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Social-ecological resilience and biosphere-based sustainability science
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ABSTRACT. Humanity has emerged as a major force in the operation of the biosphere. The focus is shifting from the environment as
externality to the biosphere as precondition for social justice, economic development, and sustainability. In this article, we exemplify
the intertwined nature of social-ecological systems and emphasize that they operate within, and as embedded parts of the biosphere
and as such coevolve with and depend on it. We regard social-ecological systems as complex adaptive systems and use a social-ecological
resilience approach as a lens to address and understand their dynamics. We raise the challenge of stewardship of development in concert
with the biosphere for people in diverse contexts and places as critical for long-term sustainability and dignity in human relations.
Biosphere stewardship is essential, in the globalized world of interactions with the Earth system, to sustain and enhance our lifesupporting environment for human well-being and future human development on Earth, hence, the need to reconnect development to
the biosphere foundation and the need for a biosphere-based sustainability science.
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INTRODUCTION
Work on the interplay between nature and society has a long
history and deep legacies. This body of research has spanned work
on local studies to global challenges, and encompasses diverse
interpretations within, between, and across disciplines of the
humanities, the social sciences, and the natural sciences. The
concept of social-ecological systems is one interpretation to
emerge from this history. Berkes and Folke (1998) started to use
social-ecological systems as an integrated perspective of humansin-nature, and related it to the, at that time, emerging concept of
resilience (Holling 1973, Folke 2006, 2016). Berkes and Folke
(1998:4) pointed out that in the social-ecological systems
perspective “the delineation between social and natural systems
is artificial and arbitrary.” In this concept the social refers to the
human dimension in its diverse facets, including the economic,
political, technological, and cultural, and the ecological to the
thin layer of planet Earth where there is life, the biosphere. The
biosphere is the global ecological system integrating all living
beings and their relationships, humans and human actions
included, as well as their dynamic interplay with the atmosphere,
water cycle, biogeochemical cycles, and the dynamics of the Earth
system as a whole. In this sense, the biosphere coevolves with the
Earth system (e.g., Lenton 2016). Furthermore, the genetic and
species diversity making up the biosphere allows it to persist and
adapt under changing conditions thus making the Earth system
more resilient to the rapidly rising speed and scale of socialecological change (Mace et al. 2014).
In essence, the social-ecological systems approach emphasizes
that people, communities, economies, societies, cultures are
embedded parts of the biosphere and shape it, from local to global
scales. At the same time people, communities, economies,
societies, cultures are shaped by, dependent on, and evolving with
the biosphere (Clark and Munn 1986, Folke et al. 2011, Leach et
al. 2012). Hence, people are not just interacting with but are
inhabitants of the biosphere together with all other life on Earth,
shaping its resilience in diverse ways, from the local to the global,
consciously or unconsciously.

