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1. Introduction

Sustainability science has emerged as the intellectual umbrella
for addressing human–environment problems and practice arising
from those research communities closely aligned with global
climate and environment change. These communities, and thus
sustainability science, maintain substantial interests in questions
of vulnerability and resilience, registered by Working Group II of
the Intergovernmental Panel on Climate Change (IPCC) which
includes vulnerability (Parry et al., 2007) and the newly minted
International Council of Science’s Programme on Ecosystem
Change and Society (PECS, www.icsu.org/1_icsuinscience/ENVI_-
PECS_1.html) which builds on the Millennium Ecosystem Assess-
ment through the resilience lens (Carpenter et al., 2009).
Vulnerability and resilience constitute different but overlapping
research themes, the shared understanding of which holds the
potential to inform sustainability science inasmuch as either is
consistent with the thematic foundations of this science. This
possibility is explored here in three parts: (i) a brief review the
origins of sustainability science and the identification of three

foundational pivots—coupled human–environment systems, en-
vironmental services, and tradeoffs; (ii) discussion of the distinc-
tions and complementarities between vulnerability and resilience
research, especially those parts consistent with normal science,
and the linkages each haswith the three pivots; and (iii) comments
on future integration between vulnerability and resilience
research, concluding that attention to tradeoffs may hold the
key improved intellectual integration of the two.

2. Sustainability science and three pivots

The emergence of the interdisciplinary science of sustainability
was anticipated in the late 1980s with the release of Sustainable
Development of the Biosphere (Clark and Munn, 1986) by the
International InstituteofAppliedSystemsAnalysis, andOurCommon
Future (WCED, 1987), thewell-known Brundtland Report. Its formal
development followed several collaborative pathways over the past
quarter-century, each associated with the expansion of research on
global climate change to global environmental change (the Earth
system) and, ultimately, its human dimensions. These pathways
were galvanizedby the International Council of Science (ICSU, 2002)
subsequent to the ‘‘World Congress on Challenges of a Changing
Earth 2001’’ in Amsterdam, sponsored by various global change
science programs associated with the Council. The base themes and
agendasof sustainability scienceemerged fromvariousnational and
related committees, interdisciplinaryworkshops (e.g., Schellnhuber
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A B S T R A C T
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et al., 2004), reports (e.g., Kasemir et al., 2003), and commentaries in
major outlets (e.g., Lubchenco, 1998;Raven, 2002) responding to the
Council andhuman impactson theEarth system. The1999 release of
OurCommon JourneybytheNationalAcademyofSciences (U.S.;NRC,
1999) and follow-up publications in Science (Kates et al., 2001) and
the Proceedings of the National Academy of Sciences (PNAS; Clark and
Dickson, 2003) staked out the integrative character of the subfield.
By the middle of this past decade, the research on sustainability
science was sufficiently robust that the PNAS created a new section
for it (Clark, 2007), while internationally such journals as
Sustainability Science, Sustainability Science and Engineering, Journal
of Sustainability Science and Management, Sustainability: Science,
Practice, and Policy, and Current Opinion in Environmental Sustain-
ability emerged to handle the large growth in the array of this
research. International programs, such as the Earth System Science
Partnership (ESSP, www.essp.org), attempt to keep various formal
research initiatives on track toward the types in integration needed
to address the questions of sustainability science.

Sustainability science addresses the provisioning of humankind
relative to functioning of the Earth system, assessed at different
levels down to ecosystems. This focus crosscuts all definitions of
sustainability science no matter the other attributes that are
variously appended to it, such as the co-production of research
problems between science and society or the usefulness of
research products for decision-making (e.g., Clark, 2007; Kates
et al., 2001; Lubchenco, 1998; Raven, 2002). In principle, co-
production and usefulness are applied to a full range of
stakeholders (e.g., Reynolds et al., 2007), although it is recognized
that the move from theory to practice engages different
constituencies that are differentially empowered in the deci-
sion-making process.1 However derived, a sustainable human–
environment system is envisioned as provisioning humankind (in
amount and distribution; Dasgupta, 2001; Kates and Dasgupta,
2007) without threatening nature’s support system (Kates et al.,
2001). Viewed thusly, the human and environmental subsystems
are intimately linked, and the environment constitutes the
subsystem providing services required for the maintenance of
humankind, regardless of our awareness of, or the lack economic
value placed on, them. These subsystem linkages and environ-
mental services constitute two of the foundational pivots of the
science in question.

