10.1093/ije/dyl025
Termeer, C. J. A. M., Dewulf, A., Breeman, G., and Stiller, S. J. (2015). Governance
capabilities for dealing wisely with wicked problems. Adm. Soc. 47, 680–710.
doi: 10.1177/0095399712469195
Termeer, C. J. A. M., Dewulf, A., Karlsson-Vinkhuyzen, S. I., Vink, M., and van
Vliet, M. (2016). Coping with the wicked problem of climate adaptation across

Frontiers in Political Science | www.frontiersin.org

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.
Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.
Copyright © 2022 Bohle and Marone. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

13

February 2022 | Volume 4 | Article 819930

