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ABSTRACT. This paper explores the 20-year evolution of the social-ecological systems framework (SESs). Although a first definition
of SES dates back to 1988, Berkes and Folke more thoroughly used the concept in 1998 to analyze resilience in local resource management
systems. Since then studies of interlinked human and natural systems have emerged as a field on its own right, promoting interdisciplinary
dialogue and collaboration in a wide set of fields and practices. As the SES concept celebrates its 20-year existence we decided to make
an overview of how authors use the concept in relation to research that deals with social and ecological linkages. Hence, we conducted
a review of the SES concept using the Scopus database, analyzing a random set of journal articles on social-ecological systems (n =
50) regarding definitions of SES, authors’ main sources of inspiration in using the concept, as well as document type, subject area, and
other relevant information. Although there is a steady increase of SES publications, we found that 61% of the papers analyzed did not
even provide a definition of the term social-ecological system(s), a shortcoming that makes case comparisons difficult and reduces the
usefulness of the concept. We also found three common SES frameworks that authors seem to be most commonly inspired by, referred
to here as the original, the robustness, and multitier frameworks, respectively. The first can be characterized as a descriptive framework,
the latter two more as diagnostic frameworks, useful for modeling. Although it would be a bit presumptuous of us to come up with a
more thorough definition of the SES concept in this paper, we urge SES scholars to be more meticulous in making explicit what they
mean by a social-ecological system when conducting SES research.
Key Words: multitier framework; original SES framework; robustness framework; SES modeling; social-ecological systems
INTRODUCTION
Almost five decades have passed since the notion of a socialecological system (SES) first was coined (Ratzlaff 1970). However,
it was not until 20 years ago that the concept was turned into a
framework for the study of intertwined human and natural
systems (Berkes and Folke 1998). Since then the SES concept has
been widely used in both the environmental and social sciences,
as well as in economics, and in such diverse knowledge fields as
medicine, psychology, and the arts and humanities.
Although Berkes and Folke were unaware of it at the time, the
first definition of a social-ecological system was actually made
by the Russian microbiologist B. L. Cherkasskii, who defined a
social-ecological system as a system:

referred to as “Dynamics of Ecosystem-Institution Linkages for
Building Resilience,” was to analyze critical linkages in socialecological systems, and to generate insights on how to interpret,
respond to, and manage feedbacks from complex adaptive
systems. The long-term objective was to improve resource
management.
Fig. 1. A conceptual framework for the analysis of linked
social-ecological systems. Ecological knowledge and
understanding is a critical link between complex and dynamic
ecosystems, adaptive management practices, and institutions.
Source: Based on and modified from Folke and Berkes (1998).

... consisting of two interacting subsystems: the
biological (epidemiological ecosystem) and the social
(social and economic conditions of life of the society)
subsystems where the biological subsystem plays the role
of the governed object and the social acts as the internal
regulator of these interactions (Cherkasskii 1988:321).
It took 10 more years until Berkes and Folke (1998) developed
the concept as an analytical framework for the study of the
linkages between ecosystems and institutions (Fig. 1). More
specifically, they used it to broaden understanding of how
resilience is built into local resource management systems, or in
the words of Folke and Berkes (1998:4), “[t]he challenge is to find
ways to match the dynamics of institutions with the dynamics of
ecosystems for mutual social-ecological resilience and improved
performance.”
In fact, the concept was originally used in a transdisciplinary
research project at the Beijer Institute of Ecological Economics
that started in early 1998. The purpose behind this project,
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Berkes and Folke used the term social-ecological, rather than
socio-ecological, because “social-ecological emphasizes that the
two subsystems are equally important, whereas socio- is a
modifier, implying a less than equal status of the social
subsystem” (Berkes 2017:3). Because it is 20 years since the study
of interlinked social-ecological systems first emerged, we take the
opportunity to examine and assess the evolution of the SES
discourse in closer detail. By the term discourse we mean a body
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Fig. 2. Publications related to social-ecological systems, covering the years 1998–2016. Source: Based on
data in the Scopus database, accessed 20 August 2017.

