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Abstract: During the second half of the 20th century, the crisis of societal relations to nature emerged
as the subject of an international scientific, political, and popular debate. Anthropogenic climate
change, loss of biodiversity, resource peaks, or local air and water pollution are symptoms of this
crisis. Social ecology provides an inter- and transdisciplinary take on sustainability research and
is well-equipped to respond to the research challenges associated with this crisis. Social ecology
comprises different schools of thought, of which two initiated this special issue on “State of the Art
and Future Prospects” for the research field. The approaches to social ecology of the ISOE—Institute
for Social-Ecological Research in Frankfurt, Germany, and the Institute of Social Ecology (SEC) in
Vienna, Austria are based on a common understanding of the challenges posed by social-ecological
crises. In how these social ecologies tackle their research questions, conceptual differences become
evident. In this article, we provide an overview of social ecology research as it is conducted in
Frankfurt and in Vienna. We discuss how this research responds to the ongoing crisis and conclude
by identifying important future prospects for social ecology.

Keywords: social ecology; societal relations to nature; colonization; metabolism; regulation;
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1. Introduction

During the second half of the 20th century, a deepening crisis of the societal relations to nature
emerged as the subject of an international scientific, political, and popular debate [1]. In the early
1970s, the Club of Rome commissioned “The Limits to Growth” study [2]. During that same decade,
large-scale social and environmental disasters occurred, for example, at the nuclear reactors in
Harrisburg and Chernobyl and the chemical plants in Bhopal and Seveso. In the 1980s, the Brundtland
Report [3] popularized the term “sustainable development” and initiated an increasingly mainstream
discourse on the interaction between socio-economic development and environmental change. The UN
Sustainable Development Goals (SDGs) are the most recent and currently highly visible attempt to
address the social, economic, and environmental pillars of sustainability.

The development of policy interest in sustainability was accompanied by an intensifying
social-ecological crisis: anthropogenic climate change, widespread and extremely rapid loss of
biodiversity, resource peaks and fluctuating supply, and local air and water pollution are symptoms
of this crisis. In all these symptoms, humans are both ‘perpetrators’ and ‘victims’. It is human
activity that has caused far-reaching and hazardous change to the environment, so much so that a new
geological epoch—the Anthropocene—has been defined [4]. The challenge for sustainability research
is immense. To identify the underlying drivers of detrimental (global) environmental change is a
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prerequisite for any contribution to much-needed transformations of societal relations to nature [5].
Such research is conducted in the face of controversy, as the role of human activity in causing epochal
environmental change has repeatedly been disputed; the contestation of anthropogenic climate change
by certain societal groups is among the most well-known examples. Research on the crisis of the
societal relations to nature must therefore not only address questions of societal organization and
drivers of environmental change, it must also be able to consider research and academia, disciplines
and schools of thought as its object to contribute to transformative knowledge creation.

Social ecology provides an inter- and transdisciplinary take on sustainability research and is
well-equipped to respond to these challenges. Social ecology is, however, not a conceptual monolith
but comprises different schools of thought [6]. This special issue predominantly brings together
contributions from two such schools: the ISOE—Institute for Social-Ecological Research in Frankfurt,
Germany, and the Institute of Social Ecology (SEC) in Vienna, Austria. In this editorial, we introduce
the institutes’ past and recent advances in social ecology, focusing in particular on their respective
conceptual research programs, approaches, and methodologies. Based on this review, we identify how
social ecology addresses the crisis of the societal relations to nature and discuss some of the research
frontiers that have recently emerged. We conclude by reflecting on important future perspectives for
social ecology.

2. Frankfurt Social Ecology

Frankfurt Social Ecology defines itself as a critical, transdisciplinary science of societal relations
to nature (SRN) (for a detailed account on Frankfurt Social Ecology, see Hummel et al., this issue).
The concept of SRN emerged almost 30 years ago within the political context of the 1980s and 1990s.
This period was marked by the debates of the environmental movement, the women’s movement and
other social movements. Corresponding debates centered on various versions of Marxist, feminist
and ecological critiques of ecological destruction, dehumanizing modes of production, patriarchal
rule, of the naive belief in progress, and of an objectivist concept of knowledge. Furthermore,
challenging theoretical questions raised by the “new social movements” were discussed. Referring
to Critical Theory, the ecological crisis was understood in several dimensions as a crisis of politics,
gender relations, and science. Moreover, it became clear that disciplinary research was often not
able to tackle social-ecological problems. Frankfurt Social Ecology therefore pursues a mode of
transdisciplinary research that aims to bring together knowledge from the natural and social sciences
with non-scientific knowledge.

