
ARTICLE IN PRESS
0959-3780/$ - se

doi:10.1016/j.gl
Global Environmental Change 15 (2005) 177–180

www.elsevier.com/locate/gloenvcha
Editorial

Conditions for sustainability of human–environment systems:
Information, motivation, and capacity
1. Sustainability transition or collapse

Managing a transition toward a more sustainable
development path at a global scale is one of the great
challenges facing humanity for the decades to come.
Sustainable resource use refers to the use of environ-
mental resources to produce goods and services in such
a way that, over the long term, the natural resource base
is not damaged, and that future human needs can be
met. The time horizon of the concept covers several
generations. Human-environment research is expected
to contribute in a major way to this endeavour (Clark
and Dickson, 2003). The scientific literature is rich on
insights on the factors that have allowed societies or
communities to innovate successfully to avoid a severe
deterioration of their natural environments, but also on
the causes of collapse of some ancient societies. The
understanding of historical experiences can help to forge
and test theories of human–environment interactions,
which can then be used to guide future actions.

The collapse of societies has been explained by factors
such as abrupt climate change (Weiss and Bradley,
2001), ecological vulnerability (Diamond, 1994), dimin-
ishing returns to socio-political complexity (Tainter,
1988), sunk-cost effects in human-decision making (i.e.,
decisions based on past investments rather than on
expected future returns) (Janssen and Scheffer, 2004),
and growth of organizational structure in urban
societies such that higher level decision makers are no
longer in close contact with productive situations or
with the changing aspects of the environment it relies
upon (Redman, 1999). More recently, a vulnerability
framework for the assessment of coupled human–envir-
onment systems has been proposed, to better explain the
degree to which a system is likely to experience harm due
to exposure to a hazard, either an exogenous perturba-
tion or an endogenous stress or stressor (Turner et al.,
2003).

Even more work has been dedicated to understanding
processes of adaptation and innovation in the face of
environmental challenge and perturbations (Berkes
e front matter r 2005 Elsevier Ltd. All rights reserved.
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et al., 2003). Human societies have deployed a variety
of strategies to survive and develop despite natural and
anthropogenic environmental catastrophes. Wilkinson’s
(1973) ecological model of development postulates, after
Boserup (1965) for agricultural change, that technical
progress arises from resource scarcity. Development is
viewed as a process of solving a succession of problems
that threaten the productive system. In a co-evolution-
ary perspective, Rindos (1984) argues that changes in
human–environment systems are not the product of
intentional decision-making, but rather a process of
symbiotic community evolution, in a gradual evolution
based on unconscious selection of strategies. This
perspective is in stark contrast with environmental
economics’ account of decisions on resource exploita-
tion, which are explained in terms of seizure of economic
opportunities provided by markets and as influenced by
various policies that provide incentives to exploit or
conserve natural resources.

Ecologists have analysed the adaptive capacity of
complex systems in the face of perturbations and shocks
using the concepts of resilience—the ability to experi-
ence change and disturbance without catastrophic
qualitative change in the basic functional organization
(Holling, 1973)—and robustness—maintenance of a
system performance either when subjected to external,
unpredictable perturbations or internal stress (Anderies
et al., 2004). Some general principles on what makes
socio-ecological systems resilient or robust have been
identified. In the concept of panarchy (Gunderson and
Holling, 2002; Berkes et al., 2003)—which means the
process by which ecological and social systems grow,
adapt, transform and, in the end, collapse, at different
scales—the stages of adaptation and collapse of large
systems are not viewed as alternative routes but rather
as part of a cycle driven by fast and slow, small and big
events that can cascade up the scales.

The concept of transition is receiving much attention
in the context of sociology, technological change and
complex system theory (Rotmans et al., 2001; Martens
and Rotmans, 2002; Berkhout, 2002; Geels, 2002;
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Raskin et al., 2002). Transitions are broad societal
structural changes that require system innovations by a
variety of actors and in multiple sectors of society. New
research projects explore changes in production and
consumption systems that will be associated with a
significantly smaller burden on the environment on a
global scale (Vellinga and Herb, 1999).

