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PREFACE

This pivotal book presents the field of geoethics and analyses its potential
and limitations. The six co-authors, who offer more than an assemblage
of their individual views, are practitioners and researchers in geoscience
and related disciplines, with diverse educational backgrounds and profes-
sional experiences.

This work is aimed at a readership that comprises scholars, research-
ers, practitioners and students within and beyond geosciences who are
interested in how ethical subjects relate to professional duties, scholarly
interests, activities in professional geoscience associations or responsi-
ble citizenship in times of anthropogenic global change. Furthermore,
the authors hope that by offering this pivotal work, they can reach out
to scholarly communities and practitioners in social sciences, political
sciences and humanities. Such collaboration will be of substantial value
to geosciences, including geoethics, as well as to society by addressing
some of the fundamental challenges now facing humankind.

This book makes a contribution to debates about the responsible con-
duct of science with particular reference to geosciences. Within the last
decade, some geoscientists have shaped the notion of geoethics to con-
solidate inquiries into two subjects, namely (1) the responsible behaviour
of professionals in geosciences and (2) the societal relevance of geo-
sciences. These inquiries have led them to explore more fully the soci-
etal, cultural and philosophical implications of geoscience knowledge,
research, practice, education and communication. Anchored initially in
the geological disciplines, these inquiries have since extended into some
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vi  PREFACE

other geosciences and have also started to engage with social sciences
and humanities. Thinking about the applications of geoethics serves as
a prompt to consider broader concerns, like how to better communicate
across the science—society interface.

This book makes an effort to consolidate an emerging field. In less
than a decade, numerous contributions have been made to the field of
geoethics, through peer-reviewed journal articles, conference proceed-
ings, collections of papers in special issues of geoscience journals and
in online media. Many of these resources are used in the chapters that
follow and provide the reader with a rich selection of readings for fur-
ther exploration. The main themes discussed in these contributions are
brought together in the first and second chapters to contextualise the
specific framing of geoethics that informs the discussion as presented
in this book and to describe the current state of the core of geoethics
and its implications for the professional activities of geoscientists. Some
geoethical subjects have emerged that are expanding the initial devel-
opment path of geoethics. Analysing some of these topics in a shared
context in the third and fourth chapters arguably points to the need to
widen the conceptual frameworks that are used. In the concluding chap-
ter of the book, some perspectives are explored as to how geoethical
thinking may evolve further.

Brussels, Belgium Martin Bohle
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CHAPTER 1

Setting the Scene

Martin Bohle and Giuseppe Di Capun

Abstract The recent development of the concept ‘geoethics’ is a
response by geoscientists to shape deeper engagement with their pro-
fessional responsibilities and the wider societal relevance of geosciences.
This introductory chapter outlines the development of geoethics to date,
as a ‘virtue ethics’ focusing primarily on the role of the geoscientist,
describes its meaning and function in relation to neighbouring fields and
explores how to situate geoethics in relation to a wider range of issues
that require ethical consideration. The emerging field of geoethics has
already touched on many topics. This chapter reflects on the significance
of geoethics as an effective operational toolkit for geoscientists, asking
whether this functional purpose may be weakened if the range of matters
considered under the term ‘geoethics’ becomes too wide.

M. Bohle (PX)
Ronin Institute for Independent Scholarship, Montclair, NJ, USA
e-mail: martin.bohle@ronininstitut.org

DG RTD, European Commission, Brussels, Belgium

G. Di Capua
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International Association for Promoting Geoethics (IAPG), Rome, Italy
© The Author(s) 2019 1
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2 M. BOHLE AND G. Di CAPUA

Keywords Geoethics - Earth system - Societal relevance - Responsible -
Conduct of sciences - Geosciences

This book takes stock of the field of geoethics. This chapter highlights
the purpose of the book, the context for writing it and the limits to its
scope. It sets the scene by introducing the relevance of geoethics, how
it relates to professional matters pertaining to the geosciences and its
broader application to other fields of study and interest.

Contemporary geosciences refer to a range of applied and fundamen-
tal research fields within and beyond natural sciences, as well as engineer-
ing disciplines and related commercial undertakings. Traditionally, the
term ‘Earth system’ refers to the Earth’s physical, chemical and biolog-
ical constituents and the processes that determine the interactions that
transform or transfer matter, energy and information. Over recent cen-
turies, ‘geosciences’ (or ‘Earth sciences’) have evolved into a set of basic
and applied, scientific and engineering disciplines to study natural sys-
tems and human-built systems that intersect with one another.

Within the last decade, geoscientists have shaped the notion of ‘geo-
ethics’ to frame inquiries into two subjects, namely: (1) the responsible
behaviour of professionals in geosciences and (2) the societal relevance
of geosciences. These inquiries (see Peppoloni and Di Capua 2017) have
led to the exploration of the societal, cultural and philosophical contexts
and implications of geoscience knowledge, research, practice, education
and communication. Thinking about the implications and applications of
geoethics, or ‘geoethical thinking’, can be located within broader societal
concerns about the responsible conduct of science and the science—society
interface. How individuals such as geoscientists act when exercising their
profession, for example, is relevant to the functioning of modern societies
(Press 2008).

When arranging the matters that belong to the realm of geoethi-
cal thinking, a geoscientist may be inclined to employ as a metaphor a
sphere consisting of a core with concentric layers around it. The core
would consist of amalgamated general and professional ethics that
applies to geosciences, to their particularities and to individual geosci-
entists. The first layer around the core would comprise ethical issues that
challenge the professional activities of geoscientists. Around this layer,
a geo-professional mind may perceive an outer shell of various societal
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considerations which, like tectonic plates, spread, collide and subduct
one another. Evidently, this metaphor has a professional bias, and a phi-
losopher of science may find it annoying. Nevertheless, such a metaphor
may assist the reader to follow the lines of thought as they are presented
in this book.

Within such a metaphor, the core and the adjacent layer represent the
status quo of geoethics (Chapter 2), which might be called ‘enriched
geo-professional ethics’. Studying these matters triggers thoughts about
the wider relevance of geoethical thinking. Therefore the two subse-
quent chapters gather several essays that explore the societal relevance
of geosciences, first taking a view which is anchored in daily experiences
(Chapter 3) and second, offering a more conceptual overview of some
geoethical concepts and applications (Chapter 4). Among the matters
addressed are the day-to-day functioning of modern societies that inten-
sively apply geoscience knowledge; governance issues and the quest for
normative frameworks within Earth system sciences; the need to embrace
participatory practices in geoscience; and how to apply geoscience knowl-
edge to give meaning to human behaviour. Drawing on such reflections
opens inquiries about the purpose of geoethics when building what has
been termed the ‘human niche’ (Fuentes 2016), that is, the natural space
shaped and occupied by humans. These reflections and inquiries enlarge
the perimeter of matters that geoethical thinking may include beyond its
traditional scope. Consequently, the question arises (Chapter 5) whether
this perimeter is getting too comprehensive, so that the notion of geoeth-
ics risks no longer being a meaningful concept, either for geoscientists or
for citizens. Other concepts, such as ‘environmental ethics’ (Hourdequin
2015) or ‘sustainability ethics’ (Becker 2012; Rozzi et al. 2015), may be
considered better suited than geoethics to frame some of these matters.
Given this concern, the authors have looked for concepts that would be
complementary to geoethics or that could describe reflections and inquir-
ies at or beyond the boundaries of geoethical thinking. When studying
the interfaces between geosciences, social sciences and humanities (Kagan
2009), for example, a concept such as ‘geo-humanities” may be deemed
suitable. It seems to be one option (of several) to reflect on insights that,
for example, emerge from climate change research or subjects such as
anthropogenic global change, geoengineering or the Gaia hypothesis. In
closing, the book keeps this question at least partially open, seeking sug-
gestions from constituencies other than geosciences.
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1.1  CoNTEXT AND PURPOSE OF GEOETHICAL INQUIRIES

As sketched above, geosciences address the functioning of the Earth
system as well as the use of non-living resources. Likewise, geosciences
are instrumental in understanding and handling anthropogenic global
change. Moreover, within this perspective, each geoscientist must reflect
on whether their professional conduct in each instance is scientifically
and technically sound, compliant with norms and justified vis-a-vis citi-
zens. Geoethical thinking attempts to tackle such questions.

1.1.1  Looking Inward

Over recent years, the applied geoscience professions have steadily
strengthened their professional ethical frameworks, for example, by
means of accreditation processes for an individual qualifying as a char-
tered geologist, who adheres to a professional standard characterised
by an elevated level of knowledge, skill and experience and is bound
by a code of professional conduct (Peppoloni etal. 2015; Wyss and
Peppoloni 2015; Abbott 2017a, b; Gundersen 2017a; Mogk 2017).
These efforts cut across various fields of geoscience research and practice,
such as engineering geology, geohazards and geo-resources (Bobrowsky
etal. 2017; Di Capua and Peppoloni 2014; Neuberg 2015; Nickless
2017; Nurmi 2017; Peppoloni and Di Capua 2018), although they
do not yet cover the full breadth and complexity of the Earth sciences
(Bohle and Ellis 2017). Discussions about ethics and responsible scien-
tific practice in other parts of the Earth sciences in, for example, global
change research or sustainability ethics, have informed the develop-
ment of geoethics, although specific deliberations are only in their initial
stages. Hence, geoethical inquiry has touched on a limited number of
subjects so far.

The word geoethics (often spelled differently) has emerged spontane-
ously in various geoscience contexts with variable meanings, such as to
provide guidelines for mapping geographical data (Harley 1990; DiBiase
etal. 2012) or as a political notion that is used to describe geo-citizenry
(Stoddard and Cornwell 2003). Against this background, the notion
of geoethics has been established recently in some applied geoscience
communities (Bobrowsky etal. 2017). It has evolved with specific rel-
evance to the scholarly and practical domains of these communities.
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The 1’Aquila trials,! held after the earthquakes that caused 300 deaths
in Central Italy in 2009 (Cocco etal. 2015), intensified discussions
(Mucciarelli 2015). In addition, because geoscientists are exposed to the
wide range of social circumstances under which they execute their pro-
fessions, the emergence of geoethics has advanced (Wyss and Peppoloni
2015; Bobrowsky ctal. 2017; Gill and Bullough 2017; Stewart and
Gill 2017).

Demonstrably, the international Earth sciences community has felt
a need to strengthen professional ethical frameworks (Peppoloni and
Di Capua 2015a, 2016; Gundersen 2017a; Mogk 2017). Following the
initial debates concerning ethics in geosciences, a distinctive meaning of
geoethics has emerged since the 34th International Geological Congress
(Brisbane, Australia, 2012). The ‘Cape Town Statement on Geoethics’
(Di Capua etal. 2017) was published in 2016 by the International
Association for Promoting Geoethics.? It frames geoethics as a kind of
‘enriched geo-professional virtue ethics’ that aims to contribute towards
a cultural shift in society that advocates for more responsible interac-
tion with the Earth system. This setting marks a departure from ear-
lier approaches to geoethical thinking (e.g., Martinez-Frias et al. 2011)
which by their structure, approach and content qualify as belonging
to the corpus of environmental ethics and related schools of thought
(Hourdequin 2015). There is a tension as to whether geoethics should
be anchored within the field of environmental ethics or whether to pur-
sue it as something distinctly different that builds on the foundation of
the professional ethics of applied geosciences. The question also arises as
to how to interact with other ethical domains as, for example, the field
of research ethics that defines the guidelines for conducting responsible
science (United Nations 2013). Recently, when considering the peculiar
societal and cultural settings in which geoscientists exercise their pro-
fessions, some scholars have begun to enrich and diversify the notion of
geoethics. Their thinking has evolved beyond specific professional eth-
ics. In the last decade it has resulted in a substantial corpus of contri-
butions as demonstrated by Bobrowsky et al. (2017) and Peppoloni and
Di Capua (2017).

Lhttp:/ /www.sciencemag.org,/news /2015 /11 /italy-s-supreme-court-clears-1-aquila-
carthquake-scientists-good.
2http://www.geoethics.org/ctsg.
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1.1.2  Looking Outward

Against the background of past efforts, a more systematic trans-/multi-
disciplinary interaction should be undertaken to define specific con-
siderations that can strengthen and further the aims and relevance of
geoethics. Hence, current geoethical thinking should seek exposure to
a broader academic, professional and societal audience, in and beyond
social and natural sciences. Such exposure should trigger trans-/multi-
disciplinary dialogues to reflect on geosciences (including self-reflection
within geosciences), to unearth philosophical and social roots in the
history of geosciences or to evaluate the societal relevance of geosciences
and their responsible conduct. Interactions with disciplines based in the
social sciences and humanities should be fostered to draw on their con-
ceptual depth and methods of inquiry into ethical and societal issues.
Interdisciplinary dialogue can also expose the challenges that geoscien-
tists face in contemporary societies as they reflect on how to respond to
anthropogenic global change.

Hence, this book offers some insights into geoethics to communi-
ties beyond its traditional audiences, as well as seeking to further dis-
cussions about geoethical thinking within geoscience professions. It is
hoped the book will broaden the understanding of geoethics within the
scholarly community, offering deeper insights into geoethical thinking.
It should also facilitate the development of research agendas for the
coming years, which are likely to go beyond those matters that geoeth-
ics initially encompassed.

In presenting the state-of-debates about developing geoethics, this
book can be read with three areas of inquiry in mind:

1. Taking a professional focus: what are the ethical issues that are rel-
evant to an individual geoscientist??

2. Taking a societal focus: what are the wider considerations that
evolve from considering professional ethics, especially when
contemplating the place of geosciences and geoscientists in

3The notion geoscientist refers to any category of expert in geosciences (research-
ers, chartered and other applied professionals, teachers); for example, in the sense
that ‘geoscientists are stewards or caretakers of Earth’s resources and environment.
They work to understand natural processes on Earth ...” (see https://www.bucknell.
edu/academics/arts-and-sciences-college-of /academic-departments-and-programs/
geology-and-environmental-geosciences /what-is-a-geoscientist).


https://www.bucknell.edu/academics/arts-and-sciences-college-of/academic-departments-and-programs/geology-and-environmental-geosciences/what-is-a-geoscientist
https://www.bucknell.edu/academics/arts-and-sciences-college-of/academic-departments-and-programs/geology-and-environmental-geosciences/what-is-a-geoscientist
https://www.bucknell.edu/academics/arts-and-sciences-college-of/academic-departments-and-programs/geology-and-environmental-geosciences/what-is-a-geoscientist
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contemporary societies which operate (i) under the conditions of
anthropogenic global change, (ii) in the context of the quest for
sustainable and responsible development, and (iii) with the aim of
improving societal resilience?

3. What, under these two operational perspectives (professional and
societal focus), is the core of geoethics and ‘geoethical thinking’
in geosciences; and what aspects can be stimulated to engage more
general considerations?

As indicated above, tackling these research questions triggers reflec-
tions as to whether to utilise notions such as geo-humanities (Sorlin
2012; Castree et al. 2014; Hawkins et al. 2015; Holm et al. 2015) or
geosophy. The latter notion may be used as initially coined by Wright
(1947) or may be derived from reflections presented by Shaw (2017).
Whatever notion may complement that of geoethics, it should encapsu-
late concepts and matters that go beyond geo-professional ethical issues
to avoid using geoethics as a catch-all term. Several concerns drive such
a reflection. First, geoscientists must acknowledge that their work shapes
the intersections of human activities and the Earth system. Second, the
insights of professional ethicists about the ethics, for example, of climate
change (Hulme 2009, 2011, 2014; Victor 2008, 2015) and the environ-
ment (Hourdequin 2015) raise concerns in frameworks other than pro-
fessional ethics. Third, the humanities and social sciences offer insights
as to how to situate geoscientists and their professions in different soci-
etal contexts (Douglas 2009, 2017; Castree 2017). Active dialogue and
exchange between the geosciences, humanities and social sciences could
result in new conceptual frameworks and guidelines for practical engage-
ment (Barry et al. 2008; Paul 2018).

1.2  LocaTING CONTEMPORARY (GEOETHICAL THINKING

This section presents the current state of inquiry into geoethical think-
ing from four viewpoints. The first point of view situates geoethics
within adjacent fields of ethical inquiries (e.g., environmental ethics).
The second view traces the history of the term geoethics with precur-
sors (e.g., Lynn 2000), albeit without attempting an exegesis. The third
view regards the subjects of the current debates, namely professional
behaviour and ‘geoethical thinking’, in a broader sense. The fourth view
lists some debates in which geoethics engages only marginally so far.
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1.2.1  Neighbouring Fields

Over the last decade, the experiences of geoscientists and practition-
ers who have explored the meanings of geoethics have determined the
choice of topics and themes that were included to shape debates around
the development of geoethics. Hence, debates happened ‘by constit-
uency’ by means of a bottom-up approach and have been driven on a
case-by-case basis by the practical matters that needed to be tackled.
Examples are debates on the design and application of professional codes
(Gundersen and Townsend 2015; Abbott 2017b), the conception of
training events (Druguet et al. 2013; Mogk et al. 2017) and the need
to reach out to the public (Peppoloni and Di Capua 2012; Stewart and
Nield 2013). So far, these bottom-up processes have attracted only a
few contributions by scholars who focus on philosophical aspects of
geocthics (Pievani 2012, 2015; Potthast 2015; Polzler 2017). Also, the
scholarly debates of theoretical ethicists and philosophers of science have
had little influence on shaping geoethical thinking. Notwithstanding this
limitation, geoscientists engaged with these topics have benefited from
some discussions with ethicists, philosophers of science and sociolo-
gists. One example is the wording of a formal definition of ‘geoethics’
(Peppoloni and Di Capua 2015a) that will be introduced towards the
end of this chapter.

The status that the emerging field of geoethics may gain is depend-
ent on the extent to which there is professional cooperation among
disciplines and constituencies. Within that context, some might worry
that applying a rigorous philosophical methodology might render the
development of geoethics devoid of practical meaning, hindering fellow
geoscientists” acceptance of it, whereas viewed from an operational geo-
science perspective attracting them is important. Others might consider
that although substantial progress could be made by shaping geoethics
from a bottom-up mode, regular interaction with neighbouring fields of
scholarly inquiry is now much needed.

Neighbouring relations with geoethics come in different shades and
hues. Geoethics has not yet addressed the big ticket matters like cli-
mate change or geoengineering, exceptions apart in the grey literature.
Inquiries into ethics have a well-developed place within these subjects
(Rayner et al. 2013, for the ‘Oxford Principles’, or Lawrence et al. 2018,
Box 1), which could be taken up from a geoethics perspective. Similarly,
observations that pertain to metaphysical subjects in geosciences, like
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the Gaia hypothesis, have not been studied. Also, inquiries into ethical
matters that are already being undertaken, for example, in hydrology or
marine research (Linton and Budds 2014; Campbell et al. 2016; Barbier
et al. 2018), could easily be taken up as part of geoethics. In summary,
geoscientists who are interested in geoethics will find within geosciences
several disciplines that offer opportunities for further inquiry.

Beyond matters pertaining to geosciences, fields of ethical inquiry that
neighbour geoethics come in three configurations. The first configura-
tion is by subject matter, for example, environmental ethics. The second
configuration is by cognitive content, for example, research integrity or
responsible science; both notions refer to the complicated matter of science—
society interactions and have a strong focus on internal interactions within
the sciences. The third configuration is by methodology, prompting con-
sideration of general inquiries into ethics or the application of scientific
methods.

Until now, geoscientists inquiring into geoethics have explored only
some parts of the above. Understandably, most have considered their pri-
mary task to anchor geoethics in their research communities and daily
practices. Notwithstanding this primary focus, a thorough awareness of
essential efforts in neighbouring fields of inquiry is paramount for the
methodological development of geoethics.

Possibly the best-explored relationship between geoethics and adja-
cent fields of ethical inquiries concerns issues relating to research integ-
rity (Mayer 2015) and public outreach and communication about
natural and technological hazards and risks (Stewart and Nield 2013;
Bohle 2015; Marone and Peppoloni 2017; Meller etal. 2018).
Related to these are reflections about the ‘Geoethical Promise’
(Matteucci etal. 2014; Riede etal. 2016) and the need for training
(Peppoloni and Di Capua 2017). Exceptions apart (Stewart and
Lewis 2017), inquiries about hazards and risks often seem to fall short
in exploring insights into science—society interactions from a geosci-
ence perspective (Allenby and Sarewitz 2011; Cairney 2016), as has
been done more systematically for climate research (Hulme 2009;
Kowarsch 2016).

The most promising interface of geoethics with adjacent fields is
probably its relation to the field of environmental ethics. Some funda-
mental principles of environmental ethics (Hourdequin 2015) are pro-
foundly relevant for geoethical research, such as the application of the
precautionary principle, considering a utilitarian approach versus issues
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relating to environmental justice, reflecting on generic values of beings
and features or studying how to make value judgements in circum-
stances of uncertainty. Seen from such perspectives, some scholars may
even argue that geoethics is (or should be) a part of environmental eth-
ics. Nevertheless, a possible distinction has recently become evident for
justifying and developing geoethical thinking (Bobrowsky et al. 2017,
Peppoloni and Di Capua 2017). The core of environmental ethics is
concern for the relationships between humans and other living beings,
specifically beings that feel pain and exhibit traits of consciousness.
Geoethics, on the other hand, does not explicitly include a focus on the
relationships between humans and other living beings, although one
of the precursor authors (Lynn 1998a, b, 2000) who used the notion
‘geoethics’ did not apply this distinction. Geoethics, as discussed in this
book, would qualify within environmental ethics as a virtue ethics (Bohle
2018). Virtue ethics is one of several ethical framings used in environ-
mental ethics. Within geoethics, it refers to the ‘virtue ethics of an indi-
vidual agent’ (e.g., geoscientist), as distinct from (but not necessarily in
contradiction with), for example, approaches that apply utilitarian ethics
as a societal norm.

Beyond observations of the relationship between geoethics and envi-
ronmental ethics, it can be considered that the application of professional
geoscience expertise in modern societies is closely linked with that of
engineering professions. This linkage brings into the scope of geoethics
a set of concerns that some scholars would wish to treat as sustainability
ethics, with an emphasis on the functioning of societies.

To summarise, any debate regarding the delineation of geoethics from
environmental ethics or sustainability ethics can be seen as a question of
degree and professional affinity. The delineation partly seems a matter of
convenience. For the following discussions, the core of geoethics refers
to the ‘virtue ethics of an individual agent’ applied with the purpose to
guide the behaviour and practices of the individual agent. The following
chapters will delineate an operational perimeter for the kinds of agents
and actions that comprise the sphere of geoethics.

Compared to the question of how to relate geoethics and environ-
mental or sustainability ethics, the question of how to assimilate into
geoethics those inquiries into ethics taking place within any field of geo-
sciences, should not be an issue of professional affinity. Such assimilation
has happened only to a limited degree, either due to lack of opportunity,
resources and time or due to the thematic specialisation of interested
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scholars. It will be challenging to explore the interface of geoethics with
climate research, mainly because of the volume of relevant contributions
and its societal implications, not least when considering the subject of
geoengineering (climate engineering). Nevertheless, it seems fruitful to
exploit that interface at least to gain deeper insights into the processes
that shape science—society interactions (Kowarsch 2016), which in turn
would find application in exploring the context and concerns of geoeth-
ics in the perspective of anthropogenic global change.

1.2.2  Early Reflections About Geoethics

Discussions about the ethics of science and research intensified around
the turn of the last century, as the example of physical sciences illustrates
(Leys 1952; Kirby and Houle 2004; Whitbeck 2004). Hence, when
exploring the societal context, implications and obligations of the geo-
sciences, it is mainly the efforts undertaken during the last decade that
are analysed in this book. Notwithstanding the emphasis that is given in
this book to recent efforts to shape geoethics, the early geoethics-like
thinking provides a further context for discussions. References may be
found from the mid-nineteenth century (see Lucchesi 2017, about the
work of Antonio Stoppani, 1824-1891) to the twenty-first century
(Bobrowsky et al. 2017). The ‘land ethic’ of Aldo Leopold (1887-1948)
should also be mentioned (Leopold 1949). At the turn of the last cen-
tury, Lynn (2000 p. 1) wrote of the need to ‘recover ethics as part of the
geographic tradition and begin justifying a distinctly geographic account
of how we ought to live; all through a distinct perspective on moral
understanding I call geoethics’.

The semantic combination of the prefix ‘geo’ and the term ‘ethics’ has
been used to refer to quite different concepts (Stoddard and Cornwell
2003), and hence the word ‘geoethics’ has found a variety of mean-
ings. Lynn’s (2000) generic approach to geoethics of ‘how we ought to
live’ has led him to consider relationships between humans and animals,
which contrasts with other approaches. Considering human activities in
a geoscience context easily leads to a range of philosophical reflections,
which might often be situated in environmental ethics (for instance,
advocacy of the precautionary principle) or considered metaphysical con-
cepts (such as the Gaia hypothesis) (Weston 1987; Kleinhans et al. 2010;
Lucchesi and Giardino 2012; Peppoloni and Di Capua 2012; Bobrowsky
2013; Almeida and Vasconcelos 2015).
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Geographers have discussed the ethics of geography since the 1990s
(Cutchin 2002) using the term geoethics when referring to ethical
issues that are related to mapping (Harley 1990, 1991; Crampton 1995;
Brennetot 2010, 2011; Sanchez Guitian 2013). Otherwise, presidents
of the Geological Society of America have discussed ethical issues at the
society—geosciences interface without using the notion ‘geoethics’ (Zen
1993; Moores 1997). In addition, some scholars have used the notion
‘geoethics’ (see references in Martinez-Frias et al. 2011; Peppoloni and
Di Capua 2015a, b) when other scholars would prefer the term sustain-
ability ethics or environmental ethics for such matters (Shearman 1990;
Miller and Kirk 1992; Proctor 1998; Sparrow 1999; Becker 2012).

1.2.3  Core and Pevipheral Matters

The notion of ‘enriched professional ethics’ may denote the core of
geoethics to put the behaviour of the agent at the centre of our think-
ing. In the first instance, this agent is the geoscientist. The philosophy
of ethics describes such an approach as virtue ethics. Other approaches
to ethics are possible: for example, a utilitarian approach (Auster
etal. 2009); a model that seeks a generic value of the environment
(Cherkashin and Sklyanova 2016); or the ethics of justice (Kunnas 2012;
Ott 2014; Kopnina 2014). When the agent is made a central feature of
the approach to ethical issues, then considering agency provides a con-
ceptual means with which a distinction can be drawn between different
approaches to ethics. A focus on the individual, that is, the human agent,
belongs at the core of geoethics.

In seeking to clarify the specific content of geoethics, etymological
analysis of the term has brought to the fore notions of ‘home’; ‘dwell-
ing place’ and ‘individual and social responsibility” (explored further in
Chapter 2). Such considerations relate well to an actor-centric approach
projected towards a world outside the self. Exploring the etymology of
the word ‘geoethics’ and the concepts that underpin its roots thus foster
a deeper understanding of its meaning.

Martinez-Frias (2008, p. 1) describes geoethics as:

. a key discipline in the field of Earth and Planetary Sciences, which
involves scientific, technological, methodological and social-cultural
aspects (e.g. sustainability, development, museology), but also the neces-
sity of considering appropriate protocols, scientific integrity issues and a
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code of good practice, regarding the study of the abiotic world. Studies on
planetary geology (sensu lato) and astrobiology also require a geoethical
approach.

Such a description aims to be all-embracing regarding the subjects of
geocthics although, for example, it does not include reflection and guid-
ance relating to objects and methodologies of inquiry into ethical issues.
In addition, it locates geoethics firmly within environmental ethics.

In contrast to the above, Peppoloni and Di Capua proposed* in 2012
that:

Geoethics consists of research and reflection on the values which underpin
appropriate behaviours and practices, wherever human activities interact
with the Earth system. Geoethics deals with the ethical, social and cultural
implications of geoscience education, research and practice, and with the
social role and responsibility of geoscientists in conducting their activities.
(Peppoloni and Di Capua 2015a, pp. 4-5; 2017, p. 2)

Such a delineation of the meaning of geoethics, for example, clearly
specifies what objects and subjects are to be included in a definition of
geoethics and provides orientation with regards to its spheres of appli-
cation. The inherent significance of this definition is illustrated by sub-
sequent scholarly enquiries into whether and how to develop a kind of
‘Hippocratic Oath’ for geosciences (Rotblat 1999; Riede etal. 2016;
Bohle and Ellis 2017), such as the Geoethical Promise (Matteucci et al.
2014), again discussed further in Chapter 2. Likewise, the definition by
Peppoloni and Di Capua (2015a, 2017) positions geoethics meaningfully
to engage with broader issues at the society—science interface.

Currently, the bulk of peer-reviewed publications on geoethics has
interpreted the expression ‘appropriate behaviours and practices, wher-
ever human activities interact with the Earth system’ as focusing on
geoscientists within their professional and societal sphere. Such focus-
ing of the interpretation is possible, while the potential of the word-
ing is broader and more powerful, namely, it includes other human
agents who interact with the Earth system. Explicitly, when considering
anthropogenic global change, limiting the application of geoethics to
actions of geoscientists may be too restrictive. A broader interpretation

4http://www.geoethics.org.
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reflects the reality that geoethical engagement concerns any human agent
who shapes production systems and consumption patterns, which in turn
interact with the Earth system.

However, if it is intended to consolidate ‘enriched geo-professional
ethics’ into an operational tool within geosciences, then such a broader
interpretation of geoethics may refer to matters that are too peripheral to
geoscience professions. Consequently, to address them, a concept may be
needed that is complementary to geoethics. Hence, the discussions that
are presented in this book shall help to draw a perimeter around matters
that are subsumed under the notion ‘geoethics’.

1.2.4  Ethical Debates Beyond Geoethical Inquivies

Inquiries into ethical principles and guidelines form a growing activity
within geoscience scholarship and practice, and geoethical thinking is
part of it. To close this chapter, the following paragraphs characterise
some matters that geoethical thinking should tackle soon.

Geoethics could bridge several ethical questions and dilemmas within
geosciences which relate, for example, to climate change (Gardiner
2004), hydrology (Linton and Budds 2014 ), meteorology (Schwab and
von Storch 2018), the marine environment (Duarte 2014) or geoengi-
neering (Brown and Schmidt 2014). However, these inquiries currently
do not coincide. Furthermore, ethical inquiry in geosciences often links
to broader ethical subjects, such as research ethics, value judgements in
circumstances of uncertainty or environmental justice. Consequently,
scholars may overlook commonalities across geosciences that should
enrich their inquiries. The example of ‘geoengineering’, for instance,
poses a major ethical dilemma (Corner and Pidgeon 2010; Rayner et al.
2013; Lovbrand et al. 2015; Schmidt et al. 2016). While scholars inquir-
ing into geoethics have contributed little to this debate, it would be an
object par excellence to which the Geoethical Promise could be applied.
Likewise, geoethical argumentation may focus more on governance
issues and historical experiences (Banerjee 2011; Gordijn and ten Have
2012; Bodansky 2013; Biermann 2014; Rozzi et al. 2015). In a similar
sense, discussions about applying geoscience knowledge relate to reflec-
tions about the ethics of engineering (El-Zein et al. 2008; Ramirez and
Seco 2012; Diekmann and Peterson 2013), as metaphorically reflected
by Langmuir and Broecker (2012) in the title of their book on the evo-
lution of Earth, How to Build a Habitable Planet?
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Finally, inquiry about the ‘ethics of geosciences’ happens in vari-
ous geoscience communities, although normally it does not refer to
the actor-centric perspective of ‘geoethics’. Nevertheless, such a per-
spective seems attractive, at least for most domains of applied research.
Consequently, it has been suggested that the scope of the Geoethical
Promise be extended to include applied Earth system sciences (Bohle
and Ellis 2017). Subsequently, the way in which geoethics can reach
out to any other ethical debate in Earth sciences could be explored.
Geoethics could progressively enter into any debate where human activi-
ties interact with the Earth system; at least within the professional sphere
of Earth system sciences.
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CHAPTER 2

Contemporary Geoethics
Within the Geosciences

Silvia Peppoloni, Nic Bilham and Giuseppe Di Capun

Abstract Responsible interaction of people with the Earth system calls
for deep engagement with ethical considerations. Due to their profes-
sional knowledge and skills, geoscientists in particular should reflect on
the ethical implications of their work that could guide responsible inter-
actions. Geocethics offers geoscientists a framework for operationalising
and exercising this responsibility whilst also orienting other professions
and society towards responsible interactions with the Earth system.
This chapter explores the meaning of geoethics in detail and describes
the current state of geoethical thinking and its application to geoscience
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research and practice. It argues that reference values and general princi-
ples should be reconciled with context-dependent perspectives in com-
plex decision-making settings, and reflects on the potential of geoethics
to inform a more ‘responsible anthropocentrism’.

Keywords Geoethics -+ Geosciences - Earth system - Professional
responsibilities -+ Geoscience research and practice

In recent years geoscientists have felt an increasing need to reflect
on the ethical values that underlie geoscience practice and research.
Understanding the Earth, discovering and using its resources, character-
ising natural processes and finding ways to live with their impacts, and
intervening in such natural systems and processes are activities that pres-
ent significant responsibilities for all citizens, and in particular for profes-
sional geoscientists. Human actions impact on complex socio-ecological
systems that consist of strongly interconnected elements and that exhibit
system behaviour that can be difficult to assess. If they are to contribute
to finding solutions to current global challenges that are both effective
and socially acceptable, scientific advances should be complemented by
consideration of their ethical and social aspects.

But what ethical criteria can guide human interaction with the Earth?
How can we find a sustainable balance between conservation of the
planet and economic development to find a ‘safe operating space’ for
humanity (Rockstrom et al. 2009; Steften et al. 2015)? What is the social
role of geoscientists in this context, as professionals and as citizens?

Geoethics has been conceived to answer these and related questions.

The ideas that underpin the conceptual foundations of geoethics can
be traced back to the eighteenth and nineteenth centuries when anthro-
pogenic impacts on nature began to be recognised and documented
(Fressoz 2012; Peppoloni and Di Capua 2012; Bonneuil and Fressoz
2013; Lucchesi 2017; Hiusler 2018). Since then, major technolog-
ical, industrial and social developments, subsequent and ongoing rapid
growth of the population and urban expansion have greatly increased the
effects of human interference on the Earth system. This shift confronts
us with the need to consider, from an ethical perspective, challenges such
as the sustainable use of geo-resources and energy, protection against
natural and man-made hazards, the reduction of pollution, the mitiga-
tion of global environmental change and adaptation to such change.



2 CONTEMPORARY GEOETHICS WITHIN THE GEOSCIENCES 27

Geoethics arises from the awareness that, in a more or less conscious
manner, humankind is modifying the natural realms and territories in
which it operates and lives, and their physical and biological character-
istics. It is also a response to the social and cultural features of human-
kind’s appropriation of these realms and territories. Here the notion
‘territory’ encompasses the land and the sea, as human impacts extend
well beyond the former. The impacts of human interventions on natu-
ral realms produce profound changes in the Earth system, which in turn
influence economic development and the societal prospects of people on
a global scale.

The purpose of this chapter is to describe geoethics as it has evolved
so far and to outline a framework for its current conceptual structure,
essential characteristics and practical applications.

The roots of geoethics are to be found in the geosciences. However,
its development, albeit centred on the role and responsibility of geo-
scientists (Peppoloni and Di Capua 2012), should extend beyond a
specific scientific and professional community. Rather than searching
for and developing prescriptive norms that are to be applied to geo-
sciences, geoethics promotes a critical attitude that is rooted in science.
Geoethics secks to transfer such attitudes for societal benefit, to foster
responsible and well-informed economic, technological and social devel-
opment. Geoethics has a vital role to play in shaping cultural categories
and behavioural reference values founded in scientific experience and
knowledge (Peppoloni and Di Capua 2016; Tuana 2017). In doing so,
its social value will be demonstrated, furthering its intellectual and practi-
cal credibility.

2.1 TuaE ORIGINS OF GEOETHICS

Geoethics is increasingly recognised as an emerging subject within the
geosciences (Bobrowsky et al. 2017). Over the past few years, a grow-
ing community of geoscientists and other practitioners and professional
institutions have engaged in a shared, bottom-up process to estab-
lish the main topics of geoethics as it currently stands and to develop a
robust conceptual structure by progressively defining its content, defi-
nitions, methods, tools and a shared vision. Through this participatory
process, geoethics today has well-established conceptual foundations
and a developing framework for its practical application across a growing
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range of geoscience disciplines and sectors (Peppoloni and Di Capua
2017a).

Contemporary and past environmentalism has provided geoscientists
with fresh perspectives, which have inspired (and continue to inspire)
the development of geoethics. It has also contributed to furthering
the sensibility of society towards the environment. Governmental reg-
ulations and international treaties reflecting conceptual formulations
of environmental thinking can be seen as representing a gradual shift
in economic and technological paradigms. However, this trend has not
been uniform and its continuation should not be taken for granted. It
has been accompanied by value- and faith-driven discussions, controver-
sies, social tensions and instances of political prejudice and manipulation.
Complex settings in which geoscience knowledge is applied, such as
mining or large-scale infrastructure development, are fraught with such
tensions.

As noted in Chapter 1, a distinguishing feature of geoethics is that it
is actor-centric and in particular oriented towards informing the concep-
tual frameworks and practical interventions of the individual scientist.
Moreover, geoethics is based on geoscience knowledge. The individ-
ual (the geoscientist), who possesses a specific corpus of knowledge, is
equipped to promote attitudes and ways of thinking founded on that
knowledge base, including through cooperation with those who are not
experts in the field, to find the most acceptable ways in which to interact
with the Earth system.

Geoethics is a virtue ethics, placing at the forefront individual, respon-
sible action based on the adoption of societal and professional reference
values. Its development and its application are led by scientists for the
benefit of society, within a pragmatic, open and continuous revision pro-
cess. It focuses on the comprehension (in the original meaning of the
Latin word “comprebendére’, composed of the preposition ‘cum’ and the
verb ‘prebendere, that is ‘to contain, to take in, to include’) of physical
and social realities. Geoethics is shaped and informed by a strong aware-
ness of the technical, environmental, economic, cultural and political
limits existing in different socio-ecological contexts. In other words, geo-
ethics is context-dependent in space and time and ethically sound choices
may differ for similar ethical dilemmas. Such choices must also be guided
by geoscience knowledge, which is imperfect, applied in a given space—
time context. Geoscientists acting from a geoethical perspective should
be encouraged to ask: What is it right to do, here and now? How? And
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why? Such apparent relativism may be perceived by some as an inherent
risk within geoethics, but conversely a search for prescriptive norms that
ignores the importance of context is likely to be fruitless.

The essential characteristics outlined above prefigure geoethics’ inno-
vative potential.

2.1.1  From Ethics to Geoethics

The conceptual structure, content and values of geoethics have their ori-
gins in the definition and application of the more general discipline of
the philosophy of ethics.

Considering a Western cultural context, the Greek philosopher
Aristotle (384-322 BC) characterised ethics as reflecting on the con-
duct of humans and identifying legitimate criteria by which to evaluate
behaviour and choices to identify ‘true good’, as well as the means to
achieve this goal. His concept of ethics also addresses the moral obli-
gations of human beings towards themselves and others and provides
the principles to guide appropriate action when facing a decision. Other
cultural roots may be drawn upon to trace the relation between ethics
and geoethics; however, considering the predominant role of European
culture in shaping and framing modern science, this reference may serve
its purpose.

In a global society that renounces slavery, genocide and other societal
atrocities, ethics must concern all humans without distinction and have
equity as a central tenet. Since the middle of the last century, there has
been increased recognition of universal values as the basis for individ-
ual and social good. Codifications, such as the Universal Declaration of
Human Rights of the United Nations,! set out essential ethical features
for guiding human behaviour, including dignity, justice and respect for
life. The principle of intergenerational equity is also fundamental to
modern ethics. To make choices rationally and responsibly requires us
to apply moral principles in pursuit of the greater good (Weber 1919),
not just in respect of present-day society but also considering the impact
of our choices on future generations (Jonas 1984). However, expe-
rience shows that the ways in which universal values, such as honesty,
responsibility, respect for the environment and consideration for future

1 United Nations, 1948, The Universal Declaration of Human Rights: http://www.
un.org/en/universal-declaration-human-rights/.
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generations, are applied vary across time and space, depending on the
specific social, political and cultural context. Likewise, the attitudes of
those who have significant scientific, social or political roles and respon-
sibilities vary, as do claims regarding constraints on these roles and
responsibilities resulting from ethical obligations.

Ethics has a clear purpose and means. Simplifying, it aims to clarify,
for a given circumstance, how principles and values should inform appro-
priate action, giving consideration to the consequences of such action.
Its function is to offer guiding principles to people when they need to
make a choice by providing a framework of reference values, shared by
the social group to which they belong, that can lead to what is good
for, or what is most useful or acceptable to, the individual or society
(Peppoloni and Di Capua 2018). Nevertheless, experience confirms that
choices that are taken in a specific social and cultural setting, that respect
the ethical norms of this setting, may appear unethical elsewhere. Thus
the apparent relativism of geoethics, referred to above, has its roots in a
fundamental feature of virtue ethics. How to handle such ‘relativism’ is
an ethical dilemma of geoethics.

Regarding the practice of a profession, ethics is expressed through
the identification of duties and rights that regulate professional activity
(deontology) by members of a social group, who are characterised by the
possession of specific technical-scientific knowledge, methods and tools
for its application (Peppoloni and Di Capua 2018).