The coupled human–environment systems or CHES (Turner
et al., 2003a,b; also coupled human and natural systems or CHANS
[Liu et al., 2007a,b] and social-ecological systems or SES [Berkes
et al., 2003]) recognizes the synergy or interdependency of the
human and environmental subsystems in determining the
condition, function, and response (e.g., to a disturbance, perturba-
tion, or hazard) of either subsystem or that of the system as whole.
In vulnerability parlance, for example, the sensitivity of CHES to a
disturbance is predicated on that synergy (Turner et al., 2003a,b).
Contrary to the implications of some critiques (e.g., Banerjee, 2003;
Head, 2007), sustainability science is fully cognizant that treating
two interacting subsystems constitutes a social construct. It treats
human–environment dynamics this way for the analytical conve-
nience of capturing the different kinds of the processes at work in
each subsystem, and out of concern that emphasis on one
‘‘interacting’’ system fosters the danger of reducing the under-
standing of social dynamics to environmental ones, or vice versa.

Environmental or ecosystem services (also natural capital) are
the direct benefits (e.g., resources) and life supporting processes
emanating from the environment (Daily, 1997; Daily et al., 2000;
Jansson et al., 1994). At the global scale, these services are the
product of the Earth system, and at local to regional scales,
ecosystems. The Millennium Ecosystem Assessment (MEA, 2005)
identifies four categories of services: provisioning (e.g., food,water),
regulating (e.g., climate and flood regulation), cultural (e.g.,
recreation, spiritual places), and supporting (e.g., nutrient cycling,
soil formation). What to value is not the question; in principle, all
services are in play, and as noted above, the range of views about
them should be inclusive. Discussion is on-going among research
communities, however, concerning the logic of including the
supporting category as a service. Beyond this typological issue lies
amore fundamental problem. Some regulating andmost supporting
services (or the environmental function implied in the last term)
have long been taken for granted and are not explicitly valued in
most economic and socio-political systems (Daily et al., 2000). How
to place economic value on the full array of environmental services
(e.g., Ando et al., 1998; Carbone and Smith, 2010) and the discount
rate for their loss constitute a major, even divisive, analytical issue.
Exemplary are attempts to place value on the Earth system (e.g.,
Constanza et al., 1997) and the loss of its services with climate
change (Stern, 2007) versus the various criticisms of them by
resource and environmental economists (e.g., Bockstael et al., 2000;
Dasgupta, 2007; Nordhaus, 2007). Perhaps the telling point for this
discussion is that the need to place value on these services is linked
to assessments of human outcomes, economic or otherwise.

Sustainability science examines the relationships between
environmental services and human outcomes, in part to uncover
those qualities that make CHES less vulnerable or more resilient to
the multitude of forces (i.e., disturbances, stressors, perturbations)
acting upon them. The overwhelming majority of contemporary
CHES involve societal efforts to expand the limits and reduce the
vagaries of nature in attempts to improve provisioning and
regulating services and thus the material well-being of people: for
example, irrigating crops and applying synthetic fertilizer for
increasing food production, burning savanna grasses for new
livestock fodder, or impounding water to provision cities, power
electricity, provide recreation facilities, and control flooding. Such
efforts invariably focus on a few environmental services and
human outcomes (e.g., water control-flood protection or food
production-security), although the consequences of the activities
involved play out through the entire system (e.g., food production-
security on albedo and evapotranspiration and climate on water
and energy needs). Attempts to improve some services invariably
reduce others, while increased material well-being is historically
associated with environmental drawdown and the costs of
maintaining or substituting for losses in services (MEA, 2005).
This realization leads to a third foundational pivot, tradeoffs.