The major expansion of the human dimension into the
Anthropocene (Vitousek et al. 1986, 1997, Steffen et al. 2007,
Waters et al. 2016), the age of mankind, has resulted in a highly
interconnected world with new cross-scale interactions linking
people and places in new ways. These interactions are intertwined
with and ultimately framed by the capacity of the biosphere as
part of the complex dynamics of the Earth system to sustain
progress and development (Odum 1989, Steffen et al. 2015a). The
biosphere underpins our future by providing basic resources like
food and water, through to influencing the spiritual, aesthetic,
and cultural dimensions of our embeddedness in nature. This has
become especially obvious in the Anthropocene era where
humanity has accelerated into a big world on a small planet
(Rockström and Klum 2015). In other words, humans are
intertwined with the biosphere, and the emergence of the
Anthropocene now suggests that humans have become a
significant force in the dynamics of the Earth system at the
planetary level (Steffen et al. 2007, Lenton 2016, Williams et al.
2015).
It should be clear that human development cannot be decoupled
from the biosphere, as much as people think that human ingenuity
and technology will allow this. Human well-being in all its
dimensions, e.g., quality of life in terms of freedom and choice,
good social relations, personal security, and material needs,
ultimately rests on biosphere capacity and the interplay with the
Earth system. Focusing primarily on wealth and inequality or
social resilience while remaining ignorant about and disconnected
from the biosphere and its stewardship is not a recipe for longterm sustainability for people on Earth.
In this article, we will clarify and exemplify the intertwined nature
of social-ecological systems and emphasize that they operate as
part of the biosphere and as such are dependent on it. We regard
social-ecological systems as complex adaptive systems (Levin et
al. 2013) and use a social-ecological resilience approach as a lens
to address and understand their dynamics (Folke et al. 2010, Biggs
et al. 2012, Folke 2016).
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As supporters of methodological pluralism (e.g., Norgaard 1989),
we are not advocating a single specific platform or field as the
only way to explain and understand the enormous challenges of
the Anthropocene. Nonetheless, people and societies will continue
to shape and be shaped by the biosphere and there is a growing
imperative and recognition of the need for development
approaches and global scientific endeavors that take account of
the interdependencies between human well-being and the
biosphere foundation, e.g., the Sustainable Development Goals,
Future Earth. By adopting a social-ecological resilience
approach, we bring a stronger focus on what development for
human well-being entails in a biosphere context and in relation
to sustainability, hence, the plea for a biosphere-based
sustainability science. We raise the challenge of stewardship of
human development in tune with the biosphere as critical for
sustainable development and dignity in human affairs.
SOCIAL-ECOLOGICAL SYSTEMS AND RESILIENCE
Social-ecological resilience is the capacity to adapt or transform
in the face of change in social-ecological systems, particularly
unexpected change, in ways that continue to support human wellbeing (Chapin et al. 2010, Biggs et al. 2015). Adaptability refers
to human actions that sustain, innovate, and improve
development on current pathways, while transformability is about
shifting development into new pathways and even creating novel
ones (Walker et al. 2004, Folke et al. 2010). Shifting pathways or
basins of attractions do not take place in a vacuum. Any
transformation draws on resilience from multiple scales and
diverse sources. It recombines experience and knowledge, learning
with change, turning crises into windows of opportunity, and
governing transformations for innovative pathways in tune with
the resilience of the biosphere (Gunderson and Holling 2002,
Westley et al. 2011). Resilience thinking explicitly focuses on
understanding how periods of gradual change interplay with
periods of rapid change in intertwined social-ecological systems
confronted with true uncertainty and what that means for people
and the planet.
Social-ecological systems are complex adaptive systems, where
agents often interact in unplanned and unpredictable ways. These
interactions underlie the emergence of broader scale patterns that
feed back on the system and influence the interactions of the
agents (Levin et al. 2013). Hence, the properties of complex
adaptive systems change because of the interplay between the
adaptive responses of the parts (or agents) and the emergent
properties of the whole (Levin 1999, Lansing 2003). Causation is
often nonlinear in complex adaptive systems with the potential
for chaotic dynamics, multiple basins of attraction, and shifts
between pathways or regimes, some of which may be irreversible.
The dynamic interaction of variables of slow and fast change
makes it difficult to know when such dramatic changes may occur
and to pinpoint cause-and-effect mechanisms (Scheffer 2009,
Rocha et al. 2015).
Success in controlling a narrow set of parameters may lead to
surprising, and often adverse, outcomes in the broader system
(Holling and Meffe 1996, Holling et al. 1998, Sterner et al. 2006,
Cifdaloz et al. 2010). This tension is referred to as management
and governance of specified resilience, that is, resilience to achieve

a certain goal (Walker et al. 2009) at the expense and loss of
general resilience (Carpenter et al. 2015). General resilience is the
capacity of social-ecological systems to adapt or transform in
response to unfamiliar, unexpected events and extreme shocks. It
is a strategy for dealing with uncertainty and is especially relevant
in the Anthropocene considering the rate and scale of change.
Conditions that enable general resilience include diversity,
modularity, openness, reserves, feedbacks, nestedness, monitoring,
leadership, and trust (Carpenter et al. 2012).
Living with such complexity and uncertainty requires resiliencebuilding approaches to management and governance of socialecological systems (Folke et al. 2003). Recent work has proposed
principles for building resilience in social-ecological systems in
the face of change: (1) maintain diversity and redundancy; (2)
manage connectivity; (3) manage slow variables and feedbacks;
(4) foster complex adaptive systems thinking; (5) encourage
learning; (6) broaden participation; and (7) promote polycentric
governance. There are no panaceas for building resilience, and
before applying such principles, careful consideration needs to be
given to who may benefit or lose, to avoid entrenching or
exacerbating existing inequalities (Biggs et al. 2015).
HUMANITY AS PART OF THE BIOSPHERE: FROM
EXTERNALITY TO PRECONDITION
In the mid-1980s when the field of ecological economics emerged,
it was often stated that ecologists pretended as if humans did not
exist and economists as if nature did not exist (e.g., Costanza
1991, Costanza et al. 1997). There has been huge progress since
then in realizing that people and nature are interdependent
systems. But, conceptualizing this coupling and relating it to
human well-being and sustainability may take different shapes.
Economics, for example, has conventionally emphasized three
critical factors of production for economic development: land,
labor, capital (Fig. 1A). The significance of land (agricultural
land) as a scarce factor of economic production faded with the
rise of fossil energy and the onset of the industrial revolution.
Labor (all who participate in production by their mental and
physical effort) and capital (money, tools, and machinery used to
produce goods or services) became the limiting economic factors
of production of the Great Acceleration (Steffen et al. 2015b). As
a consequence, land, or the environment and the biosphere as a
whole, was given less attention in strategies and measures of
economic progress.
Ecological economists introduced the concept of natural capital
as a way to broaden land to include energy, nonrenewable
resources, ecosystems services, and the life-supporting ecosystems
generating those (e.g., Costanza and Daly 1992, Jansson et al.
1994, Ekins et al. 2003, Kareiva et al. 2011). Labor and human
capital were extended to social capital and even cultural capital
to capture the role of governance and institutions and deeper
societal values in human action (Berkes and Folke 1992, Baland
and Platteau 1996, Dasgupta and Serageldin 1999, Pretty and
Ward 2001, Putnam 2002). Capital was labeled human-made
capital like technology and capital markets, and complementarity
between the factors rather than substitutability was emphasized
(e.g., Costanza and Daly 1992; Fig. 1B).
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Fig. 1. Factors of production of an economy. (A) The classical
factors of production in economics, land, labor, and capital
and (B) their extension into natural capital, human/social/
cultural capital, and human-made capital, emphasizing
complementarity (e.g., Costanza and Daly 1992, Berkes and
Folke 1992).