In the field of geosciences, the term ‘geoethics’ is used to frame the
ethical problems related to geoscience research and practice. As men-
tioned in Chapter 1, ‘Geoethics consists of research and reflection on
the values which underpin appropriate behaviours and practices, wher-
ever human activities interact with the Earth system’ (Peppoloni and
Di Capua 2015a, pp. 4-5; Bobrowsky ct al. 2017, p. 5). This definition
provides a basis for analysis and practice and highlights the need to iden-
tify values on which to base the growing interaction between humans
and the Earth system. Moreover, ‘Geoethics deals with the ethical, social
and cultural implications of geoscience education, research and practice,
and with the social role and responsibility of geoscientists in conducting
their activities” (Di Capua et al. 2017; Peppoloni and Di Capua 2017a).
This phrasing reflects the centrality of the geosciences as a significant
body of technical-scientific knowledge and practice to inform human
interaction with Earth. Geoscientists are asked to assume the responsi-
bility of using their knowledge for the benefit of society. Their actions
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and choices are submitted to the judgment of their colleagues (scientif-
ically and technically) and society (in terms of their wider impacts and
implications). Taking responsibility therefore means being answerable
for their actions, because of their competence to address problems at
hand.

2.1.2  Exploving the Meaning of the Term ‘Geoethics’

Where does the word ‘geoethics’ originate? What are its connotations
and what is the history of its components? Hence, what possible mean-
ings are encapsulated in its etymological roots?

As outlined in Chapter 1, the word ‘geoethics’ is associated with dif-
ferent meanings, some of which have little in common. In this context,
an etymological analysis can make a valuable contribution to the concep-
tual framework on which to base geoethics, to illuminate relevant con-
cepts and to provide a deeper understanding of its philosophical base
(Peppoloni and Di Capua 2015a).

Considering its rather simple semantic construction, ‘geoethics’ is the
union of the prefix ‘geo’ and the word ‘ethics’.

The prefix ‘geo’ carries an ancient meaning. It refers to ‘gaia’, which
means ‘Earth’ in Greek, but its much older Sumerian base ‘ga’ refers
more specifically to ‘home, the dwelling place’. So the Earth is the place
where humans dwell, where their ancestors dwelt and where their chil-
dren will dwell. The notion of dwelling relates directly to the more
recent concept of ‘niche-building’ (Ellis et al. 2016).

Etymological analysis of the word ‘ethics’ reveals a more complex
conceptual development. First, the word ‘ethics’ is derived from the
Greek “€0o¢” (éthos), which means ‘habit, custom’. This noun has the
same origin as ‘ciwfa’ (eiotha), a Greek perfect form meaning ‘I am
accustomed to, I have the habit of, I am familiar with’ (Liddell and
Scott 1996). Words such as ‘accustomed’ and ‘familiar’ imply a sense of
belonging to a community, be it a family or a larger social group. But
what determines familiarity and therefore a habit of behaviour? This can
be traced back to the Semitic root ‘edum’ meaning ‘experience, to be
experienced in’. In other words, I experience something (an event, a cir-
cumstance), I acquire knowledge and I familiarise myself with this event.
From now on, my acquired expertise helps me to choose the behav-
iour or custom most suitable to a given circumstance or event. Second,
the word ‘ethics’ has additional meanings. It can be traced also to the
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Greek “4j60¢” (éthos), which refers more specifically to the characteristics
or habits of the individual, one’s personal characteristics (Liddell and
Scott 1996). Both nouns (¢thos and &thos) derive from the same root
‘sweth-> (compare to the Latin ‘suesco’, ‘I use’, Ernout and Meillet 1994).
However, the second term gives evidence of the double nature of human
beings as both individuals and members of a community. So the word
‘ethics’ can be rooted in a dual meaning: one related to the social sphere
and one to the individual sphere.

The same double origin can be observed going back from Greek to
the Accadian language. Starting from the Accadian base ‘esdu’, ethics
denotes ‘social foundation, social discipline’, and in a wider sense ‘assur-
ance of continuity’. Again, we meet the social dimension, the reference
of the word ‘ethics’ to the community (Semerano 2007). However, from
the Accadian base ‘bet#’ comes the meaning of ‘home, dwelling, shelter’.
As such it can refer to something more personal and intimate. Moreover,
from the Accadian base ‘ett#’, the word ‘ethics’ assumes the meaning
of ‘character, distinguishing marks of an individual, characteristic of a
person’. Again, the individual sphere is referred to (Semerano 2007).
Therefore ‘ethics’ relates in origin to what individuals have in common
when perceiving themselves to be part of a community.

In summary, it seems that a double meaning can be associated with
the word ethics. On the one hand it contains a sense of belonging to a
social dimension. On the other hand, it expresses the personal, the indi-
vidual. It follows from the etymological roots that the notion ‘ethics’
concerns both the common sphere, the interactions between individu-
als belonging to a social organisation and the personal sphere, what dis-
tinguishes an individual. Hence, ethics means ‘to be part of’, and at the
same time ‘to belong to oneself”. These two existential conditions (social
and individual) coexist in the word ethics, unexpected though this may
be for many.

By analogy, these considerations can be extended to geoethics, shap-
ing its definition on the one hand as an investigation of, and reflection
on, the behaviour of geoscientists towards society and the Earth system
(their enlarged existential dimension, as it were) and on the other hand as
the analysis of the relationship between the geoscientist and their actions,
relative to the intimate individual dimension. In geoethics, geoscientists
are called upon to shoulder not only individual responsibility, but also
social and environmental responsibility. These are inextricably linked, as
personal ethical attitudes are reflected in social behaviour and interaction.
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2.2  CONTEMPORARY GEOETHICAL THINKING

2.2.1  The Concept of Responsibility—Four Levels of Interaction

The concept of responsibility is a central pivot in geoethics (Hocke
2015; Peppoloni and Di Capua 2015a, 2017a). Obviously, it shares
this feature with professional ethics in other disciplines (Leys 1952;
Hourdequin 2015; Rozzi ctal. 2015). However, the subject of geo-
sciences introduces some peculiarities.

The word ‘responsibility’ derives from the Latin verb ‘respondere’,
meaning ‘to respond’, and so it expresses the commitment to answer to
someone for our actions and their consequences—the duty to satisfac-
torily perform a task, which has a consequent ‘penalty for failure’. For
the scientific community, the ‘penalty for failure’ must not be conceived
only in legal terms. If, for example, calculations to stabilise a slope are
wrong owing to negligence and a disaster occurs, scientists may be held
legally liable for the consequences. But another penalty for failure is loss
of credibility (both individually and collectively as a profession), the fail-
ure of the scientific and cultural role of geoscientists to facilitate society
in facing geological problems, and hence loss of rationale for being geo-
scientists (Peppoloni and Di Capua 2017a, 2018).

The geoscientist sits at the centre of an ethical reference system in
which individual, professional, social and environmental values coex-
ist, underpinning their responsibilities at these four levels. Geoscientists
should examine their choices with reference to these values, considering
their actions and interactions in the corresponding consecutively wider,
more complex and entangled domains of experience (Peppoloni and Di
Capua 2017a; Mogk et al. 2017).

First, geoscientists have a responsibility to themselves—conducting
their work to the best of their ability. This means pursuing excellence
in science, applying appropriate methods and technologies in scientific
research and application and following (and contributing to the devel-
opment and promulgation of) best scientific and professional practice.
Examples include maintaining high standards of intellectual honesty;
verifying sources of information; reporting findings and interpretations
fully and objectively; not altering or ignoring evidence to strengthen
one’s argument; making clear any limitations or gaps in evidence and
information; being honest about the limits of one’s own knowledge and
competence, and acting within these limits; avoiding conflicts of interest
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wherever possible, and declaring any potential conflicts of interest; and
engaging in ongoing professional training and the continuous improve-
ment of geoscience knowledge throughout one’s career (Mayer 2015;
Peppoloni et al. 2015; Abbott 2017a; Mogk 2017).

Second, geoscientists should assess their actions with respect to their
working environment, colleagues and wider profession. In common
with other scientists, it is the individual’s responsibility to cooperate and
treat colleagues honestly and fairly; to respect others’ ideas, welcome fair
debate and embrace a diversity of perspectives, expertise and methods;
to foster mutual understanding, share information and data, and sup-
port the intellectual and professional development of others; to respect
and acknowledge the intellectual property of others; and not to compete
unfairly—for instance, recognising if others are better qualified to carry
out the work at hand.

The geoscientist produces knowledge and designs solutions for the
benefit of society and its component parts. It is the individual’s respon-
sibility to serve society as effectively as possible, in order to support its
development and assure its safety. To achieve such goals, as in other
sciences, it is essential to take care of the ‘data life cycle’ (Gundersen
2017b), including making data and the results of one’s studies public
(Van Gessel et al. 2017). Research results and the implications of their
application should be shared with relevant public and non-expert audi-
ences in ways that address their knowledge, interests, needs and con-
cerns, are easily accessible and user-friendly, and are contextualised with
explanatory information. Geoscientists should take similar care when
communicating their knowledge to policy-makers and public bodies at
all levels, in which they should play an active part, and should seek to
develop constructive and responsible interactions between academia and
industry. They have a key role to play in the training and skills devel-
opment of technicians and professionals and in participating in public
engagement, raising public awareness and educational activities.

Finally, the role geoscientists play in helping to manage the natural
realm, understood in a more general sense than just the terrestrial, brings
with it a responsibility to the environment. Geoscientists have knowl-
edge, expertise and professional and cultural sensibilities that are essential
to protect natural environments, to manage the development of natural
resources and places so as to minimise negative impacts on ecosystems,
to enhance the scientific, educational, cultural and aesthetic value of bio-
diversity and geodiversity, and to entrust these to future generations.
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Given the importance of the concept of responsibility, it is vital peri-
odically to review the scope and nature of the action and involvement
of geoscientists in each specific context and therefore understand their
role in wider decision-making and implementation processes (Bobrowsky
ctal. 2017; Dolce and Di Bucci 2015). Notwithstanding the specificity
of particular geoscience disciplines, further research is needed to clarify
the distinctive features of how geoscience and decision-making (includ-
ing policy-making) interact, vis-a-vis science—policy—society interac-
tion more generally (Douglas 2009; Gluckman 2014; Kowarsch 2016;
Kowarsch et al. 2016), as recognised in Chapter 1.

However, it is also important to realise that responsibility does not
rest solely with the geoscientist since they usually help other actors
to operate using their geoscience knowledge; similarly, responsibil-
ity should never rest on the shoulders of scientists alone. The need to
assign responsibility fairly to individual actors is a feature of structured,
engineering-like operational processes that characterise many geoscience
professions. Where different actors share responsibility, a shared value
system is helpful for fostering sound cooperation. A clear distinction of
roles and a common foundation that allows for shared understanding
are both fundamental when multiple professional actors cooperate to
handle complex problems or when different stakeholders are involved.
Geosciences are rich in such situations, for example, in risk management,
where well-defined and shared operational protocols are required to
avoid an overlapping of tasks and to assure clarity in the decision-making
process.

2.2.2  Refevence Values on Which to Base Geoethical
Perspectives and Actions

In order to better understand the responsibilities of geoscientists and to
inform their actions, it is essential to identify reference values capable
of guiding choice and behaviour across a wide range of settings, on the
basis of which better, more beneficial or more acceptable decisions can
be discriminated from worse, less beneficial or less acceptable ones. Such
values must be rooted in an awareness of the social and environmen-
tal implications associated with the activities of geoscientists and their
responsibility to society, future generations and the Earth.

Three sets of values are proposed, grouped according to their func-
tional aim, although these often intersect (Peppoloni and Di Capua 2016).
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Ethical Values

The Singapore and Montreal Statements? established internationally a set
of reference principles on which to base rescarch integrity (Mayer 2015;
Steneck et al. 2017). Similarly, professional or ethical codes® developed
over many years by professional geoscience institutions have defined eth-
ical norms for professional activities (Allington and Fernandez-Fuentes
2014; Abbott 2017a, b; Boland and Mogk 2017; McPhaden 2017).
Typically these include many (though not all) of the values set out above
in relation to the individual, professional, social and environmental
spheres, and are associated with a ‘penalty for failure’ for the individual,
policed at the professional level through the disciplinary procedures of
various institutions. They can be considered ‘deontological codes’, in
that they codify rules for ethical professional behaviour, although the
motivations for their establishment and maintenance have their roots in
virtue ethics (in that they seek to encapsulate what is morally right for
the professional geoscientist to do) and utilitarianism (in that they deliver
public benefit and promote and defend the legitimacy and credibility of
the individual and the profession).

The common matrix of these reference documents can be traced back
to fundamental values that apply across scientific/scholarly disciplines,
such as honesty, accountability, professionalism, and stewardship. These
values can be integrated with awareness, accuracy, cooperation, inclu-
siveness and fairness. They assure professional courtesy in working with
others, good stewardship of activities, adherence to regulations and to
scientific methods, repeatability of studies by colleagues and the shar-
ing of results, respect of intellectual property and the rules on author-
ship and the peer review process, and due scrutiny of conflicts of interest
(Mogk 2017).

In the era of globalisation, where issues of environment, climate,
infrastructure, resources and energy have no borders and require interna-
tional efforts for their management, it is important to promote a shared
ethical set of values among geoscientists around the world. Beyond con-
cern for the commonalities and tensions of a globalised world, many
geoscientists exercise their professions in different parts of the world,

2«Singapore Statement on Research Integrity” (2010) and “Montreal Statement on
Research Integrity in Cross-Boundary Research Collaborations” (2013): https://wecrif.
org/guidance.

3Such as those listed at http://www.geoethics.org/codes.
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from exploration for minerals in Africa to seafloor studies in the Pacific.
Social, political, cultural, technological and economic differences among
nations can cause tensions when facing issues such as research integrity
and the ethical conduct of professional activity. It is important to assure
some common ethical values and standards that extend beyond national
boundaries. Such considerations have driven international efforts to pro-
mote common professional standards in geoscience, including mutual
recognition agreements between professional bodies, the work of the
European Federation of Geologists* and the establishment of a Task
Group on Global Geoscience Professionalism® by the International
Union of Geological Sciences, among others.

Ethical values in respect of international cooperation aim to involve
geoscientists from all over the world in the discussion of global issues,
and to debate and compare ideas, even if these are very different, in the
search for common solutions. Morcover, a sct of shared ethical values is
essential if multidisciplinary work is to reach its full potential, allowing
the effective integration of different specialist disciplines and professional
skills in facing problems.

Often cross-boundary research and professional collaborations
(whether across disciplinary or national boundaries) present special chal-
lenges for the responsible conduct of scientific and technical activities
(Mayer 2015), because they may involve substantial differences in regu-
latory and legal systems, organisational and funding structures, research
cultures and approaches to training. Therefore it is critically important
that geoscientists are aware of and able to address such differences.
Principles of utmost importance are trust, transparency, communication
and compliance with laws, policies, regulations and publishing rules.

Cultural Values

Geoethical thinking highlights and enhances the social and cultural
dimensions of the geosciences. Identifying and promoting the cultural
values associated with geoscience research and practice can help guide
society in its choice of responsible behaviour towards the Earth, in both
its biotic (e.g., biodiversity) and abiotic (e.g., geodiversity) components
(Peppoloni and Di Capua 2012), which are inextricably linked.

*https:/ /eurogeologists.eu.
Shttps://tg-ggp.org.
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Concepts such as geoheritage, geoconservation and geodiversity bring
together not only scientific but also cultural elements, tangible or other-
wise. These concepts have been informally addressed for many years by
the geosciences, but a need for greater formality and definition of terms
has arisen only relatively recently, particularly in seeking dialogue across
disciplines and with policy-makers. Notwithstanding a plethora of alter-
native definitions, geodiversity is defined as ‘the variety of natural ele-
ments, such as minerals, rocks, fossils, landforms and their landscapes,
soils, and active geological/geomorphological processes’ (ProGEO
2017, p. 1). Geoheritage comprises those ‘elements of the Earth’s geo-
diversity that are considered to have significant scientific, educational,
cultural, aesthetic, ecological or ecosystem service values’ (Woo 2017).
Geoconservation comprises actions taken to preserve geodiversity and
geoheritage in order to ensure that the ‘face’ of the planet (rocks, land-
scapes and waters) is adequately protected against human intervention
for future generations (Bobrowsky et al. 2017; ProGEO 2017).

These concepts, their enhancement and their promulgation repre-
sent an important resource for strengthening the relationship and the
sense of belonging of the population to the land it inhabits, contribut-
ing to a richer understanding of the identity of human communities,
and focusing attention and care towards the socio-natural environment.
Geoheritage, geodiversity and geoconservation are practical expressions
of taking a geoethical view of the planet: recognising their importance as
a means to restoring an inner connection between humans and the Earth
system is a fundamental starting point to develop best practices in man-
aging environments. At the same time, geoethics highlights their intrin-
sic social and economic value, since geoheritage and geodiversity form
part of non-renewable societal and natural capital.

Initiatives like UNESCO Global Geoparks® and sectors like geot-
ourism’ (Allan 2015) are the material expressions of those values, and a
means of celebrating and interpreting the geological landscape, resulting
in a broader understanding of geosciences through appreciation and learn-
ing (Gordon 2018). In these terms, geosciences are capable of influencing
the way people think about the planet. If properly managed, geoparks can

Shttp://www.unesco.org,/new/en/natural-sciences/environment/earth-sciences/
unesco-global-geoparks.

7International Congress Arouca, 2011, Arouca Declaration on Geoturism: http://www.
curopeangeoparks.org,/?p=223.
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provide countries with opportunities for sustainable development, where
the geosciences and social sciences interact on common ground. The
geopark movement is a global phenomenon that offers many benefits, such
as effective multidisciplinary work and cross-border international collabo-
ration; an increase in public awareness and education; an improved qual-
ity of life for local populations through economic stimulus; and a general
move towards greater awareness of the importance and diversity of nature.

Social Values

Great challenges, such as the mitigation of climate change and adap-
tation to it, the search for new sources of energy, the need for a sus-
tainable approach to the environment and defence against geo-hazards,
can and must be pursued through diverse approaches and perspectives.
Geoethics seeks to provide a common matrix to address such issues glob-
ally. As a consequence, one aim of geoethics research is to search for
social values that are capable of bringing together diverse cultures and
sensibilities.

General societal concepts that are widely applicable across such funda-
mental challenges, such as sustainability, prevention, adaptation and edu-
cation, can be regarded as a set of shared social values, helping to frame
a new common vision for our societies in the coming decades. These
concepts are introduced below in general terms, and their application to
geoscience is addressed later in this chapter.

First, the concept of sustainability presents us with a double challenge,
but promises a corresponding double social value. It raises the need, for
example, to minimise and optimise the production and use of energy and
minerals, and to facilitate transition to the use of renewable energies; and
informs development of strategies and technologies for doing so, max-
imising the positive and minimising the negative social and environmen-
tal impacts of such resource use. However, it also highlights the need
to build new models of economic development, recognising that it is a
fundamental human right not to live in poverty and that a global society
that ignores this right cannot be truly sustainable. The concept of ‘sus-
tainable development’ (explored in greater detail below) captures a ten-
sion between the need to facilitate the economic and social development
of the world’s poor and the need to reduce and, where possible, reverse
damage to the Earth system—but it also raises the possibility of reconcil-
ing these challenges. Geoethics should help to define the boundaries of
how to live sustainably on the planet.
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Second, prevention refers to a set of activities and tools, either to pre-
vent processes or events from happening, or to prevent resulting harm.
The development of a culture centred on prevention is a way to improve
the resilience of human communities, namely their ability to anticipate,
avoid and/or respond to an event. This includes the capacity to restore
the material, cultural and spiritual conditions that existed before an event
and to prepare for and respond to future events in a more effective way.
Considered in risk management terms, prevention strategies aim to break
the pathway between the possible causes of a risk event and the risk
event itself (proactive controls) or between the risk event and its pos-
sible consequences (reactive controls). Developing resilient prevention
strategies requires access to accurate scientific information, communica-
tion and education, as well as effective governance. It also depends on
improving communities’ awareness of natural risks and their capacity to
assess and establish reasonable, acceptable risk thresholds. This can help
facilitate the adoption of strategies to reduce the likelihood of potentially
damaging natural events or processes occurring, or the transformation of
such events into disasters.

Third, human adaptation refers to the ability of a social group to
modify its characteristics and the ways it interacts with its environment
in response to change. The necessity to consider adaptation arises from
the observation that natural systems are often altered in an irreversible
manner, given their interconnectedness and complexity, often charac-
terised by non-linear system dynamics that hinder restoration of earlier
conditions. Beyond the need to handle environmental change and to
ensure the survival of society, adaptation is also a way for communities to
strengthen their internal social ties in pursuit of a common benefit.

Fourth, ‘(geo-)education’ is an important social value in geoethics.
Developing and disseminating a culture of Earth science literacy across
society is essential to changing the way in which people perceive their
relationship with the Earth system, equipping and empowering them to
participate in debate and action to address global challenges, as well as
providing the basis for the education and training of future generations
of geoscientists whose skills will be essential to meeting these challenges.
Geosciences must play a fundamental role in building a knowledgea-
ble society, raising awareness about how the Earth system operates and
evolves and how people interact with it and equipping us with the intel-
lectual and practical tools to do so responsibly.
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A primary task of geoethics is to make communities outside the geo-
science profession aware of the immense value of such concepts and to
emphasise the need to pursue such concepts to assure human safety and
progress.

2.2.3  Intellectunl Freedom: A Fundamental Prevequisite
for Practicing Geoethics

Geoethics entails a conscious and rational way of acting. An ethical deci-
sion can only arise from exercising responsible choice. Intellectual free-
dom is a fundamental prerequisite for acting ethically. To be credible,
geoscientists must adhere to scientific methodologies. They must use
their geoscience knowledge impartially, without being influenced in their
methods or conclusions by external pressures or conflicting interests. In
particular, their professional endeavours should not be driven by oppor-
tunism, political pressures or economic interests (Gaur 2015; Gawthrop
2015; Wyss 2015).

Likewise, harassment, bullying, discrimination and exploitation of
power dynamics threaten the integrity of geoscientists’ working envi-
ronments and inhibit their freedom of choice. A respectful working
environment is fundamental to maintaining professional standards and
assuring ethical conduct when practicing geosciences. Harassment (sex-
ual, psychological or physical) and discrimination (whether on grounds
of gender, race, disability, sexual orientation, religion or any other char-
acteristic) offend the dignity of a person and seriously undermine not
only the integrity and credibility of the geoscience community (Williams
et al. 2017) but also in turn the quality of scientific work. These kinds
of behaviour prevent individuals, driven by fear of punishment or retal-
iation, from making decisions in an ethical manner (Peppoloni and Di
Capua 2017a). The need for the geoscience community to address har-
assment and discrimination, to ensure that working and educational envi-
ronments are respectful and inclusive and that unacceptable behaviour is
identified and effectively policed, is increasingly being recognised in the
policies and ethical codes of professional geoscience organisations—an
example of ethical codes evolving to meet current requirements.

Furthermore, principles such as adherence to truth, freedom from
conflicting personal interests, and an openness to cooperation and
open discussion with colleagues should be the basis on which to found
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scientific activity, in whatever field considered (applied, academic or edu-
cational). A geoscientist who is working in an environment that pur-
sues these values is well-placed to scrutinise the integrity and honesty
of their own, and other people’s, scientific research and practice, and
to ensure that access to research results is open. They should be aware
that scientific validity cannot be negotiated, obscured or influenced by
conventions or agreements between power groups, companies or states.
Recognising and pursuing these principles should be the responsibility
and mission of every geoscientist.

Nonetheless, it is evident that where strong partisan interests are at
play, whether in commercial, academic or government settings, this free-
dom is not easily won or guaranteed. For example, geoscientists work-
ing for mining or oil and gas companies may find themselves under
pressure to support choices that are not in line with their professional
ethics, notwithstanding the fact that they are operating in publicly reg-
ulated legal frameworks. In such egregious instances of pressure being
unfairly and explicitly exerted, the ethical course of action should not be
hard to discern, however difficult it is to achieve—the individual should
always act ethically and should always be allowed to do so. Aside from
such clear-cut cases, ethical challenges may arise when legitimate com-
mercial, political or economic factors come into conflict with individual
or collective ethical principles. In these cases, identifying the best course
of action may be less simple and clear-cut. What considerations should
take precedence? Is it possible to find an acceptable balance in this dialec-
tic relationship?

This problem, though far from being casy to resolve (Gaur 2015),
may be addressed by means of the adoption of common values and
rules to accommodate the diversity of relevant factors and perspec-
tives. Aligning companies’ needs (and society’s demand for resources)
more closely with inalienable requirements, such as respect for per-
sonal ethics, environments and communities, is an area of active
development that is yielding concrete results. In the field of mining, a
number of initiatives are underway, at various stages of development,
to establish principles and implement mechanisms to address these
challenges (Nurmi 2017), like those developed by the International
Council on Mining and Metals.® Whatever approaches are adopted,

Shttp://www.icmm.com.
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however, rigorous application of ethical criteria implies the risk that
individuals face insoluble dilemmas. Such challenges, though far from
being unique to the geosciences, should be studied from a geoethical
perspective to assist geoscientists who are facing them in a professional
capacity. It is also incumbent on geoscientists in leadership positions
to promote supportive and inclusive professional environments in
which such sensitive and complex matters can be addressed honestly
and openly.

2.3  EtnaicaL Issurs aAND ETHICAL DILEMMAS

A geoethical issue might be assumed to be a choice between at least two
alternatives, one of which is the best option, taking into account the ref-
erence system of scientific, economic, social and cultural values in which
a geoscientist is acting, and assuming there is complete and accurate
knowledge of the problem and adequate competence for its resolution
(Peppoloni and Di Capua 2018). If one option is patently better than
another, then the decision to be taken may be relatively simple. But often
geoscientists are faced with true ethical dilemmas (Bilham 2015). In such
cases, an ‘ideal’ choice is not available. Instead, different options exist,
all with different benefits and impacts on society or the environment
(Marone and Peppoloni 2017). Under such circumstances, how can a
choice be made from an ethical point of view? On what should geoscien-
tists base their choices?

A real ethical dilemma has no perfect solution. Instead it has one
that is deemed most acceptable in a specific economic, social, cultural
and environmental context. Identifying the most acceptable solution
requires consideration of both the positive and negative consequences
of the options available, choosing the one that maximises benefits and
minimises disbenefits. It follows that even the ‘best’ solution may have
adverse consequences that must be accepted. Making technical-scientific
choices under uncertainty (Albarello 2015; Tinti etal. 2015) inevita-
bly implies accepting compromises, a feature that is common to applied
sciences (Christensen et al. 2007; Hansson 2015; Murphy et al. 2015).

Deciding on the feasibility and desirability of a course of action (e.g.,
regarding a proposed infrastructure project, an energy initiative or a haz-
ard prevention scheme) may depend not only on scientific and technical
considerations but also on economic, political, social and cultural factors.
Making an ethical choice depends on assessing these factors in the context
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not only of the geoscientist, and the perspectives and values they hold,
but also the perspectives and values of other stakeholders and communi-
ties who may be affected (either positively or negatively)—values which
may sometimes conflict (Peppoloni and Di Capua 2017a). For example,
a dam may have significant adverse impacts on natural habitats, but at the
same time can ensure protection from flooding and supply water to thou-
sands of people. Similarly, a mine might be seen as a threat to the sur-
rounding environment and the health of local communities but may also
bring benefits in the form of jobs, facilities and infrastructure improve-
ment, as well as providing the mineral resources needed for low-carbon
technologies, for instance. Therefore it is vital to work with local com-
munities and stakeholders to determine where there is a reasonable
alignment of economic, social, cultural and ethical values and to work
to reconcile these and seek out opportunities for collaborative action to
maximise both social and environmental benefits (Owen and Kemp 2013;
Hostettler 2015; Arvanitidis et al. 2017). Considering more generic refer-
ence values, such as sustainability and community resilience, is also impor-
tant and may help to frame efforts to resolve conflicting interests.

In most applications, it is not the geoscientist who makes the final
decision about a specific matter. In these cases, geoscientists have a pro-
fessional responsibility to provide decision-makers with information and
advice (based on professional judgment rather than personal views) on all
aspects of a problem that they consider relevant to a decision being made
in a given social or environmental context, as well as in light of more
generic reference values.

However, policy-makers and other decision-makers often expect a
geoscientist (or other professional expert) to recommend a solution, or
at least to advise on the desirability of options, notwithstanding their
dependence on matters outside the geoscientist’s professional compe-
tence (Bobrowsky et al. 2017). When geoscientists are facing a geoeth-
ical dilemma, they should accept and make clear to others that they
cannot offer a unique solution. Instead they should define and charac-
terise options, scenarios and potential outcomes. Geoscientists have a
duty (along with other relevant professionals) to explain such choices
and their consequences. In doing so, they should avoid making the mis-
take of considering geoscience knowledge as a ‘universal law’; assuming
that they might solve an ethical dilemma based on geoscientific consid-
erations alone, or by using ‘right’ or ‘wrong’ categorisations (Marone
and Peppoloni 2017). Geoscientists can help to ensure that geoethical
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decisions are reached by characterising problems and options adequately
from a scientific and technical point of view and by clearly indicating the
positive and negative impacts of the options available. In many cases, it
may be appropriate to carry out a cost/benefit analysis (Potthast 2015;
Stefanovic 2015), framed in societal and environmental as well as eco-
nomic terms, looking at positive and negative impacts from multiple
perspectives across the short and long term and at a variety of phys-
ical scales. Such analyses should also take into account uncertainties
(quantified where possible), internal and external to the system under
consideration, and recognise that such a cost/benefit analysis alone may
not provide an optimal (or even acceptable) solution (Peppoloni and Di
Capua 2018). There is extensive literature on science—policy interaction
that explores these and related themes, albeit not focused on geoscience,
which has been influential on practice in this area in recent years (e.g.,
Douglas 2009; Gluckman 2014).

2.4  GEOETHICS APPLIED TO (GEOSCIENCES

Geoethics covers the entire range of geoscience applications, from basic
research to commercial undertakings. In recent years, its application in
different realms has been analysed, including through paradigmatic case
studies (Peppoloni and Di Capua 2015b; Wyss and Peppoloni 2015;
Gundersen 2017a; Peppoloni et al. 2017).

The main issues and topics geoethics addresses include sustainable
use of natural resources (including water, energy, mineral and biological
resources); the reduction and management of natural and anthropogenic
risks; the management of land, coastal areas, seas and open oceans; pol-
lution and its impacts on health; global environmental change, including
climate change; protection of natural environments; research integrity
and the development of codes of scientific and professional conduct; lit-
eracy and education in geosciences; geodiversity, geoheritage, geoparks
and geotourism; forensic geology; and medical geology.

Returning to the question ‘On what should geoscientists base their
choices?’, some of the key principles which guide the practical appli-
cation of geoethics to these issues and topics are: to encourage critical
analysis and the responsible use of natural resources; to promote accu-
rate and useful information on hazards and environmental risks; to foster
the development of environmentally friendly technologies; to highlight
the social role of the geosciences; and to promote geological heritage
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as a scientific, cultural and educational resource. These principles are all
aimed at guiding society towards appropriate behaviour to tackle prac-
tical problems facing humanity in relation to the Earth system, and at
helping society find solutions that are compatible with economic and
social development and with conservation of nature and land.
Consequently, even though geoethics originates in the field of geo-
sciences and refers in the first instance to the scientific and professional
activity of geoscientists, it goes beyond this sphere of influence, turning
towards other elements of society and contributing to economic, politi-
cal and cultural debate. These matters are explored further in Chapter 3.

2.4.1  The Specific Knowledge and Skills of Geoscientists

Geoscientists are social actors as well as scientists and professionals.
Geoscientists, engineers and others who have expertise relating to the
Earth, possess scientific knowledge, skills and training essential for inves-
tigating, managing and intervening in various elements of the Earth sys-
tem and can contribute to fostering better science—society relations (Gill
2016; Tubman and Escobar-Wolf 2016). This entails ethical obligations.
Geoscientists work to understand how the Earth system functions, the
nature and distribution of resources, environmental dynamics and the
interaction of human and natural processes. This knowledge carries with
it a responsibility to best serve the public good.

A geoethical approach can help to develop the knowledge, skills and
capabilities of geoscientists. As discussed above, ethical criteria, such as
honesty, openness and adherence to scientific methodology (while rec-
ognising its limits), are vital to the success of the research and practice
of geoscientists, facilitating the connection of scientific validity, freedom
and responsibility in their work. Furthermore, it allows geoscientists to
reflect on their activities, improve their professional and personal practice
and learn more about themselves, in terms of research, teaching or pro-
fessional applications. Scientific research and its practical application must
be carried out with intellectual honesty in order to be of real service to
others. In this spirit, geoethics can serve geoscientists by confirming
(and in many cases rediscovering) fundamental elements of their identity,
upon which can be built professional motivation and a personal ethics of
responsibility, thereby informing personal social function. In this manner,
geoethics can provide ‘philosophical bonds” within a cohesive geoscience
community.
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2.4.2  Why Should We Act Ethically? Geoethics as an Advantage

So how does a community promote the idea that its members should
behave ethically? As suggested in Bobrowsky et al. (2017):

. three steps seem to be necessary. First, ethical behaviour should be
affirmed by the community as the expected norm. Second, ethical behaviour
should be taught as well as modelled in both formal and informal educa-
tional settings. Third, unethical behaviour should be identified as unaccept-
able, and there should be undesirable consequences for such behaviour.

In order to encourage the spread of (geo)ethical behaviours and practices
in the geoscience community, the advantages of acting ethically, follow-
ing ethical values and best practice, should be highlighted and fostered
and given a central place in geoscience education. Conducting geosci-
ence activities in a responsible way means finding wiser and cheaper tech-
nical solutions, winning the trust of clients and communities and earning
professional and scientific credibility and legitimacy. At the same time, it
is important to create cultural, social and legal conditions such that there
is no advantage for geoscientists, within companies or acting as individ-
ual professionals, to act unethically, because of the negative repercussions
on their reputation or in terms of penalties. This is not to minimise the
intrinsic value of ethical action, but its beneficial aspects should also be
emphasised. To follow such an approach is to recognise the value of util-
itarian and deontological perspectives on geoethics, notwithstanding its
primary characterisation as a virtue ethics.

2.4.3  Towards Society: Addvessing Global Issues

Society faces a nexus of global challenges and these must be the over-
riding priority for science as well as for political and public debate and
decision-making in the coming decades. Securing sufficient food, energy,
raw materials and water for all, ensuring human health, managing com-
peting demands for land, maintaining soil quality and protecting natural
environments and ecosystems, locally and globally, are closely interlinked
challenges. These are exacerbated by a large and growing human pop-
ulation, major movements of people (including urbanisation), past and
present over-exploitation of resources, rampant consumerism in post-in-
dustrial societies and massive inequalities in wealth, health and access
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to resources. The 17 Sustainable Development Goals of the United
Nations,? for the period 2015-2030, summarise and emphasise the
importance of solving these issues as a joint challenge.

Climate change, as one feature of wider global environmental change,
constitutes an existential threat to society and natural systems, requiring
(among other work) the study of past climates, the continuous monitor-
ing of environmental parameters and the modelling of possible scenarios
to inform shared global political and social action. The 2015 COP 21
Paris Agreement, to which 195 nations are signatories, establishes shared
objectives for limiting carbon emissions and provides a framework for the
action and investment required for a low-carbon, resilient and sustainable
future.1?

Disaster risk reduction is another fundamental objective, achievement
of which will depend on continued multidisciplinary research, develop-
ment of early warning systems and monitoring networks, and informa-
tion and capability-building campaigns aimed at citizens. The Sendai
Framework for Disaster Risk Reduction 2015-2030!! is the first major
agreement of the post-2015 development agenda, with four priorities for
action. It is an agreement which recognises that the state has the pri-
mary role in preventing and reducing disaster risk but that responsibil-
ity should be shared with other stakeholders including local government
and the private sector.

Geoscience has a vital role to play in addressing all of these challenges
(Gill and Bullough 2017). At their heart are international efforts to build
more effective global governance frameworks (Nickless 2017), and to
increase the resilience and preparedness of communities, by developing
and promoting appropriate tools, raising awareness and educational cam-
paigns, and facilitating genuine multilateral communication and engage-
ment. In this context, the competence of geoscientists, beyond the
merely technical, becomes indispensable, and the ethical value of their
expertise assumes global implications. We return here to the four generic
social values in geoethics that were outlined earlier in the chapter—
sustainability, prevention, adaptation and education—and provide illus-
trations of their relevance to these challenges.

https:/ /www.un.org,/sustainabledevelopment.
0https:/ /unfcce.int/process-and-meetings /the-paris-agreement /the-paris-agreement.
https: / /www.unisdr.org/we /coordinate /sendai-framework.
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Sustainable Development
Geoscientists recognise that natural resources in the Earth system
are finite. Sustainability as a value (in some form) is almost universally
acknowledged by human cultures, although it is not obvious how to
define sustainability in different contexts.

In 1987, the Brundtland Commission of the United Nations intro-
duced the concept of ‘sustainable development’, as follows:

Humanity has the ability to make development sustainable to ensure that it
meets the needs of the present without compromising the ability of future
generations to meet their own needs. The concept of sustainable develop-
ment does imply limits—not absolute limits but limitations imposed by
the present state of technology and social organization on environmen-
tal resources and by the ability of the biosphere to absorb the effects of
human activities. (WCED 1987)

This definition links the concept of sustainability to the need for natural
resource use and the right to economic and social development, espe-
cially for the world’s poor. In the case of geo-resources, among others,
sustainability is a concept deeply linked to human needs (Grunwald
2015). In a wider sense, this definition implies ideals of social and envi-
ronmental justice, intergenerational justice, the fair distribution of
resources and opportunities (equity), and the concept of democracy,
since it calls, even if not explicitly, for a shared governance at the local
and global level, triggering the concept of ‘sustainability ethics’ (Becker
2012; Ott 2014; Ness et al. 2017).

Sustainability is a value that, in practice, is still often disregarded or at
least undervalued in current human development models and decision-
making. Including it systematically and simultaneously in its environ-
mental, social and economic dimensions needs a pervasive and ongoing
cultural shift. The tangible results of human action affecting the Earth
system are increasingly evident.

Treaties, agreements and conventions are beginning to establish inter-
nationally agreed principles and rules on which to base our behaviour
regarding resources, pollution, climate and sustainability, and to find
an acceptable balance between environmental protection and economic
and social development. At the root of geoethics is the idea that there is
a unique community of life on Earth, of which humankind is an insep-
arable part. Earth is humankind’s home, on which our life and future
depend. Therefore as humans we must respect the Earth and its natural
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systems and pay attention to how we interact with it, with the aware-
ness that being part of this community of life involves considering the
prudent use of its resources and the conservation of its ecosystems. But
it is equally evident that it is necessary that development and sustainabil-
ity must coexist and that we should explore how they can be reconciled,
for example, through concepts such as ‘restorative sustainability’—that is,
ensuring that interventions like resource extraction do net good rather
than net harm (Wessel 2016).

The contribution of geoscientists is indispensable on different levels
(Stewart and Gill 2017), not least in revealing some hidden contradic-
tions and ambiguities. Often, choices that are widely considered more
sustainable or more environmentally friendly than others may not be, at
least in an absolute sense. For example, many technologies and strate-
gies for reducing fossil fuel use will require very significant quantities of
mineral resources—these include many metals which have not previously
been widely used, as well as bulk metals like copper (Nickless 2017). The
extraction and processing of these minerals and the complex interlinked
global supply chains that stem from them, if not carefully managed, pose
significant environmental risks, as well as potential social harm in the
form of ‘conflict minerals’, human rights abuses in the artisanal mining
sector (including in relation to child labour) and many other less visi-
ble impacts on communities. Such contradictions and ambiguities must
be identified and addressed with relevant stakeholders and communi-
ties. The geoscientist also has the ethical responsibility to use geoscience
knowledge to help frame these problems, inform decision-making and
facilitate effective and sensitive implementation of these decisions.

Prevention: A Common Resource for Defence Against Geovisks

As clearly indicated in the Sendai Framework for Disaster Risk
Reduction, strategies aimed at protecting communities against georisks
require the engagement and partnership of all parts of society. In line
with concepts developed in the framework, geoethics aims to improve
the relationships between the geoscience community and other actors in
society (such as decision-makers, local authorities, government agencies,
the media and citizens) during all the phases that characterise the disaster
cycle (from prevention to emergency and recovery phases). Each of these
actors, with a specific role, commitment and responsibility, is part of a
‘defence system’ against impending risk (Di Capua and Peppoloni 2014;
Dolce and Di Bucci 2015; Peppoloni and Di Capua 2017Db).
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Moreover, geoethics contributes to strengthen the science—society
interface, promoting some important actions that involve the social
responsibility of the geoscientist (Di Capua and Peppoloni 2014; Limaye
2015; Peppoloni and Di Capua 2017b), such as the accurate and appro-
priate dissemination and communication of results of scientific studies on
geohazards (Liverman 2009; Marone et al. 2015a, b; Foresta Martin and
Peppoloni 2017), the development and promotion of geo-educational
tools to improve knowledge about risks and improve the preparedness
of the population (Frankenberg etal. 2013) and the participation of
hazard-prone populations in bottom-up risk communication approaches
(Ickert and Stewart 2016; Stewart et al. 2017) to increase community
resilience.

However, we must not neglect some current limitations to the effective-
ness of risk communication, well highlighted by Wachinger et al. (2013)—
what seems obvious, namely that a high level of risk perception will lead to
personal preparedness and to subsequent risk mitigation behaviour, is not
necessarily true. This point should be considered for the purposes of risk
governance and communication, and when considering the willingness of
individuals to invest in risk preparedness or risk mitigation actions.