Owing to human activity, CHES axiomatically involve tradeoffs –
improvements, maintenance, and loses – among environmental
servicesandbetweenthoseservicesandhumanoutcomes.Tradeoffs
may be addressed in two ways: by their economic value (Bockstael
et al., 2000; Smith, 1996) orby comparisonof their physicalmeasure
(e.g., amount or change in amount of stratospheric ozone, soil
moisture, pollinators, amount of crops produced, number of air
conditioned houses, number of households below the poverty line).
Economic tradeoff constitutes the more elegant assessment consis-
tent with the use of economic concepts and theory. This approach
fails to treat all environmental services, however, especially
supporting ones (above), because these services currently have no
market value and thus no shadow prices. Comparison of physical
measures is less elegant, in principle can treat all environmental
services, but has yet to be employed sufficiently to demonstrate its
usefulness (but see Bennett et al., 2009; Raudsepp-Hearne et al.,

1 The various concepts, approaches, programs, and related politics that
ultimately begot sustainability science as well as the formal research programs
feeding into it have been critiqued throughout its development, perhaps with more
attention to its climate change dimensions (e.g., Bäckstrand, 2003; Banerjee, 2003;
Cohen et al., 1998; Demeritt, 2001; Demeritt, 2006; Lélé, 1991; Meppem and
Bourke, 1999; Ravetz, 2006) and with surprisingly little response from those being
critiqued (but see Schneider, 2001).
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2010; Swallow et al., 2009). Such issues notwithstanding, tradeoff
assessment provides a way to link changes in the human and
environmental subsystem. It facilitates insights about such critical
issues as, for example, how much of a reduction in environmental
services is associated with various standards of material consump-
tion, or the tipping points at which these services are lost (e.g.,
Lenton et al., 2008). Of course, such standardizedmeasures facilitate
tests of concepts, theses, and theories in order to complement better
the understanding gained from qualitative assessments of CHES
dynamics. Importantly, they provide a powerful means through
which to assess the vulnerability and resilience of CHES (see Adger,
2006 on the need for such assessments).

3. Vulnerability and resilience in sustainability science

If vulnerability and resilience research had not existed previous
to the rise of sustainability science, some version of them would
likely have emerged, given the explicit goal of societal outreach or
‘‘usefulness’’ of sustainability research (e.g., Lubchenco, 1998;
Kates et al., 2001). Sustainability addresses threats to provisioning
society and to maintaining life support systems, and decision
makers want to know these threats and their implications,
including the capacity (or adaptive capacity) of the system,
foremost the human subsystem, to withstand and adjust to them.

Recent reviews of vulnerability and resilience and their linkages
to climate and global environmental change and sustainability
preclude the need to reiterate the history of these themes here
(Adger, 2006; Cutter, 2003; Berkes et al., 2003; Kasperson et al.,
2005; Turner et al., 2003a). Telling for sustainability science are the
research orientations, both conceptual and in practice, underway
in the vulnerability and resilience research. To what degree are
they consistent with the analytical needs of sustainability science?
Does vulnerability and resilience research appear to be coalescing
intellectually and in practice, or will it remain separate but
complementary? The answers reside partly in the degree to which
vulnerability and resilience pay attention to the three foundational
pivots of sustainability science identified above: CHES, environ-
mental services, and services-human outcome tradeoffs.