The SRN concept refers to patterns that emerge from culturally specific and historically variable
forms and practices in which individuals, groups, and cultures design and regulate their relations to
nature. SRN are formed either directly through the interaction of individual actors or are mediated
by institutions and functional systems. The spectrum of forms and practices ranges from the
appropriation of natural resources to the aesthetic contemplation of nature, from physical measurement
to environmental education. In the SRN concept, physical-material and cultural-symbolic attributes
of the patterns are differentiated. This distinction emphasizes the materiality of all natural relations
under consideration and, at the same time, takes the relations’ embeddedness in symbolic orders,
interpretive contexts and social constructions into account. Material aspects do not simply exist as part
of a reality independent of interpretation. Rather, they are the result of social and cognitive processes of
construction. This is of particular relevance since the material regulation of modern societies’ relations
to nature is increasingly dependent on scientific models and technical principles. Similar distinctions
are also made in other research approaches, for instance, in Vienna Social Ecology [7], in the theory of
reflexive modernization [8], or in actor-network theory [9,10].

At its most fundamental level, the SRN concept evolves around the idea of basic needs. SRN
should be regulated in a way guaranteeing that all human beings can satisfy their basic needs.
This dimension is closely related to the ideas of justice, equity, and sustainable development. Such
“basal societal relations to nature” are essential for individual and societal reproduction, as well
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as for the capacity of individuals and societies to thrive. Basal SRN are, for instance, work and
production, land use and nutrition, sexuality and reproduction, hygiene and health care, or movement
and mobility. If the regulation of basal SRN fails, spatially, temporally, and socially extensive crises or
societal collapse might occur. In the case of global water or food crises, for instance, large parts of the
world population cannot satisfy their vital needs.

In Frankfurt Social Ecology, the idea of the regulation of SRN is incorporated in the concept of
provisioning systems: as a reinterpretation of the social-ecological systems approach, this concept
allows for the empirical analysis of SRN (Hummel et al., this issue).

The notions of regulation and transformation play an important role in the context of the crisis
of societal relations to nature. In this context, regulation has a normative dimension since there
has to be a vision of successful regulation. Different disciplinary approaches to regulation can be
pursued, for instance, through a technological cybernetic understanding or political-economic theories
of regulation. Frankfurt Social Ecology distinguishes patterns and modes of regulation: “Whereas
patterns of regulation stand for the material and symbolic aspects of the organization of the individual
and social satisfaction of needs, modes of regulation represent a second order regulation, which
mirrors the norms and power structures of a society” (Hummel et al., this issue). Changes in the modes
and patterns of regulation are conceptualized as social-ecological transformations (see Görg et al.,
this issue).

The focus on real-world problems (in contrast to purely scientific problems) and the development
of possible solutions are constitutive for Frankfurt Social Ecology. In transdisciplinary research,
real-world problems are the starting point of the research, and contributing to their solution is the
research objective [11,12]. Research is conducted to gain a better understanding of social-ecological
problems and to study alternative options for action that can show the way out of problematic states or
processes. Transdisciplinarity is a mode of research in which the main assumption is that societal and
scientific problems are interlinked. The model of an ideal transdisciplinary research process comprises
three phases [13]: In the first phase of problem transformation, societal and scientific problems are set
in relation to each other to form a common research object. In the second phase of interdisciplinary
integration, new knowledge is produced by the integration of scientific and non-scientific knowledge.
In the third phase of transdisciplinary integration, the results of the second phase are assessed in terms
of their contribution to societal and scientific progress.