Nowadays geoscientists are able to predict or forecast, with vary-
ing degrees of uncertainty, the onset and development over time of
some natural phenomena. Concepts such as probability, error and
uncertainty are expressed mathematically in order to assess hazards
and develop appropriate policies in risk management, even in the
absence of complete scientific certainty about causes and evolution of
phenomena (Albarello 2015; Potthast 2015; Tinti et al. 2015; Beven
et al. 2018a, b). Moreover, the progress made in science has facilitated
the generation of new tools to defend society against natural risks,
such as new methods for the continuous monitoring of phenomena,
use of early warning methods, efficient building techniques to ensure
safety, adequate prevention programmes, careful land management
and appropriate education for citizens. All these activities can be con-
sidered ‘prevention’, as framed earlier. Prevention in this broad sense
can make multiple contributions to achieving safer ways to live with
georisks.

Risks are not entirely avoidable, but they can be reduced below a
threshold that society considers acceptable. The earthquake engineer
Giuseppe Grandori (1921-2011) defined the acceptable limit of risk to
society through this short statement:
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Defending oneself from earthquakes means reducing the consequences of
carthquakes (casualties and property damage) below a limit that society
considers acceptable, considering the costs that a further reduction of the
limit would imply.

This statement reminds us of the need for prudence and common sense,
concepts on which the general vision of geoethics is based. Applying
the values of prudence and common sense to real-world cases helps us
to limit mistakes and overcome doubts about the choices to be made to
minimise negative consequences.

In every circumstance where a risk is present, it is necessary to assess
the benefits as well as the costs of a risk mitigation strategy. A strategy
which today may seem wasteful could be effective when evaluated in a
broader perspective, looking at all likely outcomes. As a consequence,
prevention must be considered not only in terms of cost savings but pri-
marily as a social and cultural attitude that bears fruit especially when
taking systemic and long-term perspectives, so as to avoid irrespon-
sibly transferring the social and economic costs of a disaster onto the
shoulders of future generations or distant communities (Di Capua and
Peppoloni 2014; Hocke 2015; Peppoloni and Di Capua 2017b).

In these terms, prevention is a value, despite human societies not
perceiving it as such. It should be the duty of geoscientists, as experts
in risk, to transfer this value to society, as a rational and responsible
response to the right to safety of each citizen.

Adaptation to Climate Change

With reference to biological systems, ‘adaptation’ is the process by which
living beings adapt morphologically and physiologically to environmental
conditions, determining not only the fate of individuals and populations
but the success or failure of a species in evolutionary terms.

Humanity has always had to adapt to environmental changes, initially in
biological terms but also through cultural adaptation (Foley etal. 2013).
Today, adaptation signifies the need for technological, energetic, economic
and cultural change processes, in response to changed environmental condi-
tions (Klein 2011). In this perspective, in times of climate change, adapta-
tion becomes a necessary social and cultural programme, however successtul
(equally necessary) prevention efforts may be. Making ethical decisions to
inform adaptive programmes will require a new way of understanding the
interdependencies between socio-technical human systems and Earth systems.
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Climate change adaptation seeks to reduce the vulnerability of social
and biological systems and to mitigate and offset the effects of global
warming, albeit with ‘barriers, limits and costs which are not fully under-
stood’ (from Climate Change 2007: Synthesis Report!?). Adapting and
mitigating can mean reducing vulnerability and increasing community
resilience (Adger et al. 2005), reducing system or community sensitiv-
ity or building capacity to adapt. It may also present opportunities for
development (Betsill 2001; Conway and Schipper 2011), for example,
as a result of investing in new research and technologies, a reduced vul-
nerability to other hazards or development of novel and sustainable eco-
nomic pathways. Increased global awareness of our interdependence
and therefore the need for common responses is also a significant conse-
quence in itself, which could push citizens and governments to assume a
more active attitude.

The challenge for human communities is to govern this adaptation
responsibly, not only in technological but also cultural terms. From this
point of view the COP 21 Paris Agreement, despite having debateable
direct impact, demonstrates the growing political will of the interna-
tional community in this direction—a common conscience is develop-
ing. An earlier exemplar is the successful adoption of policies to counter
the destruction of the ozone layer, which are now recognised as having
done much to reverse ozone depletion in the 2000s, thanks to the 1987
Montreal Protocol.!3

In light of these new societal conditions, the geoscience commu-
nity has a momentous ethical responsibility (Kowarsch etal. 2016).
Geoscientists exploring the implications of geoethics should not shy away
from contributing innovative and context-specific responses to inform
responsible decision-making and actions.

Geo-Education: A Duty for Geoscientists, a Benefit for Society

The advancement of geoscience knowledge has been fundamental for
humankind, facilitating the development of modern thought and culture,
and ensuring progress and well-being for societies. In the past, geosci-
ence has posed philosophical problems, and even today it continues to be
a fundamental part of human culture (Peppoloni and Di Capua 2012).

2 https:/ /archive.ipcc.ch /publications_and_data/ar4 /syr/en/spms4.html.
Bhttp://ozone.unep.org,/montreal-protocol-substances-deplete-ozone-layer,/32506.
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Geoscience, with its methods, objectives, reference values and ways of
thinking about nature, is not only a corpus of technical and scientific
knowledge, useful for solving the complex problems of management of
the planet, but also an essential cultural support that should accompany
the practical response to such problems.

As asserted by Henri Poincare (1854-1912) and others, science is a
fundamental aspect of culture. Since geoscience is science, this implies
it is part of culture (Peppoloni 2012). Indeed geoscience, through its
discoveries, visions, methods and definitions, has made and makes cul-
ture, by building a constellation of concepts to be used to understand
the world (Seddon 1996; Raab and Frodeman 2002; Peppoloni and Di
Capua 2012).

Geo-education is the activity that allows geoscientists to use those
visions, methods and definitions to transfer to others a way of conceiv-
ing the cosmos. Scientific concepts and theories, such as deep time,
evolution and plate tectonics, are fundamental keys for interpreting the
universe and the observations, technologies and hypotheses through
which we perceive reality. Geo-education implies ethical responsibili-
ties. It is not a neutral and value-free activity. It provides a framework
for transferring knowledge about forms, processes and products of
natural or human-induced dynamics, past and present, on our planet
and other celestial bodies. But it is also a tool for stimulating critical
thinking.

Geo-education has great potential in ethical terms, due to the strong
connection between geoscience knowledge and societal benefits. It can
shorten the distances between scientists, public audiences and decision-
makers, increasing public trust in science, preventing the cultural and
social marginalisation of scientists and fostering the development of a
‘knowledge-based society’, in the best sense of that term (Bobrowsky
et al. 2017; Peppoloni and Di Capua 2017a).

This is clearly evident when considering protection strategies against
risks, where insufficient preparedness results in low risk perception,
exposing communities to greater vulnerability to possible natural phe-
nomena. Citizens are usually considered as passive actors in risk scenar-
ios or in decisions on land management, while in fact they can play a
key role (Stewart et al. 2017). They must be empowered to contribute
constructively.

Activities grouped under the concept of ‘citizen science’ (discussed
further in Chapter 3) are developed with this objective in mind. The
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Oxford Dictionary'#* defines ‘citizen science’ as ‘a scientific work under-
taken by members of the general public, often in collaboration with or
under the direction of professional scientists and scientific institutions’.
It is a scientific activity in which non-professional scientists voluntarily
participate in the collection and analysis of data, the development of
technologies or studies of natural phenomena, among other activities.
Citizen science is based on the idea that scientific knowledge and com-
munication is not a one-way street (De Rubeis et al. 2015) and that
citizens can provide scientists with support, increased capacity and capa-
bilities, a wider range of perspectives and indeed insights that otherwise
may have been overlooked. Citizen science has both great educational
and ethical value in that the involvement of citizens in scientific endeav-
our generates knowledge, understanding, awareness and responsibility.
Citizens benefit from taking part in research, contributing to scientific
evidence and addressing local, national and international issues that
are relevant to them. In doing so, they can become better equipped to
engage in societal debates and influence political choices.

Promoting geosciences in society through geo-education implies
introducing innovative methods and tools to teaching, aimed at develop-
ing students’ and citizens’ critical thinking and observational capabilities.
Geoscientists involved in geo-education exemplify geoscience practice as
a geoethical duty towards society.

2.4.4  Tools for Geoethics-Oriented Practice

As noted above, the translation into practice of geoethical values is repre-
sented in professional settings by codes of conduct, which prohibit inap-
propriate practices and foster proper ones. Codes are a very useful tool
to prevent, monitor and control inappropriate practices and policies. But
their adoption is not always sufficient on its own to increase the ethi-
cal standards of a scientific and professional community. Poor practice,
unethical behaviour, research misconduct and conflicts of interest con-
tinue to threaten the credibility of the geoscience community (Peppoloni
and Di Capua 2017a).

The observance of ethical practices included in such codes should not
be confused with the essential ethics education and training that each

4https://en.oxforddictionaries.com/.
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geoscientist should receive in their university education, to assimilate
ethical values and foster high standards of personal integrity and respon-
sibility. It is essential to embody the value before the code, to make sense
of an ethical action (Cronin 2017; Peppoloni and Di Capua 2017a). To
encourage ethical behaviour in the geoscience community, geoscientists
should be motivated to respect professional codes. This means transfer-
ring to them the values that lie behind them. Ethics must also constitute
a fundamental part of continuing professional development and lifelong
learning. Geosciences are based on experience, so the reference values
of geoethics that must accompany the practice of geosciences should be
constantly redefined and verified in light of evolving knowledge, experi-
ence and context.

The importance of promoting ethical behaviour within the geoscience
community was clearly highlighted in the Report of the GSA Presidential
Conference held in Oregon in 1997 (Geological Society of America
1997):

Individual integrity is not enough: to be truly ethical, one must have per-
sonal integrity as well as an on-going awareness and insight into the ethical
problems existing throughout the geoscience profession. In other words,
geoscientists must become alert to, and active in, the subject of ethics in
order for the practice of geology to be truly ethical.

The need to increase awareness of the ethical obligations of geoscience
activity was formalised in (2014) by Matteucci et al., with the publication
of the ‘Geoethical Promise’. It is a Hippocratic-like oath for geoscien-
tists, previously suggested by Ellis and Haft (2009), aimed at early-career
researchers and professionals but also helpful to motivate the geoscience
community as a whole. It is a symbolic document to highlight the ethical
and social value of the geoscience profession and the cultural and educa-
tional power of geosciences. The Geoethical Promise is founded on the
idea that a standard or a code cannot be enough to ensure ethical behav-
iour and that ethics must be something inherent to one’s daily action, a
committed adherence to a modus vivendi et operands.

In its formulation, some principles and reference values are stressed:
the necessity to be aware of the societal implications of geoscience prac-
tice; responsibilities towards society, future generations and the Earth
for sustainable development; the obligation to act for the protection
of the Earth system and the benefit of mankind; the need to maintain
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intellectual honesty in conducting one’s work, being aware of the limits
of one’s personal competencies and skills; and the commitment to con-
tinue a lifelong development of one’s geoscientific knowledge.

In 2018, the Geoethical Promise was included as an official declara-
tion during ceremonies for geological master’s degrees in Italian uni-
versities and has been translated into 35 different languages (Peppoloni
2018).

Another significant achievement in promulgating geoethical think-
ing has been the release of the Cape Town Statement on Geoethics
(CTSG)'® in 2016. This document provides a definition of geoethics,
sets out its purpose, scope and fundamental principles, and outlines its
application and the ethical responsibilities of geoscientists in the context
of global challenges. It is founded on a coherent conceptual framework
structure and constitutes an important step in promoting geoethics to
the wider geoscientific community and beyond (Di Capua et al. 2017).

The CTSG aims to focus the attention of geoscientists on the devel-
opment of shared policies, guidelines, strategies and tools, with the long-
range goal of fostering the widespread adoption of ethical practices in
the geoscience community. It encourages geoscientists to become more
aware of their responsibilities, to strengthen the credibility of geosciences
in order to secure societal trust in light of global challenges and to reaf-
firm an ideal dimension to the geoscience profession, going beyond sim-
ple personal success.

The global impact of the CTSG on the geoscience community has
been assured by the support of many international geoscience organi-
sations. Its translation into the most widespread languages worldwide
(Peppoloni 2018) has emphasised the importance of sharing universal
values and creating a common professional identity across diverse socie-
ties and cultures.

One of the first concrete applications of the values expressed in the
CTSG has been the ‘White Paper on Responsible Mining’, released in
December 2017 (Arvanitidis et al. 2017).

The White Paper addresses values, concepts and best practices to
be considered when undertaking mining activities from the perspec-
tive of sustainable development. It is an orienting document, aimed at
providing essential reference elements to frame mining activities in an

Bhttp: / /www.geoethics.org/ctsg.
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ethical perspective, and to urge different stakeholders to ensure that
geo-resources are extracted and used responsibly. This requires the pro-
tection of natural environments by minimising the impacts of mining
activities, increasing respect for local populations and awareness of their
needs (Groulx et al. 2017), the adoption of high standards and improved
health and safety conditions in the working environment, as well as the
development of innovative technologies and the implementation of envi-
ronmentally and socially sensitive best practices.
The White Paper highlights that:

.. responsible mining demonstrably respects and protects the interests of
all stakeholders, human health and the environment, and contributes dis-
cernibly and fairly to broad economic development of the producing coun-
try and to benefit local communities, while embracing best international
practices and upholding the rule of law.

2.5 A ‘RESPONSIBLE ANTHROPOCENTRISM’?

It is evident that the biotic and abiotic components of the Earth system
(including humanity) are closely interlinked. Some authors have gone fur-
ther, arguing that our planet essentially behaves like a single living organ-
ism with its own physiology and metabolism. Pierre Teilhard de Chardin
(1881-1955) and Vladimir Vernadsky (1863-1945) theorised about the
development of the Earth, from the geosphere (inanimate matter) to
the biosphere (living matter) to the ‘noosphere’ (the sphere of human
thought—a concept discussed further in the following chapter), and the
interconnectedness of these systems. In 1979, James Lovelock devel-
oped the ‘Gaia hypothesis’ in his book Gain: A New Look at Life on Earth
(Lovelock 1979), in which he conceived the Earth as a complex and liv-
ing super-organism capable of regulating itself. Although not universally
accepted by geoscientists, as in the case of the paleontologist Peter Ward
and his ‘Medea hypothesis’ (Ward 2009), it has been profoundly influen-
tial on Earth systems science, our growing understanding of the feedbacks
between life and the planet and our appreciation of their significance.

The hypothesis of Earth considered as a single living system has over
time been the key point of reference for many ecological visions. Today,
the idea of humanity being part of a greater whole, encompassing the
planet and all living things, is undoubtedly influential on the growing
recognition that we must pay greater attention to the environment and
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its protection. But this conception is certainly not new. For example,
Seneca (4 BC-AD 65) in the Naturales Quaestiones (111, 15, 1) writes:
‘placet nature regi terram’ (meaning ‘it is a shared opinion that the Earth
is supported by Nature’). In describing his idea of the Earth system,
he compares the water that flows in a river with the blood flowing in
human veins and with the lymph that flows along the trunk of a tree.
Two thousand years later, this analogy invites us to reflect on the fact
that all things belonging to the Earth system (living or otherwise) are
closely connected. It is up to human beings to consider this close con-
nection while taking decisions about the environment and our interac-
tions with it.

The extent to which humanity now affects the Earth system, includ-
ing the geosphere (referring here, and throughout this book, to all abi-
otic elements of the Earth system—mnot just the solid Earth), is reflected
in the proposal currently under consideration to declare a new human-
influenced geological epoch—the Anthropocene. This notion is con-
tested and criticised, and not only on geological grounds or among
geoscientists (see Cuomo 2017, for example)—as are ‘anthropocentric’
world views more generally. Even more contentious are explorations of
whether a ‘good Anthropocene’ is possible and what this might look
like (Preiser et al. 2017). This is perhaps unsurprising given the utopian
optimism of some ‘ecofuturist’ scholars who embrace the term and are
convinced that human ingenuity and technologies will be able to fix and
control natural systems (Asafu-Adjaye etal. 2015; Bohle 2017). But
other scholars explore the concept of the ‘good Anthropocene’ in a more
nuanced and inclusive way, fully recognising that, while we already live
in a world that has been irreversibly changed by human intervention, we
must do all in our power to understand and minimise our future impacts
and shape a future that addresses the needs of people, communities and
ecosystems (Biro 2015; Dalby 2016; Pereira et al. 2018). The question
of how humankind should live responsibly in such a world is explored in
greater depth in the next two chapters.

Whether or not the Anthropocene is formally recognised as a new
geological epoch, humanity is now undeniably a significant geological
force acting on natural environments. A worldview that fails to acknowl-
edge the central role of human impacts on Earth systems and the need
for humanity to take responsibility for this is simply one of denialism
(Jonas 1984). The unavoidable reality of anthropogenic change makes a
degree of anthropocentrism a necessity.
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Geoethics encourages geoscientists and wider society to become fully
aware of humankind’s role as an active geological force and of the huge
ethical responsibility that this implies. It also provides professional geo-
scientists with the tools to work for the good of society and the planet
as a whole in order to meet this responsibility, through ethical behav-
iour and practices, respectful of all humanity, as well as geodiversity and
biodiversity (Peppoloni and Di Capua 2017a). With its emphasis on the
individual and collective responsibilities of human actors (geoscientists
and others), geoethics can help guard against fatalistic or opportunistic
acceptance of anthropogenic change and against human wants and needs
(especially those of the wealthy) being given primacy at the expense of
impacts on wider systems that might otherwise be framed (by those
wishing to brush over environmental concerns) as simultaneously periph-
eral and inevitable.

What is at stake is not the survival of the Earth, which will be able to
absorb the consequences of human activities, but the wellbeing of living
things and ecosystems, people and communities, and perhaps the very
existence of humanity on the planet. To ensure that we survive and thrive,
the first step to take is to empower people—geoscientists and others—
to be responsible. Geoethics has a vital role to play in achieving this.
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CHAPTER 3

Exploring Societal Intersections
of Geoethical Thinking

Martin Boble and Rika Preiser

Abstract This chapter explores geoethical thinking as a means for offer-
ing alternative modes of living in a world where humans and natural
systems are inextricably linked. Real-world examples demonstrate the
societal relevance of geoethics. Four essays illustrate different aspects and
specific contexts. The first explores the societal significance of geoscience
as a ‘stewardship-science’ and elicits the often hidden influence of geo-
science in contemporary societies. The second describes an adaptive and
collaborative governance approach affording more sustainable futures for
small-scale fisheries. This approach combines universal values with con-
textual practices to inform geoethics-inspired governance approaches.
The third argues that more rigorous engagement with citizen science
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would demonstrate the societal relevance of geoethics. The final essay
explores how ‘society—Earth-centric’ narratives can help citizens better
understand their (inter)actions within the Earth system.

Keywords Geoethics - Earth system - Stewardship - Planetary human
niche - Citizens’ narratives

Global shifts are occurring in interconnected social, technological and
environmental systems at such a scale and rate of change as to reshape
the context in which decision-making and sustainable development inter-
ventions are taking place. In the face of global pressures on the environ-
ment and societies, like climate change, governments and other actors
are increasingly dependent on reliable foresight capabilities to help them
plan and test for potential future climate conditions and their inter-
actions with other (economic, political, socio-cultural) uncertainties
(Vervoort and Gupta 2018). Seeking to guide action for the unknown
and unknowable future trajectories of changes to the Earth system is
fraught with normative and scientific uncertainties and governance
challenges. Now, more than ever before in the history of human niche-
making endeavours, the drivers of global Earth system changes are linked
to the unintended and non-linear effects of the cross-scale impacts of
human actions (Ellis 2015; Steffen et al. 2015; Turner et al. 2016).

The central challenge of this interlinked condition of social and natu-
ral systems lies in the recognition that humans are dependent on natural
systems for sustaining their lifestyles and livelihoods. At the same time this
dependency is changing natural systems and resources in profound ways,
resulting in unpredictable effects on natural systems, lifestyles and liveli-
hoods (Fischer et al. 2015; Homer-Dixon et al. 2015). One of the most
critical challenges facing people navigating this interdependency is examin-
ing and governing the trade-offs that inherently characterise land-use and
sea-based activities to produce food, and the associated demands on water,
energy and the environment (Kramer et al. 2017; Cashion et al. 2018).

Affluent human development is associated with processes of rapid global
change. Many of the world’s cities and regions now stand on the brink of
making significant infrastructure investments (Elmqvist et al. 2018). The
next few decades are likely to see a remarkable increase in global infrastruc-
ture investment, which will have profound impacts on the geosphere. The
unpredictability of the effects of the decisions made, and trade-offs chosen,
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is of course linked to the fact that we now know that human actors are an
integral part of the biophysical world (Schoon and Van der Leeuw 2015).
The subsequent physical changes that we can observe in the geosphere are
a direct result of the normative and value-driven decisions that influence
land /sea-use changes and niche-making practices.

The aims and values proposed as constituting geoethical thinking in
this book imply that addressing this challenge requires integrated gov-
ernance approaches that account for the multiple interlinkages and
dependencies that characterise coupled socio-ecological systems (Walker
ctal. 2006; Galaz et al. 2012; Biggs ct al. 2015). Recognising that the
interlinked dynamics of environmental and societal change can be bet-
ter understood as being complex adaptive systems (Preiser et al. 2018;
Liu et al. 2007) empowers geoscientists, other professionals and societal
actors with conceptual frameworks and practical methods to study and
navigate these dynamics more effectively (Audouin et al. 2013).

Developing normative guidelines for navigating uncertainties and
non-linear dynamics requires conceptual innovation and integration
across disciplinary boundaries. As Schmidt et al. (2016, p. 2) argue, tra-
ditional ethical frameworks that seek to generate ‘universal maxims for
right action (deontology) or those that make calculations of human wel-
fare (consequentialism) mistakenly apply old normative categories in a
new era that demands new conceptual foundations’.

In its aim to amalgamate views from various inquiries into geosci-
ence research, professional best-practice guidelines and the imperative
for societal engagement, this chapter offers examples of how conceptual
innovation can be stimulated. Explicitly considered are: (1) the broader
societal implications and relevance of the geosciences; (2) examples of
policy innovation in processes that guide human niche-building prac-
tices; (3) promoting processes of participatory knowledge co-creation
and sharing; and (4) developing society—Earth-centred narratives. This
chapter comprises four essays that illustrate the possible ways to inte-
grate normative strategies spanning a diverse set of knowledge and expe-
riential domains. Crafting novel futures together in a world defined by
complexity, diversity and uncertainty calls for creative, collaborative and
experimental tools and methods that create spaces for transformative
understanding and action (Pereira et al. 2018).

As such, the first two essays show how contemporary societies apply
geoscience expertise, and hence depend on geosciences for their general
functioning and governance of socio-ecological systems. The third essay
describes why geoethical thinking and participatory research processes
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align. The fourth essay offers a framework for society—Earth-centric
narratives, for fostering sense-making capacities drawn from geosci-
ence expertise. Together these four essays demonstrate the societal rel-
evance of geoethical thinking and the implications of geoethics in a
broader context that extends beyond the habitual reach of geoscience
professions.

By highlighting what kind of policy innovations are needed to guide,
for example, small-scale fisheries in developing economies, we demon-
strate that geoethical conceptual innovation should provide guidelines
for navigating the uncertainty of human-induced change, the impacts
of technological development and the effects of climate disruption. In
response to these challenges, geoethical practices should foster con-
text-specific governance strategies that are adaptive and collaborative to
build resilient governance capacities. To enhance social resilience, for
example, management policies that promote the actions of ecological
stewardship groups should foster more collaborative people—place con-
nections to build social capital based on knowledge sharing and learning.
This goal suggests developing new, more engaged governance forms, like
co-management, with a diverse set of multi-sectoral stakeholders.

Referring to issues that were outlined above, agent-centric governance
approaches are to be favoured where human agency is considered to be
accountable and responsible for its actions. Such governance approaches
foster participatory knowledge co-creation between multiple stakehold-
ers by encouraging dialogue between geoscience experts and citizens to
develop capacities across various science—policy and societal interfaces.
By aiming at conceptual innovation and normative resilience, geoeth-
ical thinking needs to critically reflect on the values that underpin the
behaviour and practices that inform cultural and societal institutions.
Geoethical thinking has the potential to co-shape cultural values by facil-
itating society-Earth-centric narratives that are essential sense-making
tools for catalysing networks as well as collaborative and responsible
action (Ingram et al. 2015; Lovbrand et al. 2015). Cultivating an under-
standing of what kind of norms and practices could inform responsible
action is of course a crucial challenge for any ethical framework, espe-
cially if these actions are to inform context-dependent governance strat-
egies. Developing new social norms (as geoethics is endeavouring to
do, as presented in this book) goes hand in hand with the generation
of knowledge and various platforms for communicating and disseminat-
ing new insights. Stimulating and fostering new narrative strategies as a
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form of knowledge sharing and sense-making, geoscientists, practitioners
and community members may establish situational awareness and under-
standing of the conditions in which governance responses and geoethi-
cal considerations are to be realised. As a means of orienting oneself in
domains of uncertainty and complexity, sense-making offers some practi-
cal reflections that enable the integration of diverse knowledge and expe-
riences to inform more effective action and interventions.

The four essays relate to one another, yet each of them can be read on
its own. The presentation is brief and simplified to align with the con-
ceptual suggestion made here and the purpose of this publication. These
concepts could be developed in more detail in the future, as such an
exposition is beyond the scope of this book.

3.1 FIrsT Essay: KNOWLEDGE BASE—GEOSCIENCES
AS A STEWARDSHIP SCIENCE

This essay illustrates the all-embracing use of geosciences in contempo-
rary societies, be it for their economic activities or for setting values in
social, cultural and individual contexts. Stated simply, understanding the
features of rock, soil, water and air is essential to producing many goods.
Artisans, technicians, architects and engineers apply geoscience expertise
when altering environments or creating objects. Likewise, affection for
the landscape, sea or minerals is part of a person’s identity and influences
their perception and attitudes towards the world (Peppoloni and Di
Capua 2012). Here and in the following, the term geosphere shall name
collectively the abiotic parts of the natural Earth system, consisting of the
lithosphere, atmosphere, hydrosphere and cryosphere. In juxtaposition,
the term biosphere shall be used to name the biotic parts of the Earth
system collectively.

To capture the scale of how geoscience knowledge is used in con-
temporary societies, the meaning of the notion ‘engineering’ must be
detailed. This essay will use the English word ‘engineering’ in the sense
that it has, for example, in French or German languages. These lan-
guages refer to ‘engineering’ as ‘génie civil’ (French for ‘civil genius
or ‘Ingenienrskunst’ (German for ‘art of engineering’), respectively.
The rather restricted meaning of the English term ‘engineering’ does
not capture the richer interpretation and connotations that the French
or German languages allow, which communicate a more substantial
meaning, namely the design and operation of purposely built and often
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larger scale environments of artefacts like human dwellings, produc-
tion systems and consumption patterns. This re-framed interpretation
of what ‘engineering’ means is essential to understanding the central
position held by geosciences in the knowledge base of contemporary
societies.

3.1.1  Intersections with the Geospheve, an Illustration

The phenomena that describe the intersections of human activity and
the geosphere are pervasive. However, they may go unnoticed by many
because they are implicitly present in the conceptual and practical struc-
tures of people’s meaning-making. Hence, they constitute part of the
cognitive frameworks that form people’s practical knowledge, general
education or specific vocational training. As such, insights into human-—
geosphere interactions may not be recognised because they are an inte-
gral part of our tacit cognitive understanding, interactions or experiences
of the world.

Examination of the purpose and function of human engineering
endeavours shows that they aim to design processes and mechanisms that
give people access to resources to produce commodities, goods or ser-
vices, such as transport, energy, dwellings, food or waste treatment. To
achieve their purpose, engineering efforts must couple economic activ-
ities with processes in the geosphere. Hence, the overarching function
of many engineering endeavours is to connect human activities with
the geosphere. There are many specific examples (Viollet 2000; George
2000). Civil engineering works lead to visible interconnections between
human spheres and the geosphere, for example, dredging a waterway,
building a bridge or constructing a hydroelectric power plant. Other
engineering works lead to subtler geomorphological changes to land-
scapes (Brown et al. 2017; Tarolli et al. 2018). Less visible intersections
are the fluxes of matter, energy and information, which are embedded in
the design of production systems and consumption patterns that couple
human activity and the geosphere.

Vast aggregations of engineering exertions, like urban built spaces,
constitute both a visible intersection with the biogeosphere and an invis-
ible coupling through exchanges of matter and energy. These fluxes are
massive. For example, cities receive drinking water and discharge waste-
water, receive electrical power and fuels and emit heat, receive food and
produce manufactured goods. At the end of their lifecycles these goods
are discarded or recycled, either locally or elsewhere across the globe.
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The accumulated impact of engineering of systems of production
and consumption (Ellis 2011; Schwigerl 2014; Waters etal. 2016),
which are harnessed to sustain a human population of currently 7 bil-
lion people, might be called ‘terra-engineering’; see Chung et al. (2010)
for ‘terra-forming’ that describes a hypothetical alteration of other plan-
ets to meet human needs. The successful engineering of Earth can only
be made possible through concerted efforts to use geoscience expertise
competently and responsibly. In this spirit, any engineering of solar radi-
ation (an instance of what is habitually called geoengineering or climate
engineering) is a deliberate use of geoscience expertise at the planetary
scale, with a dedicated engineering purpose (Morton 2015). This kind
of engineering at the planetary scale is not new, even though it was not
described as such in the past. The Haber—Bosch process for the indus-
trial fixing of nitrogen, supporting the modern agricultural industry,
is one such example. Since the beginning of the twentieth century the
global nitrogen cycle has been deeply altered (Zhang et al. 2015; Ren
et al. 2017). The planetary change to the nitrogen cycle can be taken as a
classic example of industrial ‘terra-engineering,/geoengineering’.

Besides physical interactions, the intersection of engineering systems
and the geosphere is constituted as a societal process (Di Baldassare et al.
2015). How storm surges in the harbour of Hamburg have changed may
serve as an example (von Storch etal. 2015). In recent years the River
Elbe, downstream from Hamburg, was dredged so that bigger ships
could reach the Port of Hamburg. The harbour is situated about 100 km
upstream of the mouth of the Elbe estuary. After dredging, storm surges
flowed more effectively through the deeper river channel and the flood
risks in Hamburg increased. In response, river dykes in Hamburg had to
be raised. During the decision-making process about how the hydraulics of
the river might be altered, the possibility of relocating the harbour (or part
of'it) to the mouth of the estuary to keep the river channel unchanged was
not a politically viable option. However, during the same period, construc-
tion of a new harbour on the German North Sea coast was undertaken:
the ‘Jade-Weser-Port’ 150 km west of Hamburg (Weber 2005). Operating
the Port of Hamburg at its current location and dredging the Elbe River
was the best strategy for maintaining existing production patterns and also
for maintaining Hamburg’s political and cultural standing as a “first class’
international port. Surprisingly, given the expected long-term sea-level rise
due to climate change (Slangen et al. 2016), a gamble is currently being
taken; namely, whether the Port of Hamburg will be safe, whether the line
of dykes can be kept and whether the ‘Jade-Weser-Port” will be flooded.



78 M. BOHLE AND R. PREISER

3.1.2  Niche-Building and Stewavdship

Generalising the reflections made so far in this essay, when considering
socio-ecological systems on the planetary scale, the concepts ‘human
niche-building” (Ellis ectal. 2013; Steffen etal. 2011; Ellis 2015;
Fuentes 2016) and the ‘Anthropocene’ come to mind (Steffen et al.
2016; Zalasiewicz et al. 2017). The notion of the ‘human niche’ stems
from ecological research and describes the processes and practices that
people employ to make the biological environment fit for supporting
human well-being. The notion ‘Anthropocene’ indicates that human
niche-building goes well beyond shaping only biological environments.

Regarding the notion of the ‘Anthropocene’, it was initially coined
by natural science research communities. Scholars in the social sciences
and humanities have subsequently questioned it because it conceals
responsible actors and historical contexts (Sayre 2012; Palsson et al.
2013; Haraway 2015; Lovbrand et al. 2015; Autin 2016; Rosol ct al.
2017; Olsson etal. 2017). A comprehensive introduction to the cur-
rent global changes and related societal impacts constituting the
Anthropocene can be found in the book by Frank Biermann (2014, pp.
2-8). Notwithstanding scholarly debates, the term ‘Anthropocene’ seems
a suitable shorthand for our times (Clark and Gunaratnam 2017; Walton
and Shaw 2015; Veland and Lynch 2016; Lorimer 2017) because ‘the
genie is out of the bottle’ (Lorimer 2017, p. 123).

An illustration of both notions (human niche and Anthropocene) can
be giving by the damming of rivers. On one side, the design of a dam
for a hydroelectric power plant relies on adherence to safety rules and
the laws of hydrodynamics. On another side, the retention of water in
the lake behind the dam depends, among other things, on the hydrolog-
ical regime of its catchment area, the intended use of water downstream
of the dam (e.g., for irrigation and shipping) and the societal needs for
electrical power (Linton and Budds 2014). Hence, the design and opera-
tion of the dam in regular and extreme situations are done to appropriate
resources for human use. To that end, the design decisions and rules of
operation for dams in a river basin lead to value-driven societal choices
that assess opportunities and risks (Sternberg 2008), often extending
beyond single national constituencies. Only to a first approximation
do dams only impact river hydrology (Sivapalan et al. 2012; Sivapalan
2015). Damming of rivers, for example, may result in the retreat of del-
tas (Syvitski et al. 2009). The Aswan Dam provides one well-studied
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example (Donia 2013; Abd-El Monsef et al. 2015; Sutcliffe et al. 2016).
So far, a global consequence of damming many rivers is a relative, anthro-
pogenically driven decrease in mean sea level of about 3cm (Fiedler and
Conrad 2010; Slangen et al. 2016; Dangendorf et al. 2017).

Lllustrating the Extent of Geosciences

The following list of geoscience disciplines, albeit eclectic and incom-
plete, offers an initial sense of the different disciplines that are included
by the overarching notion of ‘geosciences’: atmospheric sciences, bio-
geosciences, cryospheric sciences, engineering geology, geochemistry,
geodesy, geography, geomorphology, geology, geophysics, glaciol-
ogy, hydrological sciences, limnology, meteorology, mineralogy, ocean
sciences, petrology, physical geography, soil system sciences, sedimen-
tology, seismology, tectonics, volcanology and more. Each of these
disciplines has its own societal application. Hence, it can be seen that
geoscience expertise is used by people in their daily endeavours, at least
implicitly.

Nowadays, to support affluence in industrialised societies, organis-
ing global supply chains is the primary driver shifting the dynamics of
the Earth system (Heede 2014; Golden et al. 2017). The ongoing glo-
balisation of supply chains sets the extent to which contemporary geo-
sciences are relevant for both the functioning of production systems and
consumption patterns and people’s daily lives, spanning work and leisure
activities. Here are some examples. Geosciences inform architectural
plans and practices that shape urban spaces with regards to choices con-
cerning the stability of foundations for buildings and their exposure to
natural hazards. Geosciences enable global positioning systems to make
reliable estimates, despite magnetic storms hitting Earth. Australia will
adjust its geodetic datum due to the rapid drift (~7cm/year) of conti-
nental plate on that it is situated.! Finally, in an obvious manner, geo-
sciences infiltrate our homes by means of television weather forecasts.

Geosciences for Engineerved Structurves and Culture

At times of anthropogenic global change, all geoscience disciplines have
societal relevance, albeit to variable degrees. As already emphasised, geo-
sciences are applied rigorously in the engineering of production systems

Lhttp:/ /www.ga.gov.au /scientific-topics /positioning-navigation /datum-modernisation.
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and consumption patterns. This feature is at the root of the societal
impact and scope of geosciences. However, the societal scope and rele-
vance of geosciences are also witnessed in the history of natural sciences
and the cultural perception of nature, including its non-living parts.

Simplified, some centuries ago, geosciences included two or three
main fields of study, namely mineralogy, geology and physical geog-
raphy. Regarding the latter two, one discipline referred broadly to
matters below the subsurface and the other to anything else. Both dis-
ciplines were deeply related to the quest to discover the Earth and to
explore and exploit natural resources. To illustrate this point, in 1855
the US Navy officer M. F. Maury published the first modern treaty in
oceanography (about the Gulf Stream along the east coast of the United
States) to facilitate coastal transport. The publication followed shortly
after a first international meteorological conference in history, which
had been convened 1853 in Brussels to standardise marine observations
(Direccién de Hidrografia 1863). Very soon after, the French hydrolo-
gist P. A. Terquem translated Maury’s book under the title Géographie
Physique de la Mer and published it in the Librairie Militaire, Maritime
et Polytechnique (Maury 1858). Thus it can be noticed that the societal
scope and relevance of geosciences in the past and present are similar,
namely to support ‘human niche-building’ through intersecting with the
geosphere.

It is becoming increasingly evident that people have purposefully
altered their environments since prehistoric times at local, regional and/
or continental scales. Such human niche-building is a historical process
that has accelerated greatly since the mid-twentieth century and now
also includes coastal zones and open seas (Mee 2012; Ellis et al. 2013;
Bonneuil and Fressoz 2013; Duarte 2014; Latour 2015; Catlin 2016;
Chew and Sarabia 2016). Since then, the human population has tripled,
the world has become much more urbanised? and the affluence of peo-
ple living in the developed world has increased very rapidly (Zalasiewicz
etal. 2015). Under such circumstances, maintaining the correct func-
tioning of socio-ecological systems has become a ‘wicked’ task, resulting
in additional challenges to governance structures and people’s capac-
ities for sense-making (Brown ectal. 2014; Himiliinen 2015; Pollitt
2016; Termeer et al. 2016; Bohle 2018). Under such circumstances,

2United Nations, 2014: http://www.un.org/en/development/desa,/news/population /
world-urbanization-prospects-2014.html.
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geosciences also gain societal relevance because of the cultural and emo-
tional relations and narratives that they can offer people to help them
understanding the environments in which they live (Kleinhans et al.
2010; Stewart and Nield 2013).

To illustrate this, the cultural and emotional relations of people with
geosciences take different forms. In some cases, the phenomena that
geoscientists study trigger people’s affective relations. For example, peo-
ple like the sea, the mountains or minerals, and subsequently they may
value geosciences that relate to the objects of their affection. Another
relation to geosciences may be established through cultural activities, for
example, people may visit geoparks or may admire geoheritage. Similarly,
people’s relations with geosciences may be established through points of
intellectual reference. People may favour scientific concepts, such as eco-
system services or global change, because they relate to their values or
to the worldviews to which they adhere. People may even appropriate a
philosophical view and conceptualise the Earth as being a living planet
(Hazen 2012).

Moreover, people may assign ethical values to the notion of pristine
nature or a historical landscape. People may also be concerned about
the morality and actions of others (individuals or groups) or may search
for ways to relate to nature through artistic practices. A wide range
of artworks portray geoscience phenomena in various forms because
they triggered the curiosity of artists (Pizzorusso 1996; Bohle 2015;
Pizzorusso 2015).

People’s cultural and emotional relations with geosciences may be
something other than ‘to like’ or ‘to favour’ something. They can also
be negative, denialist, etc., for example, in relation to climate change;
or they may be motivated by fear, for example, because of the threat of
natural hazards. Furthermore, relations can have a different quality or
strength and they can be ambivalent or may follow affective connotations
that escape semantic logic (Salvatore et al. 2018a). Although such cul-
tural and emotional relations as sources of the relevance of geosciences
are somewhat evasive, they represent what people perceive as reality.
Hence, they shape people’s identities, including their attitudes towards
geosciences, and contribute to what people value and share as part of
their worldviews. Therefore such cultural and emotional relations sup-
port the societal relevance of geosciences and are part of its scope
(Moores 1997).
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Finally, these cultural and emotional sources of geoscience relevance
are very much dependent on interactions between people and their
symbolic practices that, in turn, enable them to share and communi-
cate established norms and worldviews (Salvatore et al. 2018b). Once
aggregated, they shape decision-taking and societal action and hence,
ultimately, the dynamics and functioning of socio-ecological systems.
Hence, the societal roles and responsibilities of geoscientists include to
nurture the cultural and emotional relations of people with the subjects
of geosciences, for example, through fostering Earth science literacy
(Wysession et al. 2012).

Duaily Niche-Building

So far, this essay has offered some perspectives to support the argument
as to why geoscience expertise is vital for the functioning of contem-
porary societies; and thus why it is a kind of embedded house-holding
expertise for the functioning of socio-ecological systems. Initially, it
might seem that these perspectives offer only an account of some vis-
ible phenomena and physical features. However, a closer look suggests
a complex image comprising societal features and mental processes.
Geoscience expertise seems to be, to use a figurative saying, somewhat
‘hidden underground’, that is, in the depths of societal processes and
people’s behaviour and thinking. This makes it all the more difficult for
the citizen to be conscious of how much the human niche depends on
geoscience knowledge.

Geosciences, geoscientists and their work do not usually belong
overtly to the regular and daily experiences of citizens. Typically, geo-
scientists are ‘hidden away in the engine room of society’. The lucky
exception is the weather report that shows a geoscientist in action on the
television screen. Even if it is a presenter who is reporting the news, at
least some geoscience expertise is being utilised in direct application to
daily life.