Beyond these various theories, one finds in the recent
literature much more specific insights on factors that are
playing a key role at the (broad and fuzzy) bifurcation
between a path leading eventually to societal collapse by
environmental degradation and a path of successful
transition toward sustainability. This includes studies
concerned with individual and community capacity to
adopt sustainable resource management practices in the
rangelands (Gordon et al., 2001); failures of informa-
tion, market failures, and intervention failures that
cause ecosystem degradation despite the overall benefits
of these natural ecosystems for society (Balmford et al.,
2002); characteristics of institutions that facilitate or
undermine sustainable use of environmental resources,
and in particular of a class of resources that is referred
to as the commons (Dietz et al., 2003; Ostrom et al.,
1999); failures of group decision-making to the point
that some societies destroy themselves and collapse
(Diamond, 2005); historical studies of forest transitions
(Mather, 2001); land-use change studies on regions at
risk (Kasperson et al., 1995); and a political ecology
approach to land degradation (Blaikie and Brookfield,
1987). Most of these studies have adopted a comparative
perspective, seeking to identify patterns in sets of case
studies that cover distinct regions or issue areas but are
designed to answer similar questions, e.g., by conducting
meta-analyses of a large number of cases (Geist and
Lambin, 2002, 2004).

These studies tend to converge in their assessment of
conditions for a sustainable use of environmental
resources. This convergence becomes a complementarity
when comparing results from different academic tradi-
tions in the social sciences, in particular those based on
rational-choice, collective-action models, that interpret
decisions by actors in terms of utilitarian calculations, or
social-practice models, that emphasize the role of
culture, norms, and habits as sources of behaviour
(Young, 2002).
2. Information, motivation, and capacity

A wealth of scientific evidence produced by the above
studies show that the success or failure in resource
management by human societies is controlled by three
components of human–environment interactions: infor-
mation on the state of the environment, motivation to
manage sustainably the environment, and capacity to
implement a sustainable management of the environ-
ment (Gordon et al., 2001). These categories bear
resemblance to the core actor characteristics which are
thought to determine the course and outcome of a policy
process (information, motivation, and sources of power,
Bressers, 2004). To use a metaphor: for any displace-
ment, one needs a map to know where we are and where
else one could go (information), a goal to stimulate
movement (motivation), and a vehicle with devices to
control direction and speed (capacity). These three
components are influenced by the multiple dimensions
of the organization and dynamics of societies—their
culture, social institutions, economic system, and
policies. The information–motivation–capacity classifi-
cation therefore largely intersects with these dimensions.

The information component relates to the under-
standing by decision-makers of resource degradation
and of alternative management practices, as driven by
knowledge, information, and communication (Gordon
et al., 2001). For sustainable resource management,
agents need to access necessary information about the
resource systems being governed, as well as about the
human–environment interactions affecting those sys-
tems, at a scale that is congruent with environmental
events and decisions (Dietz et al., 2003). This informa-

tion component involves: (i) a temporal dimension—
anticipation and early perception of the current state of
the environment via reliable environmental indicators
and monitoring systems; (ii) a historical dimension—
detecting the signal of (human) perturbation from the
background noise of natural variability in environmen-
tal conditions, which requires a deep knowledge of
ecosystem functioning; (iii) a social dimension—recog-
nition of the importance and relevance of the change in
environmental attributes; (iv) an economic dimension—
a proper valuation of services provided by natural
ecosystems (Balmford et al., 2002); and (v) a socio-
political dimension—ability to communicate the envir-
onmental information from local land managers to
higher-level decision makers, avoiding delays and
distortions in the transmission of information which
are often associated with large, complex and hierarchical
societies (Redman, 1999; Scheffer et al., 2003). This
component is largely about dealing with uncertainty,
understanding natural variability, and being able to
make an accurate diagnostic on the causes of and
solutions to environmental change. This requires mak-
ing use of and combining different knowledge systems
(Berkes et al., 2003).