Frankfurt Social Ecology’s research results provide options for sustainable solutions, such as
integrated management strategies for water and land resources (see Liehr et al. in this issue),
or innovative concepts for adapting aged water infrastructures to changing conditions and strategies,
in order to minimize critical substances, such as pharmaceuticals, in ground- and drinking water [14].
Designs for transport and mobility, or urban developments, can result from research projects by
integrating lifestyle concepts and the quality of life in urban areas [15]. Studies of changes in
consumption patterns, lifestyles, and everyday practices are conducted to identify recommendations
for reducing carbon emission in households [16,17]. In the field of biodiversity, the interactions between
biodiversity, ecosystem services and population dynamics are in the focus of current research [18,19].
Finally, scientific and practice-related foundations for transdisciplinary research are developed, and
the impacts of its application on research and cognitive processes are examined [20,21]. Concepts
such as ecosystem services (see Mehring et al. and Schleyer et al. in this issue), (social-ecological)
risks (see Völker et al. in this issue, [22]), vulnerability [21], resilience or lifestyles [23] are fruitfully
integrated. These different approaches stem from the humanities, social, natural and engineering
sciences. Their joint application allows for a broader picture of SRN, in addition to the non-scientific
view contributed by stakeholders participating in the transdisciplinary research process. Public debates
can be encouraged by bringing together different kinds of knowledge.
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Frankfurt Social Ecology’s contribution to coping with crises of societal relations to nature evolves
in a twofold way: First, it aims at developing appropriate solutions to ecological crises by tackling
their social, political, and economic causes. Second, it offers solutions to the epistemological and
methodological challenges of sustainability science by advancing a critical, transdisciplinary mode
of research.

3. Social Ecology Vienna

Social ecology as studied at the Institute of Social Ecology in Vienna shares with the ISOE
in Frankfurt the identification of real-world problems as its point of departure. In the current
social-ecological crisis, the underlying causes are systemic. The crisis is not the aggregate effect
of individual, personal resource use but of the societal organization of resource use, i.e., of societal
relations to nature. Social ecology in Vienna deliberately has a name that distinguishes it from
human ecology. Social ecology’s object of study is not humans per se—distinct from plants and
other animals—but the societies within which these humans organize their reproduction [6]. From
high rates of deforestation, water extraction, and fossil fuel combustion to soil degradation, and the
pollution of aquifers and air, the “Great Acceleration” since the 1950s [24] has led to unprecedented
patterns of global resource use. From a social-ecological perspective, this new quality and magnitude
of environmental impact is associated with a comparable shift in societal organization and in the
socio-economic drivers of this environmental impact.

Social ecology in Vienna conceptualizes human societies as “hybrid”, as simultaneously subject
to biophysical and socio-cultural spheres of causation [25] (Figure 1). Society has a “biophysical
compartment”, containing its human population, livestock, its infrastructure and artefacts, and must
entertain biophysical relations with its natural environment in order to maintain and reproduce this
compartment. This conceptualization of society is a prerequisite to the systematic study of societies
across time and space in terms of their material and energetic inputs and outputs [26], i.e., of their
social metabolism, and of their colonizing interventions in the environment. In this context, social
metabolism is used to refer to a society’s energetic and material inputs, their transformation, and
either integration into societal stocks or output in the shape of exports to other socio-economic
systems, or discharge to the environment as wastes and emissions [27]. Colonization describes societal
interventions in the environment that aim to render that environment more societally useful than
it was prior to the intervention, or than it would be if the intervention were to cease. Deforestation
and tilling are examples of colonizing activities that enable the agricultural use of land for society’s
biomass metabolism. Social-ecological research is currently advancing to specify the decisive role that
society’s biophysical stocks play for resource flows [28], constituting a legacy of past decisions for
future development options (Haberl et al., this issue). The material exchange with the environment
is not only the result of biophysical needs but is shaped by societal perceptions of nature (and what
constitutes a resource), by patterns of consumption, and by socially mediated access to resources.
Social metabolism must therefore also be understood as the result of a type of communication within
society’s cultural sphere. This communication, in turn, is enabled and shaped by the use of material
and energy. The two spheres do not exist independently of one another but are mutually dependent
and influential.
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Social-ecological research scrutinizes patterns of resource use and societal mechanisms that,
intentionally or unintentionally, shape these patterns. In turn, changes to these patterns constitute
a change to the societal relations to nature, including an altered form of communication about the
environment and the resources it provides. To understand and—as has become especially pressing
in the current social-ecological crisis—address patterns and drivers of societal resource use, both the
natural and the cultural spheres of causation must be taken into account. In doing so, it becomes
apparent that specific socio-cultural (political, economic, etc.) mechanisms are in place through which
society organizes its metabolism. These mechanisms are simultaneously the product of and the
prerequisite for specific forms of resource use [5].