Currently, many attempts striving toward a green economy aim
at making the significance of natural capital quantified and visible
within the economy, as a key factor of production, i.e.,
internalizing significant dimensions of natural capital into
economic development. Such efforts include carbon taxes,
tradable permits, green accounting, inclusive wealth, or valuation
of ecosystem services and natural capital.
The Brundtland report “Our Common Future” (WCED 1987)
focused on three pillars of sustainable development: economic,
social, and environmental. This model of sustainability has been
widely used especially in the policy and business communities
engaged with sustainable development (Fig. 2A). In this approach
the three aspects or pillars are generally given equal weight and
sometimes sustainability is attributed to one of them at a time,
like environmental sustainability or sustainable economic growth.

Fig. 2. Conventional views of environment in development.
(A) The three pillars of sustainability namely economy,
society, and environment of the WCED (1987) and (B) five
factors behind human well-being as often portrayed in the
development sphere.

The broad field of development research has traditionally treated
the environment as one among many factors contributing to
human well-being (Fig. 2B). The tendency has been to focus on
one natural resource at a time, on minimizing impacts on the
environment, or appreciating a healthy environment. This way of
relating humans to the environment was reflected in, e.g., the
Millennium Development Goals. Many studies that argue for a
deeper integration with the social sciences in social-ecological
research still tend to approach environmental issues in this way.
Here, the core focus is often on social dynamics and features linked
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to a certain environmental challenge (e.g., climate), a certain
natural resource (e.g., fish stock, forest), or natural resource
system (e.g., common-pool resource management).
The Millennium Ecosystem Assessment contributed to a current
paradigm shift in the perspective of the human-nature
relationship, from protecting the environment and conserving
biodiversity to the challenge of stewardship of ecosystems and
diversity and their services for human well-being. In this context,
the provision of ecosystem services (Ehrlich and Mooney 1983,
Costanza et al. 1989, Folke et al. 1991, de Groot 1992, Daily 1997)
is critical for human well-being. It is generally recognized that
biosphere capacity serves as the foundation for human well-being,
that human well-being is embedded in and rests on a resilient
biosphere (e.g., Folke et al. 2010). The Millennium Ecosystem
Assessment played a significant role in fostering and
mainstreaming such a social-ecological approach to humans and
nature (e.g., Carpenter et al. 2009).

Fig. 3. The economy and society as embedded within the
biosphere, as intertwined parts of the planet. The biosphere
serves as the foundation upon which prosperity and
development ultimately rest. (A) based on C. Folke’s lecture
notes of early 1990s, (B) inspired by, e.g., Boulding (1966),
Odum (1989), and Daly (1991), see also Folke (1991), Perrings
et al. (1992).

Such a perspective has a long legacy and was made explicit with,
e.g., the development of ecological economics, drawing on work
by scholars like Kenneth Boulding (1966), Eugene Odum (1989),
Howard Odum (1971), and Herman Daly (1991). Here, it is
explicit that the economy is a subsystem of society, in turn a
subsystem of the biosphere (Fig. 3) and that the increase in scale
and spread of the human dimension and the connectivity and
speed of the globalized world now shapes the biosphere and our
own future in profound ways (Daly and Cobb 1989, Costanza
1991, Folke 1991, Perrings et al. 1992, Folke et al. 2011, Steffen
et al. 2015a). The biophysical basis and natural capital has always
been a cornerstone in ecological economics, focusing on the
interplay of scale, distribution and efficiency in this context.
Like ecological economics, the field of sustainability science
(Kates et al. 2001, Komiyama and Takeuchi 2006, Bettencourt
and Kaur 2011, Takeuchi et al. 2014) has emerged to inform and
facilitate a transition toward sustainability, improving society’s
capacity to govern the earth in ways that simultaneously meet the
needs of a much larger but stabilizing human population and
substantially reduce hunger and poverty, while sustaining the lifesupport systems of the planet (Clark 2007, Matson et al. 2016).
The significance of the life-support systems and the biosphere as
the foundation for the economy, society, and the human
dimension as a whole has been the basis for the advancement of
the planetary boundaries framework and in defining a safe
operating space for humanity on Earth (Rockström et al. 2009,
Steffen et al. 2015a). Here, the focus is on identifying and
understanding the interactions and feedbacks among dynamic
biophysical processes that regulate the Earth system, delineating
the stability and resilience of the biosphere, and consequently its
capacity in providing favorable conditions for complex human
societies in the globalized world and for long-term human
prosperity and even existence. The widely discussed, biophysically
based, safe operating space framework has been combined with
dimensions of the social foundation (e.g., Leach et al. 2012,
Raworth 2012) and more recently in a biosphere context in
relation to the Sustainable Development Goals (Griggs et al. 2013;
Fig. 4).