of text meant to communicate specific data, information, and
knowledge. Hence, we assessed the scientific literature to analyze
how the SES concept has evolved over time since the concept’s
first introduction in the fields of systems ecology, ecological
economics, and natural resource management. We also wanted
to see how scholars define the SES concept, the major SES
frameworks used by scholars conducting research on socialecological systems, as well as target other inquiries.
METHODS
An assessment of the SES-concept was conducted in the peerreviewed scientific literature, consisting of two phases. Being
aware of the multidisciplinary nature of the topic and the huge
number of publications, the first phase was geared at retrieving a
broad overview and scope of the SES subject field. Hence, we
performed an advanced literature search query on the Scopus
database, downloaded from the Stockholm University Library on
20 August 2017. The words “social-ecological systems” was
entered in all fields in order to retrieve articles and other
documents dealing with SES, such as proceeding papers, books,
book chapters, or doctoral theses, and searched in the options
“all text,” “article title,” “abstract,” and “keywords.” From this
we retrieved 12,990 documents dealing with social-ecological
systems. Results were analyzed regarding publication date,
document type, subject area, and author name.
Because the Scopus database does not distinguish between the
term social-ecological systems cited in the reference lists and the
main text of publications, we decided to further study only those
documents encompassing the term social-ecological systems in
the title, abstract, and/or as a keyword. Hence, the second phase
consisted of retrieving all journal articles on SES, which we then
analyzed in more detail. The word social-ecological system was
entered in all fields and searched in the options title, abstract,

keywords, and limited to journal articles. This resulted in a sample
of 1598 publications. Fifty of these were selected for a more
detailed analysis. Articles were randomly selected using a random
number generator (i.e., http://gallerit.se/slumptal/). Out of the 50
articles, one was dropped because the main text was in Chinese.
This, second search query, was also downloaded on 20 August
2017 from the Stockholm University Library, using the Scopus
database. The 49 remaining articles used for analysis were assessed
for the following: (1) number and proportion of articles that define
SES; (2) definitions of SES employed; and (3) main sources of
inspiration. Each paper selected for review was carefully read and
analyzed by both authors regarding the three analytical
components. We made a qualitative assessment by analyzing the
text and sources of inspiration. These sources were determined
by the theoretical framework that authors referred to in their
articles. Both authors have been a critical part of the development
of the field and can therefore be considered to hold somewhat of
an insider perspective on the evolution of the SES discourse.
RESULTS
Our Scopus review showed that there exist some 12,990
publications of SES since 1970 in a variety of scientific outlets.
These fall into the following categories: articles (9583); book
chapters (1150); reviews (1105); conference papers (467); books
(332); editorials (192); articles in press (48); notes (47); short
surveys (38); letters (22); errata (4); and conference reviews (2).
In terms of subject area, studies on SES derive from the
environmental sciences (7997); social sciences (5315); agricultural
and biological sciences (3602); earth and planetary sciences
(1422); economics, econometrics, and finance (1100); business,
management, and accounting (871); engineering (763); medicine
(674); energy (523); arts and humanities (427); and computer
science (383), as well as a range of other areas. Ever since the SES
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concept was developed in 1998 by Berkes and Folke, there has
been a yearly steady increase of publications in this field (Fig. 2).
The authors that top the list of SES publications are Carl Folke
and Fikret Berkes with 113 and 84 publications, respectively,
followed by B. Martín-López (66); M. A. Janssen (65); J. E. Cinner
(61); and E. Ostrom (60). Among the total number of journal
publications (T = 1598), the top five journals that most frequently
have dealt with SES at the date of our assessment included
Ecology and Society (394 articles); Global Environmental Change
(57); Marine Policy (49); International Journal of the Commons
(38); and Environmental Science and Policy (37).
The review of the 49 journal publications used for more detailed
analysis showed that 30 of these did not contain a definition of
SES, representing 61% (see Table 1). As evident from our analysis,
there exist quite a number of different definitions of what a socialecological system is. These definitions span from more
rudimentary ones to more qualified definitions, as exemplified in
the following. A social-ecological system can be defined as the
following:
. “a system of people and nature” (Thomas et al. 2012:69).
. a system “where social and ecological systems are mutually
dependent” (Fidel et al. 2014:48).
. “interdependent and linked systems of people and nature
that are nested across scales” (Bouamrane 2016).
. “a system that includes societal (human) and ecological
(biophysical) subsystems in mutual interactions” (Harrington
et al. 2010:2773).
. a system that “includes the entities of common-pool
resource, resource users, public infrastructure, infrastructure
providers, institutional rules, external environment and the
links between these entities” (Özerol 2013:73).
. “complex adaptive systems with key characteristics such as:
(1) integrated biogeophysical and socio-cultural processes,
(2) self-organization, (3) nonlinear and unpredictable
dynamics, (4) feedback between social and ecological
processes, (5) changing behavior in space (spatial thresholds)
and time (time thresholds), (6) legacy behavioral effects with
outcomes at very different time scales, (7) emergent
properties, and (8) the impossibility to extrapolate the
information from one SES to another” (Delgado-Serrano et
al. 2015).
Among the journal publications analyzed we found three major
sources of inspiration: Berkes and Folke (1998) and Berkes et al.
(2003) that were cited 19 times by authors; Ostrom (2007, 2009),
cited 10 times, and Anderies et al. (2004), cited 4 times (Table 1).
DISCUSSION
It is interesting to see how the concept of SES has been able to
penetrate so many disciplines. Since the time of its first
conceptualization the number of SES publications has steadily
increased each year (Fig. 2).
As our assessment suggests, the two most common subject areas
dealing with SES are the environmental sciences and the social
sciences. However, the SES concept has also penetrated such a
diverse set of subject areas as economics, engineering, medicine,
computer science, and the arts and humanities.