Social-ecological research has uncovered important dynamics of this societal organization
of metabolism through the study of past transitions between so-called socio-metabolic modes.
Socio-metabolic modes are a meta-distinction between societies according to their resource basis
and were introduced by the environmental historian Rolf-Peter Sieferle [29,30]. Hunters and gatherers,
agrarian societies, and industrial societies have distinct socio-metabolic modes. Hunters and gatherers
passively use solar energy (via biomass hunted or gathered), agrarian societies engage in a controlled
solar energy use (biomass cultivated in agricultural systems), and industrial societies mainly obtain
their energy via the use of fossil fuels, i.e., by harnessing the products of solar energy influx of the past.
The average human requires three billion Joules (Gigajoules GJ) of energy per year in order to survive,
as direct nutritional energy and with some use of firewood in order to reduce the amount of energy
expended in the digestion of that biomass. Humans living together in a society of hunters and gatherers,
with minimal material possessions, use almost four times that amount of energy per person (11 GJ/cap)
per year. Agrarian societies use almost 17 times as much (50 GJ/cap), and industrial societies use
an average of 200 GJ/cap, i.e., more than 66 times the basic metabolic rate [31]. The particular form
of societal organization, and not the sum of basic needs of its inhabitants, is decisive for societal
relations to nature. Social-ecological research has demonstrated that sustainability (or lack thereof) is
shaped socio-culturally and through resource use patterns (Gizicki-Neundlinger and Güldner, Haas
and Andarge, Schaffartzik and Pichler, Haberl et al., all this issue), which must be understood as
being interconnected.

Social ecology research in Vienna has focused strongly, but not exclusively, on the quantification of
society’s metabolism. This has included studies of global resource use [32,33] as well as of resource use
by world regions [34,35], countries [36], and local communities [37,38], (Haas and Andarge, this issue).
Data availability differs strongly along these levels of scale, resulting in vast differences in the type
of research conducted. Across spatial levels of scale, social ecology is also characterized by a broad
range of applications to different time scales. These range from long-term socio-ecological research
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(LTSER) [39] covering millennia of societal resource use [40], (Gizicki-Neundlinger and Güldner in
this issue) to studies focusing on current levels of resource use and their development in the more
immediate past (Haas and Andarge, Schaffartzik and Pichler, in this issue).

While at and above the national level and for shorter, more recent periods of time, research can
rely on national statistics (with some modelling of unreported flows), work at the subnational level and
for a historically distant past always requires either estimation procedures or primary data collection.
Especially at the community level, social-ecological research has been characterized by a much stronger
(and indispensable) link between quantitative and qualitative approaches, where the quantitative data
could only be gathered or verified through historical archive material (see Gizicki-Neundlinger and
Güldner in this issue) or through interviews and participant observation (see Haas and Andarge in
this issue). The latter practices in particular have allowed this branch of social-ecological research to
contribute to questioning and reflecting on the role of the researcher [41]. There has never been any
strong idea of an “objective” understanding of sustainability, even in the data-driven analyses within
social ecology.

Research across levels of scale continues to provide a challenge in the field of social ecology.
In rising to this challenge, much has already been discovered about links across levels of scale. Past
legacies shape current resource use (Haberl et al., this issue) and drivers of resource use may originate at
a spatial distance from where they take effect [42]. The fast pace and strong environmental implications
of globalization for sustainability that characterize the current crisis require this type of multi-scalar
approach. Future social ecology research is likely to be concerned to a greater degree with the links
across different levels of scale [5].