Work in ecological economics, sustainability science, socialecological systems, and resilience thinking are examples of the
growing number of interdisciplinary and transdisciplinary
platforms and arenas engaging deep competencies and
commitments from scholars across the social sciences, humanities,
and the natural sciences. There has been a lot of progress, with
many new research fields emerging, interacting, and increasingly
spilling over into conventional disciplines with diverse reactions
and attitudes (e.g., Palsson et al. 2013, Brondizio et al. 2016).
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Fig. 4. The 17 Sustainable Development Goals positioned in relation to the biosphere foundation and the
safe operating space for humans on Earth. Redrawn from Rockström and Sukhdev (2014) as presented at
the 2016 EAT Forum (http://eatforum.org/event/eat-stockholm-food-forum-2016/#program). The global
goals logo and icons are from the Global Goals (http://www.globalgoals.org/#the-goals), see also the
Sustainable Development Knowledge Platform of United Nations (https://sustainabledevelopment.un.
org/sdgs.

Several of those increasingly emphasize the significance of
development in tune with the biosphere, of reconnecting
development to the biospheric preconditions.

INTERTWINED SOCIAL-ECOLOGICAL SYSTEMS
It should be obvious that humans and our societies depend on
resources and services of the biosphere. It should also be obvious
that ecological processes and patterns can no longer be explained
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without considering the human influences in these (Turner et al.
1990, Levin 1999, Palumbi 2001, Ehrlich and Ehrlich 2008, Ellis
2015, Worm and Paine 2016). Clearly, the social and the ecological
are linked in the form of coupled human-environment systems or
coupled human and natural systems (Turner et al. 2003, Liu et al.
2007). If sustainability is the focus, these links are not just
marginal, temporary, or loosely coupled. Rather, the social and
ecological are intertwined, and in fact coevolving, shaping and
being shaped by one another (Norgaard 1994, Berkes and Folke
1998). They interplay in complex ways with relations, interactions,
and feedbacks that emerge across temporal and spatial levels and
scales, often with unexpected outcomes and surprises (Walker et
al. 2009, Homer-Dixon et al. 2015). As stated by Levin et al. (2013)
macroscopic properties emerge from local actions that feed back
and influence individuals’ options and behaviors, but typically
only do so diffusely and over much longer time scales.
If we are concerned beyond the present and with sustainability,
the interplay of temporal and spatial scales of the social and the
ecological, from history into the future, from local to global,
clearly have to become part of the analysis (Schwartz 1991,
Redman 1999, Costanza et al. 2012). In this sense, the
coevolutionary development of people and nature as intertwined
in the biosphere needs to be studied and not only within artificially
established analytical borders but in the real globalized world of
the Anthropocene (Kallis and Norgaard 2010, Williams et al.
2015, Lenton 2016). Humans operate in a legacy of socialecological interplay, directly or indirectly, consciously or
unconsciously, shaping the capacity of the biosphere and our
options and opportunities for development. This is a critical
observation if sustainability for us humans, future generations
included, is of concern. And if human well-being is a central goal
of sustainability, its dependence on a resilient biosphere has to be
accounted for, a necessity that has become more and more
obvious.
What reflects an intertwined social-ecological system?
Here, we provide two examples, one from southern Madagascar
and one from Maine, USA. In southern Madagascar, the
agropastoralist landscape could be described as a seriously
degraded environment. But surprisingly, when the resolution of
maps of the region is enhanced small remnants of forests appear.
A closer look at these forests on the ground reveals a rich
biodiversity within them, with unique and endemic species of
Madagascar, like lemurs. Madagascar holds some 50 species of
lemurs, but through human actions over history the island has
lost the bulk of its forest cover and many of its species. It turns
out that the forest patches are instrumental for the remaining
lemur species, serving as a network of suitable habitats connecting
lemur life and movements (Bodin et al. 2006). Bees from hives in
the forest patchwork pollinate the surrounding landscape and
increase the yields of bean crops. The forest patches shelter fields
from wind and sand and serve as primary habitats for many
insects.
Clearly, such a forest patchwork of crucial refugia for many
species has to be conserved and protected from human use and
abuse. Ecologists would engage with international environmental
NGOs and develop plans for protected area management to
secure the rich diversity of the forests and the ecosystem services