To elaborate, the ‘weather’ represents possibly one of the most evi-
dent geoscience phenomena that sits at the intersection of the geo-
sphere and human activities. Weather is a topic of primordial interest for
most people (Orlove 2003; Strauss 2003; Veland 2017). Consequently,
it offers an exemplary narrative of the relevance of geoscience exper-
tise (meteorology), how such expertise has evolved over the last two
centuries and how (scientific) weather-forecasting practices have
become embedded in the functioning of contemporary societies. Other
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geosciences are comparably embedded in societal functioning but have
not (yet) reached similar regular public visibility as meteorology, other
than in the case of disasters and natural hazards.

The weather has had a significant impact on people (Sirocko 2012),
whether in connection to where they live and settle, their food, mobil-
ity, production or conflicts. Weather news went ‘prime-time’ during the
early 1950s. Since then, regular broadcasting of weather forecasts has
become common. Meteorologists inform the public daily about their
work. Before that state of public broadcasting was achieved, the art of
systematic weather observations was practised for several centuries, sup-
ported by the development of instruments, communication technolo-
gies and common observation protocols and organisations (Direccion de
Hidrografia 1863). Weather reports for specialised professional audiences
have been produced manually and published since the mid-nineteenth
century with increasing regularity. Numerical weather forecasting became
feasible since the early 1950s. From those early days, it took half a cen-
tury to build our current web of weather product providers and consum-
ers (Lynch 2008; Bauer et al. 2015). Modern media combine, in a single
narrative, weather forecasts with additional information on meteorologi-
cal phenomena and news about potential impacts on economic and social
activities. The reliability and accuracy of these forecasts directly impinge
on the work and life of people who are dependent upon reliable informa-
tion and professional practice.

A similar narrative about the development of a specific geoscience
discipline, consisting of systematic observations, development of instru-
ments, communication technologies, protocols, organisations, specialised
professional audiences, numerical forecasts, providers of products, con-
sumers, reliability, accuracy and sound professionalism, could be spun
for geosciences other than meteorology, aside from the part relating to
achieving regular public visibility.

Simple, Yer Abstract Concepts

Drawing on the examples that have been presented in this essay so far,
we can attempt to derive some insights. To that end, some abstract con-
cepts are outlined. (They will be taken up systematically in Chapter 4;
building also on further explorations of the societal relevance of geo-
sciences that will be presented in the remainder of this chapter.) These
concepts aim to consolidate the contention that geoscience knowledge
and the sound professional ethics of geoscientists are public goods.
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Socio-ecological systems are constituted by natural and societal pro-
cesses and consist of human systems and practices, natural systems and
processes, and their dynamic intersections. Socio-ecological systems can
change at various scales and exhibit non-linear system dynamics, multiple
feedbacks and counterintuitive behaviour (Liu et al. 2007; Hulme 2011;
Tickell 2011; Smith and Zeder 2013; Monastersky 2015; Seitzinger
et al. 2015; Schimel et al. 2015; Bohle 2016; Head and Xiang 2016).

For the following, we conceptualise the global ‘socio-ecological sys-
tem’ to be composed of a geosphere, biosphere and noosphere. The
notions geosphere, biosphere and noosphere offer a simple answer to the
question ‘what is the Earth system?’, to facilitate a better understanding
of expressions like ‘socio-ecological system” or ‘composite of natural and
societal processes’. The following discussion will start by describing the
three notions geosphere, biosphere and noosphere in a manner that leads
to a conceptual framework, which will enable readers to orientate them-
selves to understand the societal relevance of geosciences.

A century ago, when these three notions were coined, the notions bio-
sphere and noosphere had a strong metaphysical undertone. Since then,
scientific engagement with these concepts has resulted in the demystifica-
tion of the notion biosphere. Still, the meaning of the notion noosphere
might provoke metaphysical interpretations and may appear to be discon-
nected from the conceptual meanings attributed to the notions geosphere
and biosphere (Moiseev 1989; Oldfield and Shaw 2006; Korobova and
Romanov 2014; Hamilton and Grinevald 2015). Nonetheless, the mean-
ing of noosphere can be amended so that it loses its metaphysical conno-
tation. Instead, it can offer an orientation that relates to the meaning of
geosphere and biosphere. Such an altered notion can help to explain why
the intersections of people’s activities and the Earth are much more than
matters merely pertaining to geosciences, technology and economy but
are as much a mirror image of their value systems, cultural choices, life-
styles, virtues and the practical justifications of their actions.

The terms biosphere and geosphere refer to two distinct categories.
On the one hand, they refer to the physical features of the Earth system
that comprises natural biotic and abiotic parts. On the other hand, the
same terms are also used to describe the temporal and spatial processes
that govern the interactions and transformations of these parts within
the Earth system. Hence, the notions biosphere and geosphere refer to
objects and their physical features as well as to how these are being pro-
cessed. Both notions are used in a dichotomous manner to distinguish
nature, and hence the biogeosphere, from the human sphere.
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In its habitual usage, the notion noosphere does not refer to tem-
porally and spatially dependent processes that govern the interaction
of physical objects. Specifically, such an interpretation is proposed in
the following, that is, that the term noosphere should refer to tem-
porally and spatially dependent processes that govern the interaction
of objects that have physical features. The proposed reinterpretation
also captures the purpose of engineering, that is, to design, build
and operate technological objects to sustain people’s lives. So, to re-
interpret the notion noosphere; first, the ‘objects in the noosphere’
are those physical structures and processes (objects) that are designed
and engineered by humans. People, when making and using objects,
undertake complex processing of their insights, whatever those
insights might be. The processing is cognitive, highly flexible and
may draw on multiple associations. It entrains people’s cognitive and
behavioural traits in building a mental model of the object, which is
highly adaptive. Second, the ‘processes in the noosphere’ are consti-
tuted by the mental worldviews and processes that shape and govern
human interactions. These processes include, for example, the mech-
anisms by which personal insights are developed (e.g., how to design,
engineer and use physical artefacts), how these insights are shared
among people and how they lead to people’s actions (intentional and
unintentional).

When altered in this manner, then, the notion noosphere refers to
physical objects (e.g., engineered systems) and processes (e.g., thinking
about how to engineer objects and their interaction). Thus the struc-
ture of the reinterpreted notion matches the structure of the notions
geosphere and biosphere. By combining the notions geosphere, bio-
sphere and noosphere, a conceptually simple description of the entire
Earth system is possible, namely, of physical objects and processes that
govern the interactions of these objects, including in relation to peo-
ple who act and interact. Consequently, a unified description of the
Earth system is conceived: ‘a kind of hybrid Earth, of nature injected
with human will, however responsibly or irresponsibly that will may have
been exercised” (Hamilton 2017, p. 68). When considered like this, the
Earth can be described as a multitude of socio-ecological systems, which
comprise individual people and their activities, motives and knowledge,
the interactions of people, human agency and societal processes as well
as manufactured technological objects (simple and complex) and natural
environments.
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Conceptualising the Earth in the manner outlined above has impli-
cations for practising geosciences and understanding its societal mean-
ing. First, when applying geoscience expertise, people are understood
to be an inherent part of the system. Geoscience expertise is an oper-
ational skill of societal relevance. Second, whenever the intersections
of the noosphere, biosphere and geosphere are altered, and hence the
socio-ecological system is modified, these changes will impact on people.
Consequently, people will judge alterations according to their values and
insights into these intersections, and frame their actions accordingly.

To summarise the views outlined in this essay; engineering means to
make and shape physical objects (or systems), which link human activ-
ity with the geosphere in a value-laden manner. Engineering also means
to conceive (in the noosphere) how these physical objects (systems) are
deployed to appropriate resources from the biogeosphere. Put differ-
ently, when using geoscience expertise, the engineering of, for example,
production systems, urban dwellings and consumption patterns is the
intended, value-driven alteration of the Earth system with the purpose of
facilitating production of goods and services and, ultimately, biological
reproduction. Therefore contemporary geoscience expertise and engi-
neering are intertwined such that geosciences are among the steward-
ship sciences that shape the socio-ecological systems of which the Earth
system is constituted.

3.2  SeconND Essay: COMPARISON—FISHERIES
AND (GEOETHICS

This essay, drawing on Bohle (2018), sketches what geoethical thinking
may learn from other approaches for guiding the interactions of humans
and nature. The guidelines of the Food and Agriculture Organisation
(FAO) for small-scale fisheries (SSF) that are called “Voluntary guidelines
for securing sustainable small-scale fisheries in the context of food secu-
rity and poverty eradication’® serve as an example. They were issued by
FAO Member States in 2015. Based on a human rights approach, these
guidelines aim to foster the sustainable development of fishing communi-
ties in coastal regions.

3http://www.fao.org/3 /a-i4356¢.pdf.
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A relationship between the guidelines for small-scale fisheries and geo-
ethics is established by combining four lines of inquiry and two ancillary
notions, ‘human niche’ and ‘Anthropocene’. The first line of inquiry,
which is illustrated by the paper ‘Global change and the future ocean:
a grand challenge for marine sciences’ (Duarte 2014), describes the
state of the global ocean and coastal seas under the impact of anthropo-
genic global change, that is, within the Anthropocene. The second line
of inquiry, which is illustrated by the paper ‘Global Ocean Governance:
New and Emerging Issues’ (Campbell etal. 2016), describes marine
issues of concern, such as small-scale fisheries, ocean acidification, seabed
mining or blue carbon, for which developing better marine governance
arrangements is critical. The third line of inquiry, which is illustrated by
the paper ‘Walking the talk: implementing the international guidelines
for securing sustainable small-scale fisheries’ (Jentoft 2014), empha-
sizes that governance is the key challenge to implementing the FAO
SSF Guidelines. The fourth line of inquiry, which is illustrated by the
book ‘Earth System Governance—World Politics in the Anthropocene’
(Biermann 2014), shows that the implementation challenge of the FAO
SSF Guidelines is a realisation of the common challenge: how to govern
the global commons sustainably?

The global commons are socio-ecological systems, which are com-
posed of human systems and practices, natural systems and processes,
and their intersections. Socio-ecological systems exhibit non-linear sys-
tem dynamics, multiple feedbacks and counter-intuitive behavior that can
change simultaneously on a local, regional and planetary scale (Hulme
2011; Tickell 2011; Monastersky 2015; Seitzinger et al. 2015; Schimel
ctal. 2015; Preiser ctal. 2018). When considering planetary-scale
socio-ecological systems, an implicit reference is made to the notions
‘human niche-building’ (Ellis 2015; Fuentes 2016) and ‘Anthropocene’
(Steffen etal. 2016; Zalasiewicz et al. 2017). As noted in the previ-
ous section, although the notion Anthropocene might be ill-conceived
because it may conceal actors, responsibility and historical contexts, it
is a shorthand for our times (Sayre 2012; Palsson et al. 2013; Haraway
2015; Lovbrand etal. 2015; Walton and Shaw 2015; Autin 2016;
Chakrabarty 2016; Veland and Lynch 2016; Clark and Gunaratnam
2017; Lorimer 2017; Olsson etal. 2017; Rosol etal. 2017). Mutatis
mutandis, philosophers may say that ‘the Anthropocene for the first time
gave birth to a universal “Anthropos” (Hamilton 2017, p. 118) in the
human niche.
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3.2.1  Small-Scale Fisheries as Part of Building
a Human Niche

Since prehistoric times, people have purposefully altered their envi-
ronments at the local, regional and continental scale, including coastal
zones (Mee 2012). Niche-building is a historical process (Bonneuil and
Fressoz 2013; Latour 2015). It is acknowledged (by many) that cumula-
tive anthropogenic change in natural environments has triggered a new
stage of the Earth system—the Anthropocene—that, for some, is func-
tionally different from the Holocene (Waters et al. 2016). Some consider
that the onset of this new stage happened at the middle of the twen-
tieth century (Zalasiewicz et al. 2015). Since then, the human popula-
tion has tripled and, more importantly, the affluence of people living in
the developed world has increased dramatically. The subsequent impact
on the marine environment is recognised in the 14th United Nation’s
Sustainable Development Goal, that is, to ‘conserve and sustainably use
the oceans, seas and marine resources’.

Aimed at building and maintaining prosperous standards of living in
industrialised societies, the many processes of production that together
constitute global supply chains are the main drivers that are currently
shifting the dynamics of the Earth system (Heede 2014; Golden et al.
2017). The cumulative effects of local or artisanal activities also have an
impact, triggering shifts in environmental systems already strained by
industrial exploitation. The collapse of the small-scale fisheries off Central
West Africa may serve as an example (Galaz et al. 2011, pp. 7-8):

Fish stocks have declined along the Central West African coast to a large
extent due to rapid exploitation by high-tech international fishing fleets
and due to the degradation of mangrove forests, seagrass beds and coral
communities because of, for example, climate change and pollution.
Consequently, diets and trading activities shift to so-called ‘bushmeat’ such
as chimpanzees and flying foxes. These are well-known sources of zoonotic
diseases such as Ebola, Marburg viruses and human monkey-pox ... The
combined impacts of fish stock decline, epidemic outbreaks, additional
losses in ecosystem services, water stress, and poverty put already fragile
states such as Congo and Cameroon under severe pressure.

Turning from this example to understand more general patterns of trans-
formed marine systems, small-scale fisheries in the context of industri-
alised use of the coastal zone provide a key example of how people are
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changing the marine environment (Newton et al. 2012; Pauly and Zeller
2016). The small-scale fisheries business (artisanal, subsistence and rec-
reational) contributes about half of the global catch of fish and employs
about 90% of the respective workforce, as outlined in the FAO SSF
Guidelines (p. 4). Small-scale fisheries have the potential to contribute
to better sustainable development approaches of many (not only devel-
oping) countries because they contribute directly to food and livelihood
security, balanced nutrition, poverty reduction and wealth creation, for-
eign exchange earnings and rural development. Therefore in June 2014,
after a decade-long process, FAO Member States endorsed voluntary
FAO SSF Guidelines, offering a comprehensive framework consisting of
several building blocks.

Facilitated by the political choice to make the adherence of stakehold-
ers voluntary, it was possible to make the FAO SSF Guidelines compre-
hensive in terms of topics covered. They could integrate social, cultural
and economic sustainability issues and address resource access (alloca-
tion) as well as being guided by human rights principles. Founded on
human rights-based approaches to social development and an empow-
erment process for community organisations (including the decision-
making power of women), the FAO SSF Guidelines argue in favour of
adaptive co-management strategies that acknowledge the importance
of traditional knowledge systems and the customary rights of indig-
enous communities. Further essential building blocks of the FAO SSE
Guidelines highlight the need to protect (and to legislate for) the rights
of small-scale fishing communities to fishery resources and land, and to
promote market access through improved post-harvest handling and
access to credit. Furthermore, emphasis is also placed on supporting
diversified livelihoods, including access to essential social services and
overarching capacity building interventions and networking opportuni-
ties. Hence, the FAO SSF Guidelines provide an opportunity to develop
a coordinated strategy for institutional and individual actors to safe-
guard the sustainability of small-scale fisheries and their communities.
However, implementing the FAO SSF Guidelines will require develop-
ments in policy intervention and innovation on many levels, contribu-
tions of civil society organisations and academia, and the empowerment
of fishers as participants in decision-making processes. Hence, effective
implementation of the FAO SSF Guidelines, whether at local, national,
or regional levels will have to package many threads of action in a con-
text-specific and actor-dependent manner (Jentoft et al. 2017).
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3.2.2  Entangling Small-Scale Fisheries and Geoethics

This section offers three threads of thought.

First Thread: Bearings, Complexity and Scales

Niche-building seems to be a generic activity of our species (Bonneuil
and Fressoz 2013; Zalasiewicz ct al. 2015; Fuentes 2016). It is evident
that human niche-building practices also affect coastal seas. In 2016, the
United Nations Economic and Social Council identified five coastal seas
‘at risk from coastal eutrophication’.# Likewise, niche-building affects the
world’s oceans; Duarte (2014) gives multiple references to support this
argument and summarises:

The rapid increase in human population since the industrial revolution
and their preferred settlement in coastal areas ... has led to a major phys-
ical transformation of the shoreline ... associated with the widespread loss
of habitats fringing the shoreline ... Together with human settlement in
coastal areas, changes in the land use in watersheds and river regulation
through the massive construction of reservoirs over the past 60 years have
affected the delivery of materials, from sediments and organic matter to
nitrogen, phosphorous ... Efficient atmospheric transport also delivers
dust, organic carbon, nitrogen and pollutants to the most remote regions
of the ocean .... (pp. 4-5)

He mentions further the underlying issues that represent stumbling
blocks to addressing these changes to global socio-ecological systems:

... the largest source of uncertainty rests with human drivers, as not only
social dynamics and shifts in the consumer attitudes are difficult to fore-
cast, but the introduction of new, disruptive technologies are intrinsically
unpredictable ... A third source of uncertainty is the prevalence of non-lin-
ear systems that can lead to abrupt changes ... departing from the linear,
smooth responses that are amenable to prediction .... (p. 6)

These three general issues, namely the uncertainty regarding human driv-
ers, the impact of disruptive technologies and the behaviour of non-linear
systems, are frequent features of terrestrial and marine socio-ecological

“https://unstats.un.org/sdgs/files /report /2016 /secretary-general-sdg-report-
2016--EN.pdf, Vol. E/2016,/65, p. 18.
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systems. These features make sustainable governance of these systems a
tough problem. The multiple spatial scales (local, regional and global)
of these systems, the diversity of actors and their shifting attitudes
towards exploitation and governance of resources add to the complexity.
Geoscientists have shaped geoethical thinking to handle uncertainty and
to address multiple scales and the diversity of actors; hence, geoethical
thinking aligns with thinking underpinning the FAO SSF Guidelines.

Second Thread: Context Dependence in Socio-Ecological Systems

Over the last 200 years, people have considerably developed their skills
to appropriate resources from terrestrial and marine environments.
Depending on how skills have developed, the perceptions of people
have varied as to what appropriate exploitation and governance practices
arc. For example, Purdy (2015) describes the history of public opin-
ion and politics in the United States relating to how terrestrial wilder-
ness was perceived and how a specific worldview reinforced the right, or
even the moral obligation, to exploit such resources. In the same man-
ner, the marine environments were portrayed as ‘unpeopled spaces of
nature, but not society ... [that] support a commitment to freedom of
the seas” (Campbell et al. 2016, p. 519). Such a perception of freedom
supports exploitation by actors that have the necessary means to do it.
For example, some decades ago, the notion of a ‘common heritage of
mankind’ qualified the conditions that would justify the mining of min-
eral resources on the ocean floor. Nowadays, when mineral exploitation
in deep waters is more feasible, this view is challenged (Silver et al. 2015;
Campbell etal. 2016; Jaeckel etal. 2017). Correspondingly, views (of
the individual actor and of codified guidance) vary regarding what is
sound exploitation and rightful appropriation (Vidas 2011). The context
for planning, decision-making and action shifts depending on both the
abilities of the various actors to exploit resources and the actors’ under-
standing of fair appropriation rights; reflecting what, in Campbell et al.
(2016, p. 519), is termed ‘three environmental governance themes:
“actors, scale and knowledge”™. To manage context-dependent sys-
tems requires strategies which (1) by nature are adaptive, participatory
and transdisciplinary (Head and Xiang 2016), (2) apply a collaborative
rationality (Innes and Booher 2016), and (3) provide for a governance
capability, which Termeer et al. (2016) frame with attributes such as
reflexivity, responsiveness, resilience, revitalization and rescaling. Such
strategies are a genuine part of the FAO SSF Guidelines and make con-
text-dependence an explicit part of their design (Jentoft 2014).



92 M.BOHLE AND R. PREISER

Geoscientists have shaped geoethics to navigate context dependence,
uncertainties and ambiguous situations experienced in their professions.
This feature aligns the thinking that underpins geoethics and the FAO
SSE Guidelines. Analysed in that perspective, it is essential that geoeth-
ics examines and reflects upon the role of societies, people and individ-
ual citizens, their skills and insights, and their activities to appropriate
geo-resources (Peppoloni and Di Capua 2015, 2016). As Bobrowsky
etal. (2017, p. 207) summarise: ‘geoethics is an orientation tool for
geoscientists, able to provide them with the ethical dimension of their
actions’. This focus encompasses (1) the responsibilities of individual
geoscientists and their services to society, (2) how to conduct and com-
municate research, and (3) the functioning of professional organisations
and commercial activities. Such considerations deeply entangle geoethics
and the FAO SSF Guidelines.

Third Thread: Agent-Centric Approaches to Governance

Geoethics is distinct from utilitarian concepts, ethics of justice or conser-
vation for its own sake—approaches which have been discussed elsewhere
in respect of ocean ethics (Auster et al. 2009; Ott 2014 )—and from pro-
posals such as those ‘to reclaim the concept (ecosystem services) as a use-
ful one in terms of the wider ethical debates surrounding human-nature
relations’ (Jax et al. 2013, p. 266). Recent inquiries into geoethics have
put the individual, the human agent at the centre of general sustainable
development considerations (see, e.g., Druguet et al. 2013 [geoconser-
vation]; Mayer 2015 [integrity]; Pievani 2015 [history]; Potthast 2015
[technology]; Peppoloni and Di Capua 2015a [socictal responsibility];
Tubman and Escobar-Wolf 2016 [development]; Bohle and Ellis 2017
[individual responsibility]).

Such an agent-centric approach to ethical practices may seem obvious
for geosciences because codes of practice for chartered professionals are
usually are framed in this way.® Notwithstanding an agent-centric tra-
dition in the ethics of chartered geoscience professions, the emergence
of the notion of the Anthropocene has challenged many geoscientists.
The discussion about whether to amend the geological timescale, by
naming modern times the Anthropocene, bears witness to this unease
(Zalasiewicz etal. 2015; Finney and Edwards 2016). Nevertheless,

5See, for example, http://www.geoethics.org,/codes.
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considering together the notions Anthropocene and geoethics sharpens
focus on the behaviour of human actors (Hamilton et al. 2015; Schmidt
et al. 2016). Therefore when understanding geoethics as ‘research and
reflection on the values which underpin appropriate behaviour and
practice, wherever human activities interact with the Earth system’
(Peppoloni and Di Capua 2012), as an integral part of geoscience pro-
fessionalism, geoscientists can internalise a more comprehensive under-
standing of the human actor and the societal implications of geosciences.
Campbell etal. (2016, p. 535) emphasise that by internalising the
human role ‘actors, scale and knowledge (that) are relevant for efforts
to govern new and emerging ocean issues’ become apparent. Such ocean
issues are described, for example, by Hughes et al. (2017, pp. 84-85):

... locally, the consumption of reef fish is shaped by a combination of the
size, socioeconomic status and cultural norms of the human population.
By emphasising proximal drivers rather than more distant human ones, we
often inadvertently simplify and re-scale a complex social-ecological prob-
lem into a subsystem that is entirely biological, which can distract from the
underlying causes and ways to address them. A social-ecological approach
for sustaining ecosystems is beginning to emerge that explicitly links the
resilience of ecosystems to governance structures, economies and society.

Campbell etal. (2016, p. 536) generalise this example and argue that
‘[t]he FAO SSF Guidelines stand out as an exception ..., attending as
much to questions of resource access, human-rights and food security as
they do to questions of fisheries ecology’. Hence, they define the FAO
SSE Guidelines as actor-centric, representing an ‘opportunity to cre-
ate governance regimes that support environmental sustainability and
human well-being’ (p. 536), notwithstanding that their ‘implementation
... 1s likely to be an ongoing, adaptive and iterative process, as small-scale
fisheries are dynamic’ (Jentoft 2014, p. 12). Generalising such insights,
Biermann (2014, pp. 22-24) argues for Earth system governance as a
common normative approach for human handling of socio-ecological
systems that interrelate agency, accountability, legitimacy and fair alloca-
tion; or as Biermann writes (2014, p. 146):

[a] global situation of large inequalities in resources and entitle-
ments... (t)he analysis of agency in earth system governance — that is, of
those actors who have the authority to set and enforce rules and norms
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— requires an understanding of the vast social divisions on our planet ...
questions of fairness in adaptation arise as well, including concerns about
compensation and support by the global community of the most affected
and most vulnerable regions.

The FAO SSF Guidelines provide an example of how to perceive the
governance arrangements of a given socio-ecological system through a
common normative approach. The actual design of geocthics follows a
similar path, as reflected in the Cape Town Statement on Geoethics®:

It is essential to enrich the roles and responsibilities of geoscientists
towards communities and the environments in which they dwell
Human communities will face great environmental challenges in the
future. Geoscientists have know-how that is essential to orientate societies
towards more sustainable practices in our conscious interactions with the
Earth system. By applying a wider knowledge-base than natural sciences,
geoscientists need to take multidisciplinary approaches to economic and
environmental problems, embracing (geo)ethical and social perspectives.
Geoscientists are primarily at the service of society. This is the deeper pur-
pose of their activity.

3.2.3  Outlook

This essay explores the characteristic features of the FAO SSF Guidelines
and geoethics. To summarise, it illustrates how several threads of
disjunct experiences encourage putting the individual human actor (its
needs, preferences, thinking and actions) at the centre of concerns for
context-dependent and path-dependent governance of socio-ecological
systems. This shared focus entangles both experiences, enriches the
related frameworks (the FAO SSF Guidelines and geoethics, respectively)
and invites also to use them outside their initial realms. This essay notes
further that both approaches embed participatory governance strate-
gies. However, only the FAO SSF Guidelines address them explicitly. In
geoethics, participatory governance strategies are inherent to its defini-
tion and explicit in some practices (Lanza 2014; Nurmi 2017). In some
geoscience applications, particularly those connected with the extrac-
tive industries, the increasingly important concept of ‘social licence to

Shttp://www.geoethics.org,/ctsg.
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operate’ is helping to build participatory governance strategies, essential
to meeting resource needs in an ethical and sustainable manner (for fur-
ther discussion see, e.g., Buhmann 2016; Owen and Kemp 2013).

The operation of small-scale fisheries in the context of industrialised
exploitation provides an example of the complexity of handling anthro-
pogenic global change. It involves ‘overall values, norms and principles
that guide institutions and actions’ (Chuenpagdee and Jentoft 2013,
p. 344) to guide agents in managing the never ending succession of
problems. Generalising, for citizens as agents of change, approaches like
geoethics offer an “actor-centric virtue ethic’ to identify the appropriate
behaviour and practices required to develop a sustainable human niche
governed by mutually respectful actors.

3.3 THrD Essay: PARTICIPATION—CITIZEN (GEOSCIENCE

People’s ‘human niche’ is composed of socio-ecological systems that
interconnect the biogeosphere and the sphere of human social, eco-
nomic, cultural and political activities. Against this background, this essay
explores the interface of geoethics and citizen participation in science
and research.

In the following, notions like citizen science shall refer to participatory
knowledge generation processes that include some members of the public
in some aspect of scientific research (Eitzel et al. 2017), that is, activities
including but going beyond people taking part in data gathering, obser-
vation and analysis. Participation may be, for example, through collabora-
tive processes that allow the co-design of research questions, participation
in data gathering and analysis, and shared communication of results.
Citizen science, as one kind of public involvement in research and devel-
opment domains, is a well-established mode of knowledge generation for
some disciplines (Riesch and Potter 2014; Vayena and Tasioulas 2015;
Grey etal. 2016). It allows for collaborative engagement that captures
and communicates multiple perspectives and interpretations, and offers
opportunities for shared learning from other disciplines and practice-
orientated stakeholders (Bonney et al. 2014; Aceves-Bueno et al. 2015;
Follett and Strezov 2015; Paul et al. 2018).

This essay starts by presenting some examples of the evolving state-of-
play of citizen science in geosciences. Then a brief history of the involve-
ment of citizens in the societal process of doing science is sketched
and the definition of geoethics read from a citizen science perspective.



96 M. BOHLE AND R. PREISER

Reflections about citizen science are then presented that take the notion
of ‘niche-building’ as their departure point. The essay summarises these
views with a reflection about participatory geoscience research in times
of anthropogenic global change.

3.3.1  Examples: Citizen Science and Geosciences

A Dbrief review of the current uptake of citizen science in geosciences
shows that participatory geoscience research is not yet very popular,
although the situation is evolving. For example, when searching the
Google Scholar database for ‘citizen geoscience’ (13 February 2018)
only one result is displayed—a paper by Powell etal. (2013) about
recording temporary geological exposures. However, searching more
widely (Google Scholar database, 13 February 2018, no patents, no
citations), a trend emerges that displays a slight increase in interest con-
sidering citizens in geosciences. A search for the two terms ‘citizen’ and
‘geoscience’ revealed 3320 publications for the period from 2013 to
2017. This number is a little less than twice the number of references
(1790) for the preceding 5-year period (2008-2012). A search for ‘citi-
zen geoscience’ in the blogs of the European Geosciences Union (EGU)
delivered two results (13 February 2018). Roberts-Artal” features the
gathering of (meteorological) data and Wardlaw® writes about image
analysis projects to track geological changes in remote-sensing imagery
from Mars. The programmes of major geoscience conferences may serve
as a further indicator of the interest of geoscientists in citizen science.
For example, the General Assembly of the EGU, which annually hosts
well over 10,000 participants, has a low (although rising) number of cit-
izen science contributions in geosciences. In 2017, it featured one ses-
sion that included citizen science research and just over 10 contributions
mentioned various forms of citizen science initiatives. In 2018, the EGU
General Assembly hosted six sessions with contributions that included
citizen science projects.” Aside from such big events, some specialised

7https://blogs.egu.eu/geolog,/2014,/12 /05 /citizen-geoscience /.
8hrttp://blogs.egu.eu/geolog,/2015/11 /25 /mars-rocks-introducing-a-citizen-sci-
ence-project/.

9The draft programme for 2019 includes 11 session that mention ‘citizen science’.
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conferences featuring citizen science initiatives in geosciences have
recently been organised, such as the ‘Citizen Observatories for Natural
Hazards and Water Management’ (Venice, 27-30 November 2018).

Depending on search terms, literature searches lead to examples
of citizen science in various geosciences, such as hydrology (Buytaert
etal. 2014), geothermal research (Meller et al. 2018) or public aware-
ness of natural hazards (Lanza 2014). When doing a bibliometric anal-
ysis of the 1935 publications of citizen science projects (retrieved from
Web of Science in December 2015), Kullenberg and Kasperowski (2016)
estimated that less than 5% of the projects were in geosciences. Overall,
citizen science seems less popular in geosciences than in environmental
sciences (Hyder et al. 2015; Vann-Sander et al. 2016). It might be that
environmental issues are more aligned to people’s interests than geo-
sciences or that scientists perceive them as more accessible for public par-
ticipation, with the possible exception of hydrology (Paul et al. 2018).

To illustrate why it is important to increase citizen science-based
research in geosciences, a quote from a commentary published in Nature
may serve as an example. The authors, El-Chichakli et al. (2016), call for
more investment in the bioeconomy!? to support the United Nations
Sustainable Development Goals:

A global bio-economy must rebuild natural capital and improve the qual-
ity of life for a growing world population. It should balance managing
common goods, such as air, water and soil, with the economic expecta-
tions of people. ... Also needed will be citizen science evaluations of new
houses, local wood-recycling and construction efforts. Sustainable food
systems will require advances in plant breeding, food products, and farm-
ing and cultivation techniques... Inclusiveness and knowledge transfer are
important. (p. 222)

Besides how the role of citizen science is perceived, the authors discuss
the human niche when mentioning ‘common goods, such as air, water
and soil ... farming and cultivation techniques’. Although they identify
the need to ‘rebuild natural capital and improve the quality of life’, the
dependence of the bioeconomy on geoscience knowledge is not men-
tioned when ‘managing ... air, water and soil’. The comment argues in

10The bioeconomy encompasses various economic sectors, such as health, the biochemi-
cal industry, agriculture, forestry and bioenergy (see Bugge et al. 2016).
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favour of interventions on a planetary scale when referring to a global
bioeconomy and common goods. Literacy of the authors in terms of
their geoscience knowledge can be assumed. It looks like that this knowl-
edge is deeply integrated into their expertise but does not get mentioned
explicitly in the quote.

Furthermore, the quote should be read against the insight that agri-
culture represents the anthropogenic land-use process that has had
global impact throughout history and pre-history (Ruddiman 2013;
Liu etal. 2017; Song et al. 2018), affecting the global cycles of car-
bon, water, dust and nutrients. Furthermore, since the beginning of
the twentieth century, the industrial nitrogen fixing (Haber—Bosch)
process has supported agricultural industry and has led to a profoundly
altered global nitrogen cycle (Morton 2015; Zhang et al. 2015; Ren
etal. 2017). This is a classic example of geoengineering through the
bioeconomy, albeit unintentional.

The quote analysed above illustrates how people conceptualise the
relations that characterise the links between production systems, con-
sumption patterns and geosciences. The embedding of geoscience
knowledge in the expertise of other disciplines conceals it or favours a
restricted relation, like engineering geology (Srbulov 2014).

Throughout this book, however, we demonstrate the benefits of
embracing a comprehensive concept of geosciences to understand
the interconnectedness of the biogeosphere and the human sphere.
It also becomes apparent how many knowledge domains impinge on
the geosciences. These mutual relations should be made more explicit.
Consequently, citizen geoscience, and hence public engagement with geo-
science practices and approaches, would increase the public visibility and
exposure of geosciences. To this end, it is vital to encourage participatory
research processes and practices in geosciences. Advocating citizen science
in geosciences should thus be inherent to geoethical thinking and practice.

3.3.2  History: Geosciences, Citizens and Pavticipation

The present-day relationship between geosciences and citizen science is
part of a more common historical trail:

Two centuries ago, almost all scientists made their living in some other
profession. Benjamin Franklin (1706-1790) was a printer, diplomat and
politician; Charles Darwin (1809-1888) sailed on the Beagle as an unpaid
companion to Captain Robert FitzRoy, not as a professional naturalist.
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The rise of science as a paid profession is a relatively recent phenomenon,
dating from the later part of the 19th century. However, citizen scientists
have never disappeared, particularly in sciences such as archaeology, astron-
omy and natural history, where skill in observation can be more important
than expensive equipment. (Silvertown 2009, p. 467)

Joel Mokyr’s book ‘A Culture of Growth—The Origin of Modern
Economy’ (2016b) inspires the following sketch, which mutatis mutan-
dis also applies to geosciences.

The development of modern science and research in Europe began in
the seventeenth century among a small number of mainly urban citizens
that had opportunities to study natural phenomena. Renaissance schol-
ars such as Leonardo da Vinci or Galileo Galilei had pursued a diversity
of activities, such as developing techniques for painting (perspective,
colours), observing natural phenomena (rocks, plants, water flows) or
designing engineering plans for bridges, fortifications and instruments.
For this purpose, they experimented with new, innovative tools, such as
lenses and telescopes. Often, creative individuals served influential leaders
who provided them with resources and protection against persecution.
Even when sponsored in such a manner, new insights usually trickled
down slowly into daily experiences and understanding of the world.

Nevertheless, the cumulative effects of these insights can be traced
through changes in production systems (Mensing et al. 2016). It took
about two centuries of social, economic and political developments
before more individuals (gentry or bourgeois, men and some women)
engaged in scientific activities and modern scientific educational and
professional structures started to emerge (Mokyr 2016a). For the bet-
ter part of the eighteenth century, it was a small network of privileged
people across Europe who engaged in scholarly discoveries and research,
often using their wealth to support their studies. New developments
were stimulated by government prizes, like the ‘longitude prize’ (naviga-
tion), investments in infrastructure (bridges, roads, channels, and map-
ping of the landscape) and mining technology, and developing the means
for military power; many of these required a significant share of geosci-
ence expertise. Much trial and error (including terrible accidents) were
needed before citizens and authorities accepted them (Fressoz 2012).

In the wake of industrialisation and the consolidation of capitalist pro-
duction forms in the nineteenth century, the social and cultural basis for
doing research, science and technological development was broadened
(Mokyr 2016b). Scientific expertise, technological means and a culture
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that valued knowledge and purposeful expropriation developed as new
societal norms (Purdy 2015). Finally, in the wake of the Second World
War the number of researchers, scientists and engineers grew massively.!!
Since the middle of the twentieth century, a significant percentage of the
population in developed countries work as researchers, scientists or engi-
neers. Their expertise has facilitated regional infrastructure development,
the production of goods and the provision of services in industrial and
post-industrial cultures, supported massively by governments, wealthy
individuals and corporations (Wolfle 1957; Waterman 1960; Bronk
1975). The present-day network of inequitable global supply chains has
developed, and our contemporary affluent knowledge-based societies
have taken shape, resulting in massive alterations to natural (and social)
environments as a consequence of production systems and consumption
patterns. Consequently, the spirit of technological progress which charac-
terised western cultures a few decades ago has partly faded.

Over a centuries-long process of change, the domains of science and
research have become professionalised, and industrialised production
forms have shaped the societal institutions that nowadays segregate daily
life, culture, the development of technologies and the search for scientific
innovation. Generally, the assessment of innovations is regulated. This is
done by specialised institutions tasked with protecting the public against
risk, accidents and disastrous failures, as experience had taught us to do
(Fressoz 2012). Subsequently, as they spread through societies, innova-
tions cause debates, political and legal struggles, for example, about envi-
ronmental risk, squandered opportunities or doubts about the assessment
process itself. The fate of carbon capture and storage technologies may
serve as a geoscientific example of such an experience (Lofstedt 2015).

Furthermore, in a citizen’s daily practices innovation often comes in
the form of a bundle of changes. The regional management of the Ebro
River (Spain) delta is one such example (Zografos 2017). Outcomes of
bundled changes, which are difficult to forecast and understand, may
be unexpected and therefore strain the intrasocietal links of citizens
(and authorities) with professionalised research and development pro-
cesses (David and Foray 2002; Allenby and Sarewitz 2011; Roco and

Whetps://futureoflife.org,/2015/11,/05 /90-of-all-the-scientists-that-ever-lived-are-
alive-today/.
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Bainbridge 2013; McNie et al. 2016). The case of stratospheric ozone
depletion and its management may serve as an example of how to handle
such a strain of intrasocietal links successfully (Jacobs 2014).

Nevertheless, the societal strain may be overbearing when systems
exhibit hysteresis and locking-in, and when environmental change and
alteration of societal infrastructure and practices are therefore path-
dependent and difficult (or impossible) to reverse. It is this feature
that makes anthropogenic global change so difficult to tackle. The case
of greenhouse gas emissions illustrates such an overbearing strain. To
handle the dynamics of change in a competent manner requires strong
integration of scientific research and technological development with
day-to-day societal practices and governance arrangements. To that end,
participatory research approaches, development practices and implemen-
tation strategies are needed, which enable co-creation of knowledge and
collaboration with citizens (scientists); and appropriate methods must be
developed. One example is scenario analysis:

Mapping policy pathways in assessments is an iterative exercise that fre-
quently requires adjustment if new forks in the road, alternative des-
tinations, pitfalls and uncharted territories turn up. Due to the high
uncertainties, long-term issues, such as global environmental change,
require trial-and-error policy-making. Assessments can strongly support
this through ex-post policy analyses. In the light of newly discovered prac-
tical consequences, objectives might be revised and means can be adjusted.
Mistakes in policy-making can occur, and from them, society as a whole
can learn for the future. (Edenhofer and Kowarsch 2015, p. 63)

When bound into participatory processes, working in such a manner
would enhance public literacy in the respective scientific fields, mutatis
mutandis in geosciences. Hence, the explicit involvement of citizens in
science and research is to be recommended all the more when consid-
ering the relevance of geosciences for the functioning of contemporary
societies.

3.3.3  Citizen Science: A Generic Application of Geoethics

Geoscience professionals should be well placed to recognise people’s diverse
economic, social and cultural living conditions when acting in their profes-
sional capacity (Peppoloni and Di Capua 2015a; Bobrowsky et al. 2017).
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The wide range of applications of geosciences mirrors the diversity of the
global social sphere and offer incentives for the participatory conduct of
science and research. Furthermore, a conceptual relationship between
geosciences and citizen science is implicitly built into the frameworks and
professional codes that underpin geoscience professions. In professional
practices, for example, the relationship of geosciences and citizens forms
part of the risk analyses and impact studies (Di Capua and Peppoloni 2014;
Hall et al. 2015; Hino et al. 2017). Notwithstanding this ample conceptual
relation, ‘citizen science’ and other ways to conduct research and science in
a participatory manner seem little used in geosciences.

Driven by professional practices, the relationship of geosciences and
citizens is enshrined implicitly in the definition of geoethics!? (Peppoloni
and Di Capua 2017), which states that it ‘consists of research and reflec-
tion on the values which underpin appropriate behaviours and practices,
wherever human activities interact with the Earth system’. The phrasing
‘wherever human activities interact with the Earth system’ is inclusive
of any human agent. The definition posits further that geoethics ‘deals
with the ethical, social and cultural implications of geoscience education,
research and practice, and with the social role and responsibility of geo-
scientists in conducting their activities’. The notions of social role and
responsibility offer another lead to the potential of citizen science in
geosciences.

The application case of geoethics, namely ‘appropriate behaviours
and practices, wherever human activities interact with the Earth sys-
tem’, is about building the ‘human niche’. Hence, geoethics is about
the conduct of (all) people, their professional activities and individual
lifestyles.

Drawing on the above, ‘geoethics’ is equally cognisant of citizen
knowledge as it is about geoscientific knowledge. Hence, geoethical
thinking calls for us to configure our perceptions of citizens and geo-
scientists, their professional activities and their lifestyles, to be com-
plementary. Their active cooperation should therefore be sought, and
geoscientists seem ideally positioned to initiate and coordinate participa-
tory research practices.

