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ABSTRACT. Thisarticlereviewsthe variety of definitions proposed for “resilience” within sustainability
science and suggests atypol ogy according to the specific degree of normativity. Thereisatension between
the original descriptive concept of resilience first defined in ecological science and a more recent, vague,
and malleablenotion of resilience used asan approach or boundary object by different scientific disciplines.
Even though increased conceptua vagueness can be valuable to foster communication across disciplines
and between scienceand practice, both conceptual clarity and practical rel evance of the concept of resilience
arecritically in danger. The fundamental question iswhat conceptual structure we want resilience to have.
This article argues that a clearly specified, descriptive concept of resilience is critical in providing a
counterbal ance to the use of resilience as a vague boundary object. A clear descriptive concept provides
the basis for operationalization and application of resilience within ecological science.
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INTRODUCTION

The concept of resilience is one of the most
important researchtopicsinthecontext of achieving
sustainability (Perringset al. 1995, Kateset al. 2001,
Foley et a. 2005). First introduced as a descriptive
ecological term (Holling 1973), resilience has been
frequently redefined and extended by heuristic,
metaphorical, or normative dimensions (e.g.,
Holling 2001, Ott and Doéring 2004, Pickett et al.
2004, Hughes et a. 2005). Meanwhile, the concept
is used by various scientific disciplines as an
approach to analyze ecological as well as social-
ecological systems (Anderies et a. 2006, Folke
2006). As such, it promotes research efforts across
disciplines and between science and policy.

However, both conceptual clarity and practica
relevance are critically in danger. The original
descriptive and ecological meaning of resilienceis
diluted as the term is used ambiguously and in a
very wide extension. Thisis due to the blending of
descriptiveaspects, i.e., specificationsof what isthe
case, and normative aspects, i.e., prescriptionswhat
ought to be the case or is desirable as such. As a

result, difficulties to operationalize and apply the
concept of resilience within ecological science
prevail. This, inturn, impedesprogressand maturity
of resiliencetheory (cf., Pickett et al. 1994:57). The
successof theconcept in stimulating research across
disciplines on the one side and the dilution of the
descriptive core on the other raisesthe fundamental
question what conceptual structure we want
resilience to have.

This article is divided into four parts. The first
section offers atypology to structure the numerous
definitions of resilience proposed within sustainability
science. Using this typology as a background, the
second section investigates in more detaill a
descriptive, ecol ogical concept of resilienceviewed
from both aformal and an operational perspective.
Subsequently, the third section examines the use of
resilience as a rather vague boundary object and
points to some chances and pitfalls. The fourth
section concludes with final thoughts on the recent
conceptual development and a fruitful conceptual
structure of resilience.
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ATYPOLOGY FOR DEFINITIONS OF
RESILIENCE

Inwhat followswesuggest atypology for thevariety
of definitions of resilience used in sustainability
science. The typology is based on the analysis of
key papers published in the last 35 yr (cf., Janssen
et a. 2006). It provides the background for
discussing the conceptual development of
resilience.

Before turning to the definitions in detail some
words on the terminology used are in order. First,
two distinct meanings of resilience must be
distinguished. Thefirst onerefersto dynamicsclose
to equilibrium and is defined as the time required
for a system to return to an equilibrium point
following a disturbance event. It has been coined
engineering resilience (Holling 1996) and islargely
identical to the stability property, i.e., elasticity
(Grimm and Wissel 1997). The second meaning of
resilience refers to dynamics far from any
equilibrium steady stateandisdefined astheamount
of disturbance that a system can absorb before
changing to another stable regime, which is
controlled by a different set of variables and
characterized by a different structure. It has been
termed ecosystem resilience (Gunderson and
Holling 2002) and it is applied amost
interchangeable with the words ecological
resilience (e.g., Holling 1996, Holling et al. 1997,
Gunderson 2000, Gunderson and Pritchard 2002,
Anderies et a. 2006) or resilience (e.g., Holling
1973, 1986, Arrow et al. 1995, Perrings et al. 1995,
Carpenter and Cottingham 1997, Carpenter et al.
2001, Walker et a. 2002, 2004, Bellwood et al.
2004, Folke et al. 2004, Carpenter and Folke 2006).
It isthis second kind of resilience to which werefer
in this text.