4. Vulnerability

The concept of vulnerability developed largely in those social
sciences addressing environmental risks and hazards (Kasperson
et al., 2005; Blaikie et al., 1994). For our purposes it refers to the
degree to which a CHES or some part of it is likely to experience
harm due to exposure to a hazard(s) (Turner et al., 2003a).
Research emphasis has been placed on the vulnerability of cohorts
of individuals and communities to environmental perturbations,
historically labeled as ‘‘natural hazards’’ (Cutter, 2003; Cutter et al.,
2003). Parts of the vulnerability research community are strongly
alignedwith or speak directly to the sustainability, climate change,
and global environment change sciences (Adger, 2006; Eakin and
Luers, 2006; Füssel and Klein, 2006; Handmer et al., 1999; Polsky
et al., 2007; Turner et al., 2003a,b). This orientation to vulnerability
recognizes the synergy within the CHES affecting the sensitivity
and coping capacities of either subsystem and thus the vulnera-
bility of the CHES at large. The number of case studies that actually
treat the synergy of two subsystems or that consider environmen-
tal services equitablywith human outcomes are few, however (e.g.,
Luers, 2005; Turner et al., 2003b). To my knowledge, vulnerability
research to date has not undertaken explicit assessments of the
tradeoffs within and among both the human and environmental
subsystems (see Turner, 2009, for a crude attempt). Attention
tends to focus on one or a small set of human outcomes (e.g.,
poverty, hunger, or housing) in which the environmental subsys-
tem serves as the backdrop in response to a hazard such as climate

change or sea level rise. In contrast, minimal, if any attention is
given to the tradeoffs among environmental services (e.g., aquifer
recharge, water quality, phenology, or flood control) responding to
the hazards or the mitigating and adaptation strategies employed
toward them. Interestingly, minimal attention is given as well to
larger sets of tradeoffs among human outcomes (e.g., health,
housing, income, equity, property losses). Consistent with its
origins and the influence of social and critical theory, vulnerability
research tends to emphasize the threats to and sensitivity and
adaptive capacity of some element of society, although the hazard
in questionmay be climate change or combined socio-political and
environmental factors (e.g., Kelly and Adger, 2000; O’Brien and
Leichenko, 2000; O’Brien et al., 2004; Wisner et al., 2005).

It is safe to say that vulnerability research at large (see Janssen
et al., 2006, for its research clusters) has not embraced the three
pivots of sustainability sciencenotedhere (i.e., CHES, environmental
services, tradeoffs), and thus offers less insights about the
vulnerability of the environmental subsystem or CHES dynamics
than sustainability science seeks. Vulnerability research has
provided important insights about the dynamics of the human
subsystem, especially the role of economic globalization and
entitlements as they affect human outcomes (Adger, 2003; O’Brien
and Leichenko, 2000; Young et al., 2005). The practical lessons
drawnbeyond the spatio-temporal complexity of outcomes are few,
however, and tend to emerge from selective narratives filtered
through different theoretical lens (e.g., Turner et al., 2003b; Wisner
et al., 2005) rather than applied to quantitative tests (but see Cutter
et al., 2003; Luers, 2005). Common lessons point to the economically
marginal and politically un-empowered as the most vulnerable
cohorts to hazards because of their (often presumed) lower coping
capacities, although various studies document that these cohorts
also tend to be the most exposed (e.g., least desirable living
locations) and sensitive (e.g., lack air-conditioning in heatwaves) to
thehazard. Studies tend tobecasespecificbecause thecomplexityof
CHES, even focusing on the human subsystem alone, leads similar
processes to variable outcomes (Cutter et al., 2000; Kates and
Dasgupta, 2007). Places or locations may experience differential
vulnerability to the same hazard owing to the geographical
clustering of more vulnerable cohorts and the biophysical qualities
of the location of the clusters (Cutter et al., 2000; O’Brien and
Leichenko, 2000). Nevertheless, common characteristics that
increase human vulnerability to a hazard across locations in the
United States statistically relate to income, gender, race and
ethnicity, and age, among others (Cutter et al., 2003).

Adger (2006) recognizes the need for the vulnerability
communities to treat the full dimensions of CHES. To do this, he
notes three challenges: measuring vulnerability, treating percep-
tions of risk, and addressing governance. If these same communi-
ties are to meet the challenges of sustainability science, however,
they must embrace more fully its foundational pivots, or at least
focus on the human subsystem in ways that couple with the
environmental one, including the linkages between environmental
services and human outcomes. In this regard, I remain skeptical of
the usefulness of a vulnerabilitymeasure ormetric per se given the
need to address both the relative (proportional) and absolute
outcomes to hazards (but see Adger, 2006). CHES’s complexity and
place-based variance in outcomes suggest that a large number of
comparable case studies will be required before aggregate
measures may be realized or general lessons emerge. Attention
to tradeoffs offers a more tractable solution, I suggest. Tradeoffs,
either physical or economic in kind, among various sets of
environmental services (e.g., provisioning and regulating) and
human outcomes (e.g., health, household income) can be
compared across all coupled systems, providing a viable means
of assessment for the system as a whole or its parts (e.g., Nelson
et al., 2009; Raudsepp-Hearne et al., 2010).
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5. Resilience