R2http: / /www.geoethics.org.
p g g
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3.34  Niche-Building: A Dedicated
Application of Citizen Science and Geoethics

As discussed elsewhere in this book, the effects and impacts of the inter-
actions of human activities with the Earth system are ubiquitous. These
interactions come about through the way in which production systems
and consumption patterns are designed and result in physical changes in
the geosphere. In turn, such engineered socio-ecological systems then
re-shape the daily lives of citizens. Consequently, many professional
activities as well the daily dealings of citizens are implicitly intertwined
with geoscience expertise. In some cases, the use of geoscience expertise
may involve only geoscientists acting in professional capacities. However,
geoscience knowledge often is embedded in established (professional and
daily) practices, such as building codes or design practices for construc-
tion on slopes or on floodplains. People who apply these practices may
not be ‘geoscience literate’, and therefore have little chance to question
the ‘embedded knowledge’, for example, given altered environmental
circumstances, like precipitation patterns. When dealing with any matter
of environmental design or intervention, geoscience literacy is likely to
be relevant for many informed professional activities and daily courses of
action.

The manner in which geoscience expertise, production systems,
consumption patterns and the daily lives of citizens are interlinked is
demonstrated by the way in which people have built an anthropocentri-
cally manipulated biogeosphere, that is, a global socio-ecological system
(Fressoz 2012; Foley et al. 2013; Ellis 2015; Fuentes 2016; Waters et al.
2016). The human niche for modern societies has resulted from the
increasingly effective design (or engineering) of production systems and
patterns of consumption of resources. Unintended side-effects of these
design activities have accumulated and are the main drivers of anthropo-
genic global change. The accelerating process of anthropogenic global
change is not an accident. It is an unintended consequence of a histori-
cal process that was intended to maintain affluent individual well-being,
mutual caretaking and (biological) reproduction.

Considering its purpose, a comfortable human niche requires a
well-functioning biogeosphere that only occasionally gets disrupted by
natural hazards. Likewise, its well-functioning should not be threat-
ened by ignorance, for example, when citizens ignore natural features,
such as slope stability or floodplains. Hence, when exploring societal
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contexts of anthropogenic niche-building and global change, geosci-
ence expertise is a public good. Its use should promote the informed
participation of citizens in decision-making processes. Geoscience
expertise is only one of several contributions to the complex knowl-
edge base our societies require to facilitate sustainable development.
The basis of societal or political decision-making processes is thus
rarely straightforward and seldom based only on facts (Hulme 2009;
Cairney 2016; Kowarsch et al. 2016). It is this insight that requires
geoscientists and citizens to share and embed expertise that stems from
various sources. Participatory processes, like citizen science, are an
appropriate means to ensure that collaborative processes take account
of the relevant knowledge, and that this is effectively exchanged
among stakeholders.

Considering geoscience research and practices, the participation of
citizens in science is compatible with the professional activities of geo-
scientists. Participation of citizens should at least be deemed obligatory
in the outreach and communication activities of geoscientists. Beyond
such activities, which are cither downstream of the actual research activ-
ity or related to the social and political embedding of the research, geo-
science research communities should accustom themselves to involving
citizens directly in the execution and design of geoscience research
projects. When looking beyond the domain of geosciences, there are
abundant examples of collaborative research practices and multi-stake-
holder engagement processes that demonstrate how participatory pro-
cesses can successfully contribute to delivering high-quality research
outcomes (Tengo et al. 2014; Reyers et al. 2015). Within geosciences,
the approach termed ‘social licence to operate’ provides an example
(Dare ct al. 2014; Moffat and Zhang 2014; Hall ct al. 2015; Buhmann
2016). This approach, which has its intrinsic difficultiecs (Boon 2015;
Falck 2016; Moffat et al. 2016), is used in the mining industries to facil-
itate long-term (mining) operations. Seeking a social licence to oper-
ate focuses on commercial activities and their social embeddedness.
Informed by these experiences, which have had mixed results, geoscien-
tists should explicitly further ‘citizen geoscience’ to deepen the involve-
ment of citizens in their research and practices. Against the additional
backdrop that geosciences knowledge is a public good, citizen geosci-
ence is valuable to advance citizen empowerment beyond participation
in geoscience research.
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3.3.5 Outlook

In their paper “The Anthropocene is functionally and stratigraphically
distinct from the Holocene’, Waters et al. (2016) emphasise the ongoing
functional changes to the Earth. The behaviours and practices of peo-
ple, in creating current production systems and consumption patterns,
have caused these changes (Steffen et al. 2015). Participatory research
and development practice in geosciences, also involving citizen science,
is needed to reduce the strain that upcoming changes in living conditions
imply (Kowarsch et al. 2016).

The current unfolding of anthropogenic global change will cause sig-
nificant adjustments to people’s living conditions in most parts of the
globe. To tame these change processes and to change the direction of
current development pathways, much geoscience expertise will have to be
installed within societal practices in a socially sustainable manner. To this
end, the depletion of stratospheric ozone that was caused by emissions of
some industrial gases provides an informative example (Wu et al. 2013).
From a geoscience perspective, the underlying cause—effect relation was
quite simple. The single cause was the use of gases (chlorofluorocarbons
and other substances) in cooling installations and foams. These gases
persist in the atmosphere and reach cold stratospheric clouds in polar
regions. In the presence of ice and light, chlorofluorocarbons break up
ozone molecules that otherwise would absorb ultraviolet radiation, which
instead reaches the Earth’s surface and can damage cells. The solution
to the problem was technically unassuming, namely to substitute some
specific substances. The economic impact of the required technolog-
ical change was limited. The changes for citizens were humble, namely
to replace appliances (fridges) in a controlled manner. The societal pro-
cess that prescribes how to govern emissions was put in place (through
an international treaty), and satellite-based monitoring of emissions of
ozone-depleting substances was implemented. Hence, societal processes
delivered a solution to a well-defined problem. Implementing the solu-
tion did not need much citizen involvement; technical and political elites
could handle the issue. Compared with the experience of managing the
replacement of ozone-depleting substances, efforts to mitigate the effects
and damaging impacts of climate change pose a different challenge. The
required modification of production systems and consumption patterns
(de-carbonisation) is much more profound, the monitoring of implemen-
tation agreements is much more demanding and the ethical dilemmas
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regarding justice or choices of development paths are much more severe.
Hence, the societal processes required to deliver a solution are challeng-
ing, implementing the solution needs much citizen involvement, and
technical and political elites alone likely cannot handle this issue.

Encouragingly, the notion of the Anthropocene has rapidly attained
intellectual and public attention over the last decade. Now it is driving
debates among many audiences and resulting in a call to rethink how
to understand humankind’s place in the world (Latour 2015; Hamilton
2017). This societal feature offers a metric of the perceived urgency
and expectations, given the scale and momentum of the changes antic-
ipated. Under such circumstances, organising research and development
in a responsible and participatory manner would strengthen the intraso-
cietal links between geosciences and citizens. Means for achieving this
include, for example, increased transparency of research and develop-
ment initiatives and increased awareness of how abiotic environments
are linked across various scales and socictal domains. In this context,
citizen scientists are a known resource, both to provide experiences that
are rooted in conventional societal practices and to facilitate uptake of
geoscience-based practices in everyday societal dealings. Societies that
face anthropogenic global change need both of these features in order to
orient research and to guide practices. Consciously applying geosciences
and geoethics is a common good which needs the active participation of
citizens to bear fruit.

3.4  FourtH EssAY: NARRATIVES AND SENSE-MAKING

This essay explores how storytelling may be framed to be a vehicle for
geoscience narratives. The essay reflects on how people’s awareness is
related to their storytelling practices to communicate insights and to
induce or inspire behaviour (Bohle et al. 2017).

Anthropogenic change in natural environments has caused public con-
cern since the onset of the industrial revolution (Fressoz 2012). More
recently, humankind’s economic activities have intensified and grown to the
extent that they have significant impacts on the mechanisms that drive Earth
system dynamics (Ruddiman 2013; Waters et al. 2016; Steffen et al. 2018).
Hence, studying Earth system dynamics at the present time necessitates
interdisciplinary engagement that draws from both the natural sciences and
humanities (Smith and Zeder 2013; Bergthaler et al. 2014; Castree 2017).
The interactions between people (technical, economic, social, cultural,
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artistic, public, collective or individual) are incorporated into the under-
standing of Earth system dynamics (Biermann 2014; Bauman 2015; Ellis
2015; Clark and Gunaratnam 2017; Hamilton 2017; Kunnas 2017).

Due to anthropogenic global change, people will have to appraise
their preferences regarding lifestyle choices and the impact that produc-
tion and consumption patterns have on Earth’s geochemical and phys-
ical systems. Hence, governments, elites, influential individuals and
other citizens should adopt frameworks that consider both the inter-
twined nature of Earth system dynamics and human activities and also
the values, world-views and cultural or social prejudices which influence
cach other and shape human activities (Press 2008; Rickards 2015a, b;
Wright et al. 2018). Navigating the dynamics of human and Earth sys-
tem linkages requires integrated governance approaches that combine the
value-driven ethical, social and cultural influences that shape human activ-
ities with rigorous scientific findings and engineering expertise (Steffen
ctal. 2011; Wilson 2014; Murphy et al. 2015; Veland and Lynch 2016).

Engineering is the socially learned and socially enacted human activity
by which people intersect their environments, including the abiotic sub-
system of the Earth system, the ‘geosphere’ (Ellis et al. 2013, 2016; Bohle
2016, 2017). Intersections of human activities with the geosphere may
happen by means such as engineered infrastructures, production systems
for goods and services or social activities like politics or lifestyles. Some
intersections are more evident than others, such as motorways, irrigation
systems, hydro-power plants or shore defences, because they more visibly
change the geomorphology (Brown et al. 2017). Other intersections are
less visible, such as slope destabilisation, pumping of groundwater, sew-
age water treatment, beach nourishment, anthropogenic climate change,
ocean acidification or enhanced nitrogen/phosphorous cycling. These
ordinary intersections of human activities with the geosphere seldom
become part of citizens’ narratives. There are exceptions, such as dramatic
events (e.g., tsunamis) that reach the headlines and, only after years of
effort, climate change (Krauss 2015).

As anthropologists have found, the cultural evolution of the human
species can be tracked by our capacity to be storytellers (Pagel 2012;
Wilson 2012; Lynam and Brown 2012; Lieberman 2013; Stewart and
Nield 2013; Arroyo 2017). Throughout the history of humankind, nar-
ratives have formed the symbolic means by which societies have shared
their perceptions and insights, which in turn have shaped the moral
imagination to develop shared values that aim to guide social dynamics
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and behaviour. Hence, it is likely that this universal human trait, namely
to make sense of the world using narratives, could provide an entry point
for introducing issues that concern geoscience into public debates. To
that end, this essay will reflect on how different concerns can be woven
into common threads that might then be made more visible and tangi-
ble, so that people might become more aware of the interconnectedness
of human actions with the geosphere.

3.4.1 Traditional and Modern Eavth-Centric Navratives

As an example, a set of western cultures is considered as a point of depar-
ture for reflecting on how narratives might shape a more general under-
standing of geoscience phenomena. In some traditional, rural European
cultures narrative devices were used to conserve and transmit their tradi-
tions, myths and cultural identities to new generations over many centuries.

Durand (1960) describes the narratives of some traditional rural com-
munities, their symbols and beliefs. In these communities, for example,
the ‘red moon’ anticipated disasters (catastrophic crop failures). The
‘red moon’ is a total eclipse of the full moon, which in former times
was hard to explain other than by referring to the ‘sacrum’.!® Therefore
from Brazil to Armenia, people consider the black or red moon to be

13The concepts of ‘sacred’ and ‘sacralization’ have been used, for example, and among
others, by Durkheim, Caillois, Eliade, Lévi-Strauss and Ries (see Fabietti and Remotti,
1997, and references therein) as having a specific meaning. Therefore it is cautiously pro-
posed to use the term ‘sacrum’, which does not correspond to a specific definition used in
anthropology nor ethnography but is related to the above and to the concept of the ‘super-
natural’. The latter is used as an additional element mediating the opposition between
nature and culture, i.e., the three-term relation of culture/human-nature—supernatural.
When inquiring into the relationships between culture and environment, the available
technology may instead be considered as a third element. More recently Philippe Descola
(1986, 2011) developed the teaching of Lévi-Strauss to overcome the traditional western
dualism between culture and nature, stating:

To the question ‘who owns nature?’ the answer in the present case is indeed ‘to each
and every one of the species that make it up’, but, as none of them, excepting our own,
has made its feeling known on the matter, it is some of its members’ point of view which
is bound to prevail. It should, therefore, be stated that any ethics of nature is by defini-
tion anthropogenic and that it necessarily articulates values propounded by humans.

http: / /www.laviedesidees.fr/Who-owns-nature.html (2008, interview with Philippe
Descola).
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malevolent. For example, a severe drought that impacts a community is
understood to occur because of the disrespect of a well-known prescrip-
tion by one of its members.

Compared with such supernatural associations, narratives from the
Aosta Valley may serve as an illustration of more Earth-bound views
(Sibilla 2012). Dwelling in rough natural environments on the border
between Italy, France and Switzerland, local people have kept alive tradi-
tional thinking in the form of narratives, symbols and beliefs. Despite the
ongoing urbanisation processes in their region, these communities have
preserved much of their former cultural identity, such as that expressed
in the narrative of the ‘Lost Valley’, whose boundaries are set by Mount
Rose (Monte Rosa). This narrative captures the fascination of the
unknown and boundaries with ‘the other’. It includes the potential dan-
gers of overcoming limits that are natural and physical but also cultural.
Finally, the narrative portrays the rough nature that protects its greenest
and most fertile territory, which is just on the other side of the glacier.

Many narratives of rural communities of earlier times have been lost
or modified radically in the global urbanisation and industrialisation
processes. These traditional narratives were ‘Earth-centric’ to encap-
sulate advice and justification for behaviour to sustain stable human-
geosphere intersections. They guided the use of natural resources, such
as plants, animals, soil, farmland, water or ecosystems, like forests. These
narratives were part of a more complex social and economic fabric. They
were an essential although not sufficient means to sustain the intersec-
tion of people’s activity with the geosphere (Diamond 2005). To stay
effective, these traditional narratives related to the ‘sacrum’. They were
explained with faith-based reasoning, based upon values and beliefs refer-
ring to the supernatural, which were common and shared in the commu-
nity (Botero etal. 2014). The reference to the ‘sacrum’ took different
forms, for example, in Greek mythology, gods and people were directly
affected by forces (agents) of Earth. In Jewish/Christian traditions, faith-
based reasoning alternates between claims to subjugate the environment
or to respect creation; nevertheless, divine command of environmental
processes comes as a last resort, for salvation or punishment.

In former times, when natural phenomena were not explicable using
scientific understanding of processes and technologies, shared social con-
structions (values and beliefs) ruled explanations. Although based on
faith and beliefs, traditional thinking was functional because it encoded
accumulated experiences into a stable frame of reference, or worldview.
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The combination of faith and experience had the function of coerc-
ing the believer into distinct behaviours that were favourable for exist-
ence (Purzycki et al. 2016; Johnson 2016). The rituals that ruled such
behaviours navigated a balance between Earth-centric and society-
centric goals. It takes time and effort to accumulate and to encode tested
practices into rituals (Whitehouse and McCavely 2005). Hence, once
established, these rituals are stable despite being costly to people. Among
other purposes, such rituals enshrine how human activities and the geo-
sphere intersect in a sustainable manner (Brown 2012).

If faith, values and beliefs are disrupted by explanations based on
insights into processes and technologies, then the traditional bal-
ance between FEarth-centric and society-centric goals gets broken.
Consequently, traditional Earth-centric behaviour erodes because its
sacrum-based philosophical foundations are questioned. Still, the cus-
toms relating to traditional behaviour may continue to exist in popular
folk cultures, without serving their initial purpose.

Modern societies require different narratives to traditional societies
to promote Earth-centric behaviour. Nowadays, people can base their
Earth-centric behaviour on a substantial knowledge base. However,
the intersection of people and the geosphere does not form part of the
storylines of historical sciences (Carpentier et al. 1992; Roberts 1997),
exceptions apart (Diamond 2005). Nevertheless, modern storytellers
can draw on rich conceptual and methodological contributions from
the humanities for putting Earth-centric narratives into a historical con-
text. For example, Viollet (2000) tells a history of hydraulic engineer-
ing works for irrigation systems, waterways, power systems and sanitary
systems. A description of the historical context of humankind’s develop-
ment path over the last two centuries (Landes 2003; Malanima 2010)
also provides a robust vision of how the modern world and people’s
power to intersect with the geosphere has emerged:

... histoirves nous invitent a veprendre politiquement ln main sur des insti-
tutions, des élites socinles, des systemes symboliques et matériels puissantes qui
nous ont fait basculer dans Anthropocéne [history invites us to politically
take over the institutions, social elites, powerful symbolic and material sys-
tems that have rocked us into the Anthropocene] (Bonneuil and Fressoz
2013, p. 271)



3 EXPLORING SOCIETAL INTERSECTIONS OF GEOETHICAL THINKING 111

In present times, mainstream public concern focuses on issues like pol-
lution, hazard mitigation, demographics and sustainable use of resources
(Goldsmith et al. 1972; Gibson-Graham and Roelvink 2010; Schwigerl
2014). Such concerns are neither new nor unfamiliar for urban popu-
lations (Brown 2012; Fressoz 2012). It is possible that the Montreal
Protocol, the international agreement on banning ozone-depleting sub-
stances concluded in 1987, marked a turning point in public perception
of the global scale of anthropogenic change (Wu et al. 2013). Nowadays,
global anthropogenic change is a distinctive part of the Western public’s
perception of the state of the globe, with people perceiving threats to
their lifestyle and well-being (Steffen et al. 2011; Barnosky et al. 2012;
Biermann et al. 2012; Cardinale et al. 2012; Ehrlich et al. 2012; Brown
and Schmidt 2014; Walton and Shaw 2015).

Contemporary narratives of human—geosphere intersections can use
natural, human and social sciences to strike a knowledge-based balance
between ‘Earth-centric’ and ‘society-centric’ elements. How can such
narratives be re-imagined?

3.4.2  Perspectives on Geoscience Narratives

To start with the obvious; to develop narratives that combine geoscience
matters and societal concerns, landscapes, history and art provide many
opportunities for a storyteller, ranging from the spectacular to the daily
(Bohle 2015):

e The Colorado River has cut the Grand Canyon (United States)
but no longer discharges into the ocean because its water has been
extracted and redirected for the irrigation of agricultural production
processes in neighbouring states.

e The motorway stretching east from Brussels (Belgium) cuts open
acolian deposits from the Ice Age that originated from the basin of
the North Sea lying dry because of low sea level when a significant
volume of water was bound up in global ice sheets.

e The recreational area of Lago Banyoles (Spain) has no outlet and is
fed by underground springs of salty water. This geologically young
lake, which hosted Olympic competitions, may transform into a
saltwater lake accommodating flamingos that feed on brine shrimp.

e Human activities have marked landscapes with mining sites,
irrigation channels, abandoned networks of local trains and
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historical names that memorialise their past use or natural
demarcations.

e At the time of the eruption of Vesuvius that covered Pompeii in
ash, artists (commissioned by the wealthiest patrician households)
had painted impressions of the volcano before the tragic event.
Archaeologists have discovered these paintings which help them to
reconstruct the shape of the volcano, the neighbouring landscape
along the coast between Ercolano and Pompeii as well as the engi-
neered artefacts of the Romans, such as aqueducts and roads.

e Crater Lake is situated in a caldera in south-central Oregon. It
has neither an inflow nor outlet and is known for water clarity and
thus its dark blue colour (reflecting the sky and backscattering blue
light). The deep lake was formed around 7700 years ago by the col-
lapse of a volcano (Zdanowicz et al. 1999). This unique lake was a
sacred site for the native Klamath tribe. Their legends tell of bat-
tling gods of the sky and underworld, and observe the belief that
Crater Lake is a spiritual site.

Going beyond such examples of storytelling that involve geoscience
knowledge, modern society—Earth-centric narratives can draw compre-
hensively on humanities and natural sciences perspectives to illustrate the
societal relevance of geosciences, for example, to daily matters, value cre-
ation (including economic or cultural value) and urban lifestyle.

Regarding daily matters. When discussing geosciences as part of the
knowledge base of society, the weather was mentioned as a topic of pri-
mordial interest for most people because it impacts on humans’ lives
(Sirocko 2012). Weather news went prime-time during the early 1950s
when numerical weather forecasting became feasible. From these early
days, it took half a century to build the web of providers of weather
products and their consumers (Lynch 2008; Bauer et al. 2015). Modern
media combine, in a single narrative, the ‘simple” weather forecast with
additional information on meteorological phenomena and news on
impacts on economic and social activities.

Regarding economic value. Societies apply geosciences for their func-
tioning, and the related narratives are a common good, although they
may not be recognised as such. Knowing the characteristics of rock, soil,
water and air is essential for many economic activities. The production of
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goods or the maintenance of living conditions and individual well-being
requires know-how about the dynamics of planet Earth (Langmuir and
Broecker 2012). The know-how may be implicit in many general expe-
riences, common sense, general education or specific vocational training.
Artisans, technicians, architects and engineers apply geosciences when
engineering artificial environments, e.g., extraction of minerals, stability
of foundations or ventilation of buildings.

Regarding cultural value. Geosciences provide know-how about the
evolution of life-bearing planets, the life-supporting functions of the
Earth system, and the impact of humankind’s activities on these systems
(Hazen 2012). Narratives about these matters offer an understanding of
the development of ‘human geosphere intersection” and as such influ-
ence the perception of history and human development (Peppoloni and
Di Capua 2012; Latour 2013). A marker for this influence on percep-
tion is the rapid spreading of interest in the notion of the Anthropocene
among scholars from different disciplines. Moreover, the emotional
responses of individuals influence and shape perceptions of future human
and planetary well-being. The prolific emergence of apocalyptic projec-
tions that promote, for example, doomsday visions or denials of evidence
is stoked by the fears of individuals about threats to their current life-
styles, and promotes related worldviews.

Regarding urban lifestyle. The Gilgamesh poem tells the story of Uruk,
one of the first cities to be built 5000 years ago in Mesopotamia (George
2000). The poem is a fascinating cultural artefact of how these first
city dwellers recorded their experiential connections with the geosphere.
Faith-based Earth-centric features were interwoven with society-centric
features about people—people interactions, earthly gods and godly earth-
lings. However, modern people have different experiences. Densely
packed, urban people are living on a relatively small percentage of the
Earth’s habitable surface. Nowadays, every second person on Earth is
living in a city. In 2050, urban dwellers will make up two-thirds of the
global population.!* Thus most modern people will experience their
intersections with the geosphere differently. Living a modern urban

14United Nations, 2014: http://www.un.org/en/development/desa/news/popula-
tion/world-urbanization-prospects-2014.html.
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lifestyle is altering people’s experiential connections with the geosphere,
up to the point that they may disconnect fully. For example, the beauty
of the nightly star-filled sky is not visible when living in well-lit towns.
Also, in cities, many weather phenomena may pass unnoticed. Urbanites’
experiential connections with the geosphere are biased towards events
that disrupt the well-functioning of the engineered structures that form
their dwellings and support their lifestyles, such as air and water pollu-
tion. People are engineering their (urban) environments to shelter them
from hazards, to limit dependence on the natural pace of Earth system
dynamics and to appropriate and process natural resources. When shel-
tered by means of engineered environments, people favour their intraspe-
cies experiences. To that end, an urban lifestyle resonates in dense
people—people interactions and associated society-centric narratives, now-
adays including narratives of ‘virtual reality’.

3.4.3  Narrvatives in Times of Anthropogenic Global Change

The impact of people’s activity on Earth has been noticeable for several
thousand years (Foley et al. 2013). However, humankind’s present pat-
terns of consumption and use of renewable and non-renewable resources
affects Earth beyond regional scales of industrial pollution, urbanisation of
rural areas or replacing pristine wilderness with rural landscapes (Ellis et al.
2013; Ellis 2015). The intersection of humankind’s economic activity
with the biosphere and geosphere can be illustrated by various indicators.
For example, more than 25% of terrestrial biomass is for consumption by
humans (Krausmann et al. 2013); within just a few decades the amount
of carbon dioxide in the atmosphere has reached levels last observed dur-
ing the mid-Pliocene, 3 million years ago (Pearson and Palmer 2000);
and erosion and the global rate of weathering of rock has approximately
doubled to its current 50-80 Gt/year (Ball 2005; Smil 2007) compared
to natural background. The intersections of humankind’s activity with
the geosphere (and biosphere) depend on both people’s needs (e.g., for
food or shelter) and preferences (e.g., for lifestyle, patterns of daily life or
individual well-being). Whenever possible, people design (engineer) their
economic activities to match both their needs and preferences, depend-
ing strongly on their culture and values. Discussions about geoengineering
approaches to mitigate anthropogenic climate change are an example of
this approach (Corner and Pidgeon 2010; Lawrence et al. 2018).
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To handle intersections of humankind’s activity with the geosphere
effectively, citizens would benefit from re-imagining them as being part
of their daily activities. To that end, telling stories about these intersec-
tions has to be society-centric and Earth-centric (Bohle et al. 2017).

As most people will live in cities, narratives that address them as
urbanites are particularly needed. Also, the involvement of influential
social groups is needed—usually urbanite with access to a high density of
attractively packaged information of reliable or spurious content. People
like digestible multi-faceted messages that are connected to the daily
life of their social groups. Hence, their understanding of anthropogenic
global change requires an attractive society-centricity to narratives; a bare
Earth-centric story would not be compelling. Under such circumstances,
narratives with a double Earth-centric and society-centric focus provide
citizens with opportunities to develop an informed position regarding
governance of anthropogenic global change, building on understand-
ing both relevant Earth system dynamics and the appropriateness of val-
ue-systems or practices that have grown over the centuries (Hauser et al.
2014; Lanza 2014; von Storch et al. 2015). To that end, such narratives
should also engage those who have more or less expert-knowledge, are
practitioners or embody traditional knowledge, or share views of lobbies
or political representatives (Hulme 2011).

344 A Framework for Society-Earth-Centric Narvatives

The thoughts presented in the previous sections suggest a framework for
society—Earth-centric narratives.

First, people shape their environment in response to their needs and
perceptions as recognised by them through the filter of their worldviews
and biases. The activities of present-day people intersect heavily with the
geosphere. To ignore these intersections is not a viable option for them.

Second, experiences suggest that storytelling is useful for analysing the
complexities of human experiences. Narratives provide cognitive tools
for developing and expressing values, worldviews and beliefs, which in
turn shape individual and societal perspectives. Storytelling is a means
to develop abstract mental concepts, to compare observations, to con-
struct critical thoughts or creative ideas, to assess cultural and social con-
texts and to make value statements. Furthermore, the ability to share
narratives is a skilful human practice that allows us to show our affective
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relations, to describe our perception of values in different contexts and
to spread or to challenge the application of both. People reinforce com-
mon views and values by sharing narratives.

Third, people’s narratives about the intersections of their activities with
the geosphere have evolved throughout history. Narratives of former times
about supernatural agents ruling these intersections have been replaced by
scientific descriptions and by the integration of traditional and scientifically
valid knowledge-based narratives. These modern, content-rich, Earth-
centric narratives can be harnessed to make people aware of those intersec-
tions. Such narratives do not need to employ metaphysical persuasion to
enforce responsible behaviour or sustainable practices.

Fourth, to make choices and to manage uncertainties, many would
benefit from understanding matters such as: How do the intersections of
human activity and the geosphere function? What impacts on the econ-
omy and living conditions are possible? What are the options for mitiga-
tion or adaptation? What are the costs and consequences? What are the
consequences of a ‘business as usual’ approach? Decision-makers, power-
ful individuals and elites as well as ordinary people will make their choice
based on facts and value-laden worldviews. The latter will have regard
to what they consider to be a satistying life—for them, their relatives,
their group or other people. Beyond such an ambivalent basis for making
choices, these value-laden worldviews also determine what an individual
may perceive as constituting factual knowledge or uncertainty. Narratives
about the intersections of human activity and the geosphere contextual-
ise facts within the common value-laden frame of reference of citizens.

Fifth, to create public awareness for narratives relating the nature of
the intersections of people’s activities and the geosphere, a double bear-
ing is needed. Narratives must be both Earth-centric and society-centric.
Society—Earth-centric narratives raise awareness of the specific processes
or phenomena at the intersections of the geosphere and people’s activ-
ities (e.g., engineered infrastructures, production of goods and services,
arts, politics, social activity or daily lifestyles), and weave into the sphere
of people—people intersections, including cognitive and affective relations.

Sixth, society—Earth-centric narratives benefit from geoscience know-
how that is relevant for both economic development and cultural val-
ue-setting. Geoscience knowledge has many bearings on the production
of goods, on living conditions or individual well-being, on the functioning
of the Earth system and on the impact of humankind’s activities on the
Earth system or the evolution of life-bearing planets. When interwoven
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with the arts, linguistics and cultural histories, this multiple bearing offers
a rich matrix for society—Earth-centric narratives of people’s intersections
with the geosphere.

Seventh, critical features of society—Earth-centric narratives seem
to be: (1) a relevance for ordinary everyday matters and regular public
presentation of work undertaken by geoscientists, (2) contribution to a
broad range of value-related subjects (e.g., economic usefulness or eth-
ical matters), and (3) addressing urbanites and their lifestyles to convey
the essence of the narrative.

3.4.5 Outlook

Modern geoscience narratives should influence practices regarding how
people’s activities intersect with the geosphere. To that end, geoethical
thinking calls for society—Earth-centric narratives that offer a full range of
perspectives beyond geoscience know-how. Diverse narratives can draw
on a broad range of perspectives, such as: (1) beauty or particularity of
ordinary or unusual geoscience phenomena, (2) evaluating hazards for
or from mundane environments, (3) relevance for everyday matters, (4)
creating value, and (5) relating to people—people interactions. Likewise,
these narratives can draw on the arts, humanities, history and philosophy
to couple the mainstream of people—people interactions with their expe-
riential connections with the geosphere.

REFERENCES

Abd-El Monsef, H., Smith, S. E.; & Darwish, K. (2015). Impacts of the Aswan
High Dam After 50 Years. Water Resources Management, 29(6), 1873-1885.
https://doi.org,/10.1007 /s11269-015-0916-z.

Aceves-Bueno, E., Adeleye, A. S., Bradley, D., Tyler Brandt, W., Callery, P.,
Feraud, M., etal. (2015). Citizen Science as an Approach for Overcoming
Insufficient Monitoring and Inadequate Stakeholder Buy-In in Adaptive
Management: Criteria and Evidence. Ecosystems, 18(3), 493-506. https://
doi.org,/10.1007/5s10021-015-9842-4.

Allenby, B. R., & Sarewitz, D. (2011). The Techno-Human Condition (240pp.).
Cambridge: MIT Press. ISBN: 9780262015691.

Arroyo, K. K. (2017). Creative Policymaking: Taking the Lessons of Creative
Placemaking to Scale. Artivate: A Journal of Arts Innovation and
Entrepreneurship, 6(2), 58-72.


http://dx.doi.org/10.1007/s11269-015-0916-z
http://dx.doi.org/10.1007/s10021-015-9842-4
http://dx.doi.org/10.1007/s10021-015-9842-4

118 M.BOHLE AND R. PREISER

Audouin, M., Preiser, R., Nienaber, S., Downsborough, L., Lanz, J., &
Mavengahama, S. (2013). Exploring the Implications of Critical Complexity
for the Study of Social-Ecological Systems. Ecology and Society, 18(3), 12.
https://doi.org/10.5751 /ES-05434-180312.

Auster, D. J., Fujita, R., Kellert, S. R., Avise, J., Campagna, C., Cuker, B., et al.
(2009). Developing an Ocean Ethic: Science, Utility, Aesthetics, Self-Interest,
and Different Ways of Knowing. Conservation Biology, 23(1), 233-235.
https://doi.org,/10.1111/j.1523-1739.2008.01057 x.

Autin, W. J. (2016). Multiple Dichotomies of the Anthropocene. The
Anthropocene Review, 3(3), 218-230. https://doi.org/10.1177,/2053019
616646133.

Ball, P. (2005). The Earth Moves Most for Humans. Nature, published online
7 March 2015. https://doi.org,/10.1038 /news050307-2.

Barnosky, A. D., Hadly, E. A., Bascompte, J., Berlow, E. L., Brown, J. H.,
Fortelius, M., etal. (2012). Approaching a State Shift in Earth’s Biosphere.
Nature, 486, 52-58. https://doi.org,/10.1038 /nature11018.

Bauer, P, Thorpe, A., & Brunet, G. (2015). The Quiet Revolution of Numerical
Weather Prediction. Nature, 525,47-55. https://doi.org,/10.1038 /nature14956.

Bauman, W. (2015). Climate Weirding and Queering Nature: Getting Beyond the
Anthropocene. Religions, 6(2), 742-754. https://doi.org,/10.3390,/rel6020742.

Bergthaller, H., Emmett, R., Johns-Putra, A., Kneitz, A., Lidstrém, S.,
McCorristine, S., etal. (2014). Mapping Common Ground: Ecocriticism,
Environmental History, and the Environmental Humanities. Environmental
Humanities, 5(1), 261-276. https://doi.org,/10.1215,/22011919-3615505.

Biermann, F. (2014). Earth System Governance: World Politics in the Anthropocene
(288pp.). Cambridge: MIT Press. ISBN 9780262028226.

Biermann, F., Abbott, K., Andresen, S., Backstrand, K., Bernstein, S., Betsill,
M. M., etal. (2012). Navigating the Anthropocene: Improving Earth System
Governance. Science, 3356074), 1306-1307. https://doi.org/10.1126/
science.1217255.

Biggs, R. (Oonsie), Rhode, C., Archibald, S., Kunene, L. M., Mutanga, S. S.,
Nkuna, N., et al. (2015). Strategies for Managing Complex Social-Ecological
Systems in the Face of Uncertainty: Examples from South Africa and Beyond.
Ecology and Society, 20(1), 52. https: //doi.org,/10.5751 /ES-07380-200152.

Bobrowsky, P., Cronin, V., Di Capua, G., Kieffer, S., & Peppoloni, S. (2017).
The Emerging Field of Geoethics. In Scientific Integrity and Ethics: With
Applications to the Geosciences (pp. 175-212). Special Publications 73.
Washington, DC: American Geophysical Union; Hoboken, NJ: Wiley.
https://doi.org,/10.1002,/9781119067825.ch11.

Bohle, M. (2015). Simple Geoethics: An Essay on Daily Earth Science. In
Geoethics: The Role and Responsibility of Geoscientists (pp. 5-12), Geological
Society of London. Special Publications 419. https://doi.org,/10.1144/
SP419.3.


http://dx.doi.org/10.5751/ES-05434-180312
http://dx.doi.org/10.1111/j.1523-1739.2008.01057.x
http://dx.doi.org/10.1177/2053019616646133
http://dx.doi.org/10.1177/2053019616646133
http://dx.doi.org/10.1038/news050307-2
http://dx.doi.org/10.1038/nature11018
http://dx.doi.org/10.1038/nature14956
http://dx.doi.org/10.3390/rel6020742
http://dx.doi.org/10.1215/22011919-3615505
http://dx.doi.org/10.1126/science.1217255
http://dx.doi.org/10.1126/science.1217255
http://dx.doi.org/10.5751/ES-07380-200152
http://dx.doi.org/10.1002/9781119067825.ch11
http://dx.doi.org/10.1144/SP419.3
http://dx.doi.org/10.1144/SP419.3

3 EXPLORING SOCIETAL INTERSECTIONS OF GEOETHICAL THINKING 119

Bohle, M. (2016). Handling of Human-Geosphere Intersections. Geosciences,
6(1), 3. https: //doi.org,/10.3390 /geosciences6010003.

Bohle, M. (2017). Ideal-Type Narratives for Engineering a Human Niche.
Geosciences, 7(1), 18. https://doi.org,/10.3390/geosciences7010018.

Bohle, M. (2018). One Realm: Thinking Geoethically and Guiding Small-Scale
Fisheries? The European Journal of Development Research, 1-39. https://doi.
org,/10.1057 /s41287-018-0146-3.

Bohle, M., & Ellis, E. C. (2017). Furthering Ethical Requirements for Applied
Earth Science. In Geoethics at the Heart of All Geoscience. Annals of Geophysics,
60(7). https: //doi.org,/10.4401 /ag-7401.

Bohle, M., Sibilla, A., & Casals I Graels, R. (2017). A Concept of Society-Earth-
Centric Narratives. In Geoethics at the Heart of All Geoscience. Annals of
Geophysics, 60(7). https://doi.org/10.4401 /ag-7358.

Bonneuil, C., & Fressoz, J.-B. (2013). Lévénement Anthropocéne - La terve, Phis-
toire et mous (320pp.). Le Seuil. ISBN 978-2021135008.

Bonney, R., Shirk, J. L., Phillips, T. B., Wiggins, A., Ballard, H. L., Miller-
Rushing, A. J., etal. (2014). Next Steps for Citizen Science. Science,
343(6178), 1436-1437. https://doi.org/10.1126 /science.1251554.

Boon, J. (2015). Corporate Social Responsibility, Relationships and the Course of
Events in Mineral Exploration—An Exploratory Study. https: //curve.carleton.
ca/6c6598d4-c436-409¢-9bal-40dea2d37d2c.

Botero, C. A., Gardner, B., Kirby, K. R., Bulbulia, J., Gavin, M. C., & Gray,
R. D. (2014). The Ecology of Religious Beliefs. Proceedings of the National
Academy of Sciences, 111(47), 16784-16789. https://doi.org,/10.1073/
pnas.1408701111.

Bronk, D. W. (1975). The National Science Foundaton: Origins, Hopes, and
Aspirations. Science, 188(4187), 409—414.

Brown, A. (2012). Just Enough: Lessons in Living Green from Traditional Japan.
North Clarendon: Tuttle Publishing. ISBN 978-1-4629-1179-0.

Brown, P. G., & Schmidt, J. J. (2014). Living in the Anthropocene: Business
as Usual, or Compassionate Retreat? In State of the World 2014 (pp. 63-71).
Washington, DC: Island Press. https://doi.org/10.5822,/978-1-61091-
542-7_6.

Brown, S., Nicholls, R. J., Hanson, S., Brundrit, G., Dearing, J. A., Dickson,
M. E,, etal. (2014). Shifting Perspectives on Coastal Impacts and Adaptation.
Nature Climate Change, 49), 752-755. https://doi.org/10.1038/
nclimate2344.

Brown, A. G., Tooth, S., Bullard, J. E., Thomas, D. S. G., Chiverrell, R. C.,
Plater, A. J., etal. (2017). The Geomorphology of the Anthropocene:
Emergence, Status and Implications. Earth Surface Processes and Landforms,
42(1), 71-90. https://doi.org,/10.1002 /esp.3943.


http://dx.doi.org/10.3390/geosciences6010003
http://dx.doi.org/10.3390/geosciences7010018
http://dx.doi.org/10.1057/s41287-018-0146-3
http://dx.doi.org/10.1057/s41287-018-0146-3
http://dx.doi.org/10.4401/ag-7401
http://dx.doi.org/10.4401/ag-7358
http://dx.doi.org/10.1126/science.1251554
https://curve.carleton.ca/6c6598d4-c436-409e-9ba1-40dea2d37d2c
https://curve.carleton.ca/6c6598d4-c436-409e-9ba1-40dea2d37d2c
http://dx.doi.org/10.1073/pnas.1408701111
http://dx.doi.org/10.1073/pnas.1408701111
http://dx.doi.org/10.5822/978-1-61091-542-7_6
http://dx.doi.org/10.5822/978-1-61091-542-7_6
http://dx.doi.org/10.1038/nclimate2344
http://dx.doi.org/10.1038/nclimate2344
http://dx.doi.org/10.1002/esp.3943

120 M. BOHLE AND R. PREISER

Bugge, M., Hansen, T., & Klitkou, A. (2016). What Is the Bioeconomy:?
A Review of the Literature. Swustainability, 87), 691. https://doi.
org,/10.3390,/5u8070691.

Buhmann, K. (2016). Public Regulators and CSR: The ‘Social Licence to
Operate’ in Recent United Nations Instruments on Business and Human
Rights and the Juridification of CSR. Journal of Business Ethics, 136(4), 699—
714. https://doi.org,/10.1007 /s10551-015-2869-9.

Buytaert, W., Zulkafli, Z., Grainger, S., Acosta, L., Alemie, T. C., Bastiaensen,
J., etal. (2014). Citizen Science in Hydrology and Water Resources:
Opportunities for Knowledge Generation, Ecosystem Service Management,
and Sustainable Development. Frontiers in Earth Science, 2, 1-21. https://
doi.org,/10.3389 /feart.2014.00026.

Cairney, P. (2016). The Politics of Evidence-Based Policy Making. London:
Palgrave Pivot. ISBN 978-1-137-51780-7. https://doi.org,/10.1057 /978-1-
137-51781-4.

Campbell, L. M., Gray, N. J., Fairbanks, L., Silver, J. J., Gruby, R. L., Dubik,
B. A, etal. (2016). Global Oceans Governance: New and Emerging Issues.
Annual Review of Environment and Resources, 41(1), 517-543. https://doi.
org/10.1146/annurev-environ-102014-021121.

Cardinale, B. J., Duffy, J. E., Gonzalez, A., Hooper, D. U., Perrings, C., Venalil,
P., etal. (2012). Biodiversity Loss and Its Impact on Humanity. Nazure, 486,
59-67. https://doi.org,/10.1038 /nature11148.