Theresult of our analysisisdisplayedin Table1. It
shows 3 categories, 10 classes, and correspondingly
10 definitions of resilience. The three categories
reflect whether the definition isin accordance with
either agenuinely descriptive concept (Category 1),
a hybrid concept, in which descriptive and
normative connotationsareintermingled (Category
I1), or agenuinely normative concept (Category 111).
Thus, our scheme in the first place emphasizes the
degree of normativity included in the different
definitions that fit under the overall category of
resilienceascharacterized above. However, wealso
found it useful and necessary to distinguish between
purely ecological definitions, i.e., Class 14, and
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those which are also used in the context of other
fields such aseconomy and sociology, i.e., Class5—
10.

In the following, each definition of resilience is
explained in more detail with respect to its category
and class, respectively. Note that the proclaimed
titlesdo not correspond to the particul ar references.

Category |: Descriptive concept
Sub-category la: Ecological science
Class 1: Origina ecological definition

In his seminal paper, Holling (1973) defines
resilience as a “measure of the persistence of
systems and of their ability to absorb change and
disturbanceand still maintainthesamerel ationships
between populations or state variables’ (Holling
1973:14). In this original-ecologica meaning,
resilience focuses on the persistence of populations
or communities at the ecosystem level and
corresponds to both the overall area and the height
of the lowest point of a population’s domain of
attraction. A relative measure is a population’s
probability of extinction.

Class 2: Extended ecological definition

Subsequent work published from the late 1980s
(Holling 1986, 1996, Walker 1999, Gunderson
2000, Gunderson and Holling 2002, Gunderson and
Pritchard 2002, Walker et al. 2002, 2004) isstrongly
influenced by theory on complex adaptive systems
(e.g., Levin 1998) including the cross-scale
morphology of ecosystems (Holling 1992).
According to the extended keystone hypothesis
originally proposed by Holling (1992), the
hierarchical structure of ecosystems is primarily
regulated by asmall set of plant, animal, and abiotic
processes each operating over different scale
ranges. Important changes in ecosystem dynamics
can be understood by analyzing afew, typically no
more than five, key variables (Walker et al. 2006).
In this interpretation, the scientific focus is on the
critical structure and processes of an ecosystem.
Individual species can be replaced if the critical
structure and key processes persist (Walker et al.
1999, ElImqvist et al. 2003, Nystrém 2006). In this
extended-ecological meaning, resilience is defined
as “the magnitude of disturbance that can be
absorbed before the system changesits structure by
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Table 1. Ten definitions of resilience with respect to the degree of normativity.

Categories and classes Definitions References

(I) DESCRIPTIVE CONCEPT
(la) ECOLOGICAL SCIENCE

1) Original-ecological Measure of the persistence of systems and of their ability to Holling 1973:14
absorb change and disturbance and still maintain the same
relationships between populations or state variables

2) Extended-ecological The magnitude of disturbance that can be absorbed beforethe  Gunderson and
system changes its structure by changing the variables and Holling 2002:4
processes that control behavior

and
The capacity of a system to experience shocks whileretaining Walker et al.
essentially the same function, structure, feedbacks, and 2006:2
therefore identity

2a) Three characteristics capacitiesi) to absorb disturbances, ii) for self-organization, Walker et al. 2002
and iii) for learning and adaptation

2b) Four aspects 1) latitude (width of the domain), Folkeet al.
2) resistance (height of the domain), 2004:573

3) precariousness,
4) cross-scale relations

3) Systemic-heuristic Quantitative property that changes throughout ecosystem Holling 2001
dynamics and occurs on each level of an ecosystem’s hierarchy

4) Operational Resilience of what to what? Carpenter et al.
and 2001
The ahility of the system to maintain itsidentity inthefaceof Cumming et al.
internal change and external shocks and disturbances 2005

(Ib) SOCIAL SCIENCES

5) Sociological The ability of groups or communities to cope with external Adger 2000:347
stresses and disturbances as aresult of social, political, and
environmental change

6) Ecological-economic Transition probability between states as a function of the Brock et al.
consumption and production activities of decision makers 2002:273
and

The ahility of the system to withstand either market or
environmental shocks without loosing the capacity to allocate  Perrings 2006:418
resources efficiently

(1) HYBRID CONCEPT

7) Ecosystem-services-related The underlying capacity of an ecosystem to maintain desired  Folke et al. 2002:14
ecosystem services in the face of afluctuating environment
and human use

8) Social-ecological system

8a) Social-ecological The capacity of a social-ecological systemsto absorb recurrent Adger et al.

disturbances (...) so asto retain essentia structures, processes 2005:1036
and feedbacks

(con'd)
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8b) Resilience-approach
(111) NORMATIVE CONCEPT
9) Metaphoric

10) Sustainability-related

Flexibility over the long term

Maintenance of natural capital in the long run
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A perspective or approach to analyze social-ecological systems Folke 2006

Pickett et al.
2004:381

Ott and Déring
2004:213f

changing the variables and processes that control
behaviour” (Gunderson and Holling 2002:4) or “the
capacity of a system to experience shocks while
retaining essentially the same function, structure,
feedbacks, and therefore identity” (Walker et al.
2006:2).