The motivation component relates to the sources of
behaviour of agents. It has also multiple dimensions: (i)
a cultural dimension related to local environmental
attitudes, deeply held values and knowledge, clashes
between short-term and long-term motives, or psycho-
logical denial of the existence of the problem (Diamond,
2005) that can create ideological barriers; (ii) an
economic dimension—balance of risk-adjusted benefits
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and costs, taking into account the time horizon of
managers and the fraction of real costs of resource
management practices that appear as nonmarketed
externalities and are therefore ignored by private
decision-makers (Gordon et al., 2001; Balmford et al.,
2002); (iii) a policy dimension when perverse subsidies
and tax incentives result, over the long term, in both
economic inefficiency and the erosion of natural services
(Myers and Kent, 2001); (iv) a dimension related to
conflicts of interest between various stakeholders which
affects the willingness of decision-makers to intervene,
given private interests, short-term or long-term stakes in
resources by different agents, divergence of objectives
between social groups, and governance issues; and (v) an
institutional dimension, related to the fit between
ecosystems and institutional systems—the closer the
congruence or compatibility between, on one hand, the
rules, decision-making procedures and social practices
that assign roles to agents in the management of
ecosystems and, on the other hand, the specific
configuration of that ecosystem, the better the relevant
institutions will perform in terms of sustainability
(Young, 2002). This component is largely about how
agents evaluate response options to environmental
change.

The capacity component is about resources (in the
broadest sense) to implement change in environmental
management. It is related to the provision of appro-
priate physical, technical and institutional infrastructure
necessary for a sustainable management of natural
resources (Dietz et al., 2003). It has also multiple
dimensions, related to: (i) policy—capacity to rapidly
modify rules governing access to and use of resources,
and to implement new policies throughout a territory;
(ii) technology—availability of a diverse portfolio of
skills and new technologies to manage natural resources;
(iii) institutions—a high level of social capital between
resource users to deal with conflicts between stake-
holders and reconcile varying perspectives, interests and
attitudes, and an institutional system that induces
compliance with rules, based on a good balance between
incentives and sanctions (Dietz et al., 2003); (iv) resource
constraints—availability of a production (and labour)
surplus to allow for the capital investments which are
required to experiment with new solutions; and (v)
culture—a readiness to change and adapt, as stirred by
inspiring leaders. Other contextual factors associated
with a successful transition toward sustainable resource
management are a relative stability in external condi-
tions—both climatic and political—during the transition
phase, to avoid the perturbing effects of abrupt
biophysical or socio-political changes that can push a
vulnerable society into a spiral of degradation; geo-
graphic and social diversity with social networks that
allow mobilizing key resources and sharing experiences;
communication and other infrastructure; and moderate
rate of environmental change, that should be lower than
the rate of innovation.

These three sets of factors—information, motivation,
and capacity—may form the broad outline of a theory
of human–environment interactions in the context of
sustainability science. These factors should not be
treated in isolation but should rather be taken as a
whole, recognizing their interdependence and synergetic
interactions. For example, individual behaviour is not
just a response to individual incentives created by
markets, taxes and subsidies, but is also conditioned
by cultural values (Gowdy, 2005). The set of factors
described above may be applied to the analysis of
contemporary challenges in achieving a transition
toward sustainability. When one of the above factors
is severely deficient, a sustainable management of
natural resources is likely to be compromised.

Environmental problems differ considerably in their
cause and solution. Our ability to design effective
response strategies in the face of rapid environmental
change, to reverse the course of unsustainable develop-
ment paths, depends on our understanding of key
factors of success at the threshold of sustainability
transitions. For every particular resource management
situation, one should conduct an in-depth analysis of
what factors may cause environmental degradation and
impede the adoption of more sustainable management
practices. Most human–environment studies do not
consider thoroughly all the factors listed above, given
the level of data collection and multidisciplinarity
required by such an integrated approach. However, a
comprehensive understanding of sustainability should
address issues related to environmental perception,
information processing and transfer; determinants of
decision making and individual behaviour with respect
to resource management; and portfolios of available and
feasible responses to environmental change for the
different categories of agents. Moreover, interactions
and synergies between these factors need to be
considered. This calls for a broader, more pluralistic,
and more integrated approach to coupled human–envir-
onment systems than what is found in many past
studies.
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