It is not surprising that Carl Folke and Fikret Berkes are the two
scholars most frequently cited in relation to the SES concept
because both can be viewed as the originators of the SES research.
Among the journal publications analyzed we found three major
sources of inspiration: Berkes and Folke (e.g. Berkes and
Folke1998, Berkes et al. 2003); Ostrom (2007, 2009); and Anderies
et al. (2004; Table 1). Each of these SES frameworks are often
used in parallel by scholars, and are here referred to as the original,
the robustness, and multitier frameworks, respectively.
The original SES framework
When Carl Folke and Fikret Berkes developed the first SES
framework it was primarily used for addressing the questions,
what confers institutional resilience, and how can institutional
resilience be combined with ecological resilience for mutual
benefit (Folke and Berkes 1998). In particular, the focus was on
local management systems that had not been dominated by
conventional resource management and mechanistic, linear
thinking and practice, and those that had maintained practices
for the building of resilience in local settings (Folke and Berkes
1998). Most of the cases dealt with were local common property
systems.
As the analytical framework used by Berkes and Folke indicates
(Fig. 1) the idea was to provide an analytical structure for studying
these local resource management systems. As the figure displays,
on the left-hand side is the natural system, which may consist of
nested ecosystems, e.g., a regional ecosystem containing the
drainage basin of a river, which in turn consists of a number of
watershed ecosystems and so on. On the right-hand side, is a set
of management practices in use. These practices are embedded in
institutions, and the institutions themselves may be a nested set.
The critical distinction made here was that the linkage between
the ecosystem and management practice was provided by
ecological knowledge and understanding of the resource users’
local ecosystem, or the resource base on which they depended.
This knowledge linkage was deemed critical because without
ecological knowledge and understanding of the dynamics of the
resource base the likelihood for sustainable use was assumed to
be severely reduced (Folke and Berkes 1998). Such knowledge and
understanding was in turn believed to be reflected in and built
into different management practices that in turn were framed by
local institutions, primarily of an informal nature (Colding and
Folke 2001).
Interestingly, the basic idea behind this approach of analyzing
socially and ecologically linked resource management systems
was similar to the one used by Ostrom in her field studies of the
practices that could be observed in the governance of commonpool irrigation systems (Ostrom 1990, 2010). This approach is
also what anthropologists refer to as participant observation
(Keesing 1981).
As also sketched in Figure 1, the social-ecological system is an
open system, with a number of influences impinging on it, such
as population growth, technological change, effects of capital
markets, and trade. Political change and pressures of
globalization were also considered major influences on the
system.
The SES framework was later used in the context of
understanding adaptability of social-ecological systems, to meet
change and novel challenges and navigate ecosystem dynamics
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Table 1. Fifty randomly selected publications for analysis of articles (T = 1598) dealing with social-ecological systems (SESs) from
1998 to 2017, based on abstract (Abstr.), keyword (KW), title, and limited to articles. Information retrieved on 20 August 2017 from
the Scopus database. Source of inspiration denotes to key document(s) as referred to by author in relation to SESs.
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without compromising long-term sustainability (Berkes et al.
2003). It was a research endeavor that led to the identification of
four key resilience building principles that more recently have been
modified and further developed by Biggs et al. (2015).