Class 2a: Three characteristics

Some authors interpret the extended-ecological
meaning as comprising three characteristics. Those
are: (1) theamount of change asystem can undergo
and dtill remain within the same domain of
attraction, i.e, to retain the same controls on
structure and processes; (2) the degree to which the
system is capable of self-organization; and (3) the
degree to which the system expresses capacity for
learning and adaptation (Carpenter et al. 2001,
Walker et al. 2002, Folke 2006).

Class 2b: Four aspects

One line of research emphasizes the concept of
aternative stable regimes (Scheffer and Carpenter
2003, Folke et al. 2004, Walker and Meyers 2004).
Notethat theterm “regime” ispreferredto avoid the
static connotations of the term “state” and to
describe the actual dynamic situation of a specified
ecosystem (Scheffer and Carpenter 2003).
Formally, alternative stable regimes exist within
aternative basins of attraction (Walker et al. 2004).
Four aspects of a basin of attraction are crucial.
Those are: (1) latitude or the maximum amount the
system can be changed before losing its ability to
recover, e.g., the width of the basin; (2) resistance,
which matchestheeaseor difficulty of changing the
system, e.g., the topology of the basin; (3)
precariousness, i.e., the current trgectory of the
system and proximity to a limit or threshold; and
(4) cross-scale relations, or how the above three
aspects are influenced by the dynamics of the

systems at scales above and below the scale of
interest (Folke et al. 2004, Walker et a. 2004).

Class 3: Systemic-heuristic definition

Some scholars have worked on the presuppositions
of the concept of resilience, which include a
heuristic for the dynamics of productive, self-
organized systems, the"panarchy." Thismetamodel
(Cumming and Collier 2005) of ecosystem
dynamics consists of four-phase adaptive cycles, i.
e, r-, K-, Q-, and a-phases, which occur on each
level of a system’s hierarchy. Aganst this
background, resilience represents a quantitative
property that changesthroughout the adaptivecycle
and principally occurs on each level of a system’s
hierarchy (Holling 2001, Gunderson and Holling
2002).

Class 4: Operational definition

Toapply theconcept of resiliencetoempirical cases,
itiscritical to specify resilience of "what to what"
(Carpenter et a. 2001). This operational definition
constitutesthefirst step to makeresilience concrete.
Further operational steps suggest focusing on the
concept of identity and defining resilience as “the
ability of the system to maintain its identity in the
face of internal change and external shocks and
disturbances’ (Cumming et al. 2005).

Sub-category Ib: Social sciences
Class 5: Sociological definition

Some scientists apply the concept of resilience to
social systems. Socia resilience is defined as "the
ability of groups or communities to cope with
external stresses and disturbances as a result of
social, political, and environmental change” (Adger
2000:347).
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Class 6: Ecological-economical definition

In addition, the concept of resilience is used to
analyze economy-environment systems (eg.,
Perringsand Walker 1997, Perringsand Stern 2000,
Brock et al. 2002, Perrings 2006). Resilience
matches the “transition probability between states
as a function of the consumption and production
activities of decision makers’ (Brock et 4.
2002:273) or “the ability of the system to withstand
either market or environmental shocks without
loosing the capacity to allocate resources
efficiently” (Perrings 2006:418).

Category I1: Hybrid concept
Class 7: Ecosystem services-related definition

In this hybrid sense, resilience corresponds to the
underlying capacity of an ecosystem to maintain
desirable ecosystem services in the face of human
use and afluctuating environment (Carpenter 2001,
Folke et al. 2002). Studies focus on desirable
ecosystem services of an ecological system, e.g.,
food production, water purification, or aesthetic
enjoyment (MEA 2005).

Class 8: Socia-ecological system.