they generate. Discussions with decision-making bodies,
nationally and internationally, would take place and conservation
policies and practices would develop.
But, having a closer look at these forest remnants, extending the
scope from the ecological to the social-ecological, reveals that
these patches are sacred sites where ancestors of the local groups,
the Tandroy of the Androy region, have been buried (Tengö et al.
2007). Tandroy moral order derives from the social imagination
of powerful, widely shared ideas and norms of the clan, which in
turn is based upon the ancestral land and ancestral laws, as
recollected through story, song, and ritual, a cultural relation
between dead and living members of clans, like a social-ancestral
contract (von Heland and Folke 2014). Hence, these taboo forests
are culturally protected and it is because of the social-ancestral
contract that the forest patches, their diversity and ecosystem
services critical to local livelihood and appreciated by people
around the world, still persist. Clearly, neither the ecosystem nor
culture alone delivers ecosystem services to society; the services
emerge in their relations, consciously or unconsciously (Gadgil et
al. 1993, von Heland and Folke 2014). It is a coevolved,
intertwined social-ecological system.
The lobster fisheries of Maine is another telling case of an
intertwined social-ecological systems. The fishery has been
documented as a remarkable example of successful collective
action and multilevel governance. In contrast to many other
fisheries in the Gulf of Maine (USA and Canada), the lobster
population has not been overexploited or collapsed and the
governance of the Maine lobster fishery has succeeded in
maximizing abundance and economic value of the lobster. The
fishers, whose conservation ethic is aligned with maintaining
lobster abundance, have worked collectively to minimize illegal
actions and to preserve reproductive populations of lobsters
(Acheson 2003).
The case of the Maine lobster has witnessed true success as a
model for sustainable management of a heavily fished stock, a
model of collective action in action, incorporating issues of
power, conflict, and inequality. The lobster case is an iconic
example of the ability of humans to collaborate, from the level of
individual actors, to higher levels of governance and connected
to global markets.
However, if the analysis is extended to an intertwined socialecological system a broader picture emerges. It turns out that
centuries of intense fishing in the Gulf of Maine has removed
lobster predators like groundfish (e.g., cod, haddock) to such an
extent that their role in regulating lobster populations has
disappeared. As a consequence, the lobster population has
exploded, comparable to an insect outbreak, effectively leading
to a vast lobster monoculture of the coastal waters of Maine
(Steneck et al. 2011). Simplified ecosystems, like monocultures,
are vulnerable to disturbance and may rapidly shift into
alternative states in the face of shocks because of lack of resilience
(Scheffer et al. 2001, Folke et al. 2004). In New England, south
of Maine, there has been > 70% decline in lobster abundance due
to a lethal shell disease related to increases in ocean temperature
with links to climate change. If such mortality were to occur in
Maine the coastal fishing villages would face serious challenges
(Steneck et al. 2011).
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The Madagascar case reflects a social-ecological system in an
explicit fashion: culture and nature are intertwined and coevolve.
The Maine case reveals how “success” in the social domain may
mask vulnerability across the broader social-ecological system.
One may argue that the Maine case serves as a microcosm of the
global situation facing humanity in the Anthropocene, where
development paradigms have generally forgotten the significance
of the biosphere for human well-being.

relations and challenges, but also account for and prepare for
interacting with persistent and pervasive influences from other
levels, be it economic drivers, technological change, transnational
companies, migration issues, political decisions, belief systems,
altered rainfall patterns, spread of disease, or climate change.
Some of those may be abrupt and surprising and others may
slowly alter the resilience of the social-ecological systems (Lenton
et al. 2008, Hughes et al. 2013, Homer-Dixon et al. 2015).

Although both cases are local they are also embedded within,
dependent upon, and strongly influenced and shaped by crossscale interactions, both temporal and spatial. Despite a life in the
arid and fluctuating landscape of southern Madagascar and their
documented history of hardship and poverty, the Tandroy
coevolved social-ecological system has displayed remarkable
persistence. It seems like the ancestral contract has played a
critical role in keeping the Tandroy together across generations,
surviving recurring climatic shocks and guiding their history and
culture (von Heland and Folke 2014). But the adaptations of the
social-ecological system is challenged by climatic change and
pressures of globalization (Tengö and von Heland 2012). The
Maine lobster fishery is tied to global markets. The fragility
became evident during a recent worldwide economic crisis, when
consumer demand for lobsters rapidly declined and Canadian
processors, central in international distribution of Maine lobsters,
shut down because they were financed by insolvent Icelandic
banks. Now, climatic change and disease challenge the simplified
marine ecosystem of lobster aquaculture (Steneck et al. 2011).

An illustrative example of intertwined social-ecological dynamics
across levels and scales is the rapid urbanization pattern of the
Anthropocene. Almost 60% of the human population now lives
in urban contexts and a large number of new cities are expected
to be built. This escalating urban development presents great
opportunities and also huge challenges, and not only within the
social domain as manifested, e.g., in power relations, inequalities,
and livelihood challenges in growing cities. The resource and
ecosystem service needs of cities can rarely be sustained locally,
but depend on extensive and often far-away biosphere support
areas (Folke et al. 1997, Grimm et al. 2008). Irrespective of
whether or not urban dwellers perceive themselves as part of and
dependent on the biosphere, their behaviors and choices shape
social-ecological landscapes and seascapes around the world
through, e.g., markets, institutions, and global infrastructures
(Seto et al. 2012, Andersson et al. 2014, Cumming et al. 2014).
Such urban-biosphere interaction is prone to create or redistribute
inequalities in social and economic power. Income inequalities
play a role in the market selection of new products and power
plays a central role in technological and institutional change
(Kallis and Norgaard 2010, Safarzyńska and van den Bergh 2010).
Hence, power and inequality of escalating urbanization in a telecoupled global society may drive rapid and widespread land use
changes and thus play an important role in shaping the biosphere.