In contrast to vulnerability, resilience emerged from the
ecological sciences to address persistence and change in ecosys-
tems (Carpenter et al., 2001; Gunderson, 2000). It subsequently
expanded to address CHES (or SES in resilience parlance; Berkes
et al., 2003; Walker et al., 2006), and ultimately penetrated the
natural hazards communities of the social sciences (Nelson et al.,
2007; Berkes, 2007; Renaud et al., 2010; Zhuo et al., 2010).
Resilience applied to CHES has at least three meanings involving:
(i) response to disturbance; (ii) capacity to self-organize; and (iii)
capacity to learn and adapt (Folke et al. (2002a,b).2 While each has
implications for this discussion, the first is the most directly
applicable: ‘‘the amount of disturbance a system can absorb and
still remain within the same state or domain of attraction’’ (Folke
et al., 2002a, p. 5).

Resilience research seeks general principles about CHES from
which lessons for practicemay be drawn (see the special feature on
Exploring Resilience in Social-Ecological Systems of Ecology and
Society 2006). These principles emerge from a general systems
theoretic that, at least for the moment, should be viewed as sets of
hypotheses about or a framework for addressing CHES (Anderies
et al., 2006a). Importantly, most of the hypotheses and core
attributes of the framework are derived from examinations of the
ecological subsystem and laid over the human subsystem and the
CHES at large (e.g., Adger et al., 2005; Alberti and Marzluff, 2004;
Anderies et al., 2006a,b; Folke et al., 2005; Hudson, 2010; Simme
andMartin, 2010;Walker et al., 2002a, b). This tactic raises at least
one concern that has not been adequately addressed in the
literature: the applicability of ecosystem-derived dynamics to
explain the human subsystem composed of complex social
structures and reflexive agents (Adger, 2000; Redman and Kinzig,
2003). Of more immediate concerns for sustainability science,
however, are three other issues: the high level of abstraction
inherent in the meta-theory character of general systems applied
to resilience (e.g., adaptive cycles, creative destruction) relative to
the theories of the mid-range that have served the social sciences
well (Kates, 1988)3; the applicability of the lessons drawn for the
management of CHES (e.g., enlarge diversity for improved
sustainability, despite the long history of the opposite trajectory
in plant foods as our species rose to ecological dominance); and the
insufficiently untested hypotheses about CHES dynamics, which
tend to be supported largely through narratives, the repeated
interpretations of which appear to imply quasi-proof (e.g., macro-
scale process, such as climate change, tend to act slowly and thus
constitute critical controls, despite the presence in the human
subsystem of fast-acting macro-scale processes, such as globaliza-
tion [Young et al., 2005]).

These concerns are recognized by proponents of resilience
(Carpenter et al., 2009; Levin et al., 1998), but perhaps not by the
practitioner communities to which the lessons are directed. Recent
stocktakings of resilience research highlight these lessons (And-
eries et al., 2006a; Cumming et al., 2006; Berkes, 2007; Walker
et al., 2002a,b). For example, treat multiple configurations of CHES
atmultiple scales owing to the complexities and scalarmismatches

in the dynamics of the two subsystems as well as the scale
dependent nature of ecological process (McGill, 2010); understand
that CHES tend to be co-adapting; search for a few ‘‘slow’’
controlling variables that require focused management; maintain
diversity in order to increase options; be open tomany stakeholder
mental models of and ways of knowing CHES; and use adaptive
governance and promote self-organization capacity. Some of these
lessons are consistent with current social science thought. The last
two involving variance in stakeholders and governance, for
example, are the product of cooperation with social scientists as
they can only be drawn from explicit attention to the human
subsystem.