Many scientists state that it is critical to apply the
concept of resilience to coupled social-ecological
systems, as it may be a fundamental error of
environmental policy to separate the human system
from the natural system and treat them as
independent (e.g. Folke et al. 2002, Anderieset al.
2006, Walker et al. 2006). The nature-culture split
IS seen as arbitrary and artificial; humans are
regarded as part of the ecosystem (Westley et al.
2002, Berkes et a. 2003).

Class 8a: Socia-ecological definition

Social-ecological resilience is defined as “the
capacity of social-ecological systems to absorb
recurrent disturbances (...) so as to retain essential
structures, processes and feedbacks’ (Adger et a.
2005:1036). In this approach, a system analysis
tends to incorporate specific values, e.g., cultural
diversity or international aid. Consequently, there
IS an increase in the degree of normativity, i.e.,
resilience gets more and more desirable as such.
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Class 8b: Resilience approach

Recently, resilience has been increasingly
conceived as a perspective, as away of thinking to
analyze linked social-ecological systems (Folke
2006). No clear definition is suggested. Rather,
resilienceisconceived asacollection of ideas about
how to interpret complex systems (Anderies et al.
2006).

Category I1: Normative concept
Class 9: Metaphorical definition

In a metaphoric interpretation, the concept of
resilience means “flexibility over the long term”
(Pickett et al. 2004:381) and isviewed as desirable
as such.

Class 10: Sustainability-related definition

Resilience has been suggested as to be one of the
guidelines for a conception of strong sustainability
(Ott 2001, 2003, Ott and Doring 2004). Hereby the
term refers to the maintenance of natural capital in
thelong-terminorder to provideecosystem services
that provide instrumental as well as eudaemonistic
values for human society.

These ten definitions together represent the
intension of the term resilience. Even though they
areall related to the original, descriptive concept of
resilience, asintroduced by Holling (1973), theterm
has been transformed considerably. The conceptual
development of resilience has been recently
reviewed by Folke (2006), who made a distinction
between an early interpretation of resilience, which
focuses on the robustness of systems to withstand
shocks while maintaining function, i.e., ecosystem
or ecological resilience, social resilience, and a
subsequent interpretation, which refers more to the
interplay of disturbance and reorganization within
asystem aswell asto transformability, learning and
innovation, i.e, social-ecological resilience.
Although Folke (2006) points to the change in the
specific  meaning of resilience our own
interpretation of the conceptual development of
resilience highlights the distinct use of the concept
of resilience within the spectrum of scientific
disciplines. Thus, the subsequent sections contrast
(a) a clearly specified concept of resilience that is
merely used in ecology with (b) a vague and
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malleable concept of resilience that is used as a
communication tool across different scientific
disciplines and between science and practice.

RESILIENCE ASA DESCRIPTIVE
ECOLOGICAL CONCEPT

This section describes a descriptive, ecological
concept of resiliencein more detail. By definition a
descriptive concept of resilience excludes
normative dimensions. Resilience may be viewed
as either desirable or undesirable in aspecific case,
this depends on the state of concern. This means, a
degraded savannah or a polluted lake can be highly
resilient but at the same time undesirable from an
anthropocentric perspective (Carpenter et al. 2001,
Carpenter and Cottingham 2002, Walker et al.
2002).

In a descriptive sense, the concept of resilience
points to a nonequilibrium view on ecological
systems (Wallington et al. 2005), that is, it assumes
the existence of alternative stable regimes (Holling
1996). For example, a savannah may exhibit either
a locally stable grassy regime or a locally stable
woody regime depending on the value of some
driving factors, such as rainfall, grazing pressure
and fire events (Walker 2002). There is strong
evidence that most ecosystem types can exist in
alternative stable regimes, for instance lakes, coral
reefs, deserts, rangelands, woodlands, and forests
(Folke et al. 2004, Walker and Meyers 2004).
However, the weight of empirical evidence shows
that the relative frequency of the occurrence of
alternative stable regimes across systems is higher
for systems controlled by environmental adversity,
e.g., deserts, arctic tundra, or savannahs, than those
controlled by competitive adversity, e.g., forests or
cora reefs (Didham 2006).