THE INTERTWINED SOCIAL-ECOLOGICAL
ANTHROPOCENE
During the past century, and especially since the 1950s, there has
been an unprecedented expansion and acceleration of human
activities and technological developments into a converging
globalized society, to a large extent supported by fossil energy
(McNeill 2000, Steffen et al. 2004, 2015b). Gaps between rich and
poor countries have been closing and health and material
standards of living for many people on Earth have improved
(Rosling 2010). Despite vast inequalities within countries and a
huge number of people still mired in deep poverty (Dasgupta
1995, Stiglitz 2012, Piketty 2014), the acceleration continues with
a rise of an affluent middle class in a rapidly urbanizing world
and with information technology, nano-technology, and
molecular revolution accelerating with unknown potentials,
challenges, and futures.
The scale, speed, spread, and connectivity of human actions in
the Anthropocene generate new dynamics that connect previously
unconnected domains (Walker et al. 2009, Biggs et al. 2011,
Homer-Dixon et al. 2015, Bai et al. 2016) and can result in
cascading effects across countries and regions (Holling 1995,
Adger et al. 2009, Liu et al. 2013, Eriksson et al. 2015) affecting
human well-being and transforming landscapes and seascapes
(Berkes et al. 2006, Lambin and Meyfroidt 2011, Fairhead et al.
2012, Lazarus 2014). Local events can escalate into global
challenges and local places are shaped by global dynamics (Galaz
et al. 2011, Crona et al. 2015a,b). Societies and ecosystems are
intertwined from local to global scales, making them socialecological systems.
Studies of local social-ecological systems of landscapes and
seascapes ought to, therefore, not only focus on endogenous

Another example is the globally expanding demand and trade for
seafood shaping marine ecosystems worldwide through the
increased harvest of wild capture fisheries and aquaculture
production (Troell et al. 2014, Crona et al. 2015a). Today, nearly
40% of seafood enters international trade directly, and there is a
substantial industry consolidation, with large and vertically
integrated transnational corporations operating across entire
supply chains from production through to retail (Österblom et al.
2015). This system of nested and cross-scale connections plays an
important role in linking distant species and ecosystems to major
markets and consumers. Such links can emerge rapidly and spread
like contagious resource exploitation (Eriksson et al. 2015). At
the same time such activities may cause cascading effects and
regime shifts, with resulting system-wide changes in the marine
ecosystems on which seafood production and human livelihoods
depend (Nyström et al. 2012, Golden et al. 2016). The
consequences of these intertwined social-ecological dynamics can
also spread to terrestrial ecosystems; bushmeat hunting in West
Africa, for example, has increased following the collapse of
coastal fisheries caused by overfishing by international fleets
(Brashares et al. 2004).
The Earth as transformed by human actions (Turner et al. 1990,
Mora 2014, Williams et al. 2015) and the speed, spread, and
connectivity of the Anthropocene epitomize contemporary not
just linked but intertwined social-ecological systems (Young et al.
2006, Galaz et al. 2012, Helbing 2013). Social conditions, health,
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culture, democracy, power, justice, equality, matters of security,
and even survival are interwoven with the global ecological system
—the biosphere—in a complex interplay of local, regional, and
worldwide dependencies. Although the perceived importance of
ecosystems to people has perhaps decreased, and the proportion
of people who extract goods directly from ecosystems is declining,
the role of the biosphere in generating growth and prosperous
development of the globalized human dimension remains
fundamental. The continuous development of contemporary
society requires an accommodating biosphere and favorable state
of the Earth system (Steffen et al. 2011). We may rule the planet
in many respects, but we still remain dependent on it.
BIOSPHERE STEWARDSHIP
The rapid changes of the Anthropocene have raised concerns of
transgressing dynamic planetary boundaries raising the risks of
crossing potential thresholds and tipping points at large scales,
with shifts in feedbacks that may trigger irreversible and selfreinforcing dynamics and potentially even shift the Earth system
into a different state (Lenton et al. 2008, Rockström et al. 2009,
Steffen et al. 2015a). Such shifts would have pervasive implications
for the future well-being and even survival of humanity on Earth.
Now, incentives, institutions, and transformations are needed to
redirect human behaviors and actions to explicitly become
reconnected to the capacity of the biosphere to sustain the human
dimension as well as stewardship of that capacity (Clark and
Munn 1986, Chapin et al. 2009, Folke et al. 2011, Steffen et al.
2011, Leach et al. 2012, Galaz 2014). Sustainability requires
improved stewardship of human actions in concert with the
biosphere, from the local to the global and across scales, because
the capacity of the biosphere serves as the foundation upon which
the success of human future rests.
In general terms, stewardship is the careful and responsible
management of something that you are responsible to care for.
Stewardship, as we see it, is an adaptive process of responsibility
to shepherd and safeguard the valuables of not just one self but
also of others, a process that has potential to create meaning and
build respect and dignity for the competencies and skills
embedded with stewardship.
Stewardship theory is a framework that argues that people are
intrinsically motivated to work for accomplishing the tasks and
responsibilities with which they have been entrusted. Stewardship
represents a relationship-centered collaboration that fosters
trustworthy behavior (Davis et al. 1997). The theory places greater
value on goal convergence among the parties involved than on
the agent’s self-interest (Van Slyke 2007, Hernandez 2012).
Sociological and psychological approaches to stewardship theory
depict managers as collectivists, pro-organizational, successfully
performing inherently challenging work, exercising responsibility,
and gaining recognition from peers for their work (Donaldson
and Davis 1991).
In stewardship, managers tend to seek other ends besides financial
ones, including a sense of worth, altruism, a good reputation, a
job well done, a feeling of satisfaction, and a sense of purpose.
Empirical studies of successful firms have proposed that the core
of success can be explained by a pervasive ethic of collaboration,
i.e., a system of moral principles and values grounded in a sense
of joint stewardship that enables colleagues to achieve lofty
individual and collective ambitions, and that helps them to learn