The ability to quantify society’s metabolism has developed into one of the strengths of the research
conducted at the Institute of Social Ecology in Vienna and has been decisive in generating insights
into the biophysical dimensions of particular patterns of economic growth, of land use or of trade
relations. This research was essential in fostering the notion of strong sustainability in which natural
resources are not considered to be substitutable by financial capital. Indicators derived from material
flow accounting, the tool with which social metabolism is measured [43], have been implemented in
national and, for example, European statistics [44], and now provide a measure of the biophysical size of
an economy which is statistically independent from the leading monetary indicators (including GDP).

4. Where to in Times of Crisis?

The two approaches to social ecology presented in this special issue provide a productive
framework for conceptualizing different dimensions, dynamics, and scales of the social-ecological
crisis. At the same time, persisting and new dynamics of non-sustainable societal relations to nature
constitute challenges for social-ecological research. Such challenges comprise, for instance, inequality
and power asymmetries (e.g., due to climate change, or in terms of access to resources or ecosystem
services), dysfunctional technological systems (e.g., due to path dependencies, inertia or lock-in
situations in the energy, water or traffic sector), unjust transformations (e.g., when the introduction
of innovations leads to discrimination between user groups or a disparate distribution of benefits,
costs and risks), or interdependencies of different scales (e.g., local and regional actions and practices
versus transregional and global impacts of pollutants such as pharmaceuticals or microplastics). In the
following, we highlight some emerging clusters of challenges to which social ecology is making
important contributions. These are (1) the role of power relations in enabling and maintaining
unsustainable resource use patterns; (2) the role of social-ecological innovation within transformation
processes; and (3) transregional interdependencies crucial for the analysis of societal relations to nature
and their transformation towards sustainability.

In considering and contributing to research on power relations that shape access to, control of, and
distribution of resources and environmental benefits, social ecology has developed important, fruitful
links to the field of political ecology. Political ecology highlights the political and economic dimensions
of crisis phenomena by asking whose crisis it is [45]. In highlighting “that unequal relations between
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actors are a key factor in understanding patterns of human-environment interaction and the associated
environmental problems” [45], detailed studies analyze how powerful groups of actors control access
to nature, natural resources and ecosystems through specific mechanisms (e.g., capital accumulation,
commodification, gender relations, institutional settings) and how marginalized groups of actors (e.g.,
peasants, indigenous people, fisherfolk, urban dwellers) react to these inequalities [46–48]. The focus
of social ecology on the environmental impact of a society’s resource use (see Section 3) does not imply
that every member of a society contributes equally to that resource use. In fact, the dominant capitalist
mode of production and consumption limits the power of individuals to directly affect change so
that political and economic drivers and interwoven power relations are decisive for understanding
the social-ecological crisis. Focusing on these political and economic dynamics of crisis phenomena
implies taking related conflicts into account [49]. Conflicts serve “as a prime form and expression of
politics” [50], where underlying relations of power and domination and (contradictory) interests are
revealed. Research has shown that societal elites (e.g., state representatives, companies, local elites), for
example, actively produce resource scarcities through enclosure processes and the commodification of
resources, which exclude other actors from their lands and resources [51,52]. Hence, social-ecological
conflicts and crisis phenomena do not necessarily emerge from universal and abstract “limits to
growth” or planetary boundaries [2,53] but through socio-economic and political processes that shape
societal relations to nature.