Regardless of the concerns noted above, resilience tracks well
with the foundations of sustainability science. It is consistently
applied to the CHES in which, in principle, both subsystems are
treated equally. The structure and function of ecosystems are
explicitly linked to the services delivered to society. And, tradeoffs
among these services take center stage in much of the research
portfolio, including their scalar dynamics (e.g., Kremen et al., 2000;
Maass et al., 2005; Nelson et al., 2009; Polasky et al., 2008). Less
attention, however, has been given to the tradeoffs between
environmental services and human outcomes in the more
expansive meaning of the last term (but see Ando et al., 1998;
Kinzig et al., 2006). While some environmental services equate
directly to a human outcomes (e.g., crop production as a
provisioning service), others are more difficult to equate (e.g.,
nutrient cycling as a regulating service). Links to human outcomes
tend to be the proximate or most immediate to services (e.g., total
food and water availability). The ‘‘deeper’’ or distal level outcomes
(e.g., food security, property value, entitlements, gender equity),
those which garner attention from the social sciences, are less well
addressed because they may involve multiple sets of services not
yet fully addressed or, perhaps, because these outcomes link to
services in indirect ways. Institutions and governance research
constitutes an exception, however. The resilience community at
large applies this research as lessons relevant to policy about
ecosystem health (e.g., Ostrom et al., 2007), but institution and
governance research also strikes to one of core dynamics of the
human subsystem (e.g., Janssen et al., 2010; Young, 1999). A ‘‘full’’
CHES treatment must enlarge the kind of attention given to
governance in order to address the tradeoffs between the many
kinds of environmental services and various conditions of society
(e.g., economic livelihoods, human health, life-way satisfaction).
Why? Because decision-making, both at the individual and societal
levels historically targets these conditions relative to those of the
environment per se, at least until the drawdown in the
environment affects the capacity and costs of maintaining
expected living standards (e.g., Anderies et al., 2006a; Walker
et al., 2002a,b). It must be recognized that resilience researchers
are beginning to address the concerns noted here, especially in
regard to a more complete array of services relative to societal
decision-making (Nelson et al., 2009; Reynolds et al., 2007).

6. Vulnerability and resilience in the future of sustainability
science

At their most fundamental level, vulnerability and resilience
applied to CHES constitute different but complementary framings.
The former seeks to identify theweakest parts (thosemost affected
negatively) of coupled systems to disturbances, and the latter, the
systemic characteristics that make systems more robust to
disturbances. Interestingly, at least one CHES vulnerability
research cluster employs the term resilience to the coping capacity
component of its framework (Turner et al., 2003a), whereas
resilience views vulnerability as an antonym for its label (Folke
et al., 2002a). Such differences notwithstanding, much vulnerabil-

2 Folke and associates (2002b) is the journal publication, reduced in size, of a
lengthy report prepared by the Swedish government for 2002 World Summit on
Sustainable Development (also Folke et al., 2002a). Both sources emanate from the
Resilience Alliance (www.resalliance.org), but the latter should be consulted for the
more throughout treatment of resilience and sustainability science.

3 Theory of the mid-range, akin to Merton’s (1968) middle range theory, refers to
general explanation of specific phenomenon and processes, or their sets, for
example induced intensification (of agriculture) or forest transition. Such theory is
not intended to be applicable beyond the specific phenomenon or process in
question. In contrast, what I term meta-theory constitutes a broader form of
explanation that covers large, and often diverse sets of phenomena and processes,
be it general systems, complex systems, or Marxian inspired.
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ity and all resilience research seeks to understand CHES dynamics
useful for sustainability science. In this regard, resilience has been
framed in a more consistent way with the three pivots of that
science as identified here – CHES, environmental services, and
tradeoffs – and appears to be addressing the human outcome
component of tradeoffs, although the commitment to outcomes
beyond those most proximate to environmental services is not yet
clear. Vulnerability – its base identity perhaps more obvious to
decision makers – has only recently begun to entertain environ-
mental services and tradeoffs.