Carpentier, J., Lebrun, F., & Arrignon, J.-P. (1992). Histoire de PEurope
(620pp.). Paris: Editions du Seuil.

Cashion, T., Al-Abdulrazzak, D., Belhabib, D., Derrick, B., Divovich, E.,
Moutopoulos, D. K., etal. (2018). Reconstructing Global Marine Fishing
Gear Use: Catches and Landed Values by Gear Type and Sector. Fisheries
Research, 206, 57-64. https://doi.org,/10.1016/j.fishres.2018.04.010.

Castree, N. (2017). Speaking for the ‘People Disciplines’: Global Change
Science and Its Human Dimensions. The Anthropocene Review, 43), 160-
182. https://doi.org,/10.1177 /2053019617734249.

Catlin, K. A. (2016). Archacology for the Anthropocene: Scale, Soil, and the
Settlement of Iceland. Anthropocene, 15, 13-21. https://doi.org,/10.1016/j.
ancene.2015.12.005.

Chakrabarty, D. (2016). Whose Anthropocene? A Response. RCC Perspectives, 2,
101-114. http://www.jstor.org/stable /26241365.

Chew, S., & Sarabia, D. (2016). Nature-Culture Relations: Early Globalization,
Climate Changes, and System Crisis. Sustainability, 8(1), 78. https://doi.
org/10.3390,/5u8010078.

Chuenpagdee, R., & Jentoft, S. (2013). Assessing Governability—
What’s Next. In Governability of Fisheries and Agquacniture: Theory and
Applications (pp. 335-349). Dordrecht: Springer Netherlands. https://doi.
org,/10.1007/978-94-007-6107-0_18.


http://dx.doi.org/10.3390/su8070691
http://dx.doi.org/10.3390/su8070691
http://dx.doi.org/10.1007/s10551-015-2869-9
http://dx.doi.org/10.3389/feart.2014.00026
http://dx.doi.org/10.3389/feart.2014.00026
http://dx.doi.org/10.1057/978-1-137-51781-4
http://dx.doi.org/10.1057/978-1-137-51781-4
http://dx.doi.org/10.1146/annurev-environ-102014-021121
http://dx.doi.org/10.1146/annurev-environ-102014-021121
http://dx.doi.org/10.1038/nature11148
http://dx.doi.org/10.1016/j.fishres.2018.04.010
http://dx.doi.org/10.1177/2053019617734249
http://dx.doi.org/10.1016/j.ancene.2015.12.005
http://dx.doi.org/10.1016/j.ancene.2015.12.005
http://www.jstor.org/stable/26241365
http://dx.doi.org/10.3390/su8010078
http://dx.doi.org/10.3390/su8010078
http://dx.doi.org/10.1007/978-94-007-6107-0_18
http://dx.doi.org/10.1007/978-94-007-6107-0_18

3 EXPLORING SOCIETAL INTERSECTIONS OF GEOETHICAL THINKING 121

Chung, S. Y., Ehrenfreund, P., Rummel, J. D., & Peter, N. (2010). Synergies
of Earth Science and Space Exploration. Advances in Space Research, 45(1),
155-168. https://doi.org,/10.1016/j.asr.2009.10.025.

Clark, N., & Gunaratnam, Y. (2017). Earthing the Anthropos? From ‘Socializing
the Anthropocene’ to Geologizing the Social. European Journal of Social
Theory, 20(1), 146-163. https: //doi.org,/10.1177/1368431016661337.

Corner, A. J., & Pidgeon, N. F. (2010). Geoengineering the Climate: The Social
and Ethical Implications. Environment: Science and Policy for Sustainable
Development, 52(1), 24-37. https://doi.org,/10.1080,/00139150903479563.

Dangendorf, S., Marcos, M., Woppelmann, G., Conrad, C. P., Frederikse, T.,
& Riva, R. (2017). Reassessment of 20th Century Global Mean Sea Level
Rise. Proceedings of the National Academy of Sciences, 114(23), 5946-5951.
https://doi.org,/10.1073 /pnas.1616007114.

Dare, M. (Lain), Schirmer, J., & Vanclay, F. (2014). Community Engagement
and Social Licence to Operate. Impact Assessment and Project Approisal,
32(3), 188-197. https://doi.org,/10.1080,/14615517.2014.927108.

David, P. A., & Foray, D. (2002). An Introduction to the Economy of the
Knowledge Society. International Social Science Journal, 54171), 9-23.
https://doi.org/10.1111/1468-2451.00355.

Descola, P. (1986). La Nature Domestique: Symbolism et praxis dans Pecologie des
Achuar (452pp.). Paris: Editions de la Maison des sciences de I’lhomme. ISBN
978-2-7351-1057-5.

Descola, P. (2011). L’ecologie des aumtres: Panthropologie et ln question de ln
nature (112pp.). Paris: Editions Qua. ISBN 978-2759224661. https://doi.
org/10.3917 /quae.desco.2011.01.0001.

Di Baldassarre, G., Viglione, A., Carr, G., Kuil, L., Yan, K., Brandimarte,
L., etal. (2015). Debates-Perspectives on Socio-Hydrology: Capturing
Feedbacks Between Physical and Social Processes. Water Resources Research,
51(6),4770-4781. https://doi.org,/10.1002 /2014WR016416.

Di Capua, G., & Peppoloni, S. (2014). Geoethical Aspects in the Natural
Hazards Management. In Engineering Geology for Society and Territory—
Volume 7, Education, Professional Ethics and Public Recognition of Engineering
Geology (pp. 59-62). Cham: Springer International Publishing. https://doi.
org/10.1007 /978-3-319-09303-1_11.

Diamond, J. (2005). Collapse: How Societies Choose to Fail or Succeed [Survive/
(608pp.). Reprint edition in 2011. New York: Viking Penguin. ISBN
978-0241958681.

Direccién de Hidrografia. (1863). Conferencia de Bruselas y modelo del extracto
del diario meteorologico. Anuario de la Direction de Hidrografin (pp. 191-
205). Imp. de T. Forteney: Liberal (Madrid).

Donia, N. (2013). Aswan High Dam Reservoir Management System. Journal
of  Hydroinformatics, 15(4), 1491-1510. https://doi.org/10.2166/
hydro.2013.003.


http://dx.doi.org/10.1016/j.asr.2009.10.025
http://dx.doi.org/10.1177/1368431016661337
http://dx.doi.org/10.1080/00139150903479563
http://dx.doi.org/10.1073/pnas.1616007114
http://dx.doi.org/10.1080/14615517.2014.927108
http://dx.doi.org/10.1111/1468-2451.00355
http://dx.doi.org/10.3917/quae.desco.2011.01.0001
http://dx.doi.org/10.3917/quae.desco.2011.01.0001
http://dx.doi.org/10.1002/2014WR016416
http://dx.doi.org/10.1007/978-3-319-09303-1_11
http://dx.doi.org/10.1007/978-3-319-09303-1_11
http://dx.doi.org/10.2166/hydro.2013.003
http://dx.doi.org/10.2166/hydro.2013.003

122 M. BOHLE AND R. PREISER

Druguet, E., Passchier, C. W., Pennacchioni, G., & Carreras, J. (2013).
Geoethical Education: A Critical Issue for Geoconservation. Episodes, 36(1),
11-18.

Duarte, C. M. (2014). Global Change and the Future Ocean: A Grand
Challenge for Marine Sciences. Frontiers in Marine Science, 1, 1-16. https://
doi.org,/10.3389 /fmars.2014.00063.

Durand, G. (1960). Les structures anthropologiques de Pimaginaire: introduc-
tion a Parvchétypologie générale (512pp.). le éd. Paris: Presses Universitaires de
France.

Edenhofer, O., & Kowarsch, M. (2015). Cartography of Policy Paths: A Model
for Solution-Oriented Environmental Assessments. Environmental Science &
Policy, 51, 56—64. https://doi.org/10.1016 /j.envsci.2015.03.017.

Ehrlich, P. R., Kareiva, P. M., & Daily, G. C. (2012). Securing Natural Capital
and Expanding Equity to Rescale Civilization. Nature, 486, 68-73. https://
doi.org,/10.1038 /nature11157.

Eitzel, M. V., Cappadonna, J. L., Santos-Lang, C., Duerr, R. E., Virapongse, A.,
West, S. E., etal. (2017). Citizen Science Terminology Matters: Exploring
Key Terms. Citizen Science: Theory and Practice, 2(1), 1. https://doi.
org/10.5334 /cstp.96.

El-Chichakli, B., von Braun, J., Lang, C., Barben, D., & Philp, J. (2016). Policy:
Five Cornerstones of a Global Bioeconomy. Nature, 535(7611), 221-223.
https://doi.org,/10.1038 /535221a.

Ellis, E. C. (2011). Anthropogenic Transformation of the Terrestrial Biosphere.
Philosophical Transactions of the Royal Society A: Mathematical, Physical and
Engineering Sciences, 369(1938), 1010-1035. https://doi.org/10.1098/
rsta.2010.0331.

Ellis, E. C. (2015). Ecology in an Anthropogenic Biosphere. Ecological
Monographs, 85(3), 287-331. https://doi.org/10.1890,/14-2274.1.

Ellis, E. C., Kaplan, J. O., Fuller, D. Q., Vavrus, S., Klein Goldewijk, K.,
& Verburg, P. H. (2013). Used Planet: A Global History. Proceedings
of the National Academy of Sciences, 110(20), 7978-7985. https://doi.
org,/10.1073/pnas.1217241110.

Ellis, E. C., Richerson, P. J., Mesoudi, A., Svenning, J.-C., Odling-Smee, J.,
& Burnside, W. R. (2016). Evolving the Human Niche. Proceedings of
the National Academy of Sciences, 113(31), E4436-E4436. https://doi.
org,/10.1073 /pnas.1609425113.

Elmqyist, T., Bai, X., Frantzeskaki, N., Griffith, C.; Maddox, D., McPhearson,
T., etal. (Eds.). (2018). Urban Planet: Knowledge Towards Sustainable Cities.
Cambridge: Cambridge University Press. ISBN 978-1316647554. https://
doi.org,/10.1017,/9781316647554.

Fabietti, U., & Remotti, F. (1997). Dizionario di Antropologia. Bologna:
Zanichelli.


http://dx.doi.org/10.3389/fmars.2014.00063
http://dx.doi.org/10.3389/fmars.2014.00063
http://dx.doi.org/10.1016/j.envsci.2015.03.017
http://dx.doi.org/10.1038/nature11157
http://dx.doi.org/10.1038/nature11157
http://dx.doi.org/10.5334/cstp.96
http://dx.doi.org/10.5334/cstp.96
http://dx.doi.org/10.1038/535221a
http://dx.doi.org/10.1098/rsta.2010.0331
http://dx.doi.org/10.1098/rsta.2010.0331
http://dx.doi.org/10.1890/14-2274.1
http://dx.doi.org/10.1073/pnas.1217241110
http://dx.doi.org/10.1073/pnas.1217241110
http://dx.doi.org/10.1073/pnas.1609425113
http://dx.doi.org/10.1073/pnas.1609425113
http://dx.doi.org/10.1017/9781316647554
http://dx.doi.org/10.1017/9781316647554

3 EXPLORING SOCIETAL INTERSECTIONS OF GEOETHICAL THINKING 123

Falck, W. E. (2016). Social Licencing in Mining-Between Ethical Dilemmas and
Economic Risk Management. Mineral Economics, 29(2-3), 97-104. https://
doi.org,/10.1007,/513563-016-0089-0.

Fiedler, J. W., & Conrad, C. P. (2010). Spatial Variability of Sea Level Rise Due
to Water Impoundment Behind Dams. Geophysical Research Letters, 37(12),
L12603, 1-6. https://doi.org,/10.1029 /2010GL043462.

Finney, S. C., & Edwards, L. E. (2016). The “Anthropocene” Epoch: Scientific
Decision or Political Statement? GSA Today, 26(3), 4-10. https://doi.
org/10.1130/GSATG270A.1.

Fischer, J., Gardner, T. A., Bennett, E. M., Balvanera, P., Biggs, R., Carpenter,
S., etal. (2015). Advancing Sustainability Through Mainstreaming a
Social-Ecological Systems Perspective. Current Opinion in Environmental
Sustainability, 14, 144-149. https: //doi.org,/10.1016/j.cosust.2015.06.002.

Foley, S. F., Gronenborn, D., Andreae, M. O., Kadereit, J. W., Esper, ]J.,
Scholz, D., etal. (2013). The Palacoanthropocene—The Beginnings of
Anthropogenic Environmental Change. Anthropocene, 3, 83-88. https://doi.
org/10.1016/j.ancene.2013.11.002.

Follett, R., & Strezov, V. (2015). An Analysis of Citizen Science Based Research:
Usage and Publication Patterns. PLoS One, 10(11), ¢0143687. https://doi.
org/10.1371 /journal.pone.0143687.

Fressoz, J.-B. (2012). L’Apocalypse joyeuse - Une histoire du risque technologique
(320pp.). L’univers historique /Le Seuil. ISBN 978-2021056983.

Fuentes, A. (2016). The Extended Evolutionary Synthesis, Ethnography, and the
Human Niche: Toward an Integrated Anthropology. Current Anthropology,
57(813), S13-826. https://doi.org,/10.1086,/685684.

Galaz, V., Moberg, F., Olsson, E.-K., Paglia, E., & Parker, C. (2011).
Institutional and  Political Leadership Dimensions of Cascading
Ecological Crises. Public Administration, 89(2), 361-380. https://doi.
org/10.1111/.1467-9299.2010.01883 x.

Galaz, V., Biermann, F., Crona, B., Loorbach, D., Folke, C., Olsson, P,
etal. (2012). ‘Planetary Boundaries’—Exploring the Challenges for
Global Environmental Governance. Current Opinion in Environmental
Sustainability, 41), 80-87. https://doi.org,/10.1016/j.cosust.2012.01.006.

George, A. (2000). The Epic of Gilgamesh: A New Translation (288pp.). London:
Penguin Classics. ISBN 978-0140447217.

Gibson-Graham, J. K., & Roelvink, G. (2010). An Economic Ethics
for the Anthropocene. Antipode, 41(S1), 320-346. https://doi.
org/10.1111/j.1467-8330.2009.00728 .x.

Golden, J. S., Virdin, J., Nowacek, D., Halpin, P., Bennear, L., & Patil, P.
G. (2017). Making Sure the Blue Economy Is Green. Nature Ecology &
Evolution, 1(2), Article 0017. https://doi.org,/10.1038 /s41559-016-0017.

Goldsmith, E., Allen, R., Allaby, M., Davol, J., & Lawrence, S. (1972). Planspiel
zum Uberleben. Stuttgart: Deutsche Verlags-Anstalt. ISBN 978-3421026385.


http://dx.doi.org/10.1007/s13563-016-0089-0
http://dx.doi.org/10.1007/s13563-016-0089-0
http://dx.doi.org/10.1029/2010GL043462
http://dx.doi.org/10.1130/GSATG270A.1
http://dx.doi.org/10.1130/GSATG270A.1
http://dx.doi.org/10.1016/j.cosust.2015.06.002
http://dx.doi.org/10.1016/j.ancene.2013.11.002
http://dx.doi.org/10.1016/j.ancene.2013.11.002
http://dx.doi.org/10.1371/journal.pone.0143687
http://dx.doi.org/10.1371/journal.pone.0143687
http://dx.doi.org/10.1086/685684
http://dx.doi.org/10.1111/j.1467-9299.2010.01883.x
http://dx.doi.org/10.1111/j.1467-9299.2010.01883.x
http://dx.doi.org/10.1016/j.cosust.2012.01.006
http://dx.doi.org/10.1111/j.1467-8330.2009.00728.x
http://dx.doi.org/10.1111/j.1467-8330.2009.00728.x
http://dx.doi.org/10.1038/s41559-016-0017

124 M. BOHLE AND R. PREISER

Grey, F., Wyler, D., Frohlich, J., & Maes, K. (2016). Citizen Science at
Universities: Trends, Guidelines and Recommendations. https://www.leru.
org/publications /citizen-science-at-universities-trends-guidelines-and-recom-
mendations#.

Hall, N., Lacey, J., Carr-Cornish, S., & Dowd, A.-M. (2015). Social Licence to
Operate: Understanding How a Concept Has Been Translated into Practice in
Energy Industries. Journal of Cleaner Production, 86, 301-310. https://doi.
org/10.1016/j.jclepro.2014.08.020.

Himildinen, T. J. (2015). Governance Solutions for Wicked Problems:
Metropolitan Innovation Ecosystems as Frontrunners to Sustainable Well-
Being. Technology Innovation Management Review, 5(10), 31-41. http: //doi.
org/10.22215 /timreview,/935.

Hamilton, C. (2017). Defiant Earth—The Fate of Humans in the Anthropocene
(200pp.). Cambridge: Wiley, Polity Press. ISBN 978-1509519750.

Hamilton, C., & Grinevald, J. (2015). Was the Anthropocene
Anticipated?  The Anthropocene Review, 2(1), 59-72. https://doi.
org/10.1177/2053019614567155.

Hamilton, C., Bonneuil, C., & Gemenne, F. (2015). Thinking the
Anthropocene. In The Anthropocene and the Global Environmental Crisis:
Rethinking Modernity in a New Epoch (pp. 1-13). London: Routledge. ISBN
978-1138821231.

Haraway, D. (2015). Anthropocene, Capitalocene, Plantationocene,
Chthulucene: Making Kin. Environmental Humanities, 6(1), 159-165.
https://doi.org,/10.1215,/22011919-3615934.

Hauser, O. P, Rand, D. G., Peysakhovich, A., & Nowak, M. A. (2014).
Cooperating  with the Future. Nature, 511, 220-223. https://doi.
org,/10.1038 /nature13530.

Hazen, R. M. (2012). The Story of Earth: The First 4.5 Billion Years, from
Stardust to Living Planet (306pp.). New York, NY: Viking Penguin Group.
ISBN 978-1-101-58068-4.

Head, B. W., & Xiang, W.-N. (2016). Why Is an APT Approach to Wicked
Problems Important? Landscape and Urban Planning, 154, 4-7. https: //doi.
org/10.1016/j.landurbplan.2016.03.018.

Heede, R. (2014). Tracing Anthropogenic Carbon Dioxide and Methane
Emissions to Fossil Fuel and Cement Producers, 1854-2010. Climatic
Change, 122(1-2), 229-241. https://doi.org,/10.1007 /s10584-013-0986-y.

Hino, M., Field, C. B., & Mach, K. J. (2017). Managed Retreat as a Response to
Natural Hazard Risk. Nature Climate Change, 7(5), 364-370. https://doi.
org/10.1038 /nclimate3252.

Homer-Dixon, T., Walker, B., Biggs, R., Crépin, A.-S., Folke, C., Lambin, E.
F., etal. (2015). Synchronous Failure: The Emerging Causal Architecture
of Global Crisis. Ecology and Society, 20(3), 6. https://doi.org/10.5751/
ES-07681-200306.


https://www.leru.org/publications/citizen-science-at-universities-trends-guidelines-and-recommendations
https://www.leru.org/publications/citizen-science-at-universities-trends-guidelines-and-recommendations
https://www.leru.org/publications/citizen-science-at-universities-trends-guidelines-and-recommendations
http://dx.doi.org/10.1016/j.jclepro.2014.08.020
http://dx.doi.org/10.1016/j.jclepro.2014.08.020
http://doi.org/10.22215/timreview/935
http://doi.org/10.22215/timreview/935
http://dx.doi.org/10.1177/2053019614567155
http://dx.doi.org/10.1177/2053019614567155
http://dx.doi.org/10.1215/22011919-3615934
http://dx.doi.org/10.1038/nature13530
http://dx.doi.org/10.1038/nature13530
http://dx.doi.org/10.1016/j.landurbplan.2016.03.018
http://dx.doi.org/10.1016/j.landurbplan.2016.03.018
http://dx.doi.org/10.1007/s10584-013-0986-y
http://dx.doi.org/10.1038/nclimate3252
http://dx.doi.org/10.1038/nclimate3252
http://dx.doi.org/10.5751/ES-07681-200306
http://dx.doi.org/10.5751/ES-07681-200306

3 EXPLORING SOCIETAL INTERSECTIONS OF GEOETHICAL THINKING 125

Hughes, T. P., Barnes, M. L., Bellwood, D. R., Cinner, J. E., Cumming, G. S.,
Jackson, J. B. C., etal. (2017). Coral Reefs in the Anthropocene. Nature,
546, 82-90. https://doi.org,/10.1038 /nature22901.

Hulme, M. (2009). Why We Disagree About Climate Change: Understanding
Controversy, Inaction and Opportunity (428pp.). Cambridge: Cambridge
University Press. ISBN 978-0521727327.

Hulme, M. (2011). Meet the Humanities. Nature Climate Change, 1(4), 177-
179. https://doi.org,/10.1038 /nclimate1150.

Hyder, K., Townhill, B., Anderson, L. G., Delany, J., & Pinnegar, J. K. (2015).
Can Citizen Science Contribute to the Evidence-Base That Underpins
Marine Policy? Marine Policy, 59, 112-120. https://doi.org/10.1016/j.
marpol.2015.04.022.

Ingram, M., Ingram, H., & Lejano, R. (2015). Environmental Action
in the Anthropocene: The Power of Narrative Networks. Journal of
Environmental Policy & Planning, 1-16. https://doi.org,/10.1080,/15239
08X.2015.1113513.

Innes, J. E., & Booher, D. E. (2016). Collaborative Rationality as a Strategy for
Working with Wicked Problems. Landscape and Urban Planning, 154, 8-10.
https://doi.org,/10.1016/j.Jandurbplan.2016.03.016.

Jacobs, J. R. (2014). The Precautionary Principle as a Provisional
Instrument in Environmental Policy: The Montreal Protocol Case Study.
Envivonmental Science & Policy, 37, 161-171. https://doi.org/10.1016/j.
envsci.2013.09.007.

Jaeckel, A., Gjerde, K. M., & Ardron, J. A. (2017). Conserving the Common
Heritage of Humankind—Options for the Deep-Seabed Mining Regime.
Marine  Policy, 78, 150-157. https://doi.org,/10.1016/j.marpol.2017.
01.019.

Jax, K., Barton, D. N., Chan, K. M. A., de Groot, R., Doyle, U., Eser, U., et al.
(2013). Ecosystem Services and Ethics. Ecological Economics, 93, 260-268.
https://doi.org,/10.1016/j.ecolecon.2013.06.008.

Jentoft, S. (2014). Walking the Talk: Implementing the International Voluntary
Guidelines for Securing Sustainable Small-Scale Fisheries. Maritime Studies,
13(1), 16. https://doi.org,/10.1186,/540152-014-0016-3.

Jentoft, S., Chuenpagdee, R., Barragin-Paladines, M. J., & Franz, N. (Eds.).
(2017). The Small-Scale Fisheries Guidelines (Vol. 14). Cham: Springer
International Publishing. ISBN 978-3-319-55073-2. https://doi.org/10.
1007 /978-3-319-55074-9.

Johnson, D. D. P. (2016). Hand of the Gods in Human Civilization. Nazure,
530, 285-287. https://doi.org,/10.1038 /nature16879.

Kleinhans, M. G., Buskes, C. J. J., & de Regt, H. W. (2010). Philosophy of
Earth Science. In Philosophies of the Sciences (pp. 213-236). Oxford, UK:
Wiley-Blackwell. https://doi.org,/10.1002,/9781444315578.ch9.


http://dx.doi.org/10.1038/nature22901
http://dx.doi.org/10.1038/nclimate1150
http://dx.doi.org/10.1016/j.marpol.2015.04.022
http://dx.doi.org/10.1016/j.marpol.2015.04.022
http://dx.doi.org/10.1080/1523908X.2015.1113513
http://dx.doi.org/10.1080/1523908X.2015.1113513
http://dx.doi.org/10.1016/j.landurbplan.2016.03.016
http://dx.doi.org/10.1016/j.envsci.2013.09.007
http://dx.doi.org/10.1016/j.envsci.2013.09.007
http://dx.doi.org/10.1016/j.marpol.2017.01.019
http://dx.doi.org/10.1016/j.marpol.2017.01.019
http://dx.doi.org/10.1016/j.ecolecon.2013.06.008
http://dx.doi.org/10.1186/s40152-014-0016-3
http://dx.doi.org/10.1007/978-3-319-55074-9
http://dx.doi.org/10.1007/978-3-319-55074-9
http://dx.doi.org/10.1038/nature16879
http://dx.doi.org/10.1002/9781444315578.ch9

126 M. BOHLE AND R. PREISER

Korobova, E., & Romanov, S. (2014). Ecogeochemical Exploration
of Noosphere in Light of Ideas of V.I. Vernadsky. Jowrnal of
Geochemical — Exploration, 147(A), 58-64. https://doi.org/10.1016/j.
gexplo.2014.01.024.

Kowarsch, M., Garard, J., Riousset, P., Lenzi, D.; Dorsch, M. J., Knopf,
B., ctal. (2016). Scientific Assessments to Facilitate Deliberative Policy
Learning. Palgrave Communications, 2, 16092. https://doi.org,/10.1057/
palcomms.2016.92.

Kramer, D. B., Hartter, J., Boag, A. E., Jain, M., Stevens, K., Nicholas, K.
A., etal. (2017). Top 40 Questions in Coupled Human and Natural
Systems (CHANS) Research. Ecology and Society, 22(2), 44. https://doi.
org/10.5751 /ES-09429-220244.

Krausmann, F.; Erb, K.-H., Gingrich, S., Haberl, H., Bondeau, A., Gaube,
V., etal. (2013). Global Human Appropriation of Net Primary Production
Doubled in the 20th Century. Proceedings of the National Academy of
Sciences of the United States of America, 110(25), 10324-10329. https://doi.
org/10.1073 /pnas.1211349110.

Krauss, W. (2015). Anthropology in the Anthropocene: Sustainable
Development, Climate Change and Interdisciplinary Research. In Grounding
Global Climate Change: Contributions from the Social and Cultural Sciences
(pp. 59-76). Springer. https://doi.org,/10.1007 /978-94-017-9322-3.

Kullenberg, C., & Kasperowski, D. (2016). What Is Citizen Science:—A
Scientometric Meta-Analysis. PLoS Omne, 1I1(1), ¢0147152. https://doi.
org/10.1371 /journal.pone.0147152.

Kunnas, J. (2017). Storytelling: From the Early Anthropocene to the Good or
the Bad Anthropocene. The Anthropocene Review, 42), 136-150. https://
doi.org,/10.1177,/2053019617725538.

Landes, D. S. (2003). The Unbound Prometheus: Technological Change
and Industrial Development in Western Europe from 1750 to the Present.
Cambridge: Cambridge University Press. ISBN 9780511819957 https://
doi.org,/10.1017/CBO9780511819957.

Langmuir, C., & Broecker, W. (2012). How to Build a Habitable Planet:
The Story of Earth from the Big Bang to Humankind (718pp.). Princeton:
Princeton University Press. ISBN 978-0691140063.

Lanza, T. (2014). Promoting Geo-Awareness to Make Citizens the First
Watchers of the Territory. In Engineering Geology for Society and Territory—
Volume 7, Education, Professional Ethics and Public Recognition of Engineering
Geology (pp. 85-88). Cham: Springer International Publishing. https://doi.
org,/10.1007/978-3-319-09303-1_16.

Latour, B. (2013, February 18-28). Facing Gain: Six Lectures on the Political
Theology of Nature (120pp.). Gifford Lectures on Natural Religion,
Edinburgh. http://www.bruno-latour.fr/sites /default /files /downloads /
GIFFORD-ASSEMBLED.pdf.


http://dx.doi.org/10.1016/j.gexplo.2014.01.024
http://dx.doi.org/10.1016/j.gexplo.2014.01.024
http://dx.doi.org/10.1057/palcomms.2016.92
http://dx.doi.org/10.1057/palcomms.2016.92
http://dx.doi.org/10.5751/ES-09429-220244
http://dx.doi.org/10.5751/ES-09429-220244
http://dx.doi.org/10.1073/pnas.1211349110
http://dx.doi.org/10.1073/pnas.1211349110
http://dx.doi.org/10.1007/978-94-017-9322-3
http://dx.doi.org/10.1371/journal.pone.0147152
http://dx.doi.org/10.1371/journal.pone.0147152
http://dx.doi.org/10.1177/2053019617725538
http://dx.doi.org/10.1177/2053019617725538
http://dx.doi.org/10.1017/CBO9780511819957
http://dx.doi.org/10.1017/CBO9780511819957
http://dx.doi.org/10.1007/978-3-319-09303-1_16
http://dx.doi.org/10.1007/978-3-319-09303-1_16
http://www.bruno-latour.fr/sites/default/files/downloads/GIFFORD-ASSEMBLED.pdf
http://www.bruno-latour.fr/sites/default/files/downloads/GIFFORD-ASSEMBLED.pdf

3 EXPLORING SOCIETAL INTERSECTIONS OF GEOETHICAL THINKING 127

Latour, B. (2015). Face a Gain Huit conférences sur le Nouwvean Régime
Climatique (398pp.). Paris: Editions La Découverte. ISBN 978-2359251081.

Lawrence, M. G., Schifer, S., Muri, H., Scott, V., Oschlies, A., Vaughan, N. E.,
etal. (2018). Evaluating Climate Geoengineering Proposals in the Context
of the Paris Agreement Temperature Goals. Nature Communications, 9(1),
3734. https://doi.org/10.1038 /s41467-018-05938-3.

Lieberman, M. D. (2013). Social: Why Ouwur Brains Ave Wired to Connect
(384pp.). New York: Crown Publishers. ISBN 978-0307889096.

Linton, J., & Budds, J. (2014). The Hydrosocial Cycle: Defining and Mobilizing
a Relational-Dialectical Approach to Water. Geoforum, 57, 170-180. https://
doi.org,/10.1016/j.geoforum.2013.10.008.

Liu, J., Dietz, T., Carpenter, S. R.; Alberti, M., Folke, C., Moran, E., etal.
(2007). Complexity of Coupled Human and Natural Systems. Science,
317(5844), 1513-1516. https://doi.org,/10.1126/science.1144004.

Liu, B., Wang, N., Chen, M., Wu, X., Mo, D., Liu, J., etal. (2017). Earliest
Hydraulic Enterprise in China, 5,100 Years Ago. Proceedings of the National
Academy of Sciences, 11452), 13637-13642. https://doi.org/10.1073/
pnas.1710516114.

Lofstedt, R. (2015). Effective Risk Communication and CCS: The Road to
Success in Europe. Journal of Risk Research, 18(6), 675-691. https://doi.org
/10.1080,/13669877.2015.1017831.

Lorimer, J. (2017). The Anthropo-Scene: A Guide for the Perplexed.
Social  Studies of Science, 47(1), 117-142. https://doi.org/10.1177/
0306312716671039.

Lovbrand, E., Beck, S., Chilvers, J., Forsyth, T., Hedrén, J., Hulme, M., et al.
(2015). Who Speaks for the Future of Earth? How Critical Social Science
Can Extend the Conversation on the Anthropocene. Global Environmental
Change, 32,211-218. https: //doi.org,/10.1016 /j.gloenvcha.2015.03.012.

Lynam, T., & Brown, K. (2012). Mental Models in Human-Environment
Interactions: Theory, Policy Implications, and Methodological Explorations.
Ecology and  Society, 17(3), 3-5. https://doi.org/10.5751/ES-04257-
170324.

Lynch, P. (2008). The Origins of Computer Weather Prediction and Climate
Modeling. Journal of Computational Physics, 227(7), 3431-3444. https://
doi.org,/10.1016/j.jcp.2007.02.034.

Malanima, P. (2010). Europdische Wirtschaftsgeschichte 10-19. Jahrhundert
(493pp.). Wien, Koln, and Weimar: Bohlau Verlag. ISBN 978-3825233778.

Maury, M. E. (1858). Geographie Physique de la Mer (Liberairie). Paris: J.
Correar.

Mayer, T. (2015). Research Integrity: The Bedrock of the Geosciences. In
Geoethics: Ethical Challenges and Case Studies in Earth Sciences (pp. 71-81).
Amsterdam: Elsevier. https://doi.org/10.1016/B978-0-12-799935-
7.00007-1.


http://dx.doi.org/10.1038/s41467-018-05938-3
http://dx.doi.org/10.1016/j.geoforum.2013.10.008
http://dx.doi.org/10.1016/j.geoforum.2013.10.008
http://dx.doi.org/10.1126/science.1144004
http://dx.doi.org/10.1073/pnas.1710516114
http://dx.doi.org/10.1073/pnas.1710516114
http://dx.doi.org/10.1080/13669877.2015.1017831
http://dx.doi.org/10.1080/13669877.2015.1017831
http://dx.doi.org/10.1177/0306312716671039
http://dx.doi.org/10.1177/0306312716671039
http://dx.doi.org/10.1016/j.gloenvcha.2015.03.012
http://dx.doi.org/10.5751/ES-04257-170324
http://dx.doi.org/10.5751/ES-04257-170324
http://dx.doi.org/10.1016/j.jcp.2007.02.034
http://dx.doi.org/10.1016/j.jcp.2007.02.034
http://dx.doi.org/10.1016/B978-0-12-799935-7.00007-1
http://dx.doi.org/10.1016/B978-0-12-799935-7.00007-1

128 M. BOHLE AND R. PREISER

McNie, E. C., Parris, A., & Sarewitz, D. (2016). Improving the Public Value
of Science: A Typology to Inform Discussion, Design and Implementation
of Research. Research Policy, 45(4), 884-895. https://doi.org/10.1016/j.
respol.2016.01.004.

Mee, L. (2012). Between the Devil and the Deep Blue Sea: The Coastal Zone
in an Era of Globalisation. Estuarine, Coastal and Shelf Science, 96, 1-8.
https://doi.org,/10.1016/j.ecss.2010.02.013.

Meller, C., Schill, E., Bremer, J., Kolditz, O., Bleicher, A., Benighaus, C., et al.
(2018). Acceptability of Geothermal Installations: A Geoethical Concept
for GeolaB. Geothermics, 73, 133-145. https://doi.org/10.1016/j.
geothermics.2017.07.008.

Mensing, S., Tunno, I., Cifani, G., Passigli, S., Noble, P.; Archer, C., etal.
(2016). Human and Climatically Induced Environmental Change in the
Mediterranean During the Medieval Climate Anomaly and Little Ice
Age: A Case from Central Italy. Anthropocene, 15, 49-59. https://doi.
org/10.1016/j.ancene.2016.01.003.

Moftat, K., & Zhang, A. (2014). The Paths to Social Licence to Operate: An
Integrative Model Explaining Community Acceptance of Mining. Resources
Policy, 39(1), 61-70. https://doi.org,/10.1016/j.resourpol.2013.11.003.

Moftat, K., Lacey, J., Zhang, A., & Leipold, S. (2016). The Social Licence
to Operate: A Critical Review. Forestry, 89(5), 477-488. https://doi.
org/10.1093 /forestry/cpv044.

Moiseev, N. N. (1989). The Study of the Noosphere--Contemporary
Humanism. International Social Science Journal, 122, 595-6006.

Mokyr, J. (2016a). Institutions and the Origins of the Great Enrichment.
Atlantic  Economic  Jowrnal, 442), 243-259. https://doi.org/10.1007/
$11293-016-9496-4.

Mokyr, J. (2016b). A Culture of Growth: The Origins of the Modern Economy
(400pp.). Princeton: Princeton University Press. ISBN 978-0691168883.

Monastersky, R. (2015). Anthropocene: The Human Age. Nature, 519(7542),
144-147. https://doi.org,/10.1038 /519144a.

Moores, E. M. (1997). Geology and Culture: A Call for Action. GSA Todwy,
(1), 7-11.

Morton, O. (2015). The Planet Remade—How Geoengineering Could
Change the World (440pp.). Princeton: Princeton University Press. ISBN
978-0691148250.

Murphy, C., Gardoni, P., Bashir, H., Harris, C. E., & Masad, E. (2015).
Engineering Ethics for a Globalized World. Part of the Philosophy of
Engineering and Technology book series (POET, Vol. 22). Cham: Springer
International Publishing. ISBN 978-3-319-18259-9. https://doi.org/10.
1007 /978-3-319-18260-5.


http://dx.doi.org/10.1016/j.respol.2016.01.004
http://dx.doi.org/10.1016/j.respol.2016.01.004
http://dx.doi.org/10.1016/j.ecss.2010.02.013
http://dx.doi.org/10.1016/j.geothermics.2017.07.008
http://dx.doi.org/10.1016/j.geothermics.2017.07.008
http://dx.doi.org/10.1016/j.ancene.2016.01.003
http://dx.doi.org/10.1016/j.ancene.2016.01.003
http://dx.doi.org/10.1016/j.resourpol.2013.11.003
http://dx.doi.org/10.1093/forestry/cpv044
http://dx.doi.org/10.1093/forestry/cpv044
http://dx.doi.org/10.1007/s11293-016-9496-4
http://dx.doi.org/10.1007/s11293-016-9496-4
http://dx.doi.org/10.1038/519144a
http://dx.doi.org/10.1007/978-3-319-18260-5
http://dx.doi.org/10.1007/978-3-319-18260-5

3 EXPLORING SOCIETAL INTERSECTIONS OF GEOETHICAL THINKING 129

Newton, A., Carruthers, T. J. B., & Icely, J. (2012). The Coastal Syndromes
and Hotspots on the Coast. Estuarine, Coastal and Shelf Science, 96, 39—47.
https://doi.org,/10.1016/j.ecss.2011.07.012.

Nurmi, P. A. (2017). Green Mining—A Holistic Concept for Sustainable and
Acceptable Mineral Production. In Geoethics at the Heart of All Geoscience.
Annals of Geophysics, 60(7). https://doi.org/10.4401 /ag-7420.

Oldfield, J. D., & Shaw, D. J. B. (2006). V.I. Vernadsky and the Noosphere
Concept: Russian Understandings of Society-Nature Interaction. Geoforum,
37(1), 145-154. https://doi.org,/10.1016 /j.geoforum.2005.01.004.

Olsson, P., Moore, M.-L., Westley, F. R.,; & McCarthy, D. D. P. (2017). The
Concept of the Anthropocene As a Game-Changer: A New Context for Social
Innovation and Transformations to Sustainability. Ecology and Society, 22(2),
31. https://doi.org,/10.5751 /ES-09310-220231.

Orlove, B. (2003). How DPeople Name Seasons. In Weather, Climate,
Culture (pp. 121-140). Oxford and New York: Berg Publishers. ISBN
978-1859736975.

Ott, K. (2014). Institutionalizing Strong Sustainability: A Rawlsian Perspective.
Sustainability, 6(2), 894-912. https://doi.org,/10.3390,/5u6020894.

Owen, J. R, & Kemp, D. (2013). Social Licence and Mining: A Critical
Perspective. Resources Policy, 38(1), 29-35. https://doi.org/10.1016/j.
resourpol.2012.06.016.

Pagel, M. (2012). Wired for Culture: Owigins of the Human Social Mind
(432pp.). New York: W. W. Norton. ISBN 978-0393344202.

Palsson, G., Szerszynski, B., Sorlin, S., Marks, J., Avril, B., Crumley, C.,
etal. (2013). Reconceptualizing the ‘Anthropos’ in the Anthropocene:
Integrating the Social Sciences and Humanities in Global Environmental
Change Research. Environmental Science & Policy, 28, 3—-13. https://doi.
org/10.1016/j.envsci.2012.11.004.

Paul, J. D., Buytaert, W., Allen, S., Ballesteros-Canovas, J. A., Bhusal, J.,
Cieslik, K., etal. (2018). Citizen Science for Hydrological Risk Reduction
and Resilience Building. Wiley Interdisciplinary Reviews: Water, 5(1), ¢1262.
https://doi.org,/10.1002 /wat2.1262.

Pauly, D., & Zeller, D. (2016). Catch Reconstructions Reveal That Global
Marine Fisheries Catches Are Higher Than Reported and Declining. Nature
Communications, 7, 10244. https: / /doi.org,/10.1038 /ncomms10244.

Pearson, P. N., & Palmer, M. R. (2000). Atmospheric Carbon Dioxide
Concentrations Over the Past 60 Million Years. Nature, 4006, 695-699.
https: //doi.org,/10.1038,/35021000.

Peppoloni, S.; & Di Capua, G. (2012). Geoethics and Geological Culture:
Awareness, Responsibility and Challenges. In Geoethics and Geological
Culture. Reflections from the Geoitalia Conference 2011 (pp. 335-341).
Annals of Geophysics, 55(3). https://doi.org/10.4401 /ag-6099.


http://dx.doi.org/10.1016/j.ecss.2011.07.012
http://dx.doi.org/10.4401/ag-7420
http://dx.doi.org/10.1016/j.geoforum.2005.01.004
http://dx.doi.org/10.5751/ES-09310-220231
http://dx.doi.org/10.3390/su6020894
http://dx.doi.org/10.1016/j.resourpol.2012.06.016
http://dx.doi.org/10.1016/j.resourpol.2012.06.016
http://dx.doi.org/10.1016/j.envsci.2012.11.004
http://dx.doi.org/10.1016/j.envsci.2012.11.004
http://dx.doi.org/10.1002/wat2.1262
http://dx.doi.org/10.1038/ncomms10244
http://dx.doi.org/10.1038/35021000
http://dx.doi.org/10.4401/ag-6099

130 M. BOHLE AND R. PREISER

Peppoloni, S., & Di Capua, G. (2015). The Meaning of Geoethics. In Geoethics:
Ethical Challenges and Case Studies in Earth Sciences (pp. 3—14). Amsterdam:
Elsevier. https://doi.org,/10.1016,/B978-0-12-799935-7.00001-0.