and grow in a continuously self-sustaining way (Haskins et al.
1998). Stewardship theory provides one framework for
characterizing the motivations of managerial behavior in various
types of organizations (Menyah 2013).
Ecosystem stewardship has been presented as an action-oriented
framework intended to foster social-ecological sustainability of
a rapidly changing planet. Such stewardship views managers as
an integral part of the systems they manage. It has been defined
as a strategy to respond to and shape social-ecological systems
under conditions of uncertainty and change to sustain the supply
and opportunities for use of ecosystem services to support human
well-being (Chapin et al. 2009, 2010). Hence, stewardship is an
active shaping of pathways of social-ecological change.
Ecosystem stewardship integrates reducing vulnerability to
expected changes, fostering resilience to sustain desirable
conditions in the face of perturbations and uncertainty, and
transforming from undesirable trajectories when opportunities
emerge (Chapin et al. 2010, 2015).
Obviously, stewardship is not just about the management of
ecosystem services but about the social, economic, and cultural
contexts in which this management operates and how issues like
justice, power, and politics shape the operation of socialecological systems and the institutional and governance
challenges that this entails (e.g., Leach et al. 2012, Mathevet et al.
2016). Respecting peoples’ preferences, wishes, and values, and
combatting injustice are fundamental ethical issues and
challenges in the context of human well-being in the
Anthropocene. But, if sustainability is of concern, focusing
primarily on human well-being and social resilience while
remaining disconnected from the biosphere and its stewardship
is not a recipe for long-term sustainability. The intertwined nature
of social-ecological systems and the need to reconnect
development to the biosphere and the dynamics of the Earth
system may become marginalized in the analysis and in the
actions, if at all taken into account. What is somewhat surprising
is that the ontologies of many approaches concerned with
fundamental issues of human well-being and sustainability still
seem to be rather blind to the significance of development in tune
with the biosphere. It seems to us that many human-centered
discourses have still to recognize the humans-in-nature reality of
living in the Anthropocene (Westley et al. 2011, Hackman et al.
2013, Brondizio et al. 2016).
Stewardship of landscapes and seascapes requires continuous
learning and knowledge generation across knowledge systems
about social-ecological systems and ecosystem services and their
dynamics (e.g., Raymond et al. 2010, Takeuchi 2010, Brondizio
and Le Tourneau 2016). It requires skills and competences from
applying and utilizing existing experiences embedded in, e.g., local
and traditional knowledge systems and institutions, to the
experimenting, innovating, and development of new approaches
for stewardship like adaptive and transformative governance (e.
g., Folke et al. 2005, Chaffin et al. 2016). Collaborative platforms
(e.g., the Program on Ecosystem Change and Society, Carpenter
et al 2012; the Natural Capital Project, Guerry et al. 2015; the
Integrated History and future of People on Earth [IHOPE],
Costanza et al. 2012) combining diverse types of knowledge for
understanding complex social-ecological systems are emerging
that try to learn from history and replicate and scale up these
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approaches. New initiatives are explicitly taking into account and
respecting traditional and indigenous knowledge systems and
cosmologies as part of stewardship efforts of landscapes and
seascapes (Tengö et al. 2014). Many of those practice ecosystem
management and build local site-specific ecological knowledge,
thus serving as “cultural stewards of wildlife habitats” (Nabhan
1997) and are carriers of institutional and social memory of
resource and ecosystem dynamics, with observations that often
include understanding of long-term and large-scale changes
(Berkes and Folke 1998, 2002).
In other words, biosphere stewardship is about finding pathways
for biosphere-based sustainable developments with stewardship
engaging people in management and governance that operates in
synergy with the life-supporting environment and the ecosystem
services generated. This requires social and ecological
understanding at many scales and across scales and in diverse
contexts, with collaboration of diverse actors and institutions in
multilevel often polycentric governance systems, continuous
learning with change, acting on power and conflict, innovating,
and generating experience and adaptive capacity for dealing with
moving targets like social-ecological systems and their
intertwined dynamics in the Anthropocene (e.g., Armitage et al.
2009, Ekstrom and Young 2009, Galaz et al. 2011, Robards et al.
2011, Plieninger and Beiling 2012, Cosens 2013, Merrie and
Olsson 2014, Fischer et al. 2015, Luthe and Wyss 2015, Biermann
et al. 2016, Karpouzoglou et al. 2016).
The global research platform Future Earth is pushing for
collaborations across the disciplines, knowledge systems, and
regions of the world to develop the understanding, capacity, and
approaches required to better harness science in order to address
the sustainability challenges ahead. Such efforts have the potential
to counteract erosion of biosphere capital that will put constraints
on development efforts and poverty alleviation and may trigger
migration. Policies and incentives creating identities for people to
be skilful stewards of the land and the seas in a biosphere context
are urgently needed. Pride, respect, and dignity could be restored
by redirecting land use for bulk production to biosphere
stewardship of a diverse landscape mosaic and the quality of
multiple ecosystem services for the benefit of rural communities
and urban residents.
Hence, improved biosphere stewardship in the Anthropocene is
not a top-down global approach enforced on people, nor solely a
bottom-up approach. It is a process engaging people to
collaborate across levels and scales and with shared visions and
creativity framed by proper institutions, continuously learning
and gaining experience and building capacity to live with change,
adapt, and transform. It is about managing and governing for
emergence, what it means to be human in relation to the biosphere
and the Earth system. It could be viewed as an emerging ethic
that embodies the responsible relationship of humans as part of
and dependent on the biosphere.
Numerous decisions, incentives, power structures, that operate as
part of political, economic, institutional constraints and
opportunities, continue to shape biosphere capacity, challenging
the long-term sustainability of humanity in the Anthropocene
(Steffen et al. 2015a, Biermann et al. 2016). Understanding diverse
contexts of humans as “dwelling in the biosphere” (Cooke et al.
2016) and shaping it in different ways is of significance in