both the designed and self-organizing components of a SES and
to study how they interact” (Anderies et al. 2004). Hence, based
on this notion they developed a conceptual model of an SES,
consisting of four entities and eight linkages (Fig. 3).

The robustness and multitier frameworks
Anderies et al. (2004) came up with a more comprehensive
definition of SES than the one by Berkes and Folke (1998). They
defined SES as,

The framework developed by Anderies et al. (2004) in turn
inspired the development of the Robustness model, which Elinor
Ostrom a few years later established with the purpose of
challenging “the presumption that scholars can make simple,
predictive models of social-ecological systems (SESs) and deduce
universal solutions, panaceas, to problems of overuse or
destruction of resources” (Ostrom 2007:15181).

an ecological system intricately linked with and affected
by one or more social systems. An ecological system can
loosely be defined as an interdependent system of
organisms or biological units. “Social” simply means
“tending to form cooperative and interdependent
relationships with others of one’s kinds.”
And,
Broadly speaking, social systems can be thought of as
interdependent systems of organisms. Thus, both social
and ecological systems contain units that interact
interdependently and each may contain interactive
subsystems as well.
Anderies et al. (2004) also developed a model for examining the
robustness of SESs with the purpose of highlighting key
interactions within SESs that were especially important with
regard to robustness, signifying designed resilience used in
engineering when disturbances and shocks are known and the
system is being built and designed to withstand these known
shocks. The logic behind the model was that because resilience is
difficult to apply to consciously designed systems, i.e., irrigation
systems, the key feature of the model was instead to “recognize

What Ostrom argued for (authors’ interpretation) was a
refinement and restructuring of the SES framework, mainly based
on the following three reasons:
. One may more easily identify variables that otherwise are
not considered;
. One may improve conditions to compare cases;
. One may develop a shared language, important for
communication and wider understanding.
Moving beyond more simple notions to diagnose the problems
and potentialities of linked SESs requires a more serious study of
complex, multivariable resource management systems. Hence,
another purpose of Ostrom’s model was to clarify the structure
of an SES in order to understand how a particular solution may
help or hinder management outcomes.
Throughout her whole career Ostrom affirmed that the preference
for simple solutions to complex governance problems was strong,
often referring to Hardin’s far-fetched conclusions about the
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vulnerability of the commons. Instead, Ostrom argued for
embracing complexity and for developing better diagnostic
methods to identify “combinations of variables that affect the
incentives and actions of actors under diverse governance
systems” (Ostrom 2007:15181). Empirical observations suggest
that simple linear and reductionist dynamics give a misleading
representation of how social-ecological systems work (Levin et
al. 2012).
Fig. 3. Basic feature of a social-ecological system model. The
resource (A) is used by resource users (B) and public
infrastructure providers (C). Public infrastructure (D) refers to
physical capital (i.e., any engineered works such as dikes,
irrigation canals, etc.) and social capital (i.e., the rules used by
those governing, managing, and using the system including
monitoring and enforcement of these rules). In the examination
of robustness, external disturbance (Arrow 7) can be addressed
(i.e., biophysical disruptions such as floods, earthquakes,
landslides, and climate change) as well as socioeconomic
changes (Arrow 8), e.g., population increases, economic and
major political changes that impact on the resource users (B)
and the public infrastructure providers (C). Arrow numbers in
the figure signify interaction as follows: (1) between resource
and resource users; (2) between users and public infrastructure
providers; (3) between infrastructure providers and public
infrastructure; (4) between public infrastructure and resource;
(5) between public infrastructure and resource dynamics; (6)
between resource users and public infrastructure; (7) external
forces on resource and infrastructure; (8) external forces on
social actors. Source: Anderies et al. 2004.