Peppoloni, S.; & Di Capua, G. (2016). Geoethics: Ethical, Social, and Cultural
Values in Geosciences Research, Practice, and Education. In Geoscience
for the Public Good and Global Development: Toward a Sustainable Future
(pp- 17-21). Geological Society of America. Special Papers 520. https://doi.
org,/10.1130,/2016.2520(03).

Peppoloni, S., & Di Capua, G. (2017). Geoethics: Ethical, Social and Cultural
Implications in Geosciences. In Geoethics at the Heart of All Geoscience.
Annals of Geophysics, 60(7). https://doi.org,/10.4401 /ag-7473.

Pereira, L. M., Hichert, T., Hamann, M., Preiser, R., & Biggs, R. (2018).
Using Futures Methods to Create Transformative Spaces: Visions of a Good
Anthropocene in Southern Africa. Ecology and Society, 23(1), 19. https://doi.
org/10.5751 /ES-09907-230119.

Pievani, T. (2015). Humans Place in Geophysics: Understanding the Vertigo of
Deep Time. In Geoethics: Ethical Challenges and Case Studies in Earth Sciences
(pp. 57-67). Waltham, MA: Elsevier. https://doi.org,/10.1016/B978-0-12-
799935-7.00006-X.

Pizzorusso, A. (1996). Leonardo’s Geology: The Authenticity of the “Virgin of
the Rocks”. Leonardo, 29(3), 197. https:/ /doi.org,/10.2307 /1576245.

Pizzorusso, A. (2015). Tweeting Da Vinci (244pp.). New York, NY: Da Vinci
Press. ISBN 978-1940613000.

Pollitt, C. (2016). Debate: Climate Change—The Ultimate Wicked Issue. Public
Money & Management, 36(2), 78-80. https://doi.org,/10.1080,/09540962.
2016.1118925.

Potthast, T. (2015). Toward an Inclusive Geoethics—Commonalities of Ethics
in Technology, Science, Business, and Environment. In Geoethics: Ethical
Challenges and Case Studies in Earth Sciences (pp. 49-56). Amsterdam:
Elsevier. https://doi.org/10.1016,/B978-0-12-799935-7.00005-8.

Powell, J., Nash, G., & Bell, P. (2013). GeoExposures: Documenting Temporary
Geological Exposures in Great Britain Through a Citizen-Science Web Site.
Proceedings of the Geologists’ Association, 1244), 638-647. https://doi.
org/10.1016/j.pgeola.2012.04.004.

Preiser, R., Biggs, R., De Vos, A., & Folke, C. (2018). Social-Ecological Systems
as Complex Adaptive Systems: Organizing Principles for Advancing Research
Methods and Approaches. Ecology and Society, 23(4), 46. https://doi.
org/10.5751 /ES-10558-230446.

Press, F. (2008). Earth Science and Society. Nature, 451, 301-303. https://doi.
org/10.1038 /nature06595.

Purdy, J. (2015). After Nature: A Politics for the Amthropocene (326pp.).
Cambridge, MA: Harvard University Press. ISBN 978-0674368224.


http://dx.doi.org/10.1016/B978-0-12-799935-7.00001-0
http://dx.doi.org/10.1130/2016.2520(03)
http://dx.doi.org/10.1130/2016.2520(03)
http://dx.doi.org/10.4401/ag-7473
http://dx.doi.org/10.5751/ES-09907-230119
http://dx.doi.org/10.5751/ES-09907-230119
http://dx.doi.org/10.1016/B978-0-12-799935-7.00006-X
http://dx.doi.org/10.1016/B978-0-12-799935-7.00006-X
http://dx.doi.org/10.2307/1576245
http://dx.doi.org/10.1080/09540962.2016.1118925
http://dx.doi.org/10.1080/09540962.2016.1118925
http://dx.doi.org/10.1016/B978-0-12-799935-7.00005-8
http://dx.doi.org/10.1016/j.pgeola.2012.04.004
http://dx.doi.org/10.1016/j.pgeola.2012.04.004
http://dx.doi.org/10.5751/ES-10558-230446
http://dx.doi.org/10.5751/ES-10558-230446
http://dx.doi.org/10.1038/nature06595
http://dx.doi.org/10.1038/nature06595

3 EXPLORING SOCIETAL INTERSECTIONS OF GEOETHICAL THINKING 131

Purzycki, B. G., Apicella, C., Atkinson, Q. D., Cohen, E., McNamara, R. A.,
Willard, A. K., etal. (2016). Moralistic Gods, Supernatural Punishment and
the Expansion of Human Sociality. Nature, 530, 327-330. https://doi.
org,/10.1038 /nature16980.

Ren, H., Chen, Y.-C., Wang, X. T., Wong, G. T. F., Cohen, A. L., et al. (2017).
21st-Century Rise in Anthropogenic Nitrogen Deposition on a Remote
Coral Reef. Science, 356(6339), 749-752. https://doi.org,/10.1126/science.
2al3869.

Reyers, B., Nel, J. L., O’Farrell, P. J., Sitas, N., & Nel, D. C. (2015). Navigating
Complexity Through Knowledge Coproduction: Mainstreaming Ecosystem
Services into Disaster Risk Reduction. Proceedings of the National Academy of
Sciences, 112(24), 7362-7368. https:/ /doi.org,/10.1073 /pnas.1414374112.

Rickards, L. A. (2015a). Critiquing, Mining and Engaging Anthropocene
Science. Dialogues in Human Geography, 5(3), 337-342. https://doi.
org/10.1177,/2043820615613263.

Rickards, L. A. (2015b). Metaphor and the Anthropocene: Presenting Humans
as a Geological Force. Geographical Research, 53(3), 280-287. https://doi.
org/10.1111,/1745-5871.12128.

Riesch, H., & Potter, C. (2014). Citizen Science as Seen by Scientists:
Methodological, Epistemological and Ethical Dimensions. Public Under-
standing of Science, 23(1), 107-120. https://doi.org/10.1177 /0963662
513497324.

Roberts, J. M. (1997). The Penguin History of Europe (752pp.). London and
New York: Penguin Book. ISBN 978-0140265613.

Roco, M. C., & Bainbridge, W. S. (2013). The New World of Discovery,
Invention, and Innovation: Convergence of Knowledge, Technology, and
Society. Journal of Nanoparticle Research, 15, 1946. https://doi.org/
10.1007/s11051-013-1946-1.

Rosol, C., Nelson, S., & Renn, J. (2017). Introduction: In the Machine Room
of the Anthropocene. The Anthropocene Review, 4(1), 2-8. https://doi.org/
10.1177,/2053019617701165.

Ruddiman, W. F. (2013). The Anthropocene. Annual Review of Earth and
Planetary Sciences, 41(1), 45-68. https://doi.org/10.1146/annurev-ecarth-
050212-123944.

Salvatore, S., Fini, V., Mannarini, T., Veltri, G. A., Avdi, E., Battaglia, F., et al.
(2018a). Symbolic Universes Between Present and Future of Europe. First
Results of the Map of European Societies’ Cultural Milieu. PLOS One, 13(1),
¢0189885. https://doi.org,/10.1371 /journal.pone.0189885.

Salvatore, S., Mannarini, T., Avdi, E., Battaglia, F., Cremaschi, M., Fini, V., et al.
(2018b). Globalization, Demand of Sense and Enemization of the Other: A
Psychocultural Analysis of European Societies’ Sociopolitical Crisis. Culture
and Psychology. https://doi.org,/10.1177 /1354067X18779056.


http://dx.doi.org/10.1038/nature16980
http://dx.doi.org/10.1038/nature16980
http://dx.doi.org/10.1126/science.aal3869
http://dx.doi.org/10.1126/science.aal3869
http://dx.doi.org/10.1073/pnas.1414374112
http://dx.doi.org/10.1177/2043820615613263
http://dx.doi.org/10.1177/2043820615613263
http://dx.doi.org/10.1111/1745-5871.12128
http://dx.doi.org/10.1111/1745-5871.12128
http://dx.doi.org/10.1177/0963662513497324
http://dx.doi.org/10.1177/0963662513497324
http://dx.doi.org/10.1007/s11051-013-1946-1
http://dx.doi.org/10.1007/s11051-013-1946-1
http://dx.doi.org/10.1177/2053019617701165
http://dx.doi.org/10.1177/2053019617701165
http://dx.doi.org/10.1146/annurev-earth-050212-123944
http://dx.doi.org/10.1146/annurev-earth-050212-123944
http://dx.doi.org/10.1371/journal.pone.0189885
http://dx.doi.org/10.1177/1354067X18779056

132 M. BOHLE AND R. PREISER

Sayre, N. F. (2012). The Politics of the Anthropogenic. Annual Review of
Anthropology, 41(1), 57-70. https://doi.org/10.1146/annurev-anthro-
092611-145846.

Schimel, D., Hibbard, K., Costa, D., Cox, P., & Van Der Leeuw, S. (2015).
Analysis, Integration and Modeling of the Earth System (AIMES): Advancing
the Post-disciplinary Understanding of Coupled Human-Environment
Dynamics in the Anthropocene. Anthropocene, 12, 99-106. https://doi.
org,/10.1016/j.ancene.2016.02.001.

Schmidt, J. J., Brown, P. G., & Orr, C. J. (2016). Ethics in the Anthropocene:
A Research Agenda. The Anthropocene Review, 3(3), 188-200. https://doi.
org/10.1177,/2053019616662052.

Schoon, M., & Van der Leeuw, S. (2015). The Shift Toward Social-Ecological
Systems Perspectives: Insights into the Human-Nature Relationship. Natures
Sciences Sociétés, 23(2), 166-174. https: //doi.org,/10.1051 /nss/2015034.

Schwigerl, C. (2014). The Anthropocene—The Human Era and How It
Shapes Our Planet (235pp.). Santa Fe, NM: Synergetic Press. ISBN
978-0907791546.

Seitzinger, S., Gaffney, O., Brasseur, G., Broadgate, W., Ciais, P., Claussen, M.,
etal. (2015). International Geosphere-Biosphere Programme and Earth
System Science: Three Decades of Co-evolution. Anthropocene, 12, 3-16.
https://doi.org,/10.1016/j.ancene.2016.01.001.

Sibilla, P. (2012). Approdi e Percorsi: Saggi di antropologin alpina (Vol. 65,
226pp.). Biblioteca di “Lares”. Firenze: Olschki. ISBN 978-8822261489.
Silver, J. J., Gray, N. J., Campbell, L. M., Fairbanks, L. W.; & Gruby, R. L.
(2015). Blue Economy and Competing Discourses in International Oceans
Governance. The Journal of Environment & Development, 24(2), 135-160.

https://doi.org,/10.1177 /1070496515580797.

Silvertown, J. (2009). A New Dawn for Citizen Science. Trends in Ecology &
Evolution, 24(9), 467-471. https://doi.org,/10.1016/j.tree.2009.03.017.
Sirocko, F. (2012). Wetter, Klima, Menschheitsentwicklung: Von der Eiszeit bis ins
21. Jabrbundert (pp. 208) (Buchgesellschaft theiss). Wiss, Darmstadt. ISBN

978-3534255207.

Sivapalan, M. (2015). Debates-Perspectives on Socio-Hydrology: Changing
Water Systems and the “Tyranny of Small Problems”-Socio-Hydrology.
Water Resources Research, 51(6), 4795-4805. https://doi.org,/10.1002/
2015WR017080.

Sivapalan, M., Savenije, H. H. G., & Bloschl, G. (2012). Socio-Hydrology: A
New Science of People and Water. Hydrological Processes, 26(8), 1270-1276.
https://doi.org,/10.1002 /hyp.8426.

Slangen, A. B. A., Adloft, F., Jevrejeva, S., Leclercq, P. W., Marzeion, B., Wada,
Y., etal. (2016). A Review of Recent Updates of Sea-Level Projections at
Global and Regional Scales. Surveys in Geophysics, 38(1), 385-406. https://
doi.org,/10.1007,/s10712-016-9374-2.


http://dx.doi.org/10.1146/annurev-anthro-092611-145846
http://dx.doi.org/10.1146/annurev-anthro-092611-145846
http://dx.doi.org/10.1016/j.ancene.2016.02.001
http://dx.doi.org/10.1016/j.ancene.2016.02.001
http://dx.doi.org/10.1177/2053019616662052
http://dx.doi.org/10.1177/2053019616662052
http://dx.doi.org/10.1051/nss/2015034
http://dx.doi.org/10.1016/j.ancene.2016.01.001
http://dx.doi.org/10.1177/1070496515580797
http://dx.doi.org/10.1016/j.tree.2009.03.017
http://dx.doi.org/10.1002/2015WR017080
http://dx.doi.org/10.1002/2015WR017080
http://dx.doi.org/10.1002/hyp.8426
http://dx.doi.org/10.1007/s10712-016-9374-2
http://dx.doi.org/10.1007/s10712-016-9374-2

3 EXPLORING SOCIETAL INTERSECTIONS OF GEOETHICAL THINKING 133

Smil, V. (2007). Global Material Cycles. In Encyclopedia of Earth. Washington,
DC: Environmental Information Coalition, National Council for Science and
the Environment. https://editors.col.org/eoearth /wiki/Global_material
cycles.

Smith, B. D., & Zeder, M. A. (2013). The Onset of the Anthropocene.
Anthropocene, 4, 8-13. https://doi.org,/10.1016/j.ancene.2013.05.001.

Song, X.-P., Hansen, M. C., Stehman, S. V., Potapov, P. V., Tyukavina, A.,
Vermote, E. F., etal. (2018). Global Land Change from 1982 to 2016.
Nature, 560, 639-643. https: //doi.org,/10.1038 /s41586-018-0411-9.

Srbulov, M. (2014). Practical Guide to Geo-Engineering: With Equations, Tnbles,
Graphs and Check Lists (370pp.). Part of the Geotechnical, Geological and
Earthquake Engineering Book Series (GGEE, Vol. 29). Dordrecht: Springer
Netherlands. ISBN 978-94-017-8637-9.

Steffen, W., Persson, A., Deutsch, L., Zalasiewicz, J., Williams, M., Richardson,
K., etal. (2011). The Anthropocene: From Global Change to Planetary
Stewardship. AMBIO, 40, 739-761. https://doi.org/10.1007 /s13280-011-
0185-x.

Steffen, W., Broadgate, W., Deutsch, L., Gaffney, O., & Ludwig, C. (2015). The
Trajectory of the Anthropocene: The Great Acceleration. The Anthropocene
Review, 2(1), 81-98. https://doi.org,/10.1177 /2053019614564785.

Steffen, W., Leinfelder, R., Zalasiewicz, J., Waters, C. N.; Williams, M.,
Summerhayes, C., etal. (2016). Stratigraphic and Earth System Approaches
to Defining the Anthropocene. Earth’s Future, 48), 324-345. https://doi.
org,/10.1002/2016EF000379.

Steffen, W., Rockstrom, J., Richardson, K., Lenton, T. M., Folke, C., Liverman,
D., etal. (2018). Trajectories of the Earth System in the Anthropocene.
Proceedings of the National Academy of Sciences, 115(33), 8252-8259.
https://doi.org,/10.1073 /pnas.1810141115.

Sternberg, R. (2008). Hydropower: Dimensions of Social and Environmental
Coexistence. Renewable and Sustainable Energy Reviews, 12(6), 1588-1621.
https://doi.org,/10.1016/j.rser.2007.01.027.

Stewart, I. S., & Nield, T. (2013). Earth Stories: Context and Narrative in the
Communication of Popular Geoscience. Proceedings of the Geologists’ Association,
124(4), 699-712. https://doi.org,/10.1016/j.pgeola.2012.08.008.

Strauss, S. (2003). Weather Wise: Speaking Folklore to Science in Leukerbad.
In Weather, Climate, Culture (pp. 39-59). Oxford and New York: Berg
Publishers. ISBN 9781859736975.

Sutcliffe, J., Hurst, S., Awadallah, A. G., Brown, E., & Hamed, K. (2016).
Harold Edwin Hurst: The Nile and Egypt, Past and Future. Hydrological
Sciences Journal, 61(9), 1557-1570. https://doi.org,/10.1080,/02626667.2
015.1019508.


https://editors.eol.org/eoearth/wiki/Global_material_cycles
https://editors.eol.org/eoearth/wiki/Global_material_cycles
http://dx.doi.org/10.1016/j.ancene.2013.05.001
http://dx.doi.org/10.1038/s41586-018-0411-9
http://dx.doi.org/10.1007/s13280-011-0185-x
http://dx.doi.org/10.1007/s13280-011-0185-x
http://dx.doi.org/10.1177/2053019614564785
http://dx.doi.org/10.1002/2016EF000379
http://dx.doi.org/10.1002/2016EF000379
http://dx.doi.org/10.1073/pnas.1810141115
http://dx.doi.org/10.1016/j.rser.2007.01.027
http://dx.doi.org/10.1016/j.pgeola.2012.08.008
http://dx.doi.org/10.1080/02626667.2015.1019508
http://dx.doi.org/10.1080/02626667.2015.1019508

134 M. BOHLE AND R. PREISER

Syvitski, J. P. M., Kettner, A. J., Overeem, 1., Hutton, E. W. H., Hannon, M. T,
Brakenridge, G. R., etal. (2009). Sinking Deltas Due to Human Activities.
Nature Geoscience, 2, 681-686. https://doi.org,/10.1038 /ngeo629.

Tarolli, P., Sofia, G., & CAO, W. (2018). The Geomorphology of the Human
Age. In Encyclopedin of the Anthropocene (pp. 35—43). Elsevier. https://doi.
org/10.1016/B978-0-12-809665-9.10501-4.

Tengod, M., Brondizio, E. S., Elmqvist, T., Malmer, P., & Spierenburg, M.
(2014). Connecting Diverse Knowledge Systems for Enhanced Ecosystem
Governance: The Multiple Evidence Base Approach. Ambio, 43(5), 579-591.
https://doi.org,/10.1007 /s13280-014-0501-3.

Termeer, C. J. A. M., Dewulf, A., Karlsson-Vinkhuyzen, S. I., Vink, M., & van
Vliet, M. (2016). Coping with the Wicked Problem of Climate Adaptation
Across Scales: The Five R Governance Capabilities. Landscape and Urban
Planning, 154, 11-19. https: //doi.org,/10.1016/j.landurbplan.2016.01.007.

Tickell, C. (2011). Societal Responses to the Anthropocene. Philosophical
Transactions. Series A, Mathematical, Physical, and Engineering Sciences,
369(1938), 926-932. https://doi.org,/10.1098 /rsta.2010.0302.

Tubman, S. C., & Escobar-Wolf, R. (2016). The Geoscientist as International
Community Development Practitioner: On the Importance of Looking and
Listening. In Geoscience for the Public Good and Global Development: Toward o
Sustainable Future (pp. 9-16). Geological Society of America. Special Papers
520. https://doi.org,/10.1130,/2016.2520(02).

Turner 11, B. L., Esler, K. J., Bridgewater, P., Tewksbury, J., Sitas, N., Abrahams,
B., etal. (2016). Socio-Environmental Systems (SES) Research: What Have
We Learned and How Can We Use This Information in Future Research
Programs. Current Opinion in Environmental Sustainability, 19, 160-168.
https://doi.org,/10.1016/j.cosust.2016.04.001.

Vann-Sander, S., Clifton, J., & Harvey, E. (2016). Can Citizen Science
Work? Perceptions of the Role and Utility of Citizen Science in a Marine
Policy and Management Context. Marine Policy, 72, 82-93. https://doi.
org,/10.1016/j.marpol.2016.06.026.

Vayena, E., & Tasioulas, J. (2015). “We the Scientists”: A Human Right to
Citizen Science. Philosophy & Technology, 28(3), 479-485. https://doi.
org/10.1007 /s13347-015-0204-0.

Veland, S. (2017). Transcending Ontological Schisms in Relationships with
Earth, Water, Air, and Ice. Weather, Climate, and Society, 9(3), 607-619.
https://doi.org/10.1175 /WCAS-D-16-0123.1.

Veland, S., & Lynch, A. H. (2016). Scaling the Anthropocene: How the
Stories We Tell Matter. Geoforum, 72, 1-5. https://doi.org/10.1016/j.
geoforum.2016.03.006.

Vervoort, J., & Gupta, A. (2018). Anticipating Climate Futures in a 1.5 °C
Era: The Link Between Foresight and Governance. Current Opinion in


http://dx.doi.org/10.1038/ngeo629
http://dx.doi.org/10.1016/B978-0-12-809665-9.10501-4
http://dx.doi.org/10.1016/B978-0-12-809665-9.10501-4
http://dx.doi.org/10.1007/s13280-014-0501-3
http://dx.doi.org/10.1016/j.landurbplan.2016.01.007
http://dx.doi.org/10.1098/rsta.2010.0302
http://dx.doi.org/10.1130/2016.2520(02)
http://dx.doi.org/10.1016/j.cosust.2016.04.001
http://dx.doi.org/10.1016/j.marpol.2016.06.026
http://dx.doi.org/10.1016/j.marpol.2016.06.026
http://dx.doi.org/10.1007/s13347-015-0204-0
http://dx.doi.org/10.1007/s13347-015-0204-0
http://dx.doi.org/10.1175/WCAS-D-16-0123.1
http://dx.doi.org/10.1016/j.geoforum.2016.03.006
http://dx.doi.org/10.1016/j.geoforum.2016.03.006

3 EXPLORING SOCIETAL INTERSECTIONS OF GEOETHICAL THINKING 135

Envivonmental Sustainability, 31, 104-111. https://doi.org/10.1016/j.
cosust.2018.01.004.

Vidas, D. (2011). The Anthropocene and the International Law of the Sea.
Philosophical Transactions of the Royal Society A: Mathematical, Physical and
Engineering  Sciences, 369(1938), 909-925. https://doi.org/10.1098 /
rsta.2010.0326.

Viollet, P.-L. (2000). L’hydraunlique dans les civilisations anciennes: 5000 ans
A’histoire (374pp.). Paria: Presses Ponts et Chaussées. ISBN 2-85978-335-0.

von Storch, H., Emeis, K., Meinke, 1., Kannen, A., Matthias, V., Ratter,
B. M. W., etal. (2015). Making Coastal Research Useful—Cases
from Practice. Oceanologin, 57(1), 3-16. https://doi.org/10.1016/j.
oceano.2014.09.001.

Walker, B., Gunderson, L., Kinzig, A., Folke, C., Carpenter, S., & Schultz, L.
(2006). A Handful of Heuristics and Some Propositions for Understanding
Resilience in Social-Ecological Systems. Ecology and Society, 11(1), 13.
http://www.ecologyandsociety.org,/volll /issl /art13 /.

Walton, T., & Shaw, W. S. (2015). Living with the Anthropocene Blues.
Geoforum, 60, 1-3. https://doi.org,/10.1016/j.geoforum.2014.12.014.

Waterman, A. T. (1960). National Science Foundation: A Ten-Year Résumé.
Science, 131(3410), 1341-1354.

Waters, C. N., Zalasiewicz, J., Summerhayes, C., Barnosky, A. D., Poirier,
C., Galuszka, A., etal. (2016). The Anthropocene Is Functionally and
Stratigraphically Distinct from the Holocene. Science, 351(6269), aad2622.
https://doi.org,/10.1126/science.aad2622.

Weber, J. (2005). Container Shipping in the European Ranges and the Potential
Viability of the Newcomer Jade-Weser Port. Ocean Yearbook Online, 19(1),
336-356. https://doi.org,/10.1163,/22116001-90000274.

Whitchouse, H., & McCavely, R. M. (2005). Mind and Religion—Psychological
and Cognitive Foundation of Religiosity (278pp.). Oxford, UK: AltaMira
Press. ISBN 978-0759106192.

Wilson, E. O. (2012). The Social Conquest of Earth (352pp.). New York:
Liveright Publishing Corporation. ISBN 978-0871403636.

Wilson, E. O. (2014). The Meaning of Human Existence (208pp.). New York:
Liveright Publishing Corporation. ISBN 978-0871401007.

Wolfle, D. (1957). National Science Foundation the First Six Years. Science,
126(3269), 335-343.

Wright, C., Nyberg, D., Rickards, L., & Freund, J. (2018). Organizing
in the Anthropocene. Organization, 25(4), 455-471. https://doi.
org/10.1177/1350508418779649.

Wu, Y., Polvani, L. M.; & Seager, R. (2013). The Importance of the Montreal
Protocol in Protecting Earth’s Hydroclimate. Journal of Climate, 26(12),
4049-4068. https://doi.org,/10.1175/JCLI-D-12-00675.1.


http://dx.doi.org/10.1016/j.cosust.2018.01.004
http://dx.doi.org/10.1016/j.cosust.2018.01.004
http://dx.doi.org/10.1098/rsta.2010.0326
http://dx.doi.org/10.1098/rsta.2010.0326
http://dx.doi.org/10.1016/j.oceano.2014.09.001
http://dx.doi.org/10.1016/j.oceano.2014.09.001
http://www.ecologyandsociety.org/vol11/iss1/art13/
http://dx.doi.org/10.1016/j.geoforum.2014.12.014
http://dx.doi.org/10.1126/science.aad2622
http://dx.doi.org/10.1163/22116001-90000274
http://dx.doi.org/10.1177/1350508418779649
http://dx.doi.org/10.1177/1350508418779649
http://dx.doi.org/10.1175/JCLI-D-12-00675.1

136 M. BOHLE AND R. PREISER

Wysession, M. E., LaDue, N., Budd, D. A., Campbell, K., Conklin, M., Kappel,
E., etal. (2012). Developing and Applying a Set of Earth Science Literacy
Principles. Jouwrnal of Geoscience Education, 60(2), 95-99. https://doi.
org/10.5408 /11-248.1.

Zalasiewicz, J., Waters, C. N.; Williams, M., Barnosky, A. D., Cearreta,
A., Crutzen, P., etal. (2015). When Did the Anthropocene Begin® A
Mid-Twentieth Century Boundary Level Is Stratigraphically Optimal.
Qunaternary International, 383, 196-203. https://doi.org/10.1016/j.
quaint.2014.11.045.

Zalasiewicz, J., Waters, C. N., Wolfe, A., Barnosky, A., Cearreta, A., Edgeworth,
M., etal. (2017). Making the Case for a Formal Anthropocene Epoch: An
Analysis of Ongoing Critiques. Newsletters on Stratigraphy, 50(2), 205-226.
https://doi.org,/10.1127 /nos/2017 /0385.

Zdanowicz, C. M., Zielinski, G. A., & Germani, M. S. (1999). Mount
Mazama Eruption: Calendrical Age Verified and Atmospheric Impact
Assessed. Geology, 27(7), 621-624. https://doi.org/10.1130,/0091-7613
(1999)027<0621:MMECAV>2.3.CO;2.

Zhang, X., Davidson, E. A.; Mauzerall, D. L., Searchinger, T. D., Dumas, P., &
Shen, Y. (2015). Managing Nitrogen for Sustainable Development. Nature,
528, 51-59. https://doi.org,/10.1038 /nature15743.

Zogratos, C. (2017). Flows of Sediment, Flows of Insecurity: Climate Change
Adaptation and the Social Contract in the Ebro Delta, Catalonia. Geoforum,
80, 49—-60. https://doi.org,/10.1016 /j.geoforum.2017.01.004.


http://dx.doi.org/10.5408/11-248.1
http://dx.doi.org/10.5408/11-248.1
http://dx.doi.org/10.1016/j.quaint.2014.11.045
http://dx.doi.org/10.1016/j.quaint.2014.11.045
http://dx.doi.org/10.1127/nos/2017/0385
https://doi.org/10.1130/0091%2D7613(1999)027%3C0621%3AMMECAV%3E2.3%2ECO%3B2
https://doi.org/10.1130/0091%2D7613(1999)027%3C0621%3AMMECAV%3E2.3%2ECO%3B2
http://dx.doi.org/10.1038/nature15743
http://dx.doi.org/10.1016/j.geoforum.2017.01.004

®

Check for
updates

CHAPTER 4

Humanistic Geosciences and the Planetary
Human Niche

Martin Boble and Eduardo Marone

Abstract The societal relevance and purpose of geoscience are dis-
cussed from a conceptual perspective in this chapter. It explores how
people should live ethically in times of anthropogenic global change
and describes the history and current state of ‘human niche-building’
(or ‘engineering’, in its broadest sense) at the planetary scale. It outlines
how the Earth can be conceived as a single system, ‘people included’,
by considering the geosphere, biosphere and ‘noosphere’—a term
repurposed here to denote the human agent and its socio-technological
means, consisting of physical and mental artefacts. It posits Kohlberg’s

M. Bohle (I41)
Ronin Institute for Independent Scholarship, Montclair, NJ, USA
e-mail: martin.bohle@ronininstitut.org

DG RTD, European Commission, Brussels, Belgium

E. Marone
International Ocean Institute Training Centre for Latin America
and the Caribbean, Curitiba, Brazil

Centre for Marine Studies, Federal University of Parana
(CEM-UFPR), Curitiba, Brazil

© The Author(s) 2019 137
M. Bohle (ed.), Exploring Geoethics,
https://doi.org,/10.1007 /978-3-030-12010-8_4


https://doi.org/10.1007/978-3-030-12010-8_4
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-12010-8_4&domain=pdf

138 M. BOHLE AND E. MARONE

hierarchy of moral adequacy as a reference scale for assessing the matu-
rity of human-Earth interactions, and argues for the social value of
geoethical thinking in shaping public narratives about these interactions.

Keywords Geoethics - Earth system - Socio-ecological systems -
Planetary human niche - Kohlberg’s hierarchy of moral adequacy

The preceding chapter explored the societal context of geosciences from
the perspective of daily practices. In turn, this chapter explores the soci-
etal context of geosciences from a conceptual perspective. Two funda-
mental questions are addressed: How should we live ethically in times of
anthropogenic global change? How would geoethical thinking function
as a public good?

Curious about the embedding of their professions into contempo-
rary societies, geoscientists are inquiring into the societal contexts and
ethical obligations of their activities. Curious to understand the natural
dynamics of Earth, geoscientists are participating in research into local,
regional and planetary socio-ecological systems that encompass perplex-
ing features like human behaviour. Curious to understand the philosoph-
ical implications of their professions, geoscientists are questioning their
education, professional experiences and responsibilities as citizens. These
self-directed quests for humanistic geoscience, which were exemplified in
the preceding chapters, provide preliminary insights into how humans
may face ‘the planetary’ (Connolly 2017), that is, extending the human
niche to the planetary scale (Rosol et al. 2018).

4.1 Harriness IN CURRENT TIMES

Inspired by Bunge (1989), it is considered that humans, driven by their
quest for cudaimonia (Greek eddaupovia - eudaimonia: ‘happiness’,
‘welfare’, or ‘human flourishing or prosperity’), have evolved as an
engineering species—one that should enjoy an ethical life when build-
ing the planetary human niche in which it dwells. What contributes to a
niche-builder’s ethical life?

Anthropogenic global change is a consequence of the human
niche-building endeavour, which combines natural and societal pro-
cesses (Fressoz 2012; Bonneuil and Fressoz 2013; Ellis 2015; Fuentes
2017). Within the latter, the human agent operates in conditions of
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bounded or constrained rationality guided by affective and rational
sense-making (Kowarsch 2016; Salvatore etal. 2018a). Constraints
are, for example, the agent’s psychological need to keep their world-
view coherent within the cultural environment in which they operate.
Rational sense-making and affective sense-making both have the func-
tion that the agent can internalise the systemic features of social life.
These internalisations shape the perceptions of an individual or a group.
Regarding building a human niche, intrinsic parts of social life are
the concepts, explanations, justifications or institutions that frame the
design of production systems or consumption patterns to support peo-
ple’s preferred lifestyles (Hulme 2009; Bohle 2017, 2018). The values
that are juxtaposed with these concepts, explanations, justifications or
institutions give the late Holocene an increasingly anthropogenic shape
(Hamilton 2017).

Since prehistoric times, the biological evolution of humankind and
its tool-making capacity developed alongside one another. The prehis-
toric and historical evolution of humankind resulted in the modification
of environments to appropriate natural resources (Braje and Erlandson
2013). Overall, it appeared the right thing to do, although the justifi-
cations provided for the ‘what and how’ varied significantly both over
time and between cultures (Purdy 2015). Abstracting across local spe-
cificities and changes over time, people use informal (traditional) and
formal (conventional) norms and codes to govern the appropriation of
natural resources and the related interventions into natural processes. To
that end, physical objects (tools, techniques, technology, constructions,
infrastructures, etc.), typical behaviour of individuals and groups, and
worldviews (shared mental artefacts) are matched with each other to pre-
scribe, in a coordinated manner, systems of production and consumption.
Physical technological objects and mental artefacts are separate but inter-
linked entities (Jonas 1984). Throughout human history, trial and error
or the copying of experiences that were perceived as better, led to consol-
idated practices (Henrich 2015), so that settlements and environmental
conditions could be paired with norms and cultures more resilient than
others to navigate challenges. When such co-evolution fails, instability of
settlements, environmental change or unfitting norms and cultures may
lead to the disruption of production and consumption, and ultimately
endanger biological reproduction (Diamond 2005). Nowadays, having
engineered industrial societies and global supply chains, favourable con-
ditions have emerged for supporting the massive growth of the human
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population and its affluence (Hartwick 1998; Steffen et al. 2011a). In
conjunction with these changes, the relatively steady natural environment
of the Holocene seems to be coming to an end; even the cycle of glacia-
tion may be altered (Ruddiman 2005).

As noted in the Chapter 3, to give meaning to phrasing like ‘engi-
neering industrial societies and global supply chains’, the notion ‘engi-
neering’ shall carry a wider sense as is found in the notions ‘génie civil’
(French) or ‘Ingenienrskunst’ (German). Their meaning is about devel-
oping a technological endeavour including its socio-political framing.
Thus the notion ‘engineering’ prompts stating a general purpose, that
is, for example, a system engineered to enable the production, distribu-
tion and consumption of goods and services according to agreed, even
codified, practices and norms. The notion of ‘engineered systems’ con-
tains what some may call the ‘technosphere of physical artefacts’ (Haff
2014a, b) and related thinking regarding the purpose and appropriate
use of physical technological objects. Hence, wording like ‘to engineer
a human niche’ shall denote how people configure the intersections
between the (bio)geosphere and the human sphere of the arts, social
interactions and the economy.

Throughout their cultural evolution, humans have innovated their
knowledge of engineering and hence how to build the human niche.
Within a pattern of specific societal conditions, over the past sev-
eral hundred years the rate of cultural and technological innovations
have increased massively (Mokyr 2016a, b). Nowadays, after roughly
200 years of industrial innovation, it is evident that people are pro-
foundly altering the Earth system, which is currently required to sustain
a population of 7 billion. Within less than one century, the number of
people on Earth, the patterns of their consumption of resources and the
engineering of their environments have together rapidly accelerated the
human niche-building process, to the extent that it is massively alter-
ing natural planetary dynamics (Rockstrom etal. 2009; Palsson et al.
2013; Waters et al. 2016; Steffen et al. 2018). This process has been
noticed over time, starting from early concerns in the nineteenth century
(Fressoz 2012) through multiple warnings issued in recent decades, such
as calls to limit growth (the ‘Club of Rome’ in 1972) or the Elsevier
conference ‘Planet under Pressure’ of the International Geosphere—
Biosphere Programme (Steffen etal. 2011b). These concerns gather
scientists from many disciplines, including geoscience communities. In
1992, 1700 independent scientists, including most of the living Nobel
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laureates in the sciences, released the first ‘World Scientists’ Warning to
Humanity’.! They called for restraint of environmental destruction and
warned that ‘a great change in our stewardship of the Earth and the life
on it is required if vast human misery is to be avoided’. They signalled
that ‘human beings and the natural world are on a collision course’ and
that ‘fundamental changes are urgent if we are to avoid the collision
our present course will bring about’. In the recent, second Scientists’
Warning (Ripple et al. 2017), the signatories highlight that ‘since 1992,
with the exception of stabilizing the stratospheric ozone layer, humanity
has failed to make sufficient progress in generally solving these foreseen
environmental challenges, and alarmingly, most of them are getting far
worse’.

It is thus evident that human niche-building inscribes a history of
intersecting societal and natural processes. People alter the rate of trans-
formation (e.g., erosion) or fluxes of matter between reservoirs (e.g.,
carbon and nutrients) through their technological capabilities. The
societal processes that relate to the development of these technological
means form a composite of social, economic, cultural and political mat-
ters, which also determine how people intersect with the natural features
of the planetary geosphere. By the ensemble of their shared insights,
actions and interactions, people conceive both what type of economic
activities shall be undertaken and how the related engineering endeav-
ours shall be undertaken. Consequently, engineering is the activity that
connects people to the geosphere. Engineering implies both construct-
ing physical technological objects and intellectual artefacts (insights)
about the ‘whats, whys and hows’ regarding the use of physical artefacts.
Engineering these objects and artefacts requires geoscience knowl-
edge. It has been mentioned previously that the history of stratospheric
ozone—destroying substances (Wu etal. 2013; Solomon etal. 2016),
their development, identification and the abatement of their emission,
provides an example of such engineering of physical and intellectual arte-
facts, for which geoscience knowledge is paramount.

As already specified, ‘geosciences’ refers to a range of applied and fun-
damental research fields, mainly within natural sciences, as well as engi-
neering disciplines and related commercial undertakings. Geosciences
that involve technological development and applications are heavily

Thttp:/ /www-formal.stanford.edu/jmc/progress /ucs-statement.txt. Retrieved 2018-
08-06. (Archived by WebCite® at https://www.webcitation.org/61 DcmWeQM).
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ethically loaded, which in turn impinges on the fundamental research
that underpins them (Potthast 2015; Stewart and Lewis 2017; Meller
et al. 2018). Some may consider fundamental geoscience research to be
ethically neutral; a view that Douglas (2009) challenges for any scien-
tific discipline, and that seems obsolete in times of a functionally altered
Holocene (Waters et al. 2016).

To differentiate ethical implications within geosciences we should
remember that only in fundamental research fields is knowledge the pri-
mary goal, which in turn is expressed in laws, principles and hypothe-
ses, possibly leading to general scientific truths. Engineering research
does not pursue truth but control of engineered processes, grounded in
the research and design of devices. The applied professions use known
methodologies and proven technologies that are deployed to change
the physical world. The geoscientist pursuing fundamental research
does not have the same ethical dilemmas as the person doing engineer-
ing research, and neither of them is confronted with the dilemmas an
applied professional will be faced with when using geosciences and geo-
technologies to change the real world at local, regional and global scales
(Srbulov 2014). However, the ethical requirements that are instilled in
professionals in applied geosciences cascade through the chain of applied
and engineering disciplines and ultimately are also felt in fundamen-
tal geoscience research. Going further, while fundamental research was
often traditionally considered ontologically neutral, Bunge (2017) and
other philosophers of science (Bernal 1939; Douglas 2009) argue that
fundamental research is shaped and influenced by cultural values and
norms and cannot be assumed to be politically indifferent and neutral.
Matching Hamilton’s (2013) arguments about researching climate engi-
neering, Bunge (2017) argues that the facts of sciences, including phys-
ical sciences, have political relevance because they bear on the moral,
social and political decisions of rational people. Consequently, geosci-
ence knowledge is ethically loaded, including through its use cases and
its mediation by geotechnologies. In summary, engineering the planetary
human niche renders all geosciences ethically laden and requiring a con-
sciously acting human agent.

4.1.1  Perceiving Earth as One System, People Included

What the idea of ‘engineering a human niche’ means for geoethical
thinking can be explored further by explicitly embedding the human
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agent in our description of the Earth system. The following description,
which uses a material-semiotic approach (Wong and Lockie 2018) and
extends reflections developed in the preceding chapter, shows that ethical
thinking can be modelled as an essential system feature.

In an idealised description, the natural biotic and abiotic parts of
the Earth system are the biosphere and the geosphere, respectively. To
account also for the human agent’s socio-technological means and
human sense-making, the notion ‘noosphere’ can be used (as it was
framed in Chapter 3). As noted there, this modern interpretation of the
term strips it of its traditional metaphysical meaning (Oldfield and Shaw
2006; Hamilton and Grinevald 2015) which denoted ‘[a] stage of evolu-
tionary development dominated by consciousness, the mind, and inter-
personal relationships’.?

The construct of the notions ‘biosphere’ and ‘geosphere’ uses two
categories of meaning. On the one hand, these notions refer to the cat-
egory of physical features of the Earth system, namely biotic and abi-
otic physical objects that may change in time and space. On the other
hand, the same notions refer to the category of ‘time/space-depend-
ent processes’ that describe the interactions of these physical objects.
Albeit that they have a physical realisation, these processes also have
the form of an intellectual construct (in the human mind) and sym-
bolic representation (such as a mathematical formula). The former
metaphysical definition of the noosphere does not use features like pro-
cesses, physical objects and time/space-dependency. Such features will
be used to redefine it. Hence, the notion ‘noosphere’ shall refer, first,
to the ensemble of physical objects (tools, engineered systems for pro-
duction and consumption, etc.) that people make. Thus the noosphere
consists of an ensemble of physical technological objects, called by some
the technosphere (Haft 2014a, b). Second, the notion ‘noosphere” shall
refer to the ensemble of intellectual artefacts (insights, etc.) of people
about how to use physical objects, that is, for example, how to deploy
and operate a given technology. An essential point is that these intel-
lectual artefacts are not static, but that they evolve in time and space
through the social, economic and cultural interaction of people. For
example, such interactions happen when people apply their intellectual
artefacts to conceive how to use a given physical object. Hence, the

2https:/ /en.oxforddictionaries.com/definition /noosphere.
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intellectual artefacts evolve by means of spatial and temporal processes.
Thus putting the features together, the noosphere consists of both phys-
ical, technological features (objects, engineered systems, etc.) and time /
space-dependent mental artefacts (ideas, insights, values, etc.) regard-
ing how to use the technological artefacts. To word it differently, the
noosphere includes both the physical objects of the technosphere and
the intellectual insights of people to use them. The latter also includes
social, cultural and political means and institutions. Hence, the rede-
signed notion ‘noosphere’ describes the human agent with tools and
intentions, that is, the human agent with its socio-technological means.
To illustrate the above, the livestock of industrial agriculture, including
regulations, practices and values regarding how to treat animals, would
be part of the noosphere.