A mathematical model of this behavior termed
“bistability” is provided by phase plane and
bifurcation diagrams proposed by Ludwig et al.
(1997, 2002). Formally asystemexhibitsalternative
basins of attraction when afast state variable, e.g.,
annual grasses, macrophytes, responds to changes
in a slow variable, e.g., long-lived organisms,
nutrient storages, by a backward-folding curve, as
shown in Fig. 1. Because of the backward fold, two
stable basins overlap, separated by an unstable one
over agiven range of the slow variable (Scheffer et
al. 2001, Scheffer and Carpenter 2003, Schroder et
al. 2005).
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When the system is in a regime on the upper blue
branch of the folded curve in Fig. 1, it cannot pass
to the lower green branch smoothly. Instead, when
the slow variable changes sufficiently to pass the
critical value, i.e., the ecological threshold (ET,), a
catastrophic transition to the lower branch occurs,
either caused by only an incremental change in
conditionsor dueto abigger disturbance. Toinduce
aswitch back to the upper branch it isnot sufficient
to restore the slow variable to the value before the
collapse. Instead, one needs to go back further,
beyond the other switch point (ET,), at which the
system recovers by shifting back to the upper
branch, a pattern known as "hysteresis* (Scheffer
and Carpenter 2003, Groffman et al. 2006, Briske
et al. 2006). In contrast to a narrow equilibrium
view, thisindicatestheimportanceof theboundaries
of abasin of attraction and theeaseor difficulty with
which a system could be moved out of this basin
(Holling 1973, 1996, Gunderson and Holling 2002).

For example, shallow lakes can exhibit two stable
regimes with respect to nutrient load, i.e., a clear-
water regimewith aquatic plantsand aturbid regime
without vegetation. If the lake isin the clear-water
regime, an increase of the nutrient level will lead to
a gradual and moderate rise in turbidity until the
critical turbidity for plant survival isreached. Atthis
point, vegetation collapses and the lake shiftsto the
turbid regime. Reduction of nutrients after this
catastrophic transition does not result in areturn of
plantsimmediately. However, the backward switch
happens at much lower nutrient level than the
forward switch. Thus, often reduction of thenutrient
level to valuesat which thelake used to be clear and
vegetated will not lead to restoration of that state
(Dent et al. 2002).

Correspondingly, in a descriptive sense the
resilience of an ecological system can be defined as
"the magnitude of disturbance that can be absorbed
before the system shifts to another basin of
attraction” (cf. Class 2 in Table 1; Gunderson and
Holling 2002, Bellwood et al . 2004, Nystrém 2006).
In addition, some authors distinguish several
characteristics or aspects of resilience, respectively
(cf. Class 2a and 2b in Table 1). The descriptive
ecological definitions described above (Class 14
in Table 1) differ with respect to the criteria they
provideasmeansto determineif asystemisresilient
and to what degree. In this article we focus on the
extended-ecol ogical definition of resilienceinorder
to point to the concept of slow controlling variables,
which can be used to operationalize resilience, and
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Fig. 1. Bifurcation diagram of a system described by afast variable and a slow variable: the stable
regimes are given by the blue and green solid lines and the boundary of the basins of attraction, i.e.,
unstable state, by the dashed line. ET1 and ET2 represent ecological threshold points (modified from

Scheffer and Carpenter 2003).
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thus to the importance of a quantitative and
measurable approach to resilience.

Indeed, acrucial question for scientific progressis:
arethereany possibilitiesto estimate or measurethe
resilience of an ecosystem? Any operational
interpretation of resilience means to specify
resilience "to what" and "of what" (cf., Class 4 in
Table 1; Carpenter et a. 2001) and channelsinto a
comprehensive resilience anaysis (Walker et al.
2002, Brand 2005). This also means to inquire
which of the criteria for resilience described in
definition Classes 14 are in fact meant as criteria
that must be measured to assess and/ or quantify the
resilience of an ecosystem.

w

stow variable

The'to-what part" of the analysis explicatesto what
exactly a certain regime of an ecosystem should be
resilient. This corresponds to specifying the
disturbance regime, e.g., the kind of disturbances,
their frequency, and intensity (Pickett and White
1985, White and Jentsch 2001), which may include
both human disturbances, e.g., pollution pulses or
habitat fragmentation, and natural disturbances, e.
g., hurricanes or floods, as well as possible
multiplicative effects (Vinebrooke et al. 2004).