The basic idea behind the multitier framework (Fig. 4) is that it
enables researchers to organize second-tier variables in a nested
fashion, and improve understanding of how these may affect and
be affected by the larger socioeconomic, political, and ecological
settings in which these variables are embedded. Scholars of
sustainability science could then identify variables that either
sustain or collapse the resource management systems under study
(Ostrom 2007).
In a publication in Science in 2009, Ostrom asserted “that efforts
are currently under way to revise and further develop the SES
framework with the goal of establishing comparable databases”
(Ostrom 2009:422). Unfortunately, she was not given adequate
time to realize this ambition.
Fig. 4. A general framework for the highest-tier variables that
scholars need to analyze when examining linked socialecological systems. Source: Based on and modified from
Ostrom (2007).

Emergent assessment themes
What emerges as a concluding finding in our assessment of articles
is the lack of a common analytical framework for the analysis of
SESs. In a review of SES modeling, Schlüter et al. (2012) arrive
at the same conclusion, asserting that the frameworks existing are
the ones by Anderies et al. and Ostrom, dealt with in the previous
section. However, and as shown in our Scopus review, the original
framework developed by Berkes and Folke (1998) appears to be
the one that most scholars have been inspired by in their analysis
of SES. This descriptive model has also been successfully used in
the analysis of other settings than local resource management
systems, e.g., in detangling novel insights about informal
stewardship management of urban ecosystems and their services
(e.g., Colding et al. 2003, Colding 2013, Andersson et al. 2014).
Ostrom also referred to the multitude of variables that over time
have been identified by various researchers that affect the patterns
of interactions and outcomes in empirically studied SESs, such
as the large dataset provided by Agrawal (2001). As a result, she
developed a diagnostic method for structuring and organizing
these variables, depictured in Figure 4, where these variables can
be further structured so that it enables scholars to organize
analyses of how attributes of a resource system, its resource units
generated, its resource users, and the governance system jointly
affect and are indirectly affected by interactions and resulting
outcomes achieved at a particular time and place.

Although the frameworks by Anderies et al. and Ostrom could
be regarded as diagnostic frameworks that could be used for
further modeling (Schlüter et al. 2012), the framework developed
by Berkes and Folke could more adequately be described as a
descriptive framework, primarily dealing with the linkages among
institutions, management practices, and different environmental
knowledge systems.
The lack of a SES definition
A critical result of our assessment is a lack of a unifying definition
of SES in the publications looked into. Altogether, 61% of the
papers did not provide any definition at all of what SES actually
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stands for and how the concept was used. In cases when the
concept is defined, authors provide quite a number of different
definitions that range from quite trivial ones to more complicated
ones. This drawback is probably a consequence of the lack of a
more detailed original definition of the concept. With the
exception of Anderies et al. (2004), neither Ostrom, nor Berkes
and Folke, provide any more precise definition of the concept.
For example, Berkes and Folke (1998:4) used this characterization
when emphasizing the linkage between social and ecological
systems: “We hold the view that social and ecological systems are
in fact linked, and that the delineation between social and natural
systems is artificial and arbitrary.”