4.1. Transformation through Social-Ecological Innovation

Sustainability transformations play a crucial role in coping with social-ecological crises (see
Görg et al., this issue). Since societal relations to nature are often facilitated through technological
regimes (e.g., supply and disposal infrastructures, production and consumption patterns), it is
important to understand the factors and processes that foster or hamper regime transitions and/or
transformations which are in turn largely influenced by innovation processes. Technological regimes
are a sum of institutions and infrastructures such as technologies, engineering practices, skills and
procedures, and problem definitions [54]. The concept of technological regimes can describe and
explain the predominance of a (dominant) technique and the rules that enable or constrain directions
of development [55]. The concept can be applied to better understand innovation or to develop
options for steering or managing technology. Especially if resource inefficiency is identified as
the cause of environmental problems, technological innovations are often considered as a potential
solution. Technology by itself, however, is not able to facilitate sustainable transformation. In the
sustainable transformation of water infrastructures [56,57], for example, the invention of water-saving
reuse technologies will only be achieved by “reorganizing the world around these technological
inventions” [58]. A technological invention and the pursuant innovation must be accompanied by
social, economic, and organizational innovations. These comprise, for instance, innovations in routine
economic cycles of production and consumption, organizational structures, and acceptance by the
users. In addition, the dimension of socio-technical systems necessarily needs to be complemented by
an ecological dimension in order to fully grasp the societal relations to nature, i.e., the social-ecological
conditions and impacts of technological innovations. The activities, perceptions, and interests of actors
such as engineers, researchers, political decision-makers, users, and customers have to be integrated
productively. Technological innovation can cause conflict among the involved actors. Research and
practice (societal actors) must collaborate closely and negotiate the innovation process to achieve
sustainable results. Research and planning become reflexive and iterative processes, which embrace
openness and unanticipated contingencies (see Liehr et al. in this issue). Obstacles to innovation
must be identified in advance, e.g., institutional barriers, which require other innovations, such as
new institutional arrangements. In particular, measures leading to cooperative management have the
potential to support the necessary restructuring of institutional arrangements and pave the way for
transformation [59,60].
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4.2. Global and Transregional Interdependencies

Global resource use regimes, transregional economic and commodity chains, and global
information flows increasingly connect people, states, economies, and regions. The realms of everyday
life in countries of the Global North depend on imported resources, which often stem from the Global
South ([61], see Schaffartzik and Pichler in this issue). Flows and connections include, for example,
exchange of resources through international trade [35,62], such as coal shipped from South America
to be burned in German power plants. The social [63,64] and the environmental dimension [53,65]
of these interconnections are objects of intensive research on the social-ecological impacts of scale
interdependencies. Ecological and biophysical processes like wind systems, ocean currents, or the
conditions of resources like soil and water, are impacted by and have impacts on these international
resource flows. For example, microplastics and other chemicals are distributed around the world,
posing a global risk [22], and invasive species carried by ships or long-distance traffic on land upset
local ecosystemic balances [66]. In order to study such interdependencies, social and ecological
analyses, including spatial and temporal dimensions, must be combined, considering natural processes
(such as ocean currents, wind), technical processes (technologies), and social processes (communication,
practices, trade, politics). The debate on the Anthropocene has triggered questions of scale regarding
the tension between the diagnosis of a global social-ecological crisis with responsibility and potential
for action on a local and regional scale [67]. Social ecology has begun to integrate concepts which
have been used to fruitfully study multi-scalar interdependencies and which include social-ecological
systems [68,69], tele-coupling [70–72], virtual water [73], and the flat ontology approach developed by
ANT researchers [74].

5. Future Prospects for Social-Ecological Research

Each of the approaches to social ecology presented in this special issue contribute to our
understanding of the crisis of the societal relations to nature. Each approach has also developed
its specific foci. Frankfurt Social Ecology has developed social ecology as a critical, transdisciplinary
science which addresses real-world problems in order to shape societal relations to nature in a
sustainable way. The work at the Institute of Social Ecology in Vienna has been instrumental in the
consideration of society as biophysical and as therefore subject to the impact of a changed environment.
Both approaches to social ecology share an understanding of the problems and challenges posed by
social-ecological crises and the need to develop responses, solutions, and coping strategies that must
include shaping the scientific and public discourse on societal relations to nature. Social-ecological
research has identified that and how the sustainability of societal resource use patterns (or more
appropriately: the lack of sustainability therein) is systemic and—partially—unintended. These
research insights raise serious concern as to the ability of many of the mainstream political and policy
measures to adequately address the current crisis. Achieving sustainability is not a question of a few
‘tweaks’ to the system, it is a question of transformations of our very fundamental societal relations to
nature. Social-ecological research can generate knowledge and instate academic practices that greatly
contribute to such transformations by rising to the challenge of the current crisis. This is undoubtedly
a tall order, and the research in social ecology is far from completed. Nor will or should the research on
sustainability transformations be understood as the domain of social ecology alone: New cooperation
across disciplinary boundaries and in the public domain must play a catalytic role in the future of this
research field. At the same time, the intensified exchange among social ecologists, in which this special
issue constitutes but a small step forward, provides a positive challenge for the further development
of the field.
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