Taking the geosphere, biosphere and noosphere together in this way,
the Earth system can be conceived as consisting entirely of physical
objects and time/space-dependent processes to describe their interac-
tions. As a reminder—this idealised description uses three kinds of physi-
cal objects, biotic, abiotic and technological. Furthermore, the time- and
space-dependent processes that describe their interactions have both a
physical realisation outside the human body/brain and are an intellec-
tual artefact inside the human brain/mind. Part of these intellectual
artefacts is the ethics that the human agent applies to guide its actions.
Thus, ethics are modelled as an essential system feature, and geoethical
thinking concerns those intellectual artefacts that describe how to use
(physical) technological objects to intersect with (physical) biotic and
abiotic objects. Additionally, with reference to intellectual artefacts, geo-
science has a paramount role regarding knowledge about the intersection
of technological, abiotic and biotic objects. This feature of geosciences
obliges geoscientists, and others who use geoscience knowledge, to act
ethically, and hence to apply geoethics.

Describing the Earth system as the combined geosphere, biosphere
and noosphere offers a new narrative of Earth, namely, as noted in
Chapter 3, that of “a kind of hybrid Earth, of nature injected with human
will, however responsibly or irresponsibly that will may have been exer-
cised’ (Hamilton and Grinevald 2015, p. 68). Within this narrative, ‘to
engineer a human niche’ means to use the physical objects of the techno-
sphere to shape Earth in a manner that is guided by the ensemble of arte-
facts, that is, the social, cultural and political insights of people, including
geoscience knowledge. Finally, how people do this is an ethical dilemma:
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<. [bumans] must be judged not according to where they fall on the scale of
good and evil but where they fall on the scale of care and neglect ... The threat
we present to the conditions of life is an expression of our agency, and any
salvation can only be rooted in a vadical change in how we understand and
express our agency. (Hamilton 2017, p. 150 [emphasis in the original])

4.1.2  Ethically Conditioned Stewardship

The contemporary dynamics of the Earth system exhibit a functional
change compared with its past (Waters et al. 2016). This has resulted
from niche-building, as humans have put in place production systems,
arranged consumption patterns, shared practices and exhibited behav-
iours according to their understanding, values, worldviews, predis-
positions and preferences. As outlined in the preceding chapter, for
example, this has included the building of large-scale infrastructure,
such as transport and energy systems. To engineer such systems requires
a double framework. The first framework accounts for the scientific and
socio-technological means and socio-economic resources, while the sec-
ond framework expresses what the specially engineered systems shall
deliver; that is, a sort of ‘engineering narrative’ that provides purpose
and shapes people’s views of what their niche should be.

Hence, people’s engineering endeavours depend on natural and tech-
nical conditions, on socio-economic means and on choices. The design,
engineering and operation of a production system (or consumption pat-
tern) is a value-driven allocation of opportunities. The engineering works
that intersect people’s activities and the geosphere depend as much on
value systems, cultural choices and lifestyles as they do on scientific and
technological choices in geosciences and engineering sciences (Kaufmann
and Lee 2013).

The ongoing anthropogenic climate change is the most promi-
nent example of the outcomes of applied geosciences and engineer-
ing, for exploration, extraction, transport, refinement and use of fuels,
for example. Many other examples are available, such as the damming
of rivers for hydroelectric power generation, flood management or irri-
gation. Hydropower plants are an example of engineering works that
have huge impacts and benefits (Egré and Milewski 2002; Donia 2013;
Abd-El Monsef et al. 2015). Experts, politicians and citizens vigorously
appraise and contest impacts and benefits during planning, construction
and operation. People use theories and facts, discuss uncertainties and
hazards, and consider responsibilities and benefits for themselves, other
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people and future generations. These appraisals and debates (that happen
within the noosphere) draw on vocational training, shared experiences,
common sense, general education, affective preferences and world-
views. Although expert knowledge in geoscience and engineering is an
inherent part of these processes, scientific assessments are embedded in
a broader set of discourses (Aceves-Bueno et al. 2015; Cairney 2016).
Furthermore, the use of resources other than scientific assessments make
these appraisals even more complicated, by creating and spreading ‘sub-
stitute narratives’ that seem more plausible to some individuals (Salvatore
et al. 2018a) and match the ethical standard adopted by those individuals
(e.g., conformity with the group).

Implicit or explicit ethical considerations, using different founda-
tions, enter the appraisals of benefits, impacts or purpose. Within them,
an actor-centric virtue ethics, like the geoethics discussed in this book,
has the distinguishing feature that the individual experiences, com-
mon sense, education, predispositions, preferences, worldviews, etc., of
agents prevail and may lack reference to a common altruistic standard.
Subsequently, to apply geosciences properly within the Earth system, it is
necessary to construct reference standards to which people, organisations
or institutions may adhere when they respond to ethical dilemmas.

As an example of such a construct, Kohlberg (1981), as inspired by
Piaget (Murray and Hufnagel 1979), proposes a hierarchy of ethical

Table 4.1 Kohlberg’s levels and stages of moral adequacy (Adapted from
Kohlberg 1981)

Level Stage  Social driver
Pre-conventional Lower Obedience and punishment
(morality is externally controlled—to Blind egoism

avoid punishment or receive reward) Upper Self-interest orientation

Individualism, instrumental egoism
Lower Interpersonal accord and conformity

Approval of others, social relationships
Upper Law and order

Blind compliance, social systems

Conventional

(conformity to morality defined by
society—to win the approval of others
or to maintain social order)

Post-conventional Lower Social contract orientation

(morality is based on individual rights Agrees on common regulations

and justice—to act based on as universal Upper Universal ethical principles

as possible principles, by conviction) Principled self-conscience and mutual

respect
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standards around a central category that he named ‘societal conventions’
(Table 4.1). At the ‘pre-conventional levels’, the primary social drivers
are the silent acceptance of the rules imposed by the dominant powers.
At the ‘lower conventional level’; the primary social drivers conform with
the governing status quo, maintaining some relationships convenient
to both those holding power and those conforming to this power. At
the ‘upper conventional level’; people act mostly in compliance with law
and order. At the ‘lower post-conventional level’, social contracts estab-
lish the rules on how to take a position. At the ‘upper post-conventional
level’, the agent acts in line with ethical principles; they do not act to
avoid punishment or to comply with conventions.

In a world operating beyond Kohlberg’s ‘conventional level’, indi-
viduals, organisations or institutions seek to achieve a high standard
of behaviour by conscious adherence to universal ethical principles. In
many normal circumstances, individuals, organisations or institutions
seek to follow committedly a given social contract. Such contracts may
be a professional code of ethics/conduct (Marone and Marone 2014)
or an international agreement (Marone and Marone 2018), to be situ-
ated at Kohlberg’s ‘lower post-conventional level’. Other agents may
choose the ‘upper conventional level’, namely compliance with law and
order. Hence, they are following the rules just because these are the rules
that are imposed. Any formal adherence to professional rules, including
formal adherence to geoethical values, falls in this category.

Currently, geoethics is conceptualised to be an actor-centric vir-
tue ethics with various specifications as to the Kohlberg level at which
an agent may operate. This positionality offers operational flexibil-
ity in a diverse world and can account for diversity of contexts, but
some may argue that it runs the risk of relativism. However, this need
not be the case if it is recognised that overarching values can be estab-
lished and then contextualised to specific localities. The experience
that was explored in Chapter 3 refers to the ‘Voluntary guidelines for
securing sustainable small-scale fisheries in the context of food security
and poverty eradication’,? agreed by FAO Member States. They set an
international social contract matching Kohlberg’s ‘lower post-con-
ventional level’. The guidelines support a local actor-centric vir-
tue ethics but derive their justification of ethical claims from a more

3http://www.fao.org/3 /a-i4356¢.pdf.
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general foundation as found in a human rights—based approach. Such a
construct, namely aligning the foundations of the guidelines to universal
principles, matches Kohlberg’s ‘upper post-conventional level’ and may
provide answers to the challenge of relativism.

A similar alignment, namely to enshrine ethical principles, self-
consciousness and respect in educational foundations, is pursued by the
Geoethical Promise of geoscientists (Matteucci et al. 2014; Riede et al.
2016a; Di Capua et al. 2017; Peppoloni and Di Capua 2017; Bohle and
Ellis 2017). As it is constructed, the Geoethical Promise aligns as an
ethical standard to Kohlberg’s ‘upper post-conventional level’. Hence,
it should facilitate development of the capacity for a happy professional
life. This happiness (eudaimonia) stems from making an essential con-
tribution to geoscience knowledge, capabilities and skills that con-
temporary societies need. To achieve a happy professional life, ethical
standards are needed that make geosciences operational in various soci-
etal contexts. Such standards can be found regarding utility or justice
(Jax et al. 2013; Ott 2014; Hourdequin 2015). Geoethical thinking also
offers geoscientists the perspective of exercising stewardship (for build-
ing the human niche) that is based on ‘practical wisdom’ (phronesis),
rooted in the conceptual, methodological and practical spheres of geo-
sciences. Consequently, this ‘practical wisdom’ may help the individual
geoscientist to feel happiness (eudaimonia) (Han 2015; Lynn 2000;
Rozzi et al. 2015).

4.2 GEOETHICAL THINKING As A PusLic GOOD

It is the emerging paradigm of our present time that modern produc-
tion and consumption patterns are modifying the dynamics of the Earth
system. To summarise a view developed already; in this context, the
term ‘Anthropocene’ may serve as a shorthand for the current times
of anthropogenic global change, although it conceals, for example, the
historical contexts. From the perspective that the ongoing massive envi-
ronmental and societal changes captured by this term are conditioning
the life of a global population of billions of citizens, one may argue that
‘geoethical thinking” should be subsumed into more general reflections
about social change, historical justice, people’s sense-making and respon-
sible citizenry. However, if it can offer a useful contribution to how
people should act in times of anthropogenic global change, geoethical
thinking may find its place among competing schools of thought.
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4.2.1  Perceptions and Sense-Making

Following an extended period of admiration of engineering prowess and
human interventions into the biosphere and geosphere from the last
decades of the nineteenth century onward, today anthropogenic global
change is part of a widespread perception of ‘an endangered state of
the globe’. That change of opinion began during the twentieth century
with concerns about the state of the biosphere at regional scales (Lear
1993). Similar concerns about the biosphere had already been voiced in
the eighteenth and nineteenth centuries when industrialisation started
at the local scale (Fressoz 2012). The ecologist G. Hardin (1968) sum-
marised some of these voices to raise awareness about the use of shared
resources. He was inspired by the work of W. F. Lloyd (1833), who
had mentioned a hypothetical dilemma about the over-use of a shared
resource. Hardin’s thesis has been, and continues to be, questioned
(Scheiber 2018); for example, when he questions people’s conscience as
a means of governing the commons because it favours selfish individuals
(egoistic utilitarianism) over those who are more altruistic and cooperate.
If coercion, for example by socially enforced norms, fails, then even a
minority of non-cooperating (free-riding) individuals may extract more
than what is sustainable (Hauser et al. 2014). The actual exploitation
of living and non-living marine resources from the high seas provides
an excellent example of these risks (Silver etal. 2015; Campbell et al.
2016). Nevertheless, it can be shown that knowledge-based governance
of shared resources is not doomed when it involves sound ethical foun-
dations and active participation of citizens (Johnson 2003; Berkes 2000).

The cumulative choices for design and operation of contemporary
production systems and consumption patterns reflect lifestyle choices,
mainly of affluent people in developed countries, and their preferences
and worldviews. Thus when people apply engineering sciences and geo-
sciences to shape an economy, their actions and intentions intentionally
intersect with the geosphere, which is a specific common heritage of
humankind. When seen from this angle, creeping anthropogenic global
change is an engineering endeavour of unprecedented complexity. At
best, it is designed at a moderate Kohlberg level (‘lower/upper conven-
tional’) and leaves ample space for free riding and related risks (Wilderer
et al. 2013; Morton 2015; Stilgoe 2016; Boettcher and Schifer 2017).
Beyond intentional free riding, simply the diversity of values, world-
views, predispositions and preferences of people are a challenge to sound
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governance. Recalling discussions in the preceding chapter, scientific—
technological means and socio-economic resources, values, worldviews,
predispositions and preferences are essential drivers that guide decision-
making processes regarding choices about what to consume and how
to produce it. Within this framing, the attitudes of people towards risk,
uncertainties and the perception of facts and theories differ and evolve
in time and space. People’s choices also vary with their social situation,
for example, whether a person, their kin or their group is concerned,
or whether an action is immediate, has happened, or will happen in
the future. When people (or organisations/institutions) are debating
opportunities, change or risks, much of the debate is about what course
of action is worthwhile. Hence, it is about value-laden considerations.
People (or organisations/institutions) tend to opt for what they con-
sider as right or worthwhile in the context of their affective and rational
sense-making and do not limit their considerations to concerns such as
whether an action will be effective, what is important or what appropri-
ate knowledge is required. This description is simplified, but it points not
only to diversity in people’s views (or those of organisations/institutions)
representing a risk of disagreement but also to the risk of moral rela-
tivism. In turn, relativism opens space for moral absolutism, including
fatalistic views (e.g., doomsday scenarios) or cognitive dissonance (e.g.,
denial), as debates about the reduction of emissions of greenhouse gases
show.

These considerations indicate that, expressed in terms of Kohlberg’s
hierarchy of moral adequacy, the level of ethical frameworks for the
design and operation of contemporary production systems and consump-
tion patterns are habitually at an ‘upper pre-conventional level’ or ‘lower
conventional level’ only. The Montreal Protocol may be the encouraging
exception (Godin-Beekman 2013; Wu et al. 2013; Solomon et al. 2016),
which likely was possible to achieve because of a relatively simple con-
figuration of geoscience knowledge (atmospheric chemistry) and techno-
logical remedy (replacement of gases used in some industrial processes).
The Montreal Protocol and the follow-up treaties are effectively regulat-
ing emissions of ozone-depleting substances. Regarding moral adequacy,
these treaties match Kohlberg’s ‘lower post-conventional level’ (using a
social contract and agreed-upon regulations), which is a higher level of
moral adequacy than is commonly found.

When facing such challenges, one may argue that geoethical
thinking as part of people’s ethical standards may help to identify
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sustainable intersections of production systems, consumption patterns
and the geosphere. Likewise, geoethical thinking should facilitate
development of sustainable intersections (e.g., the Montreal Protocol
as an existing example and the treaties on the reduction of emissions of
greenhouse gases as a challenge) that achieve an elevated level of moral
adequacy.

4.2.2  Narrvatives and Sense-Making

People, as well as governments and regulators, share motivations for
their decision-making pathways through their narratives, for example,
about the purpose of actions and views about ‘what is right’. Addressing
their concerns depends on engaging with their narratives in relation to
a given ‘Earth issue’ and associated behaviour that they regard as being
justified. These narratives will not necessarily connect to geoscientific
knowledge (Roberts 2012; Stewart and Nield 2013; Bohle et al. 2017).
Regarding the frequent failure to convince people with the available
scientific facts, Begon (2017) and Stewart and Lewis (2017) suggest
appealing more directly to ‘feelings’ and hence to ‘affective sense-mak-
ing’ (Salvatore et al. 2018b). As Bunge (1989, p. 361) says:

Far from preaching the joyless life, we repeat the slogan ‘Enjoy life and
help live’, and add the following unavoidable platitudes: (a) at present
most people do not have the means to enjoy life, and many of those who
do have them mistake the good life for the ability to buy whatever they
fancy; (b) unless we alter some of our values and learn to administer wisely
our resources, we shall rob our offspring of their inheritance.

To be effective, and hence to be a public good, narratives must encap-
sulate geoscience knowledge in a society-related context (Bohle 2015;
Bohle et al. 2017).

Only recently have accounts of human—geosphere intersections been
told as a historical process (Braje and Erlandson 2013; Foley et al. 2013;
Smith and Zeder 2013; Chakrabarty 2015; Hamilton et al. 2015; Purdy
2015; Kunnas 2017); yet, there is a substantial corpus of climate research
regarding this variant of the human—geosphere intersection. Some schol-
ars have studied engineering history using a perspective that illustrates
human-geosphere intersections, although without describing it as such
(Viollet 2000). The history of engineering provides narratives relating to
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the different paradigms that have framed intersections of the activities of
humans with abiotic, biotic and cultural environments. European exam-
ples are the initial spread of agriculture, through medieval deforestation
to contemporary urbanised societies (Ellis et al. 2013; Ramirez and Seco
2012). Over recent centuries, the record of scholarly study shows both
the appraisal of engineering works and concerns at the state of flora and
fauna impacted by these works (Wilderer et al. 2013; Halbe et al. 2015;
Murphy et al. 2015; Purdy 2015). By comparison, telling the history of
the intersections of human activities with the geosphere is quite a recent
subject (Chakrabarty 2009, 2015; Steffen etal. 2011la; Braje 2015;
Uhrqvist and Linnér 2015), apart from stories about weather and climate
change (Sirocko 2012; Elandson and Braje 2013; Riede et al. 2016a, b).
Beyond the question of what corpus of studies or practical examples
should be used, narratives about how to ‘engineer a human niche’ (at a
global scale) must tackle several difficult issues (Wilderer et al. 2013; Fox
and Chapman 2011).

The Earth system’s dynamics are non-linear, with multiple and inter-
locking feedback loops that lead to counter-intuitive system behaviour.
Consequently, the value-driven and perception-laden conception, plan-
ning and operation of engineered systems are complex adaptive prob-
lems. Problem handling must therefore be iterative, path-dependent,
participatory and open-ended (Termeer et al. 2016; Preiser et al. 2018).
An elaborate set of interacting features shape the decision-making pro-
cess in an Earth system that consists of a volatile global economy coupled
to the biogeosphere and a vast diversity of worldviews, socio-cultural fea-
tures and affective preferences. Therefore publicly acceptable messages
will be needed regarding how to handle ethical dilemmas, such as how
to cope with conflicting values or an uneven distribution of hazards, how
to manage inclusion, participation, benefits, or challenges to individual
lifestyles and basic needs, or how to assist people or states, for example,
in the case of relocating people from flooded coastal zones.

Considering the issues sketched above, geoethical thinking may
contribute to shaping public narratives about matters such as manag-
ing knowledge, shaping intentions, justifying choices, and handling
complexity.

Managing knowledge For people to understand anthropogenic global
change processes, decision-makers and scientists should package
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knowledge in such a way that it fosters public understanding of how
human-geosphere intersections function (Wright etal. 2018). Insights
are formed (processed) in the noosphere by means of interactions
between people, hence, participatory processes and governance schemes
should be used. Understanding how human—-geosphere intersections
function combines scientific, engineering, social and economic studies
with studies of the dynamics of the noosphere.

Shaping intentions Over the past century, anthropogenic global change
has developed as the collateral outcome of humankind’s accumulated
actions (Sklair 2017). The number of people, the patterns of their con-
sumption of resources, mainly by those who are affluent, and the altera-
tions of natural environments have caused it. Nowadays, anthropogenic
global change is either intentional negligence or a conscious act of any
person with some Earth science literacy.

Justifying choices Humanity has alternatives as to how to consciously
alter the Earth system at the planetary scale (Bohle 2017). One choice is
whether to alter the geosphere (e.g., geoengineering) or to adjust system
features of the noosphere (e.g., modify lifestyles). Whatever option is
chosen, it will depend on people’s worldviews, cultures and preferences.
Thus beyond issues of whether science and technology are sound, there
are overarching societal issues to tackle, such as how to govern appropri-
ation and distribution of (material and immaterial) georesources; at what
cost (or benefits) and for whom; what are the intended collateral effects;
or what is the risk of the unintended collateral effects?

Handling complexity Consciously altering Earth at the planetary scale is
ambitious, although it fits well into the historical development of indus-
trialised societies and their paradigms of how to handle change (Preiser
et al. 2017). Still, action at the planetary scale goes beyond any existing
use case that may serve as a point of reference. Furthermore, the availa-
ble technological means, scientific understanding and resources impose
limits. In addition, the related noosphere is complex, given the variety of
interacting worldviews, cultures and preferences, and the necessary par-
ticipation of citizenries in decision-making.

If geoethical thinking can address issues like those listed above, then
geoethics may evolve into a kind of “crisis discipline” (Begon 2017).
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4.3 BEYOND GEOETHICAL THINKING

As shown in the preceding sections, driven by curiosity, motivated by
the multiple interfaces of geosciences and society, and incentivised by
a diversity of inquiries into the intersections of the noosphere and the
geosphere, the scope of matters that could be addressed meaningfully
through ‘geoethical thinking’ is broad. Evidently, ‘geoethical thinking’
has border zones with thinking that are influenced by ‘environmental
ethics’ or ‘sustainability ethics’. As acknowledged, these border zones
are permeable and not well-defined, and, at first sight, their demarca-
tion may seem of little practical concern. Nevertheless, so that they can
be identified and distinguished, the matters that belong to these border
zones would benefit from having a dedicated name.

Conceivably, to nurture the interface between geosciences and human-
ities, a notion such as ‘humanistic geosciences’ (Mouchang 2011) or
‘geo-humanities’ could be used; although the latter notion is already
used by geographers (including as the name of a journal). Within such an
extended scope for geoethical thinking, geoethics may be characterised spe-
cifically as an actor-centric virtue ethic, which has the abiotic (inanimate)
world as the object of its concern. It remains to be debated whether geo-
ethics defined in such a way should apply only to geo-professions, to any
professions contributing to niche-building (including citizen science) or
to all citizens living in the human niche—a debate which is returned to in
Chapter 5. However, the current definition of geoethics (see Chapter 1)
states it ‘consists of research and reflection on the values that underpin
appropriate behaviours and practices, wherever human activities interact
with the Earth system’. Hence, geoethics is relevant to any citizen, although
as previously noted, the focus hitherto has been on geo-professionals.

Seeking a notion complementary to geoethics may be premature,
because it remains to be debated how geoethical thinking founded on
another ethical basis than an actor-centric virtue ethic would shape
the border zones with environmental ethics or sustainability ethics.
Irrespective of the outcome of such a debate, however, it may be helpful
to seek a term to label the study of human—geosphere intersections other
than in respect of ethical considerations.

A candidate notion could be geosophy. The ‘candidature’ would
revive ideas discussed by Wright (1947) that were reassessed by Keighren
(2005, 2017). The notion of ecosophical geography, which Shaw
(2017, p. 140) proposed as a ‘reconceptualisation of the human—earth
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relationship by paying the same attention to the “earth-body” as we have
to humanity’, is an inspiration to use the term geosophy. Hence, geoso-
phy would address societal and natural processes within a shared frame
of reference, to understand how attributes of the biogeosphere and tech-
nological objects of the noosphere are aggregated to shape anthropo-
genic global change. Slightly adjusting the wording (e.g., substituting
‘geoscience’ for ‘geography’) of J. K. Wright (1947, p. 10) in his presi-
dential address to the 43rd annual meeting of the American Association
of Geographers, the meaning of geosophy is outlined:

My term is Geosophy, compounded from geo meaning “earth” and
sophia meaning [wisdom]... Geosophy, to repeat, is the study of [geo-
science| knowledge from any or all points of view ... Thus, it extends far
beyond the core area of scientific [geoscience] knowledge or of [geosci-
ence] knowledge as otherwise systematised by [geoscientists]. Taking
into account the whole peripheral realm, it covers the [geoscience] ideas,
both true and false, of all manner of people — not only [geoscientists], but
farmers and fishermen, business executives and poets, novelists and paint-
ers, Bedouins and Hottentots — and for this reason it necessarily has to do
in large degree with subjective conceptions. Indeed, even those parts of
it that deal with [geoscience] must reckon with human desires, motives,
and prejudices, for unless I am mistaken, nowhere are [geoscientists] more
likely to be influenced by the subjective than in their discussions of what
[geoscience] is and ought to be.

In the face of a ‘defiant Earth’ (Hamilton 2017), the meaning of geos-
ophy could evolve by encompassing various threads of inquiry to gather
insights from any crisis discipline (Begon 2017). Keeping the original
spirit (Wright 1947) and borrowing meaning derived from Shaw (2017),
geosophy might bundle threads of inquiry from the three cultures, nat-
ural sciences, social sciences and the humanities (Kagan 2009). To this
end, geosophy would inquire into the engineering of the human niche.
These inquiries would consider jointly the natural features of the Earth
system, the physical objects of the techno-sociosphere, the related ensem-
ble of social, cultural and political insights of people (artefacts), as well
as people’s shared subjective mental artefacts about the Earth system.
Hence, geosophy would gather the cognitive bases, so that citizenries
may ethically enjoy the bio-/geo-/noospheres of Earth and be empow-
ered to conserve, unravel or change them consciously and responsibly;
and hence, to behave ethically.
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CHAPTER 5

Reframing Geoethics?

Martin Boble, Giuseppe Di Capun and Nic Bilham

Abstract Geoethics is an emerging and expanding field which is deep-
ening its philosophical foundations and strengthening its interactions
with other disciplines. Such expansion may be in tension with the need
for geoethics to be a focused framework to support geoscientists in their
work. There is also a risk of ‘geoethics’ being used as a catch-all term
for reflection and research when considering human actions within the
Earth system. The chapter reflects on how the scope of geoethics might
be constrained. It suggests that geoethics might be framed as relat-
ing to the practices and values of any human agent as part of the Earth
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system, whereas the complementary notion of ‘geosophy’ could be used
to refer to the broader considerations regarding human-Earth system
interactions.

Keywords Geoethics - Earth system - Professional responsibilities -
Anthropogenic global change - Geosophy

Geoethics is a way of thinking that addresses the ethical implications,
societal contexts and professional obligations of geosciences. This
book takes stock of its state of play. It provides a framework, offers
nuances and advocates extending the subjects that inquiries into
geoethical thinking address. This stocktaking exercise should consol-
idate geoethics within geosciences. Likewise, it should serve to reach
out to natural and social sciences, in general, as well as to humanities
including arts.

Three generic features emerge from discussing geoethics that char-
acterise its current state of play. First, geoethical thinking means con-
sidering the ethical implications of geoscience expertise and practices,
not just in professional contexts but also in broader societal contexts.
The call to the individual for conscious ethical behaviour is the central
pivot of the current concept of geoethics. Second, geoethical thinking
offers values but not a distinct canon of underpinning ethical norms
that is specific to a given set of geoscience subjects. Instead, the norms
that are proposed draw on ethics in general and the regular practices
of geosciences, taking into account the diversity of the local conditions
of nature and people, and of the temporal and spatial scales at which
research, its application and associated professional practices are car-
ried out. Third, geoethical thinking also addresses subjects that could
just as well be considered in different thematic contexts, namely as
‘environmental ethics’, ‘sustainability ethics’, ‘technological and engi-
neering ethics’ or ‘professional ethics’. Although geoethical thinking
can be embedded into each of these contexts, geoethics seems distinct
because it is situated at the intersection of them. Geoethics has a nucleus
that renders it distinct—namely, an actor-centric virtue ethic of profes-
sional geoscientists, who ground their responsible action on the cor-
pus of geoscientific knowledge (including knowledge of its limits) and
who recognise their contribution to shifting the cultural paradigms of
the interwoven-ness of societal and natural environments towards more
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sustainable stewardship of the Earth system. Ultimately, geoethical
thinking could guide the action of professionals, various societal stake-
holders and citizens.

5.1 RECOGNISING A CHALLENGE

In the previous chapters, geoethical thinking was discussed in three
frameworks, namely the geoscience professions, the societal implica-
tions of geosciences and the building of a planetary human niche. The
sequence of these frameworks extends stepwise the perimeter of matters
which geoethics might address, for people acting as responsible citizens
as well as for geoscientists acting in a professional capacity. These frame-
works illustrate the dovetailing of geoscience knowledge with the eco-
nomic and societal practices of contemporary societies, which in turn
emphasise the possible societal function of geoethical thinking.

While it is societally necessary and intellectually rewarding to explore
the range of matters that relate to geoethical thinking, the resulting
spread may cause geoethics to lose its operational focus. It is a justified
concern in respect of professional practices that geoethics needs a dis-
tinct operational focus, to strengthen and deepen its effectiveness in sup-
porting individual geoscientists, and to promote its practical adoption by
these individuals. If geoethics were to be consolidated around practical
(including professional) needs, this would establish it as a ‘conventional
norm’ on Kohlberg’s scale of moral adequacy (see Chapter 4). It would
set geoethics at an intermediate normative level. As such, it would be
insufficient to inspire, as advocated above, shifting the cultural paradigms
of the dovetailing of societal and the natural environments towards more
sustainable stewardship of the Earth system. Furthermore, geoethics
benefits from exposure to other ways of thinking including, for exam-
ple, exchanges with inquiries into environmental ethics or sustainability
ethics. Hence, current inquiries into geoethics face an obvious tension
between expanding or focusing, that is, expanding the subject matter,
scope or ambition of geoethics in ways such as those explored in the
preceding chapters, or focusing it as an effective operational support for
professional geoscientists. The tension between these two justified con-
cerns should be handled so as to avoid arbitrary choices.

Taking first a semantic view: when interpreting the etymological
roots of the notion geoethics, as explored in Chapter 2, geoethics could
have a vast scope. Otherwise, turning to the definition of geoethics, the
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matters discussed in this book demonstrate that geoethical thinking may
evolve beyond either ‘reflection on the values which underpin appro-
priate behaviours and practices, wherever human activities interact with
the Earth system’ or ‘the social role and responsibility of geoscientists in
conducting their activities’ (Peppoloni and Di Capua 2017, p. 2, empha-
sis added here). When using this definition, the application scope of geo-
ethics is more limited than the etymological analysis indicates. Building
on the definition, the somewhat vague expression ‘geoethical thinking’
may refer to matters that are inspired by geoethics but follow many dif-
ferent paths.

Anticipating the tension between expanding or focusing, three ques-
tions have been addressed implicitly in the previous chapters. First, what
is the necessary corpus of geoethics that serves the professional needs
of geoscientists? Second, what are matters adjacent to this corpus, that
should be added into it, to further societal stewardship, exercised by an
individual who is both a citizen and a geoscientist? Third, is there a case
for a notion that is complementary to geoethics and provides a means to
handle the tension that arises from extending the scope of geoethics? In
the instance that such a notion can be found, it might capture matters
that relate to the geosciences and their interactions with society and the
natural world, but that concern subjects other than ethically sound (pro-
fessional) behaviour. Consequently, the application scope of geoethics
would be constrained, and so the risk of its deteriorating into a catch-all
term would be reduced.

Regarding the first two questions, the matters outlined in the Chapter
2 of this book address how to configure the nucleus of geoethics. The
matters discussed in the Chapters 3 and 4 enlarge this initial configura-
tion very much and illustrate wider geoethical thinking. Thus this book
exhibits the tension between expanding or focusing geoethics.

5.2 ExrANDING VERSUS FOCUSING?

Aligned with reflections in many scientific communities, inquiring ‘what
is meant by acting in an ethical manner’ is ongoing in geosciences. These
inquiries can be located within wider efforts that have been undertaken
under the label ‘responsible science’ since the turn of the last century
(United Nations 2013). In this context, some geosciences constituencies,
initially addressing matters relating only to geology rather than to geo-
science more widely, aggregated inquiries into ethical matters under the
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label ‘geoethics’. They started studying geoethics from various angles.
Furthermore, ‘acting ethically in geosciences’ is found to be inspired by a
wide range of concerns.

Notwithstanding the considerable efforts undertaken in the last
decade by the geoethics community, the list of geoscience subjects for
which geoethical inquiries are partly or entirely lacking is a long one;
it includes, for example, geoengineering, climate change, artisanal min-
ing, deep-sea mining and differential mortality in geo-hazards depend-
ing on social status. Likewise, exploring the grounding of geoethics in
different ethical norms is missing from the published literature and will
need cooperation with scholars outside geoscience communities. Hence,
the current development path of geoethics seems to be about expand-
ing. When considering the matters presented in this book, it is apparent
that the development of geoethics has not yet even reached an inflec-
tion point. In this context, limiting the expansion of the application
scope of geoethics would seem to be an act of unjustified intellectual
coercion. In its current configuration, geoethics, as an emerging sub-
ject, is driven by the necessity to create a conceptual and practical frame-
work for the work of geoscientists in the context of the complexity of
the interactions between humans and the Earth system. Its promoters,
mainly applied geoscientists, have progressively framed suitable ethical
orientations for their professions. On many occasions, their inspiration
has come from practices within chartered geoscience professions, which
frame the interaction of geoscientists and clients, geoscientists and
public institutions, geoscientists and mass-media, citizens or decision-
makers through codes, guidelines and established practices. Resting on
these foundations, geoethics as it currently stands has been designed to
guide the conduct of scientific and professional work, to facilitate the
civic involvement of geoscientists and to build the credibility and legit-
imacy of geosciences within the fabric of society. As outlined in this
book, these professional matters have a broad and diverse scope, that
will increase as the economic and societal applications of geosciences
grow further. In this sense too, the development path of geoethics is
about expanding.

In light of the case for extending the scope of geoethics, potentially
across multiple dimensions, like those outlined above, it may be helpful
to debate how geoethics could be framed in such a way that it retains its
identity (and therefore its operational usefulness) without constraining
its expansion and development.
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One line of thought for opening these debates might be to consider
a notion like ‘geoethics proper’. The term itself is a little awkward, but
could be coined to relate to the research, studies and practices of profes-
sional geoscientists who study the abiotic (inanimate) natural world and
professional intervention into it (mainly by geoscientists). Although such
a limitation of scope may sound practical and would distinguish geo-
ethics from environmental ethics, it would obscure the fact that inter-
actions of the biosphere and geosphere shape Earth system dynamics.
Furthermore, human thinking about ‘appropriate interventions’ often
treats as a continuum the abiotic (inanimate) and biotic (living) world,
including any possible impact on people. Hence, an attempt to focus
geoethics only on the abiotic natural world, and human interventions
into it, seems unsatisfactory.

To take another attempt to explore limits to the application scope of
geoethics, the fact could be considered that geoethics has been designed
to focus on the agent, its deeds and the virtue ethics pertaining to these
deeds. The focus on the agent immediately begs the question ‘who is an
agent’? An obvious agent in the case of human—geosphere interactions
is the geoscientist acting in a professional capacity. However, the agent
may be any professional that uses geoscience expertise in an explicit man-
ner or any citizen who is benefiting implicitly from geoscience expertise
when acting as a member of civil society or as a consumer. The idea of
constraining geoethics in terms of specifying the agent therefore looks
problematic too.

Moreover, if, as a hypothesis, geoethics were understood to be a tool
for the ‘geoscientist acting in a professional capacity’, then a descrip-
tion would be needed of the disciplines that geosciences include. When
undertaking this quest, it becomes evident that, at best, one may identify
a nucleus of disciplines to which many may agree; and to which addi-
tions could be made as felt suitable according to individual preferences.
Early studies of the Earth could broadly be sketched as having had two
primary configurations—geography and geology—with geography
describing the surface of the Earth including human activity and geology
describing features below the Earth’s surface. This sketch is somewhat
incomplete because other expertise, such as that relating to minerals,
mining or civil engineering, was part of the picture from the outset. With
the emergence of modern natural sciences, geosciences became more
clearly differentiated from geography, and while the human dimensions
of geography remained at its heart, those relating to geoscience have
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tended to be seen as peripheral matters arising from the application of
science rather than being a fundamental part of it. However, interac-
tions with social processes are vitally important in both geography and
geosciences, including through commercial and industrial applications,
human health and wellbeing, and social development. Examples include
hazard mitigation or urban planning when studying the supply of water
and power or urban climate. It is a matter of choice, also driven by per-
sonal preferences, where to locate any border zone between geosciences
and related fields. Cutting through the entangled geo-disciplines, it may
be stated that geosciences refer to a range of applied and fundamental
research fields, as well as related engineering disciplines and commercial
undertakings. Together, they address the functioning of the Earth, the
intersections of Earth and human systems as well as the extraction and
use of (abiotic) natural resources. Given this application case, scholarly
inquiry into the interfaces between geosciences and social sciences and
humanities is germane, including into geoethical thinking. However,
the difficulty of drawing an effective and objective boundary around the
geosciences for this purpose would make it difficult to limit the scope of
geoethics on this basis.

Drawing on the above, conceptually limiting the application scope of
geoethics in terms of ‘natural domain’ (i.e., the geosphere), ‘agent’ (i.e.,
professional geoscientists) or ‘intellectual domain’ (i.e., geosciences)
does not deliver a clear specification. Having discussed the prospects of
limiting the scope for geoethics, an explicit programme of its expansion
is an alternative option. The choice of embracing such a programme of
expansion would build on the insights arising from attempts at limiting
the scope of geoethics explored above.

The application of geosciences expertise may happen explicitly
through the activities of professional geoscientists, implicitly in other
professions or public governance, or embedded in the daily actions of
any citizen. All these actions are part of how human activities and the
geosphere intersect, and these are entangled with the biosphere too.
The production systems and consumption patterns that sustain the
human population are complex adaptive socio-ecological systems that
give rise to the broad and diverse range of applications of geoethics,
from natural hazards to mining, construction, the shaping of landscapes
and geoengineering. By the same token, geosciences are entangled
with other disciplines, including natural sciences, social sciences and
humanities.
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Understood in this manner, the possible application range of geoeth-
ics goes well beyond providing a framework for geo-professionals only.
Thinking geoethically may provide a framework for many professions
and organisations across a wide range of societal challenges, and offer a
means of orientation for other citizens, all of whom are agents whose
daily activities intersect with the geosphere in numerous ways. Geoethical
thinking framed in this broad sense has the potential to be a fundamental
public good, woven into the fabric of civil society, the literacy of citizens
and our conceptions of democratic citizenry. However, an emphasis only
on ‘ethics’ in such a framing may be too narrow, and a further notion
may therefore be needed that can be used alongside geoethics.

5.3  GEOETHICS AND GEOSOPHY

Seeking a notion that is complementary to geoethics, bibliographic
research suggests terms such as ‘geo-humanities’, ‘humanistic geo-
sciences’ or ‘geosophy’ (Wright 1947; Mouchang 2011; Sorlin 2012;
Castree ct al. 2014; Hawkins et al. 2015; Holm et al. 2015; Blankenship
2018; Shaw 2017). When considering the meaning of ‘geo-humanities’
or ‘humanistic geosciences’, for example, it seems evident that they could
refer to a composite body of expertise composed from natural sciences,
engineering, social sciences and humanities. But the notion ‘geo-human-
ities’ is already used by geographers with specific meanings and purposes.
The notion ‘geosophy’ seems to offer an appropriate meaning, by the
construction of the term, to refer to knowledge about Earth. On first
sight, without further analysis, for example, of its etymological roots, the
notion ‘geosophy’ seems convenient for the present context. Although
conceived in 1947 by Wright, as discussed in the previous chapter, the
term has not been taken up into the scholarly vocabulary. Therefore
the notions ‘geosophy’ and ‘geoethics’ might be an appropriate pair to
encompass together the societal context, implications and obligations
of geosciences, leaving open for exploration what is the middle ground
between them, depending on the role of the human agent for a given
issue.

In view of whether to expand or focus the application scope of geo-
ethics, it should be explored whether the notions ‘geoethics’ and
‘geosophy’ together may describe comprehensively insights into the
human—-Earth system, and hence the building of a planetary human
niche. In such a framework, the core of geoethics would be an ‘an
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actor-centric and enriched geo-professional ethics’, in the sense described
by the Cape Town Statement on Geoethics (Di Capua et al. 2017):

Geoscientists have know-how that is essential to orientate societies towards
more sustainable practices in our conscious interactions with the Earth sys-
tem. When applying a wider knowledge-base than natural sciences, then
geoscientists need to take multidisciplinary approaches to economic and
environmental problems, embracing (geo)ethical and social perspectives.
Geoscientists are primarily at the service of society. This is the deeper pur-
pose of their activity.

When reaching out beyond its initial core, geoethics would encompass
matters that are relevant for the human—Earth system and address any
human agent who is explicitly or implicitly using geoscience knowledge
in its actions. As a complement, the notion ‘geosophy’ would encom-
pass matters that are relevant for the understanding of the human—Earth
system but that relax the focus on the human agent. Hence, geosoph-
ical and geoethical thinking would embark on inquiries into the human
condition in contemporary times of anthropogenic global change.
Geosophical thinking would focus on the relevant knowledge base, com-
pared with geoethical thinking that has its focus on the actions of the
human agent and the consequences of them. The balance between both
notions provides for exploring the mutual limitation of their respective
operational scopes, within which the tension between expanding or focus-
ing of geoethics could be handled. As an example, geoscience literacy as
a knowledge base would be part of geosophy. However, development
and application of geoscience literacy jointly with other knowledge bases
would be part of geoethics, “wherever human activities interact with the
Earth System” (Peppoloni and Di Capua 2017, p. 2). That is, geoethics is
designed with clear operational criteria that it is about the deeds and val-
ues of the human agent as part of the Earth system.
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