biosphere stewardship (Folke et al. 2011, Williams et al. 2015).
Investigations of issues like power dynamics, distribution of
benefits, or poverty alleviation need to be connected to the vision
of biosphere stewardship for human well-being (Fischer et al.
2015). It is about finding ways of development for human wellbeing in collaboration with the biosphere foundation. Fulfilling
social goals in the short term may be necessary but it does not
automatically lead to sustainability in the longer term.
The Anthropocene calls for rapid transformations toward global
sustainability (Westley et al. 2011, O’Brien 2012). Seen in light of
local and regional differences and contexts, and multiple ways of
knowing and acting, it will allow for novel analysis of issue-based
challenges in the context of a global understanding (Biermann et
al. 2016). We stress that stewardship framed within biospherebased sustainable development is essential for humanity to be able
to prosper on a resilient planet. New approaches and perspectives
of such stewardship will continue to emerge with comparison and
constructive collaboration of rich and diverse legacies, insights,
findings, and perspectives of the natural science, social sciences,
and the humanities.
CONCLUSIONS - RECONNECTING DEVELOPMENT TO
THE BIOSPHERE
The social-ecological resilience approach as outlined here is an
approach whereby humans and nature are studied as an integrated
whole, not as separated parts. Humanity is embedded in the
biosphere. Nature is inside us as much as we are inside nature. In
this sense people, irrespective of social and cultural contexts,
coevolve with the planet and our beliefs, perceptions, and choices
shape our actions, technologies, and future in the biosphere in
sustainable or unsustainable ways. Fundamental issues for
humanity like democracy, health, poverty, inequality, power,
justice, human rights, security, and peace all rest on the lifesupport capacity and resilience of the biosphere. The biosphere
provides preconditions for achieving and sustaining dignity in
human relations.
Hence, the social-ecological resilience approach emphasizes that
humans and well-being fundamentally rest on the capacity of the
biosphere to sustain us, irrespective of whether or not people
recognize this dependence. It also makes clear that it is how we
choose to view our relation to the biosphere in the globalized
world and how we choose to act that will guide people in diverse
contexts and humanity as a whole to sustainability or not. A key
challenge for humanity in the present situation is to understand
its new role as a dominant force in the operation of the biosphere
and how it shapes the broader Earth system and to transform
actions, technologies, and developments to fit the new reality of
the Anthropocene. For the sake of humankind, it is time to start
accounting for and investing in natural capital, in active
stewardship of landscapes and seascapes, and in the new global
context of the Anthropocene. It is time to mobilize ingenuity,
innovation, technology, and collaboration and enhance options
and flexibility for development to operate in concert with the
biosphere. It is high time to reconnect approaches and
perspectives on development to the biosphere foundation. It is a
precondition for sustainability for people on Earth, hence, the
need for a biosphere-based sustainability science.
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