The subsequent "of-what part" explicates the
specific regime that is meant to be resilient to the
identified disturbance regime. This part of the
analysis is comprised of several steps. Step one
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means to assess which ecosystem processes or
ecosystem services (see Jax 2005) of theregime are
of primary concern on which spatial and temporal
scale (Walker et al. 2002). Step two explicates the
self-identity of the selected regimedelimited in step
one. Thisincludes explicating the precise boundary
of the regime, the set of variables of interest, and
theexpectedinternal degreeof relationships, aswell
as the component resolution (Jax et al. 1998, 2006,
Cumming et al. 2005). Step one and step two are
dependent on societal values or normative
judgments and should therefore incorporate
environmental assessment procedures and participative
deliberations (Plachter 1994, Jax and Rozzi 2004).

Apparently, the overall aim is to assess if the
ecosystem is and remains within the regime of
concern, which has been identified in the previous
steps. Thus, step three specifies the variables and
mechanisms that control the specific position of an
ecosystemwithin statespace. Therearetwo options.
The first option is to investigate empirically the
value of the slow variables of aregime and plot it
in a bifurcation diagram, as considered in Fig. 1.
The amount of resilience is then measured as the
distance between the current value of the slow
variableandthecritical value (Carpenter etal. 2001,
Walker et a. 2002, Peterson et a. 2003, Bennett et
al. 2005), which is termed precariousness (Walker
etal. 2004). It may bepossibleto predict theposition
of an ecological threshold either by studying return
time and standard deviations of a fast variable
(Wissel 1984, Carpenter and Brock 2006) or by the
repeated calculation of the Fisher information of a
regime (Mayer et a. 2006).

The second option of step threerefersto the amount
of resilience mechanisms inherent in the desirable
regime. Resilience mechanismsinclude (a) critical
functional groupsand functional important species,
such as top predators or keystone species (Folke et
al. 2004, Bellwood et al. 2004, Micheli and Halpern
2005), (b) ecological redundancy and response
diversity within functional groups (Walker 1995,
Peterson et al. 1998, Elmqvist et al. 2003, Hooper
et al. 2005, Nystrom 2006); and (c) the existence of
amatrix of support areas at the |landscape scal e that
provide potential colonists to compensate for the
loss of species at the local scale (Bengtsson et al.
2003, Hugheset al. 2005). Theamount of resilience
mechanisms may beameasureto assesstherelative
resilience of the desirable regime to the given
disturbances (cf., Allen et al. 2005).
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The message of this section is that in a descriptive
interpretation resilience can be a clearly specified
and delimited stability concept. It is in this sense
that resilience represents a quantitative and
measurable concept that can be used for achieving
progressin ecological science.

RESILIENCE ASA BOUNDARY OBJECT

In contrast to the use as a descriptive concept,
resilience is increasingly viewed in arather vague
and malleable meaning. In the 1990s several
scholarsdiscovered the concept asanimportant tool
to measure sustainability (Arrow et al. 1994,
Perrings et a. 1995, Folke et al. 1996, Levin et al.
1998). Since then resilience has been used by
various scientific disciplines, for instance
economics (Farber 1995, Batabyal 1998, Perrings
and Stern 2000, Brock et al. 2002, Perrings 2006),
political science (Olsson et al. 2006), sociology
(Adger 2000), or planning (Pickett et a. 2004), and
each discipline has provided specific definitions
(cf., Class 5-10 in Table 1). Moreover, resilience
has been related to other scientific concepts such as
carrying capacity (Seidl and Tisdell 1999), critical
natural capital (Deutsch et al. 2003), strong
sustainability (Arrow et al. 1995, Ott 2003, Ott and
D0ring 2004), globalization (Armitage and Johnson
2006), justice (Adger 2003), and adaptive co-
management (Berkeset al. 2003, Olssonet al. 2004).

In particular, resilience is increasingly interpreted
in abroader meaning across disciplines asaway of
thinking, a perspective or even paradigm for
analyzing social-ecological systems (Folke et al.
2002, Folke 2003, Anderieset al. 2006, Folke 2006,
Walker et a. 2006). Some authors expand theories
or concepts drawn from ecological systems, e.g.,
alternative stable regimes, panarchy, or ecological
redundancy, to examine social, political, and
institutional systems (e.g., Gunderson and Holling
2002, Berkeset al. 2003, Allison and Hobbs 2004).
Much research aims at a genera theory for the
resilience of whole social-ecological systems (cf.,
Class8inTablel, Anderieset a. 2006). Itisinthis
sense that resilience incorporates the capacity of
social-ecol ogical systemsto copewith, adapt to, and
shape change and learn to live with uncertainty and
surprise (Folke 2003, 2006).