Those vulnerability communities not aligned with sustainabil-
ity science are much less likely to emphasize the three pivots in
question for a variety of reasons, ranging from their base social
science interests in which environmental services are treated
largely as resources (thus a focus on provisioning services with less
attention to human-use feedbacks on them), to their favored
explanatory perspectives which are incommensurate with sci-
ence-based approach of sustainability science. These differences
do not mean that the various research orientations will not inform
one another (e.g., Turner and Robbins, 2008), particularly if
practitioners recognize that each explanatory approach carries
impediments for reconciling human–environment interactions
(McLaughlin and Dietz, 2007). Importantly, all vulnerability and
resilience communities increasingly display interest in such
themes as nested hierarchies, co-adaptation, multiple equilibria,
networks of actors, and hybrid (science-local) knowledge as they
affect their research problems and real-world applications. This
shared thematic interest behooves the communities to remain in
conceptual contact. Indeed, Adger (2006) concludes that a merger
of vulnerability and resilience is underway, at least in regard to
increasingly shared thematic interests.

Within sustainability science and assisted by researchers
working at the interface of research-application and open to
multiple explanatory perspectives, efforts have begun that point
to improved integration of vulnerability and resilience research. The
Drylands Development Paradigm (DDP) is exemplary. A product of
resilience and vulnerability practitioners, including a few indivi-
duals aligned with social-critical perspectives (Reynolds et al.,
2007), DDP is a CHES approach applied to arid land management
emphasizing the need to account for slowly evolving conditions,
nonlinear processes, cross-scale interactions, and local knowledge.
Such approaches have already been applied by integrated research-
application teams in Australia (e.g., Stafford-Smith et al., 2007).
Maintaining and improving such cooperationwill be determined, in
part, by the activities of formal researchprogramsdesigned to tackle
CHES sustainability, such as emerging PECS effort.

Beyond such programs, vulnerability and resilience aligned
with sustainability science increasingly share appreciation for the
complexity of CHES dynamics and its role in shaping place-based
outcomes. This and the shared thematic interests noted above
point to the potential for improved integration between the two
communities. Sustained conceptual integration, however – that
required to reach the merge Neil Adger foresees – will require
vulnerability researchers to expand attention to environmental
services, and resilience researchers to do the same regarding
human outcomes beyond the proximate kind. In this way the two
research communities will confront similar tradeoff interactions.
This third foundational pivot, tradeoffs, may hold the key for
intellectual fusion.

Acknowledgments

I thank Ann Kinzig and Karina Benessaiah for their comments as
I developed my thoughts, and the reviewers of this paper who
provided helpful ideas for improvements for the presentation of
them.

References

Adger, W.N., 2000. Social and ecological resilience: are they related. Prog. Hum.
Geogr. 24, 347–364.

Adger, W.N., 2003. Social capital, collective action, and adaptation to climate
change. Econ. Geogr. 79, 387–404.

Adger, W.N., 2006. Vulnerability. Global Environ. Change 16, 268–281.
Adger, W.N., Hughes, T.P., Folke, C., Carpenter, S.R., Rockstrom, J., 2005. Social-

ecological resilience to coastal disasters. Science 309, 1036–1039.
Alberti, M., Marzluff, J.M., 2004. Ecological resilience in urban ecosystems: linking

urban patterns to human and ecological functions. Urban Ecosyst. 241–265.
Anderies, J.M.,Walker, B.H., Kinzig, A.P., 2006a. Fifteenweddings and a funeral: case

studies and resilience-based management. Ecol. Soc. 11, 21.
Anderies, J.M., Ryan, P., Walker, B.H., 2006b. Loss of resilience, crisis, and institu-

tional change: lessons from an intensive agricultural system in Southeastern
Australia. Ecosystems 9, 865–878.

Ando, A., Camm, J., Polsaky, S., Solow, A., 1998. Species distributions, land values and
efficient conservation. Science 279, 2126–2128.
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