have a pretty good understanding of what a social-ecological
system entails, the lack of a more detailed definition is a drawback
when communicating it to a broader multidisciplinary audience.
As in all scientific explorations a clear definition of the terms and
concepts of the scientific endeavor is critical to ensure that
scholars speak the same language and that useful comparisons
can be made.
Fig. 5. The lack of a common analytical framework of socialecological systems (SES) is a significant challenge for the field
of SES to develop and communicate with other social and
natural science fields. Artwork by Jonas Adner.

Suffice it to say, the lack of a more thorough definition of SES
may also be because Berkes and Folke applied a quite narrow view
of what a social system consisted of for the purpose of the original
SES framework, stating that social systems were those that deal
with property rights, land and resource tenure systems,
environmental worldviews and ethics, and different types of
knowledge systems pertinent to the environments in which they
were situated (Berkes and Folke 1998).
Considering that only approximately one-third of the papers
analyzed in this review provide a definition of SES, we call for a
more unifying definition of the concept. One may, for example,
ask what actually is meant by the term social in the SES concept.
Does it include economy, technology, and the humanities? This
uncertainty, in turn, leaves the door open for scholars to come up
with their own homegrown interpretations and definitions of SES,
creating an overall confusion of the concept’s scientific relevance.
Although increased conceptual vagueness of a concept can be
valuable to foster communication across disciplines and between
science and practice (Brand and Jax 2007), overlapping
definitions and confusion about how a concept is used reduces its
utility (Anderies et al. 2013). A clearer definition would for sure
avoid the “blind elephant analogy” that runs the risk of
circumscribing the SES concept (Fig. 5).
Although it may be hard to delineate any type of social system
from another, it may be wise, though, as a minimum
recommendation to include economics as a vital component in
the definition of SES. This has, for example, been done in the
paper by Levin et al. (2012). A more thorough definition, we argue,
should at least embrace the well-known social-economicecological triad inherent in the notion of sustainable
development. Although the lack of a common analytical
framework of SES poses significant challenges for the emerging
field of SES (Schlüter et al. 2012), a more precise definition is also
warranted to avoid the risk of the SES discourse becoming diluted
(Marshall 2012).
CONCLUSIONS
As our review clearly shows there exist basically three major
analytical frameworks that scholars commonly adopt and are
inspired by when studying interlinked social and ecological
systems. These are here referred to as the original, the robustness,
and the multitier frameworks. Although the first one can be
described as having a descriptive focus, the latter two have a more
diagnostic focus, compatible for SES modeling. As the review also
shows, the SES discourse is a steadily growing knowledge field.
However, over its 20 years’ course of existence the SES concept
still lacks a more unifying definition. Whereas most scholars may
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managing the environment: a review of coupled social-ecological
systems modeling. Natural Resource Modeling 25(1):219-272.
http://dx.doi.org/10.1111/j.1939-7445.2011.00108.x
Thomas, C. R., I. J. Gordon, S. Wooldridge, and P. Marshall.
2012. Balancing the tradeoffs between ecological and economic
risks for the Great Barrier Reef: a pragmatic conceptual
framework. Human and Ecological Risk Assessment 18(1):69-91.
http://dx.doi.org/10.1080/10807039.2012.631470
Walker, B. H., J. M. Anderies, A. P. Kinzig, and P. Ryan. 2006.
Exploring resilience in social-ecological systems through
comparative studies and theory development: introduction to the
special issue. Ecology and Society 11(1):12. http://dx.doi.
org/10.5751/ES-01573-110112
Walker, B., C. S. Holling, S. R. Carpenter, and A. Kinzig. 2004.
Resilience, adaptability and transformability in social-ecological
systems. Ecology and Society 9(2):5. http://dx.doi.org/10.5751/
ES-00650-090205