Thus, we suggest that resilience has become a
“boundary object.” Within the field of science and
technology studies, this signifies a term that
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facilitates communication across disciplinary
borders by creating shared vocabulary athough the
understanding of the partieswould differ regarding
the precise meaning of the term in question (Star
and Griesemer 1989). Boundary objects are ableto
coordinate different groups without a consensus
about their aims and interests. If they are both open
to interpretation and valuable for various scientific
disciplines or social groups, boundary objects can
be highly useful as a communication tool in order
to bridge scientific disciplines and the gap between
science and policy (Eser 2002, Cash et al. 2003).
Indeed, itisthisvaguenessand malleability, i.e., the
potential variety of interpretations or applications
of the term that makes boundary objects politically
successful (Eser 2002). For example, the boundary
object sustainability has been highly successful in
providing the common ground for ecologists and
economists, which wereformerly thought contrary,
to engage together for the needs of future
generations. In addition, the concept has helped to
reconcile contrasting interests of industrial and
developing countries (UNEP 2002).

But there is a fundamental drawback to this.
Boundary objects can in fact be a hindrance to
scientific progress. For example, the meaning of the
termsustainability ishighly dilutedandunclear. The
three-pillar conception of sustainability, i.e.,
development in economic, social, and ecological
systems, hasbeen reduced to alisting of any societal
objectives that agents happen to think important.
That means that the extension of the term has
become extremely wide. Thisis dueto the fact that
the catchword sustainable development enables
different scientific disciplines or social groups to
justify their particular interest with respect to an
accepted and ethically legitimated, societal goal
(Ott 2003, Grunwald 2004b). It may thus even hide
conflictsand power relationswhen different persons
agree on the need for sustainability when in fact
meaning different things by it. Therefore,
sustainability is generally conceived as arbitrary or
asanillusion and within sustainability sciencethere
isconfusion on how to operationalize and apply the
concept (Grunwald 2004a). To foster conceptual
clarity and practical relevance some authors have
suggested a clear and specified theory of
sustainability, which is characterized by both a
narrow extension and a clear intension of the term
(Kopfmller et a. 2001, 2006, Ott 2003, Ott and
Doring 2004, Kates et a. 2005).
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Theseinsightsindicatethat, metaphorically spoken,
boundary objects are Janus-faced, i.e. they are
inherently ambivalent. They may have positive and
negative aspects in terms of scientific progress and
political success. What does that mean for a
scientific concept of resilience?

DISCUSSION

In this section we synthesize the points made in the
previous sectionsand discuss someimplicationsfor
a fruitful conceptual structure of resilience.
Resilienceisatwo-faced concept. On the one hand,
the concept is used as a descriptive, ecological
concept (e.g., Walker 2002, Gunderson and Holling
2002, Bellwood et a. 2004, Nystrom 2006)
whereas, on the other hand, it represents aboundary
object with arather wide and vague meaning (e.g.,
Gunderson and Holling 2002, Adger et al. 2003,
Folke 2003, Hugheset a 2005, Folke 2006, Walker
et a. 2006). As a result, the original ecological
concept of resiliencefirst defined by Holling (1973)
has been transformed considerably. This becomes
apparent in several points.

First, the specific meaning of resilience getsdiluted
and increasingly unclear. Thisis due to the use of
the concept (a) with many different intensions and
(b) with a very wide extension. For example,
Hughes et al. (2005) suggest severa key
components of resilience for marineregions. These
include leadership and insight, sustained mobilization
of national and international aid, cultural and
ecological diversity, development of multiscale
socia networks, and the resolution of local civil
unrest. Apparently, Hughes et al. (2005) apply both
the social-ecological definition and the metaphoric
definitionof resilience(cf., Classes8aand9inTable
1) inorder tolink an ecol ogi cal -descriptive meaning
of resilience to governance structures, economics
and society. As a result, however, the concept of
resilience includes very much, from international
aid and leadership to ecological diversity, anditis
for this reason why the meaning of resilience gets
diluted and unclear, as for logical reasons any
concept that encompasses very much, i.e., wide
extension, must lose specific meaning, i.e., clear
intension (Ott 2003). Indeed, regarding the
interpretation of resilience put forward by Hughes
et a. (2005), it gets difficult to decide whether a
certain state is resilient or not or to specify the
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particular degree of resilience inherent in a certain
State.

Second, abroad concept of resilience oftenincludes
normativedimensions. Following theinterpretation
of Hugheset al. (2005) resiliencerepresentsahybrid
concept containing a blending of descriptive and
normative aspects, as international aid, cultural
diversity, and the resolution of local civil unrest
represent instrumental and eudaemonistic values.
The fact that abroad concept of resilience includes
normative dimensions is not surprising. We see
other boundary objectsfloating between descriptive
and normative meanings, as in the case of
biodiversity, i.e, biodiversity in the specific
scientific sense of diversity at the level of genes,
species, and ecosystemsvs. biodiversity inthe sense
of the ominous value of life on earth (Eser 2002).
But the important point is that these normative
aspects within a broad concept of resilience ought
tobemadeexplicit and, whenever possible, justified
ethically (U. Eser and T. Potthast, personal
communication).

Third, the term resilience is used ambiguously as
divergent conceptions of resilience are proposed.
There are at least 10 different approaches to
resilience. Each approach emphasizes different
aspects of resilience with respect to the specific
interest. The ecological aspect is stressed by
ecologists, whereas the political and institutional
aspects are stressed by sociologists, etc. Thus, the
term resilience is used ambiguousy for
fundamentally different intensions (cf., Class 1-10
in Table 1). The direct consequences are trade-offs
between social and environmental objectiveswithin
a conception of resilience, which may be difficult
to handle.

Fourth, the original ecologica dimension of
resilience is about to vanish. Our impression isthat
recent studies increasingly stress the socid,
political, and institutional dimensions of resilience
(e.g., Folke 2002, Olsson et al. 2004, 2006, Janssen
2006) or address whole social-ecological systems
(e.g., Adger et al. 2005, Hughes et a. 2005, Folke
2006, Walker et al. 2006), whereas genuinely
ecological studies of resilience get rare (but cf.,
Bellwood et al. 2004, Nystrém 2006).

Finally, resilience is increasingly conceived as a
perspective, rather than a clear and well-defined
concept. Recently, resilience has been conceived
either asaway of thinking, asan approachto address
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social processes, such as socia learning, leadership
and adaptive governance (cf. Class 8b in Table 1,
Folke 2006) or as a metaphor for the flexibility of
a social-ecological system over the long term (cf.,
Class 9 in Table 1; Pickett et al. 2004). According
to Anderies et al. (2006), resilience is better
described as a collection of ideas about how to
interpret complex systems. Asaresult, the meaning
of resilience gets increasingly vague and
unspecified.

How to evaluate this conceptual development of
resilience? We suggest on the one side that both
conceptual clarity and practical relevance of
resiliencearecritically at stake. A scientific concept
of resilience must have a clear and specified
meaning that is constantly used in the sameway. In
particular, it must be possible (a) to specify the
particul ar objectsthe concept refersto, (b) to decide
whether particular states in nature are resilient or
nonresilient and it should be possible (c) to assess
the degree of resilience of a certain state (cf.,
Grunwald 2004a,b, Jax 2006). In fact, the quality
of the term resilience is strongly dependent on the
ability to exclude phenomenathat do not meet this
term, as both operationalization and application
with respect to environmental management are
strongly dependent on a clear and delimited
meaning of the term (Pickett et al. 2004).

On the other side, however, we propose that the
increased vagueness and malleability of resilience
is highly valuable because it is for this reason that
the concept is able to foster communication across
disciplines and between science and practice (cf.,
Eser 2002). Therefore, it is not the suggestion to
eradicate this vagueness and ambiguousness
entirely but to grasp the ambivalent character of
boundary objects and, hence, of a wide and vague
use of resilience.

To counterbal ancethe positive and negative aspects
of the conceptual development of resilience we,
thus, arguefor division of labor in ascientific sense.
Resilience, conceived as a descriptive concept,
should be a clear, well defined, and specified
concept that provides the basis for operationalization
and application within ecological science. For the
sake of clarity, this meaning may be dubbed
ecological resilience/ecosystem resilience, for
ecological systems, or just resilience if applied to
systems other than ecological, e.g., climatic
systems. In contrast, resilience conceived as a
boundary object should be designed in a manner to
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foster interdisciplinary work. In this sense,
resilience constitutesavague and malleabl e concept
that is used as a transdisciplinary approach to
analyze socia-ecological systems. For greater
clarity this meaning may be termed social-
ecological resilience (asin Folke 2006).

Responsesto this article can be read online at:
http: //www.ecol ogyandsoci ety.org/vol 12/iss1/art23/responses
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